2025 EDITION

V\V b i HErR i B 11
o Eene | LDelek e LS
A PST BRAND y 75 S .x -

Innovation SUCCESS



TABLE OF CONTENTS

1.1 Company Profile........ 4
1.2 Global Locations .. ..b
2.0 PRODUCTS
2.1 Detectors.... 9
Plasmadetek (PED) Series. 9
2.2 Gas Chromatographs.......... .23
MD-Lite - Compact Gas Chromatograph 23
Multidetek 3 27
Multidetek 3 EX 33
2.3 Online Analysers........ 37
LD8001 Series 37
LDSENZ 58
LDMOX 62
2.4 Purifiers....... 67
LDP1000 Series. 67
LDP2000 Series 70
LDCRYO Purifier, 75
LDRPS 78
Moisture & Hydrocarbons Traps Series 81
2.5 System integration... 84
Fully integrated Indoor & Outdoor cabinet turnkey solutions (LDRack & LDportable) 84
Turnkey solution for ASU gas producers and SEMI applications 90
HyDetek - Hydrogen Quality Control & Monitoring 92
Carbo2Detek - CO2 quality control for beverages and carbon capture applications 100
Measurement of trace impurities in UHP hydrogen for fuel cells with the HyDetek system solution 104
2.6 ACCESSOIIES..........oeuieeuiiitiiei sttt b bbb bR R b 48 E R R e 88 £ AR 48 A8 e E SRR848 48R R AR E R R AR RS E R AR AR E R R R E R AR AR 135
LDGSS - Ultra High Purity Gas Stream Selector. 135
LDGM - Gas manifold panel for zero/span/sample gas switching 137
LDGDSA - Automatic Gas Dilution System 139
LDPMS - Pressure Monitoring System 141
LDASS - Automatic Switchover System 144
Line Pressure Regulators & Shut Off Valves 147
Fittings 154
3.0 APPLICATION NOTES
3.1 Environment 161

LD12-01 - Greenhouse analysis with the PlasmaDetek
LD15-03 - Measurement of part per billion N20O in air
LD16-01 - Air analysis using the MultiDetek2 and PlasmaDetek2
LD16-13 - Measurement of Greenhouse gases GHG
LD19-06 - VOCs measurement in the air.
LD20-09 - Trace hydrocarbons (THCs/VOCs) with MultiDetek2 and FID
3.2 Industrial gas
LD12-02 - Analysis of permanent gases and light hydrocarbons with the PlasmaDetek
LD12-03 - Analysis of argon in pure oxygen with the PlasmaDetek and ArgoTek
LD12-04 - Analysis of nitrogen in hydrogen and oxygen bulk with the PlasmaDetek
LD12-06 - Increasing argon production with the MultiDetek
LD12-07 - Analysis of Neon-Hydrogen-Argon-Krypton-Nitrogen with the PlasmaDetek & the HSR-Etek column
LD12-09 - Hydrocarbons measurement for Oxygen production using PlasmaDetek & Multidetek-2
LD13-01 - Analysis of UHP Hydrogen production using Plasmadetek-2 & micro GC Multidetek-2
LD13-02 - Measurement of nitrogen in a mixture of Argon-Oxygen
LD14-01 - Light hydrocarbons measurement with the *PlasmaDetek-E system with nitrogen carrier gas and the MultiDetek-2............covureenneennienernnens
LD15-08 - Measurement of impurities in UHP helium using MultiDetek2 and PlasmaDetek2
LD16-02 - Analysis of hydrocarbons, CO2, N20 in Oxygen with MultiDetek2 system and the PlasmaDetek-E detection technology.....
LD16-06 - LD8000 MultiGas online gas analysis solution for high purity compressed Helium used in cryogenic installations
LD16-07 - Measurement of impurities in UHP Argon using the MultiDetek 2 and PlasmaDetek 2
LD16-08 - Measurement of hydrocarbons in UHP Oxygen using the MultiDetek 2 and PlasmaDetek-E
LD16-09 - Measurement of trace impurities in UHP Hydrogen
LD16-10 - Measurement of trace Ar-Kr and N2 in a bulk gas Oxygen
LD16-11 - Measurement of trace impurities in multiple bulk gases.
LD19-05 - Trace impurities in UHP Argon for hot isostatic pressing (HIP) and additive manufacturing (AM) industries
LD20-04 - MultiDetek2 with PlasmaDetek2 configured as online analyser for fast Crude Argon analysis
LD20-06 - Measuring trace 02-N2-H20 for Lithium-lon batteries inert atmosphere
LD21-01 - Trace impurities measurement for synthetic diamond “grows” by chemical vapor deposition (CVD)
LD22-01 - Analysis of Krypton & Xenon in UHP Oxygen
LD23-01 - Analysis of trace impurities in UHP Helium
LD23-03 - Analysis of trace impurities in UHP Krypton

Where innovation leads to success www.ldetek.com

2



TABLE OF CONTENTS

LD23-04 - Analysis of trace impurities in UHP Argon
LD23-08 - Analysis of trace ethylene oxide for indoor industrial air quality monitoring,
LD24-02 - Diving gas analyser.
3.3 Petrochemical
LD12-08 - Analysis of Sulfurs with the PlasmaDetek
LD13-03 - Measurement of H2S and COS in Syngas with MultiDetek 2
LD16-05 - Refinery gas analyses with MultiDetek2 compact gas chromatograph and PlasmaDetek2 gas detector
LD17-01 - Trace Hydrocarbons and Permanent gases in Propylene
3.4 Agriculture
LD15-01 - Measurement of hydrocarbons, including the organic hormone (Ethylene) in CO2 production with MultiDetek-2 and PlasmaDetek-E.
3.5  EIectronic Sases & SEMICONUUCTON..................ccccvuiiiiiieiicice et a bbb a s A b e s AR b b e e A et et R bbb d e d bttt e
LD15-02 - Measurement of part per billion Ar and N2 in oxygen for semiconductor industry
LD15-04 - Measurement of silane purity in electronic gases industry
LD18-01 - Measurement of trace impurities in Germane (GeH4) for electronic gas industry using PlasmaDetek2 and MultiDetek2...........couvereeenneens
LD19-02 - Measurement of trace impurities in high purity Nitrogen trifluoride (NF3) for electronic gas industry
LD19-03 - Measurement of trace impurities in high purity nitrous oxide (N20) for electronic gas industry
LD20-03 - MultiDetek2 gas chromatograph with PlasmaDetek?2 detector for analysis of semiconductor specialty gases as UHP C4F8...........ccccvenreenns
LD20-07 - Measurement of ppt for semiconductor H2-CO2-NMHC-N2-CO-CH4 in UHP gases
LD21-02 - Analysis of trace impurities in UHP F2-CI2 and WF6 used for semiconductor industry
LD22-03 - Analysis of sub ppb trace impurities in UHP Oxygen
LD23-05 - Turnkey solution for ASU gas producers and SEMI applications
LD23-07 - Analysis of trace impurities in UHP Xenon
LD24-01 - Analysis of trace impurities in UHP Silane.
LD24-04 - Analysis of trace impurities in UHP Ammonia
LD25-01 - Analysis of trace impurities in UHP hydrogen chloride (HCI)

3.6 Natural gas 361
LD15-09 - Measurement of THT in natural gas using MultiDetek2 and PlasmaDetek2 362
LD19-01 - Measurement of THT-TBM odorants in natural gas. 365
LD19-04 - Measurement of sulfurs & mercaptans combined with THT-TBM in natural gas 370
B i A LU= ¢ OO OO OO O SRRSO 375
LD16-04 - Sulfur Hexafluoride (SF6) purity analysis using the MultiDetek 2 and PlasmaDetek 2 376
LD22-02 - Measurement of trace impurities in UHP hydrogen for fuel cells with the HyDetek system solution 379
3.8 Food and Beverage 411
LD16-12 - Trace impurities in Carbon Dioxide for beverage and food packaging industry 412
LD17-02 - Gas analysis for wineries 418
LD17-04 - Trace impurities in Carbon Dioxide for beverage and food packaging industry 420
LD23-02 - Analysis of trace impurities in UHP Carbon Dioxide 424
LD25-03 - Analysis of trace impurities in UHP Carbon Dioxide 430
3.9 Pharmaceutical and Medical 435
LD24-03 - MultiDetek3 uses for medical & pharmaceutical applications. 436
3.10 Electronic Special G 441
LD20-02 - MultiDetek2 gas chromatograph with PlasmaDetek?2 detector for hydrogen isotopes separation and impurities in Deuterium..........c...oe.. 442
LD20-05 - MultiDetek2 with PlasmaDetek2 & TCD detectors uses for the analysis of purity Xenon-Krypton-Neon 444
LD21-03 - Analysis of trace impurities in UHP B2H6 used for semiconductor industry. 452
3.11 Design Reports..... 455
LD8000 - Design report 456
LD12-05 - Design report 464
LD2000 - Design report 468
Trace moisture analysis - Design report 473
LD8000-Multigas - Design report - Configured for cryogenic Helium application 481
LD20-01 - Design report - Compact stream selector system 489
LD8001 + - Design report. 493
LD25-02 - MultiDetek3 fast gas chromatography with dual train feature 499
4.0 TESTIMONIALS
4.1 LDT-01 - Analysis of permanent gases in different matrix using PlasmaDetek mounted on a Perkin EImer GC.......... 506
4.2 LDT-02 - Analysis of trace impurities in different gas matrix using PlasmaDetek mounted on Agilent 7890 GC......... 507
4.3 LDT-03 - Analysis of impurities in Argon using PlasmaDetek2 mounted on a GAS Compact GC ..... 508
4.4 LDT-04 - PlasmaDetek solutions mounted on Perkin Eimer GC 509
4.5 LDT-05 - Analysis of trace impurities in electronic grade hydrogen using PlasmaDetek2 mounted on Agilent 6890 GC ................ccccceeviveerernnnn, 510
4.6 LDT-06 - Analysis of hydrocarbons using PlasmaDetek2 mounted on DANI Master GC...... 511
4.7 LDT-07 - Trace N20 analysis for greenhouse application using PlasmaDetek2 mounted on Agilent 7890 GC........ ...513

514
515

4.8 LDT-08 - Multidetek2 solutions for the energy market.....
4.9 LDT-09 - Application of PlasmaDetek in Determination of Trace Neon in High Purity Helium

5.0 CHROMATOGRAMS

5.1 Impurities.... 520
B.2  SAMPIES ...ttt et d e b g £ e A e AR Re e eA oAb e Re e A E e AR Re e A e AR b e e E A e Ae A Re R e nE A b e R e R e e E A oA Ae e e e A e AR e A e e e e e AR e e e e bbb e e et et anae 536
www.ldetek.com Where innovation leads to success

3



\ ¢
U

LDelek

LDETEK COMPANY PROFILE

LDetek is a Canadian based company specialized in
manufacturing, developing and integrating online gas
analyzers, gas chromatograph systems and related
accessories. Our mission is to provide reliable and
performing systems with the best technology on the
market.

With its commitment for continuous improvement,
LDetek thinking and its members always aim to

push the technology limit further. It brings innovative
products and solutions to a market in a severe need

of new and better quality material. The wide range of
products, applications and patents developed, make
LDetek portfolio attractive to many different areas of
gas analysis activities. With a constant objective of
offering quality products, LDetek always make all effort
to get rigorous quality control and all necessary level of
approbation and/or certification.

Our products and services are provided by a team of
specialists with a strong experience in gas analysis
business.

With a well established network of offices and partners

in over 30 countries, a complete and pro active
worldwide support is provided.

LDETEK, WHERE INNOVATION LEADS TO SUCCESS

Where innovation leads to success

PETROCHEMICAL

AGRICULTURE

" HYDROCARBONS PROCESSING

AL

FOOD AND BEVERAGE
PHARMACEUTICAL AND MEDECINE

ENERGY

www.ldetek.com
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GLOBAL LOCATIONS

CANADA - LDETEK

LDetek Inc.

990 Rue Monfette Est, Thetford Mines, Québec, Canada G6G 7K6
+1 418 755 1319

info@ldetek.com

CHINA - LDETEK

LDetek China

Left section, second floor, Building B of Dachen science park, No. 10
Jingyuanjie road, Daxing district, Beijing.

+ 86 01 87246220

Iwy@Idetekchina.com

UNITED STATES

Rotronic Instruments Corporation Inc

135 Engineers Rd, Hauppauge, NY 11788, United States
+1 631-427-3898

us.sales@processsensing.com

IRELAND

Ntron Gas Measurement Ltd.

Mullaghboy Ind. Park, Navan, Co. Meath, C15 VFP2, Ireland
+353 46 907 1333

info@ntron.com

GERMANY

Michell Instruments GmbH

Max-Planck-Str. 14, Friedrichsdorf, 61381, Germany
+49 6172 5917-0

de.info@michell.com

FRANCE

Michell Instruments SAS

1, Rue Monseigneur Ancel, Batiment C, Saint Priest, 69800, France
+33 43753 8820

frinfo@michell.com

SOUTH AMERICA

Michell Instruments Brasil Ltda

Av. Henrique Valadares, 69, Loja C - Centro, Rio de Janeiro, RJ,
20231-030, Brasil

+55 21 3852 7831

SINGAPORE

Rotronic Instrument PTE LTD

1003 Bukit Merah Central, #06-31 Inno Centre, Singapore 159836
+65 637 62 107

info@rotronic.sg

ASIA PACIFIC EXCL. MALAYSIA AND SINGAPORE

Export Sales - Eric Tan
+82-10-6365 9992
Eric.Tan@processsensing.com

AUSTRALIA & NEW ZELAND
Export Sales - Sinna Sinnathura
+65 637 62 107
Sinna.Sinnathura@processsensing.com

THE MIDDLE EAST - SAUDI ARABIA, QATAR
Export Sales - Kartik Parikh

+971582356247

Kartik.Parikh@michell.com

www.ldetek.com

UNITED KINGDOM

Michell Instruments UK

48 Lancaster Way Business Park Ely, Cambridgeshire, CB6 3NW
+44 1353 658 000

uk.info@michell.com

SWITZERLAND

Rotronic AG

Grindelstrasse 6, 8303 Bassersdorf, Switzerland
+41 44 838 11 11

measure@rotronic.ch

ITALY

Michell Italia Srl

Via Magenta 77, Edificio 6, RHO, Milan, 20017, Italy
+39 02 4047194

it.info@michell.com

BELGIUM, LUXEMBOURG, NETHERLANDS
Michell Instruments B.V.

Krombraak 11, Oosterhout, 4906 CR, The Netherlands
+31 162 680 471

nl.info@michell.com

JAPAN

Michell Japan

Musashino Center Building, 1-19-18 Nakacho, Musashino, Tokyo,
180-0006, Japan

+81 422 502 600

info@michell-japan.co.jp

PAKISTAN, SRI LANKA, MALAYSIA AND SINGAPORE

Export Sales - Balaji Ramadurai
+971552226420
Balaji.Ramadurai@processsensing.com

SOUTH KOREA

Export Sales - Eric Tan
+82-10-6365 9992
Eric.tan@processsensing.com

THE MIDDLE EAST EXCL. SAUDI ARABIA, QATAR
Export Sales - Balaji Ramadurai

+971552226420

Balaji.Ramadurai@processsensing.com
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Online Analysers
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Dilution System

Accessories for Gas
Chromatography

Stream selectors

Cabinet
Integration
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Engineering
Support
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PLASMA EMISSION DETECTOR SYSTEM
FOR GAS CHROMATOGRAPH

This plasma emission detector
gives the opportunity to any system
integrator or GC manufacturer to
integrate a plug and play philoso-
phy detector system. With its unique
design, the PlasmaDetek allows
to do new techniques and existing
analysis configuration based on
simplicity. PPB to % ana- lysis can
be done with capillary or packed
columns. With the choice of argon
or helium as carrier gas, combined
with the selectivity confi- guration,
the chromatography becomes
easier.

FEATURES:

e Argon or helium carrier gas Very stable signal

* 4 in 1 detector * Maintenance free

* Selective and non-selective configuration Fast installation and tune up

* Wide range of applications Intelligent version based on DSP platform
» Easy to interface with any GC and analyzer design * Low noise detector

* PPB to % detection
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APPLICATIONS:
* Laboratory and industrial gas chromatograph ¢ Air analysis
¢ High purity gases * Environmental
* Permanent gases * Energy industries
* Noble and rare gases * Greenhouse application
* Petrochemical and Hydrocarbon Processing * Etc...

Other gas analysis possible, please contact factory.

www.ldetek.com Where innovation leads to success
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2.0 PRODUCTS

SPECIFICATIONS:

CARRIER GAS Argon and Helium

POWER 80 to 240 VAC, 50-60 Hz

GAS CONNECTIONS 1/16” (can be customized)
OPERATION OUTLET PRESSURE Atmospheric or Vacuum

OPERATING TEMPERATURE 10°C to 50°C (in stable environment)
FILTER 10u SS particle filter on the gas inlet
DETECTOR SIGNAL OUTPUT BNC Coaxial type (can be customized)
CONNECTION

POWER CONSUMPTION Max 10 Watts

OUTPUT VOLTAGE 0-5 Volts (can be customized)

PRINCIPLE OF PLASMA EMISSION DETECTOR (PED):

The PED is a quartz cell with a unique
design submitted to a high intensity
and frequency electromagnetic field.

The principle based on spec- troscopic
emission cell is not a new technique,
but the characteristics of the Plasma-
Detek system that make it stable
and efficient are the frequency, the
intensity as well as the mechanical and
electro- des design.

A luminous phenomenon, called
electroluminescence, is created and
is used as emis- sion technique to
quantify analytes.

When the carrier gas is ionized,
spectral lines are emitted and detected
by an optical system including filter and
photo-diode. The emission varies for
each substance that is brought along
with the carrier gas.

CELL OPTICAL PHOTO-DIODE AMPLIFIER
FILTER

)=

Where innovation leads to success www.ldetek.com
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SELECTIVITY:

The selective configuration gives the possibility to be more sensitive on some impurities to make the chromatography easier and get
better results. No need to add a supporting gas or other devices. The specific optical filter system is chosen for the application desired.

By having such selectivity, you can reduce analysis time and make fast chromatography. In some cases, consumables such as traps can
be avoided. It becomes a cost effective solution, mainte- nance free system and can give better limit of detection by reducing residual
background effect.

100 500
o /\ N2 450
2 4 6 8 10 12 14
400
-100
350
200 300
300 250
200
400
150
02 Bulk
500
100
600 50 N2
02Bulk 1
0
-700 0 2 4 6 8 10 12 14
Figure 1: 1 ppm N2 in pure 02 with non- Figure 2: 1 ppm N2 in pure 02 with PlasmaDetek
selective detector system N2 selective configuration

ALL IN ONE DETECTOR:

The PlasmaDetek can replace many

detectors and get all measurements N2 « 1x 10 ports injection valve
with only one module. No need of « 1 x 6 ports valve for channel selection
* 1 x RT Molecular Sieve 5A 30m x 0.53mm

doping gas, fuel or other support devi-

. * 1 x RT Alumina Bond 30m x 0.53mm x 10mm
ces. Measuring permanent gases and

* Argon or helium carrier

light hydrocarbons have never been so « Carrier Flow : 4 cc/min
easy. Many other gases can be detec- « Make-up : 60 cc/min
ted, please contact LDetek for more * Detector : PlasmaDetek two outputs
information.
02 Cha C3H8
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0 2 4 6 8 10 12 14 16 18 20

10ppm H2 - 02 - N2 - CH4 - CO - C2H6 - C2H4 - C3H8 - C3H6 - C2H2 - C4H8

ARGON AND HELIUM CARRIER GAS:

Having the choice of argon or helium as carrier gas brings the advantage of making easier chroma- tography configuration. Argon can
be cost effective compared to helium in some cases.

Good sensitivity is also obtained with both carriers giving the possibility to work from ppb to % application.

www.ldetek.com Where innovation leads to success
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2.0 PRODUCTS
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INTELLIGENT PLASMA EMISSION DETECTOR SYSTEM
FOR GAS CHROMATOGRAPH
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Patented
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This microprocessor based plasma emission detector system gives all the tools to the GC integrator,
manufacturer and user to integrate a plug and play detection system. With its customable configuration
capability, a detector has never been so intelligent.

IN A GLANCE:
¢ Argon or helium carrier gas * PPB to % detection
* No dead volume design ¢ Very stable signal
¢ All in one detector by replacing existing * Maintenance free
technologies commonly used ¢ Fast installation and tune up
» Selective and non-selective configuration » Configuration software
* Analog or digital interface * Possibility of customable protocol to control the device
* Wide range of applications ¢ Detect organic and inorganic compounds,
* Easy to interface with any GC and analyzer design permanent gases and noble gases (including Ne)
Where innovation leads to success www.ldetek.com

12



DOPING AGENT INJECTOR TEMPERATURE CONTROLLED

By controlling the temperature of the doping agent injection
device, better stability of the measurement is achieved. The
temperature is controlled by the PlasmaDetek controller and
can be adjusted for the specific application. The use of
different doping agents is application dependant is part

of the selectivity mode. e ’

SELECTIVE AND NON-SELECTIVE

CONFIGURATION
® Theselectivitymode simplifiesthe chromatography
N ) - I
and can be configured for specific application.
M

(G anss® Conventional ionization detector

A\
Oﬂm o

PED DESIGN WITH NO DEAD VOLUME 100pom 02 & 10p0m s nHe 4200 N balnos Oy

The PlasmaDetek design avoids the creation
of phantom peaks that occurs in conventional

ionization detector. Its unique design made of a e

monolitic quartz makes the detector dead volume N

free. It is not affected by pressure or flow swings. ﬂ 0,
¥

Plasmadetek

100ppm 02 & 10ppm N> in He 12ppm Ny in balance Oxygen

www.ldetek.com Where innovation leads to success
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MICROPROCESSOR BASED CONTROLLER

B
With an integrated DSP, the signal can be processed
to improve measurement as well as providing desired
signal for any GC. Configurable with LDetek plasma 2 ANALOG OUTPUTS
configurator provided with each PlasmaDetek. Cost AS STANDARD
saving by having no electrometer needed to acquire —
the signal. Multiple stage of amplification integrated to Both analog output can be used
achieve low to high concentration. in parallel to interface with
the desired signal acquisition
system. Coaxial cables are
provided with detector.
=
§
=
SERIAL INTERFACE
B
USB and RS-232 connection are available
(7)) to provide digital signal and avoid analog
= . - S
(3] interface. Custom digital communication can
2 also be implemented to communicate and
g configure the PlasmaDetek from your own ETHERNET PORT
o system. |
3 Connect the PlasmaDetek to your network to

communicate with the device.

Where innovation leads to success www.ldetek.com
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SPECIFICATIONS:

CARRIER GAS

POWER

GAS CONNECTIONS

OPERATION OUTLET PRESSURE
OPERATING TEMPERATURE

FILTER

DETECTOR SIGNAL OUTPUT CONNECTION
POWER CONSUMPTION

Argon and Helium

80 to 240 VAC, 50-60 Hz

1/16” (can be customized)
Atmospheric or Vacuum

10°C to 50°C (in stable environment)
10u SS particle filter on the gas inlet
BNC Coaxial type (can be customized)
Max 10 Watts

PLASMADETEK CONFIGURATOR:

(B8 P lasmalietek Configurator.
Fie Eck Desice Corhgueshion 7

§ owwons g sen

Dalactor #3
On

sa s | 2] vemowmnone | S ederess ﬂ-

Cycle Time:
Signal #1

Pre-amp Folarity Filleer #1 Gain Filtar #2 nn
Detector #1 —— 10 Follower  + 23 120 3 13 Zera bassline:
Raw: 1
Deteclor #4 — 0.553457 | whs ot
Signal #2

Detector #5 ——

o/0

Dutput: Active Alams
)—D—CL )—n—b 1.000010 | weis

History
11212002

0P - Flasma #1110 -

. Y

Cutput:
—-I>—~ L[ 1.001977] vons

Dietector §5 ——
Falanly Filter #1 Gain Filteer 82 ) 0.0

1.0 Invertar 1 10 13 ;

Datactor #7 ——H d Zere baseline:

Raw: in 7

3.027226 | woits Manual zare

Detector 8 =3

LDetek

Adjust the amplification directly on the source light of the plasma to change the measurement scale of the detector.

PPB to % application can be achieved with the same detector.
SIGNAL POLARITY: negative peaks can now be inverted to get positive peaks.
FILTERING: Digital filtering can be applied to improve signal provided to the GC.

GAIN: adjust the gain of the signal for the specific measurement.

OUTPUT VOLTAGE: set the output voltage scale that fits to the GC signal acquisition system.

ZERO BASELINE: set and perform zero baseline directly in the detector.
Connect up to 8 detector to the same plasma controller.

DIAGNOSTIC TOOL: Graphic tool to trend the raw or the output voltage.

PEAK TABLE: edit a peak event table to change all possible parameters at specific time analysis can be started manually

or by digitally and the detector will follow your specific configuration.

Maintenance menu: all tools to troubleshot the detector is provided.

www.ldetek.com
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2.0 PRODUCTS
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HEATED CAPABLE MICRO PLASMA EMISSION DETECTOR
WITH INTERCHANGEABLE OPTICS

b . Patented e

Flexible plasma emission detector for gas chromatograph. The ideal gas detector for ppb/ppm trace
impurities in different gas matrix. The modular philosophy of this detector makes it suitable for lab
operations as well as industrial applications.

FEATURES:

» Stand alone detector for any GC ¢ Compatible with Clarity from DataApex

* Heating up to 200 Celsius * |deal for ppb/ppm trace impurities

* Up to 4 removable/changeable optical filters for a * Replace ECD-FID-TCD-DID all in one detector
more flexible detector ¢ Compatible with Helium, Argon, Nitrogen

* Changeable plasma cell as carrier gas

* Possibility to connect a spectrometer fiber optic direct * Selective, sensitive and generic
on the cell for specific lab or research project configurable

* Compatible with the PlasmaDetek 2 controller ¢ Quick switchable carrier gas type

which makes it compatible with any previous installation

Where innovation leads to success www.ldetek.com
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Four changeable optical filters that
offers flexibility. It can be changed
anytime within seconds to adapt the
analysis needs. It becomes possible
to switch the application easily to find
selectivity and sensitivity desired.
The light collection system has been
optimized to avoid light collection
response loss by high temperature
operation.

|
Heated capable housing up ¢ _
to 200 Celsius extending
the application possibilities. |

With its interchangeable quartz plasma cell module design,
it becomes possible to do the maintenance on the detector.
The application can be modified easily as well. The detector
module design makes it easy to replace or change any
component without damaging or creating leaks. The design
offers an integrated leak detector to auto diagnostic the

s
o
=
Q
o
14
o.
<
carrier gas and make up leak rate. 3]

www.ldetek.com Where innovation leads to success
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MICROPROCESSOR BASED CONTROLLER

With an integrated DSP, the signal can be processed to improve
measurement as well as providing desired signal for any GC. The
parameters can easily be changed with the use of the LDetek
configurator software interface that comes with each PlasmaDetek
detector. Cost saving by having no electrometer needed to acquire
the signal. Multiple stage of amplification integrated to achieve
low to high concentration.

MULTIPLE I/0S

Multiple 1/0s are available on the
controller module to extend the
application capabilities. It becomes
possible to use the controller to acquire

2 ANALOG OUTPUTS signal from other devices or detectors.
AS STANDARD It is also possible to control different
H— devices as valves actuation, ovens or

Both analog output can be used
in parallel to interface with

the desired signal acquisition
system. Coaxial cables are
provided with detector.

other components.

SERIAL INTERFACE
n

USB and RS-232 connection are available

to provide digital signal and avoid analog
interface. Custom digital communication can
also be implemented to communicate and
configure the PlasmaDetek from your own Connect the PlasmaDetek to your network to
system. communicate with the device.

ETHERNET PORT

2.0 PRODUCTS

Where innovation leads to success www.ldetek.com
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SPECIFICATIONS:

CARRIER GAS Argon, Helium, Nitrogen

POWER 80 to 240 VAC, 50-60 Hz

GAS CONNECTIONS 1/16” (can be customized)
OPERATION OUTLET PRESSURE Atmospheric or Vacuum

OPERATING TEMPERATURE 10°Cto 200°C

FILTER 10u SS particle filter on the gas inlet
DETECTOR SIGNAL OUTPUT CONNECTION BNC Coaxial type (can be customized)

PLASMADETEK CONFIGURATOR:

(B8 P lasmalietek Configurator.
Fie Eck Desice Corhgueshion 7

g Digtannact fm Start Andlysis mumwc Dﬁ:mmﬁ [;i\; |§
Cycle Time: o/0

Dutput: Active Alarms
©) ,_.n_. 1.000010] .
On Cutput voltage:

Pre-amp Folarity Filleer #1 Gain Filtar #2 nn
Detector #1 —— 10 Follower  + 23 120 3 13 Zera bassline:

I History
L1iz1f2002
Manual zaro /2112012

Raw:

Delector #4 ——»

PH - Flasms 21
- 11212002 2:15: 14 PH - Plasma #1 ©
Signal #2 L1f21f012 216:34 PH - Flasms #1C «

Detector #5 ——

Cutput:
> L)
Detector #8 =3 rer—
Fuolarity Filter #1 Gain Filtor 42 00
Detector #7 —— W Invartar {5 LI 1o 1. Tero baseline:
107 i \ p

LES
3.027226

walts Manwial zara
Detector #8 ——

LDefek.

Adjust the amplification directly on the source light of the plasma to change the measurement scale of the detector.
PPB to % application can be achieved with the same detector.

SIGNAL POLARITY: negative peaks can now be inverted to get positive peaks.
FILTERING: Digjtal filtering can be applied to improve signal provided to the GC.
GAIN: adjust the gain of the signal for the specific measurement.

OUTPUT VOLTAGE: set the output voltage scale that fits to the GC signal acquisition system.
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ZERO BASELINE: set and perform zero baseline directly in the detector.
Connect up to 8 detector to the same plasma controller.

DIAGNOSTIC TOOL: Graphic tool to trend the raw or the output voltage.

PEAK TABLE: edit a peak event table to change all possible parameters at specific time analysis can be started manually
or by digitally and the detector will follow your specific configuration.

Maintenance menu: all tools to troubleshot the detector is provided.

www.ldetek.com Where innovation leads to success
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Looking for a SAFE, SENSITIVE, LOW OPERATION COST
and MAINTENANCE FREE system?

P b

The patent pend’i'ng;"PlasmaDetek-E is the solution

SAFE

No fuel (H,) and no related safety accessories

SENSITIVE
< 1 ppb lowest detection possible

3.0 APPLICATION NOTES

S  LOW OPERATING COST
Only N, carrier gas supply

MAINTENANCE FREE

No periodic detector cleaning




TYPICAL INSTALLATION FOR LIGHT HYDROCARBON MEASUREMENT

MULTIDETEK 2 WITH
PLASMADETEK-E

N, CARRIER
GAS SUPPLY

LDP1000
PURIFIER

MULTIDETEK 2
WITH PLASMADETEK-E

y S

FID BASED GC

H, FUEL

GENERATOR COMPRESSOR

OPTIONAL AR

TRAP NETWORK GENERATOR

OPTIONAL TRAP
NETWORK

N, CARRIER

GAS SUPPLY GAS PURIFIER

. Require MAINTENANCE

Require CLEANING
and MAINTENANCE

. Require SAFETY TOOLS
and PROCEDURES

INSTALLATION COST* COMPARISON

Parts

H2 generator

Zero air generator

Air compressor

H2safety accessories

2 year maintenance cost

Total cost*

* costs are approximate and may vary for each system

MultiDetek 2 with PlasmaDetek-E FID-GC
N/A $7200

N/A $2125

N/A $1200

N/A $1500

$2000 $5000
$2000 $17 025

N/A: not applicable

Please consult Application Note LD14-01 on LDetek web site for more technical details.

www.ldetek.com

Where innovation leads to success
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2.0 PRODUCTS

Where innovation leads to success

www.ldetek.com
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PST
Poskseng | LDelrek

MULTIDETEK-LITE

COMPACT GAS CHROMATOGRAPH

The MultiDetek-Lite is our most compact series of gas chromatographs. In its 4U rackmount
configuration, it offers the flexibility of having different detectors, ovens/columns, valves and flow
controllers in an arrangement that makes the unit being an impressive cost saving solution for
multiple trace impurities applications. Based on the well-known platform of the MultiDetek3, the
MD-Lite series offers the same performances in a smaller environment. It allows an alternative GC

solution when the application requires less complexity. g
=2
(=]
2
FEATURES: APPLICATIONS: o
(=]
¢ Large measurement scale (ppb to %) ¢ Industrial gases o
* Isothermal ovens for GC columns (up to 3x in one unit) * Energy
* Choice of chromatography detectors PED/TCD/FID ¢ Semiconductor & Electronics
(up to 2x in one unit) ¢ Food & Beverage
¢ Choice of online detectors EC/Zr for trace 02 or quartz ¢ Environment
Crystal for H20 (optional) . Laboratory

* Electronic flow controllers for sample and carrier flow controls
* Touchscreen 5" Display

¢ 4-20 mA output per impurity (up to 8 outputs in one unit)

¢ Dry contacts (up to 8 contacts in one unit)

* Modbus/Profibus

* LAN/Web control

www.ldetek.com Where innovation leads to success
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2.0 PRODUCTS

PROVEN SENSORS TECHNOLOGIES

PlasmaDetek

Plasma emission detector is used to measure trace impurities in different gas streams. The proper PED selective optics
configuration is combined with the proper chromatography columns depending on the applications. The PED is compatible
with different carrier gas types as Helium/Argon/Nitrogen (application dependent). The interference filters of the PED
make this detector ideal to remove interference from background gases and offering the best sensitivity/selectivity for the
measured impurity This configuration allows the analysis of trace ppb/ppm impurities.

TCD

Thermal conductivity detector is used to measure the sample gas purity in percent level. It can also be used to measure
multiple impurities at high ppm levels when required by having the proper chromatography columns mounted with it. The
TCD can be combined in one unit with the PED to offer a full range going from 1ppb (PED) to 100% (TCD) for complete gas
mixture coverage. The lower concentration range is cover by PED while the upper range is cover by TCD.

FID

Flame ionization detector can be used when the analysis technique required it. The PED using nitrogen as carrier gas is
well known at LDetek to replace the FID technology without using a flammable gas mixture air/h2. It is a great advantage
to avoid the use of this flammable mixture. However, the FID is well known in the GC applications and for this reason, we
still keep it available in the MD-Lite series when carbons detection is required by this type of sensor.

SenzTx

With a choice of either electrochemical or zirconia oxygen sensor technology the SenzTX module offers reliability, accuracy
and flexibility. Both technologies have a broad measurement capability allowing the user to measure from low ppm to high
percent oxygen. Combined with a choice of PED or TCD or FID mounted in the MD-Lite series, it offers the possibility to
measure the trace oxygen online in the same instrument.

QMA (for more technical information, refer to our design report for trace moisture analysis integrated inside the MultiDetek2 GC)

The Advanced Quartz Crystal Microbalance sensor from Michell Instruments is now integrated inside the MD-Lite to
provide reliable, fast and accurate measurement of trace moisture content in a variety of applications where keeping
moisture to a minimum is of critical importance. The analyzer provides consistently accurate measurements of trace
moisture. This consistency is achieved using a self-calibration system, which adjusts the sensor with reference to an
internal moisture generator.

Having such module inside the MD-Lite multigas series allows to combine multiple impurities analysis with trace moisture
inside the same instrument.

Quartz crystal microbalance sensor

A quartz crystal is sensitised with a thin film of hygroscopic material. Water molecules are adsorbed into the hygroscopic
layer deposited on the surface. The change in mass modifies, in a very precise and repeatable manner, the oscillation
frequency. The moisture concentration is measured as a change in the oscillation.

Quartz crystal sensor principle

The change in the oscillation is evaluated by switching the gas inside the sensor and by measuring the response delta.
For sampling response, the sensor is balanced between a dry gas source and the sample source. The difference is then
calculated. The same principle is applied for the span gas calibration. However, this time the comparison is between a dry
gas and a source of wet gas. A cycling time of 30 seconds on each gas is used to compare the response delta.

Quartz crystal module principle

The dry gas comes from a reference gas source. The sensor is supplied by a known Helium or Argon or Nitrogen grade 5.0
carrier source going through a heated gas purifier model LDP1000 series. This combination generates a gas purity of 8N.
By using this technique, the dry gas source contains less than 10ppb H20 what is ideal as zero gas reference.

The wet gas comes from a certified water filled permeation tube heated at a controlled temperature of 45 Celsius. It
generates a stable amount of moisture used for span calibration. The moisture generator is made of coated stainless
steel to reduce the surface absorption of water molecules and then keep the moisture rate very stable and accurate. The
flow inside the module is controlled and maintained by a network of calibrated orifices. All flow passageways upfront the
sensor are less than 0.030”'ID, all coated with an inert coating to accelerate the response/purge time and improve the
performances of the system.

Where innovation leads to success www.ldetek.com
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SPECIFICATIONS

SENSOR MODEL PLASMADETEK LDETEK TCD LDETEK FID SENZTX mm

MEASUREMENT TECHNOLOGY

SENSOR MANUFACTURER

IMPURITY DETECTED

SAMPLE GAS

RANGES

LIMIT OF DETECTION (LDL)

SENSOR LIFE EXPECTATION

OPERATING TEMPERATURE
RANGE

SAMPLE GAS TEMPERATURE

SAMPLE FLOW
REQUIREMENT

OPERATING SAMPLE
PRESSURE RANGE

OUTLET PRESSURE
INLET FITTINGS
OUTLET FITTINGS

CARRIER GAS
REQUIREMENT

CARRIER FLOW
REQUIREMENT

OPERATING CARRIER
PRESSURE RANGE

STANDARD FEATURES

OPTIONS

SUPPLY
POWER CONSUMPTION
SIZE

WEIGHT

CERTIFICATION

www.ldetek.com

PED

LDetek

Permanent &
noble gases,
sulfurs, ammonia,
hydrocarbons,
aldehydes, btex,
alcools...

up to 5000ppm
available

100ppt (application
dependent)

10 years

100ml/min

Helium

or Argon

or Nitrogen
(application
dependent)

60ml/min to
250ml/min
(application
dependent)

80-100psig
(5.5-7barg)

TCD

LDetek

Permanent &
noble gases,
sulfurs, ammonia,
hydrocarbons,
aldehydes, btex,
alcools...

FID Zirconia (ZR)
LDetek NTRON
Hydrocarbons,

CO, CO2 02

Any UHP gases, gas mixtures and ambient air

up to 100%
available

1ppm (application
dependent)

3-5 years

100ml/min

up to 100% up to 96%
available available
1ppb (application
dependent) dppm
3-5 years 3-5 years
5-45 Celsius
0-100 Celsius
100ml/min 100ml/min
5-30psig (0.35-2barg)

Atmospheric

Electrochemical (EC)

NTRON

02

up to 25% available

0.5ppm

1 year

100ml/min

1/8"” or 1/4” compression or face seal

1/8" or 1/4” compression or face seal

Helium or Argon
or Nitrogen

or Hydrogen
(application
dependent)

60ml/min
(application
dependent)

80-100psig
(5.5-7barg)

Helium or Argon

or Nitrogen

or Hydrogen n/a
(application
dependent)

60ml/min
(application n/a
dependent)

80-100psig

(5.5-7barg) n/a

n/a

n/a

n/a

Quartz crystal

Michell Instruments

H20

multiple gases
0-10ppm (resolution

100ppb)

0-100ppm
(resolution 1ppm)

0-1000ppm
(resolution 1ppm)

up to 2000ppm
available

20ppb

3-5 years

300-500ml/min

n/a

n/a

n/a

MCU system, Touchscreen 5", 4 x 4-20mA outputs, 4 x dry contacts, Remote control (via Ethernet)

Internal sampling system for span/sample, Modbus via RS485 or RS232 or Ethernet
Profibus, 4 extra 4-20mA outputs, 4 extra dry contacts

110VAC 50-60Hz / 220VAC 50-60Hz

Maximum 250 watts depending on the combination of sensors and options mounted in the unit

4U Rackmount

45-65 Ibs (20-30kg) depending on the combination of sensors and options mounted in the unit

In compliance with EMC directives : IEC 61000-4-3: 2020, IEC 61000-4-6: 2013, IEC 61000-4-2: 2008, IEC 61000-4-4:
2012, IEC 61000-4-5: 2014 A1: 2017, IEC 61000-4-8: 2009, IEC 61000-4-11: 2020 for immunity & CISPR 32: 2015 A1:
2019, FCC Part 15, Subpart B: 2021, CISPR 32: 2015 A1: 2019, FCC Part 15, Subpart B: 2021 for emissions.

Where innovation leads to success
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2.0 PRODUCTS

DIMENSIONS

18mm

[%e'] —L

642mm  578mm

[25%,"]  [22%"]

47mm
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!

1[;65"‘"”}’ 102mm C-C

e

182mm
[7%5"}
INCLUDING FEET

462mm MIN C-C
[18%6"]
468mm MAX C-C
[181%1"}

482mm

[18°%,"]
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MULTIDETEK3

COMPACT GAS
CHROMATOGRAPH
FOR INDUSTRIAL
AND LAB APPLICATIONS

The MultiDetek3 is the latest development of our popular range of compact industrial gas chromatographs. It is more
than a simple gas chromatograph: it's a modular process GC instrument, that combines the functionality of two GCs in
one with the ability to also monitor trace moisture and oxygen online. The instrument has been completely redesigned
and features an extra-large 15.6” touch screen for easy visibility and operation. It has a dual sample inlet and online
modules which allow simultaneous stream analysis of trace moisture and oxygen together with trace impurities. It is
temperature controlled for improved stability and performance. The software interface is our latest LDChroma+, which
offers more sophisticated data management and a planning platform.

2
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FEATURES & DESIGN:

* One chassis configuration (6U Rackmount)

* Multiple GC analysis methods capacity

* GC can be configured with PED/TCD/FID detectors

* Up to 6 isothermal or 3 programmable oven combination

* Up to 5 high purity proportional diaphragm valves (carriersample)

Ethernet connectivity for remote control
Serial/Profibus/Modbus communication protocols
Fast parallel chromatography

LDChroma+, LDCS, LDreport user friendly interfaces
2 GCs in one with 2 sample inlet ports

* Easy maintenance with our modular design & simultaneous analysis
* ppt, ppb, ppm and % gas analysis * First GC having online sensors built in for trace moisture
e Built in PC with 15.6"" with wide touchscreen and oxygen analysis
e Up to 10 high performance diaphragm valves e Temperature controlled process GC
www.ldetek.com Where innovation leads to success
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LN

TWO TRAINS DESIGN TEMPERATURE
2 sample inlets to analyse CONTROLLED GC

2 streams independently in for the best stability and
parallel. Replace 2 GCs per one performances.

CHOICE OF ONLINE MD3 unit for cost saving. Process GC design.

02 SENSOR BUILT IN
¢ Electrochemical
e Zirconia

CHOICE OF
ONLINE H20
SENSOR BUILT IN

* Quartz Crystal Microbalance
e Ceramic Metal-Oxide

2
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LDCHROMA+ LDCS LDREPORT 2.0
Gas Chromatography planning and control software for data
software interface system software management and storage

Where innovation leads to success
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SPECIFICATIONS

GAS CHROMATOGRAPHY
DETECTORS

ONLINE DETECTORS
STANDARD FEATURES

OPTIONS

GAS CONNECTIONS

CARRIER PRESSURE
REQUIREMENTS

AMBIENT OPERATING
TEMPERATURE RANGE

AMBIENT TEMPERATURE
CONTROL RANGE FEATURE

SUPPLY

POWER CONSUMPTION
REPEATABILITY

LDL

LOQ

LONG TERM STABILITY & DRIFT
LINEARITY

CERTIFICATION

PED / TCD / FID

Quartz Crystal Microbalance / Ceramic Metal-Oxide / Electrochemical / Zirconia

* Temperature controlled process GC

15,6” wide touchscreen with 1366 x 768 HD resolution (IP65)
Windows 10 loT

Ethernet ports available for remote control and Modbus

Self diagnostic system with maintenance planning

Isothermal and/or programmable ramping ovens

Electronic flow control regulators for carrier & sample gases

¢ 4-20 mA isolated outputs

Alarm Historic

Digital system status output for remote monitoring (dry relay contact)
2 alarms contact

High resolution Chromatogram output

Serial communication (RS232/485) / Profibus / Modbus / Ethernet

Compact purifier attached to the chassis for generating high purity carrier gas

Integrated stream selector system

Digital inputs for remote starting

Analog inputs for connecting external instruments

Remote control for stream selector (LDGSS)

Split/split less injector (can be heated)

Dual sample inlets with simultaneous analysis

Built in online sensor module for trace moisture: Quartz Crystal (ppb/ppm) or Ceramic (ppm)
Built in online sensor module for trace oxygen: Electrochemical (ppm) or Zirconia (ppm)

1/8" or 1/4” VCR or compression fittings

100 PSIG (other carrier pressure available on request)

10 °C-45 °C

20°C-40°C (out of this range, surrounding ambient temperature must be stabilized)

115 VAC, 50 - 60 Hz or 220 VAC, 50 - 60 Hz

Maximum 500W

Three times the percentage of deviation (3*CV %) of each component has to be smaller than 5% on ten consecutive cycles
3 times noise level

3 times LDL value

Three times the percentage of deviation (3*CV %) of each component has to be smaller than 10% for 8 hours

For 5 points within the measuring range, the linear curve must have its R2 at a value between 0.998 and 1.00

CE & UKCA in compliance with
used in industrial environment

EMC directive IEC 61000-6-2 : 2016 (immunity) & IEC 61000-6-4 : 2018 (emission) for equipment

483 mm
[1‘;:;1::} [ 19.02in ]
* 450 mm
I l [17.72in ]
265.3 mm 191.3 mm
[10.44in ] [753in]
—  — H FRONT VIEW é o
Es| E=
Eo| B3 269.3 mm 191.3 mm
& 8K [106in ] [ 7.53in]
q
261 mm
TOP VIEW SIDE VIEW [ 10.28in ] CUT OUT DIMENSIONS
FOR RACK MOUNTING
483 mm
[19.02in ] 17.5 mm P8 mm
[0.69in ] 595 mm 0.31
[ 2343in]

www.ldetek.com
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2.0 PRODUCTS

DETECTOR’S SPECIFICATIONS USED IN THE MULTIDETEK3

I S L R

Argon/Helium/Nitrogen

CARRIER GAS

LDL

SELECTIVITY/
RESPONSE

SAFETY
ADVANTAGES

TECHNICAL
ADVANTAGES

IMPURITIES

APPLICATIONS

100ppt (Helium carrier)

Selective to photons generated by each
impurity. Narrow bandpass filter optic circuit
is used for each impurity. Background gas

interference is blocked.

Patent US9310308
Patent US20170254786

No fuel required

* Maintenance free (more than 10 years)

» Selectivity for most of individual impurity
* One gas source required only

Permanent & noble gases, sulfurs,
ammonia, hydrocarbons, aldehydes, btex,

Sensitivity down to ppt

Inert quartz detector

alcools...

Industrial gases

Energy

Semiconductor & Electronics
Food & Beverage
Environment

Laboratory

Where innovation leads to success

Argon/Helium/Nitrogen/Hydrogen

1ppb

Selective to carbon by ions collection

n/a

n/a

n/a

Hydrocarbons, CO-CO2

¢ Industrial gases
¢ Energy

¢ Food & Beverage
 Environment

e Laboratory

Argon/Helium/Nitrogen/Hydrogen

1ppm

Selective to thermal gas conductivity
difference with carrier gas used

n/a

No fuel required

n/a

Permanent & noble gases, sulfurs,
ammonia, hydrocarbons, aldehydes,
btex, alcools...

¢ Industrial gases
¢ Energy

* Food & Beverage
 Environment

e Laboratory

www.ldetek.com
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LDchroma+ gas chromatography software
for process/lab analyses

LDchroma+ software is used to control the internal components of the MultiDetek3 gas chromato-
graph and make the bridge with the surrounding industrial environment and the rest of the world
offering a full remote control of your instrument.

What it controls internally?

> Temperatures, flows, valves, detectors, A/D inputs, A/D outputs, streams selection, calibration, alarms

What kind of intelligence it offers?

Maintenance interval/cost and lifetime of components

A choice across a multiple peak detection algorithms is automatically selected
Secure, administrator-controlled user access and permissions to ensure data integrity
Simplified run creation, including sequence, methods and reports

vvyyvyy

How it communicates with the external world?

LDchroma+ can talk with automated systems using Modbus, Profibus or Profinet (other protocols available on
request) depending on the requirements. It is generally used to send/receive any type of commands and results
with the plant.

@
: PIR[O[F] ! of
*ﬂodbus
BJU]S
For the remote control of the LDchroma+ software, the Ethernet connection also allows the use of any type of

remote control software compatible with Windows. It becomes easy to operate your gas analyser at distance and
also select your desired method/stream and even calibrate it.

LDreport 2.0 for data management

LDreport 2.0 can perform many different types of report format. You can customize the analysis certificate as
you desire. LDreport 2.0 can save in multiple format as pdf, excel and html. You can also print it on your local
printer or any printer connected on the network. Adding company logo and other custom information can be put
on the report template as well.

LDreport 2.0 is also used as database where you have access to all chromatograms and results from your instru-
ment. It is very useful to compare results, trends, chromatograms by selecting any period range. LDreport 2.0 is
well designed to simplified backup, searching, and trending of chromatography data.

LDCS Control System

Planning and management software tool offering the possibility to manage and plan actions from a complete
LDetek turnkey system. Including calibration routine, dilution, stream sequence, test sequence, collection of
data from a third party analyser, carrier consumption & pressure monitoring and many more all built up and
running in one platform. For listing one example, what’s better than having your instrument running a linearity
check by itself and giving you the final results.

Where innovation leads to success
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HOW OUR SOLUTION MAKES YOUR LIFE EASIER

Nothing better than showing our own gas chromatograph to demonstrate a symbol of robust and
modular design offering all the gas analysis possibilities inside one compact instrument. Your applica-
tion has changed, and your instrument must be re-configured? No problem! Our modularity design
makes it easy to readapt the instrument to your actual need. Design by experts, for leaders.

REMOTE ACCESS

Remote connection through network allows our experts to access your instruments for quick support.
Our platform infrastructure allows to access the internal database of the instrument to know all the
historic events. Years of information, access in a second.

WORLDWIDE HIGH SKILL TECHNICAL RESSOURCES

Wherever you are located, we have high skill experts ready to help you. Our training program within our
organization makes our technical resources always up to date and ready.

WARRANTY & TRADE IN PROGRAMS

Extended warranty programs are there to make your life easier. Our high value design product gives you a
residual value at its end of life to trade with our latest technology available. Let us work for you!

By having the demonstration of our ability to build robust solutions based on highly skilled involved
employees and high quality criteria company philosophy. This is represented by long durability of our
instruments being more than 11 years. At the end of this cycle, our company engagement is proud to open
discussions to offer the residual value of your highly valuable analytical instrument in exchange for our
latest technology device suitable for your application.

ASK US FOR OUR SERVICE
AND WARRANTY PROGRAMS AVAILABLE

2.0 PRODUCTS

FULL WARRANTY 18 MONTHS

EXTENDED WARRANTY PROGRAM UP TO 10 YEARS

Where innovation leads to success www.ldetek.com
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A PST BRAND

EXPLOSION PROOF GC SOLUTION DESIGNED
FOR HAZARDOUS AREAS

| 1

g U H g

A MultiDetek3

>
MultiDetek3 EX

An innovative design based on simplicity. The standard industrial compact GC model MultiDetek3 is
now integrated inside a Stainless Steel certified (ATEX-IECEX) purged enclosure to be used in Zone 1
and Zone 2 hazardous areas. This “EX’’ series allows to keep the proven robust industrial platform
features of the MultiDetek3 with its LDChroma software interface. It also allows to mount more than
one GC or other instruments/accessories in the same MultiDetek3 EX purged enclosure. On top
of that, using the standard rackmount platform of the MultiDetek3 mounted on a slide out system
makes it easy to swap units inside the enclosure for maintenance or application upgrade. A multi
streams/GCs and methods all in one system approaches was the objective with the launch of the
MultiDetek3 EX series.
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FEATURES

* Explosion proof for use in zone 1 and zone 2

* Capable to integrate multiple instruments and sampling system all in one unit

* Designed to mount up to 2 standard units’ model MultiDetek3

* FEasy to swap and access units inside the enclosure with its slide out design

¢ Triclops X purge controller is capable to feed up to 3 enclosures in cascade or parallel for more possibilities.

¢ Stainless Steel cabinet with secured doors (IP66)

e Wall mount or floor mount available

¢ Front industrial panel PC

* LAN remote control for GC and stream selector

¢ LDChroma industrial GC interface with LDReport database software

¢ Industrial communication protocols (Modbus-Profibus from Ethernet/RS232/RS485)

¢ Upto 10 analog outputs 4-20mA

¢ Up to 6 isothermal ovens to fit capillary, micropacked or packed columns with an easy access to replace columns.
¢ Up to 10 diaphragm/rotary valves to build multiple methods for multiple streams

e Can combine up to 3 detectors in one GC (PED, TCD, FID, Quartz crystal for H20, electrochemical sensor or third party sensor)
* Electronic pressure and flow controllers

* Corrosion resistant material available (option)

* Analysis in ppb/ppm/%

* One status alarm contact and two levels alarm contacts are available

* A non-purged version is also available for use in safe zones

INDUSTRIES/APPLICATIONS

* Hydrogen Production ¢ Electronic Gases

¢ Hy/CO Plants ¢ Air Separation Units (ASU)

* Hydrocarbons Processing * Refineries (analysis of CO in propylene and ethylene)
¢ Petrochemicals (measurement of CO-CO2) ¢ Synthesis Gas (measurement of H2)

e Chemical Plants ¢ Other related industries

* Natural Gas/LNG Processing

2.0 PRODUCTS

Where innovation leads to success www.ldetek.com
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DESIGN

—ll
Tryclops-X purge
system proved
according to EN

60079 (The same
device can feed up

to 3 different EX
cabinets.

Area for mounting
accessories as extra
sensors and/or gas
purifier (LDP1000) or
others.

Front Panel PC with
8.4” LCD.

—

MultiDetek3 GC
instrument having
capacity to mount
multiple ovens(6x)/
detectors(3x)/
valves(10x)/electronic
flow controllers(5x) for
analysis of multiple
streams with multiple
methods built in.

An ultra high purity
4 channels stream
selector can be
integrated in the GC.

MultiDetek3 slide

out design for easy
access (enough space
available for a second
slide out for another
MultiDetek3).

DIMENSIONS
(I
. 9,27 (235.5) »
¥ [ |-
(T}
=)
P a
)
L) m
T T o
Q
o
56.93 (1,116.0)
8.75 (222.3) x 14.25 (362.0)
VIEWING AREA OPENING 42.00 (1066.8)
WINDOW KIT—"
18.76
~ 2.0%30.8} ‘"_(4?6.5}_ "‘
DRAWER MOUNTING
BRACKETS TYP. 2 SIDES )
~——30.37 (771.4)—|
www.ldetek.com Where innovation leads to success
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2.0 PRODUCTS

SPECIFICATIONS

GENERAL DIMENSIONS 387 W (965mm) X 30.37”’D (771mm) X 56.93"” H (1116mm) (other sizes available on request)
MATERIAL Stainless Steel

DOOR CLEARANCE 37" (932 mm)

WEIGHT 227 kg

STANDARD FEATURES ¢ 1 Tryclops X-Purge controller, XP version certified for Zone 1 and Zone 2 hazardous areas

¢ 1 air Exhaust

¢ 1 air purge gas inlet kit

¢ 1 8.4” panel PC per MultiDetek3 GC

¢ 1 Adjustable check valve on sample gas

* 1 Flashback arrestor on sample gas

¢ 1 pneumatic shut off valve on sample gas

OPTIONS ¢ 1 Vortex cabinet cooler with AC muffler
* Additional instruments can be added
* Up to three purged enclosures can be mounted in cascade using the same Tryclops
¢ Floor mount rack

OPERATING ENVIRONMENT Indoor and outdoor

CARRIER GAS PRESSURE 100 PSI (6.9 bar)
SAMPLE GAS PRESSURE 5-30 PSI (0.35-2 bar)
GAS CONNECTIONS 1/8”or 1/4” VCR or Compression type (Swagelok)
PURGE PROTECTIVE GAS Dry air grade : Water and oil-free, - 40° F (- 40° C) dew point, particles 5y, ISA grade hydrocarbon-free
SUPPLY QUALITY
SUPPLY 115 VAC, 50 - 60 Hz or 220 VAC, 50 - 60 Hz
POWER CONSUMPTION Maximum 660 watts
APPLIED STANDARDS ¢ EN60079-0
* EN60079-2
* EN6O079-7

* EN60079-11
* EN60079-15
* EN60079-18

CERTIFICATIONS IECEx : Ex pxb IIB+H2 T4 Gb
ATEX : 11 2 G Ex pxb IIB+H2 T4 Gb
CE (MultiDetek3)

OPERATING TEMPERATURE -20 °Cto 47 °C

T CLASSIFICATION T4

IP 66
ENCLOSURE VOLUME 727.8 liters
MINIMUM PURGE FLOW 120 L/min
MINIMUM PURGE TIME 78 minutes
ON START-UP

MAXIMUM OVERPRESSURE 0.1 PSI (6.7 mBar)
MINIMUM OVERPRESSURE 0.02 PSI (1.24 mBar)

MAXIMUM SUPPLY 100 PSI (6.9 bar)
AIR PRESSURE
MINIMUM SUPPLY 15 PSI (1.4 bar)
AIR PRESSURE
Where innovation leads to success www.ldetek.com
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LD8001 =

A PST BRAND

TRACE NITROGEN IN ARGON,
HELIUM AND CRUDE ARGON ANALYZER

The LD8001 is an online analyzer to monitor trace N2 in Ar/He/Crude
Argon. Plasma emission detector is used to selectively measure trace
N2 in Argon or/and Helium bulk gases. The analysis of trace N2 in Neon,
Xenon and Krypton can also be realized.

Plasma Emission
Detector for N,

FEATURES:
* Trace Nitrogen in Argon/Helium/Crude Argon * Range Ildentification Relay 7))
e Compact 3U rackmount enclosure * Micro-valve for very low dead volume and fast purging time 5
e Large scale measurement * Low sample consumption g
¢ 4-20 mA outputs as standard * Optional zero gas calibration free system o
* LAN/Web control e Touchscreen 77 HMDI TFT Display E
Q
o
APPLICATIONS:
* Air separation unit * Welding gas control
* Helium cryogenic installation * Helium liquification plants
* Cryogenic truck loading station * Gas management system
* Speciality gas laboratories * Semiconductor manufacturing
* Process control * Quality control for truck fills and gas cylinders
* Argon purification plant * Inert glove box systems
 Steel Industries * Universities and laboratories

¢ Chemical plants

www.ldetek.com Where innovation leads to success
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2.0 PRODUCTS

SPECIFICATIONS:

DETECTOR TYPES

RANGE FOR N,

STANDARD FEATURES

OPTIONS

GAS CONNECTIONS
CALIBRATION GAS

SAMPLE FLOW REQUIREMENTS
OPERATING TEMPERATURE
SUPPLY

ACCURACY

DRIFT

RESPONSE TIME

OPERATING SAMPLE
PRESSURE RANGE

OUTLET PRESSURE
ENCLOSURE TYPE
INGRESS PROTECTION

ENCLOSURE FINISH

CERTIFICATION

WEIGHT

Plasma Emission Detector for N,

0 - 1 ppm, resolution to 10 ppb
0 - 10 ppm, resolution to .1 ppm

* Manual or autoranging
(user selectable)
* Microprocessor controlled
* Touchscreen 77 HMDI TFT Display
* Self diagnosis system
with auto-resolve alarm
e Alarm Historic

e Internal sampling system for zero,
span and sample
» Serial port: RS-232 / 422 / 485 / Profibus

Sample: 1/8” compression fittings

Zero: LDP1000 purified gas (Getter)

75 to 200 sccm

10°Cto45°C

115 VAC, 50 - 60 Hz or 220 VAC, 50 - 60 Hz
Better than + 1% full scale

<t1%

T90 < 10 seconds

0 - 100 ppm, resolution to 1 ppm
other range possible up to 5000 ppm configurable

» Safe calibration procedure to avoid any
bad calibration
Digital ouputs for remote monitoring: (all dry
relay contacts)
- System status (1 output)
- Range in use (3 outputs per impurity)
- Calibration in use (1 output)

* 2 alarm outputs (user programmable set point)
e Zero calibration gas free system
¢ 4-20 mA isolated outputs

Vent: 1/8” compression fitting

Span: 8.0 t0 9.5 ppm N, (application dependant)

3-30psig (for lower sample pressure requirement, an additional high purity pump is used)

Atmospheric

3U rackmount type

IP20 in accordance with IEC 60529

RAL7030 powder coat

In compliance with EMC directives : IEC 61000-4-3: 2020, IEC 61000-4-6: 2013, IEC 61000-4-2: 2008,
IEC 61000-4-4: 2012, IEC 61000-4-5: 2014 A1: 2017, IEC 61000-4-8: 2009, IEC 61000-4-11: 2020 for
immunity & CISPR 32: 2015 A1: 2019, FCC Part 15, Subpart B: 2021, CISPR 32: 2015 A1: 2019, FCC

Part 15, Subpart B: 2021 for emissions.

29 Ibs (13 kg)

Where innovation leads to success
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ORDERING INFORMATION: DIMENSIONS:

Product Parent Code : LDS001
LD8001 (ppm) Impurity N2 , Detector PED

446 mm
[17.56in]
PRODUCT ORDERING CODE .
{Feature A} + {Feature B} + {Feature C} + {Feature D} + ... + {Feature H}
RN
g=| £l E's
BASE MODEL ‘o_',! N 9 g' o 5
LD8001 Trace N2 analyser with plasma 9 E E 3 5 3
FEATURE {A} emission detector, 0-1, 0-10, 0-100 < =
ppm (as default), electronic flow
control TOP VIEW
SAMPLE GAS
13 mm
Bl Argon 482 mm [18.98in] [0.51in
FEATURE {B} B2 Helium
B3 Crude Argon
B4 Dual (Argon + Helium)
OPERATING VOLTAGE
482 mm
FEATURE {C} C1 120V [18.98n]
C2 220V
OUTPUT . !
DO No output [132'5 m"} fszgmnf
0 outpu 5.22in 3in
FEATURE {D} . |
D1 420 mA Outputs FRONT VIEW !
D2 A (Alarm option)
SERIAL COMMUNICATION
EO No Serial Interf: 92 mm
o Serial Interface ;
SIDE VIEW [ 5.22in ]
E1l Serial Interface - Modbus RS232
FEATURE {E}
E2 Serial Interface - Modbus RS-485 374.5mm
[14.74in]
E3 Serial Interface - Modbus Ethernet
E4 Serial Interface - Profibus
INTEGRATED SAMPLING SYSTEM
FO No integrated sampling system
FEATURE {F}
F1 1 sample + zero + span 450 mm
[17.72in]
F2 2 samples + zero + span ‘IQ
ZERO GAS FREE _ _ e
FEATURE {G} GO No Zero gas free system o 8
G1 C (Zero gas free system) 136.5mm [582?:]? E
S T [5.37 in] o CUT OUT DIMENSIONS : -
FOR RACK MOUNTING o
FEATURE {H} HO No purged valve and flowmeter . .
H1 Electronic purge @8 mm
0.31
www.ldetek.com Where innovation leads to success
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2.0 PRODUCTS

Where innovation leads to success
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LD8001 + ek

A PST BRAND

ONLINE PPT/PPB TRACE NITROGEN
IN ARGON/HELIUM ANALYZER

LDS001+ &N

The LD8001+ is designed for ultra-pure Argon or Helium gas analysis. With its integrated ppt/ppb
oscillation module, unique performance can be achieved. Low ppt ultra-fast analysis for online trace
nitrogen is now possible without the need of a gas chromatograph. This compact design makes it
very attractive for particularly the semiconductor market.

(7
(=4
(S}
FEATURES: =
o
* Unique Plasma Emission Detector design based ¢ 4-20 mA output as standard E
on a Duty Cycle Controlled System * Range Identification Relay o
¢ Integrated oscillation system for drift removal and quick response time ¢ Micro-valve for very low dead volume o
* Bootloader integrated for software update via Ethernet and fast purging time.
* LAN/Web control * Low sample consumption
* Touchscreen 7 inches HDMI TFT display e 3U cabinet
APPLICATIONS:
* Semiconductor manufacturing * Process control * Helium liquification plants
* Air separation unit * Argon purification plant * Gas management system
* Speciality gas laboratories ¢ Chemical plants
www.ldetek.com Where innovation leads to success
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SPECIFICATIONS:

DETECTOR TYPE

RANGE
REPEATABILITY & ACCURACY
RESPONSE TIME

STANDARD FEATURES

OPTIONS

GAS CONNECTIONS
CALIBRATION GAS
SAMPLE FLOW REQUIREMENTS

SAMPLE GAS OPERATING
PRESSURE

OPERATING TEMPERATURE
SUPPLY

POWER CONSUMPTION
DRIFT/STABILITY

WEIGHT

ENCLOSURE TYPE
INGRESS PROTECTION

ENCLOSURE FINISH

Plasma Emission Detector design based on a Duty Cycle Controlled System.
Integrated oscillating sub ppb system.

0 - 50 ppb/0-500 ppb/0-1000 ppb
< +/- 1% (refer to design report)

< 1 minute

* Manual or auto-ranging (user selectable)
* Microprocessor controlled
* Touchscreen 7 inches HDMI TFT display

* Digital ouputs for remote monitoring: (all dry
relay contacts)
- System status (1 output)

* Self diagnosis system with auto-resolve alarm
* Alarm Historic

» Safe calibration procedure to avoid any bad
calibration

- Range in use (3 output)
- Calibration in use (1 output)

¢ RS-232 /422 / 485 / Profibus / ProfiNet / Ethernet IP / Modbus / EtherCat
* 2 alarm outputs (user programmable set point)

¢ 4-20 mA isolated output

Sample: 1/8" face seal fittings

Zero: Integrated in the unit with LDP1000
150 sccm at 15psig to 500scecm at 30psig

10-30 psig

10°C to 45°C (must be stable)

115 VAC, 50 - 60 Hz or 220 VAC, 50 - 60 Hz
Maximum 110 watts

< +/-0.01% (refer to design report)

37 Ibs (17 kg)

3U rackmount

IP20 in accordance with IEC 60529

RAL7030 powder coat

Vent: 1/8’ compression fitting

Span: 1000ppb N2

2.0 PRODUCTS

CERTIFICATION In compliance with EMC directives : IEC 61000-4-3: 2020, IEC 61000-4-6: 2013, IEC 61000-4-2: 2008,
IEC 61000-4-4: 2012, IEC 61000-4-5: 2014 A1: 2017, IEC 61000-4-8: 2009, IEC 61000-4-11: 2020 for
immunity & CISPR 32: 2015 A1: 2019, FCC Part 15, Subpart B: 2021, CISPR 32: 2015 Al: 2019, FCC Part

15, Subpart B: 2021 for emissions.

Where innovation leads to success www.ldetek.com
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ORDERING INFORMATION: DIMENSIONS:

Product Parent Code : LDS001+
LD8001+ (ppb) Impurity sz Detector PED

446 mm
[17.56in]
PRODUCT ORDERING CODE .
{Feature A} + {Feature B} + {Feature C} + {Feature D} + {Feature E}
NN
Ee| E] £
BASE MODEL ‘o_-,! gl g' o 5
LD8001+ Trace ppb N, analyser with plasma 9 E E 3 5 3
FEATURE {A} emission detector, 0-50, 0-500, < =
0-1000 ppb (as default), electronic
flow control TOP VIEW
SAMPLE GAS 13 mm
482 mm [18.98 in] [0.51 in
FEATURE {B} B1 Argon
B2 Helium
OPERATING VOLTAGE
FEATURE {C} C1 120V
c2 220V 482 mm
[18.98in]
OUTPUT
DO No output {
"l T
D1 4-20 mA Outputs [132-5 mni fszg rm
FEATURE {D} ; 5.22in -
(Default gty - 1) . FRONT VIEW 1'
D2 A (Alarm option)
(Default gty - 1)
SERIAL COMMUNICATION [132.5 mr‘rj
5.22in
EO No Serial Interface SIDE VIEW
E1 Serial Interface - Modbus RS232 374.5 mm
(Default qty - 1) [14.74in]
E2 Serial Interface - Modbus RS-485
FEATURE {E} (Default gty - O)
E3 Serial Interface - Modbus Ethernet
(Default gty - O) 450 mm
) ) [17.72in]
E4 Serial Interface - Profibus ‘IQ
(Default gty - O) (&)
T T :
(a)
ol o
136.5 mm 58.5 mm o
[5.37in] [ 23in] o
' o CUT OUT DIMENSIONS =)
FOR RACK MOUNTING o
(Z)S mm
0.31
www.ldetek.com Where innovation leads to success
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2.0 PRODUCTS

LD8001 +Ar

ONLINE PPT/PPB TRACE ARGON
IN HELIUM ANALYZER

\ ¢

a®
LDelek

A PST BRAND

The LD8001+Ar is designed for ultra-pure Helium gas analysis. With its integrated ppt/ppb oscillation
PED module, unique performance can be achieved. Low ppt ultra-fast analysis for online trace argon
in UHP helium is now possible without the need of a gas chromatograph. This compact design makes
it very attractive for particularly the semiconductor market. The unit is built with a zero-gas generator
that combines a heated absorbent with a cryogenic absorbent to completely removes the interferences
from other impurities including argon to ensure an accurate calibration/reference.

FEATURES:

* Unique Plasma Emission Detector design based on a Duty Cycle
Controlled System.

¢ Integrated oscillation system for drift removal and quick response time

* Argon free interference system to remove the interferences from other
impurities during the span calibration as commonly see with any
gas chromatograph due to carrier gas integrity.

* Response time lower than 30 seconds

LAN/Web control

Touchscreen 7 inches HDMI TFT display
4-20 mA output as standard

Range Identification Relay

Micro-valve for very low dead volume
and fast purging time.

Low sample consumption

* Bootloader integrated for software update via Ethernet * 3U cabinet
APPLICATIONS:

* Semiconductor manufacturing * Speciality gas laboratories ¢ Helium liquification plants

¢ Air separation unit * Process control

Where innovation leads to success
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SPECIFICATIONS:

DETECTOR TYPE

RANGE
REPEATABILITY & ACCURACY
RESPONSE TIME

STANDARD FEATURES

OPTIONS

GAS CONNECTIONS

CALIBRATION GAS

SAMPLE FLOW REQUIREMENTS

SAMPLE GAS OPERATING
PRESSURE

OPERATING TEMPERATURE
SUPPLY

POWER CONSUMPTION
DRIFT/STABILITY

WEIGHT

ENCLOSURE TYPE
INGRESS PROTECTION
ENCLOSURE FINISH

CERTIFICATION

www.ldetek.com

Plasma Emission Detector design based on a Duty Cycle Controlled System.

Integrated oscillating sub ppb system.

0 - 50 ppb/0-500 ppb/0-1000 ppb

< +/- 1% (refer to design report)

< 30 seconds

* Manual or auto-ranging (user selectable)

* Microprocessor controlled
* Touchscreen 7 inches HDMI TFT display

* Self diagnosis system with auto-resolve alarm

* Alarm Historic
» Safe calibration procedure to avoid
any bad calibration

e Digital ouputs for remote monitoring;:
(all dry relay contacts)
- System status (1 output)
- Range in use (3 output)
- Calibration in use (1 output)

¢ RS-232 /422 / 485 / Profibus / ProfiNet / Ethernet IP / Modbus / EtherCat

* 2 alarm outputs (user programmable set point)

¢ 4-20 mA isolated output
Sample: 1/8" face seal fittings

Zero: Integrated in the unit with compact
LDP1000 + LDCRYO

150 scem at 15psig to 500scem at 30psig

10-30 psig

10°C to 45°C (must be stable)

115 VAC, 50 - 60 Hz or 220 VAC, 50 - 60 Hz
Maximum 110 watts

< +/-0.01% (refer to design report)

37 Ibs (17 kg)

3U rackmount

IP20 in accordance with IEC 60529

RAL7030 powder coat

Vent: 1/8’ compression fitting

Span: 1000ppb Ar in balance helium

In compliance with EMC directives : IEC 61000-4-3: 2020, IEC 61000-4-6: 2013, IEC 61000-4-2: 2008,
IEC 61000-4-4: 2012, IEC 61000-4-5: 2014 A1: 2017, IEC 61000-4-8: 2009, IEC 61000-4-11: 2020 for
immunity & CISPR 32: 2015 A1: 2019, FCC Part 15, Subpart B: 2021, CISPR 32: 2015 A1: 2019, FCC Part

15, Subpart B: 2021 for emissions.

Where innovation leads to success

45

(7]
[
Q
=
(o]
(=)
o
o
=
N




2.0 PRODUCTS

ORDERING INFORMATION:

DIMENSIONS:

Product Parent Code : LDS0O01+AR
LD8001+Ar (ppb) Impurity Ar, Detector PED

PRODUCT ORDERING CODE
{Feature A} + {Feature B} + {Feature C} + {Feature D} + {Feature E}

e Jin oo

BASE MODEL
LD8001+Ar Trace ppb Ar analyser with plasma
FEATURE {A} emission detector, 0-50, 0-500,
0-1000 ppb (as default), electronic
flow control
SAMPLE GAS
FEATURE {B} )
B1 Helium
OPERATING VOLTAGE
FEATURE{C} C1 120V
c2 220V
OUTPUT
DO No output
D1 4-20 mA Outputs
FEATURE {D} (Default gty - 1)
D2 A (Alarm option)
(Default gty - 1)
SERIAL COMMUNICATION
EO No Serial Interface
E1 Serial Interface - Modbus RS232
(Default gty - 1)
E2 Serial Interface - Modbus RS-485
FEATURE {E} (Default gty - 0)
E3 Serial Interface - Modbus Ethernet

(Default gty - 0)

E4 Serial Interface - Profibus
(Default gty - 0)

Where innovation leads to success

446 mm
[17.56in]
E—| <] £
HEE:
an|arn| 2o
3 < <
83| 55 83
TOP VIEW
13 mm
482 mm [18.98 in] [0.51 in
482 mm
[18.98in]
132.5 mm 58.5I mm
[ 5.22in ] [23in ]
P FRONT VIEW 1
132.5 mm
SIDE VIEW [ 5:22in ]
374.5 mm
[14.74in]
450 mm
[17.72in]
136.5 mm 58.5 mm
[5.37 in] CUT OUT DIMENSIONS [ 23in]
] FOR RACK MOUNTING
(Z)S mm
0.31

www.ldetek.com
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LD800 1 MULTIGAS ._;\{greK

A PST BRAND

TRACE NITROGEN, OXYGEN, MOISTURE, HYDROCARBONS
ALL IN ONE UNIT

= - — The LD8001MG is an online gas
analyzer that can combine multiple
sensors and technologies all in one
unit to allow multiple impurities
detection within a wide range of
analysis.

A PlasmaDetek A senzTx A Easidew A QMA

The unit is a rackmount 3U enclosure. The configuration depends on the sensors and options selected.
Multiple configurations are available through a modular platform philosophy.

FEATURES:
e Compact rackmount enclosure (3U) to cover up to four * 4-20 mA output per impurity
measurements (N2, 02, H20, CnHm) * Range Identification & alarm status &
* Bootloader integrated for software update via Ethernet calibration contacts
» Ultra high purity electronic flow controllers for sample flow control * Alarm historic
* Large measurement scale * LAN/Web control
* Touchscreen 77 HMDI TFT Display * Low sample consumption
APPLICATIONS:
¢ Industrial gas applications * Process control * Gas generation
e Inert and bulk gases e Helium liquification plants * Additive manufacturing
¢ Air separation unit ¢ Steel industry * Glove box purge and leak detection
¢ Helium cryogenic installation ¢ Chemical plants * Research centers and laboratories

* Cryogenic truck loading station

www.ldetek.com Where innovation leads to success
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2.0 PRODUCTS

PROVEN SENSORS TECHNOLOGIES

PLASMADETEK (for more technical information, refer to our design report on LD8000MultiGas series)

The measurement of the trace impurities N2-02-H20-CnHm in a helium or argon matrix can be carried out with a PED type detector
(PlasmaDetek2) US patent 9,310,308 B2 integrated into an instrument of the LD8001-Multigas type. This technology is based on cold
microplasma excited at high voltage / frequency in a helium atmosphere and allowing the selective measurement of each component
at a precise optical wavelength. The optical circuit is composed of photodiodes and interference filters combined with an amplification
system for converting the measured photons into voltage. All signal processing is then redirected to a microcontroller.

Compared to previous art, the LD8001MG with PED sensor offers an interference free measurement. By the combination of selective
bandpass optical filter with a nitrogen doping system and a network of adsorbents & permeation devices, each impurity is accurately
measured without being affected by other impurities presence in the sample gas.

Several variants and options on this device are possible depending on the needs of the customer.

Low maintenance and cost of ownership

Using a non depleting PED sensor, the unit can be used for long term operation (over 10 years) without having to change it. This is also
due to the network of protection adsorbent, and the detector shut off system during upset conditions. The traps used in the unit are
also protected by an isolation valve shut off in case of upset conditions. This is to ensure the durability of the traps and detectors inside
the unit. All these factors combined together make our solution robust and minimize the maintenance on the unit.

Fast response time

The unit design allows to keep a minimal sample flow consumption and ensure a quick response time (T90 at 10sec) using 1/16"°0D
coated stainless steel lines. The flow controllers are mounted in bypass mode to minimize the gas volume and dead legs upfront of
the PEDs.

SENZTX

With a choice of either zirconia or electrochemical sensor technology the SenzTx module offers reliability, accuracy and flexibility. Both
technologies have a broad measurement capability allowing the user to measure from selected ranges from 1ppm to 96% oxygen.

Zirconia sensor

The Ntron zirconia oxygen sensor is a nondepleting. zirconia solid electrolyte sensor. A small capillary on the sensor controls the
diffusion of oxygen into the sensor. When heated to over 400°C oxygen is electronically reduced causing current flow through the
zirconia electrolyte. Zirconiumoxide allows the movement of oxygen ions through the substrate from a high to a low concentration. The
measurement of oxygen is determined by the current flowing through the electrodes. The zirconia sensor has an unlimited shelf life
without the loss of calibration and has an expected life in excess of 5 years. The zirconia sensor is not position sensitive and has low
cross sensitivity to other gases and does not dry out.

Low maintenance and cost of ownership

Due to the highly stable nature of the sensor, a calibration interval of once per year is required, allowing for significant cost savings.
The construction of our zirconia oxygen sensor means that only 100 mL/min of sample gas is required, providing application flexibility
and further potential cost savings.

Fast response time
Zirconia oxygen sensors respond very quickly to oxygen concentrations in both directions with a T90 of less than 10 seconds within a
set range.

Electrochemical sensor

The key elements of the electrochemical sensors are a membrane, cathode, anode, electrolyte and measurement circuit. The sensing
membrane (covering the cathode) is made of PTFE and is mounted over a metal perforated electrode. The space between the
membrane and the electrode is filled either with an aqueous alkaline or an acid electrolyte. In normal operation, all portions of the
anode and cathode are immersed in the electrolyte. As oxygen diffuses through the membrane into the electrolyte it causes a reaction
between the cathode and anode generating an EMF. This current is proportional to the amount of oxygen present in the sample gas. In
the absence of oxygen there is no output from the electrochemical sensor, meaning only one calibration is required.

Where innovation leads to success www.ldetek.com
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EASIDEW

The Easidew transmitter has a wide measurement range from -110 to +20°Cdp (-166 to +68°Fdp) and one stocked product can be
used across all class 1 to class 6 industrial dryer applications. The Easidew family of industrial transmitters incorporates the latest
Michell advanced ceramic technology providing stable, reliable and repeatable moisture measurements for all dew point applications.

Ease of Installation
Flexible product design ensures the unit can be quickly and economically installed. ¢ Mini DIN 43650 form C or M12 5 pin electrical
connectors ¢ 5/8” UNF, 3/4” UNF, G1/2” BSP process connections ¢ 316 stainless steel transmitter sample blocks.

Measurement Performance

The transmitter uses Michell's market leading ceramic measurement technology coupled with the latest generation, sophisticated
microcontroller electronics to provide accurate and stable measurement across the transmitter’s product life.

QMA (for more technical information, refer to our design report for trace moisture analysis integrated inside the MultiDetek2 GC)

The Advanced Quartz Crystal Microbalance sensor from Michell Instruments is now integrated inside the LDS8001MG to provide reliable,
fast and accurate measurement of trace moisture content in a variety of applications where keeping moisture to a minimum is of
critical importance. The analyzer provides consistently accurate measurements of trace moisture. This consistency is achieved using a
self-calibration system, which adjusts the sensor with reference to an internal moisture generator.

Having such module inside the LD8001 multigas series allows to combine multiple impurities analysis with trace moisture inside the
same instrument.

Quartz crystal microbalance sensor

A quartz crystal is sensitised with a thin film of hygroscopic material. Water molecules are adsorbed into the hygroscopic layer deposited
on the surface. The change in mass modifies, in a very precise and repeatable manner, the oscillation frequency. The moisture
concentration is measured as a change in the oscillation.

Quartz crystal sensor principle

The change in the oscillation is evaluated by switching the gas inside the sensor and by measuring the response delta. For sampling
response, the sensor is balanced between a dry gas source and the sample source. The difference is then calculated. The same
principle is applied for the span gas calibration. However, this time the comparison is between a dry gas and a source of wet gas. A
cycling time of 30 seconds on each gas is used to compare the response delta.

Quartz crystal module principle

The dry gas comes from a reference gas source. The sensor is supplied by a known Helium or Argon or Nitrogen grade 5.0 carrier source
going through a heated gas purifier model LDP1000 series. This combination generates a gas purity of 8N. By using this technique, the
dry gas source contains less than 10ppb H20 what is ideal as zero gas reference.

The wet gas comes from a certified water filled permeation tube heated at a controlled temperature of 45 Celsius. It generates a
stable amount of moisture used for span calibration. The moisture generator is made of coated stainless steel to reduce the surface
absorption of water molecules and then keep the moisture rate very stable and accurate. The flow inside the module is controlled and
maintained by a network of calibrated orifices. All flow passageways upfront the sensor are less than 0.030”'ID, all coated with an inert
coating to accelerate the response/purge time and improve the performances of the system.

www.ldetek.com Where innovation leads to success
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2.0 PRODUCTS

SPECIFICATIONS:

SENSOR MODEL

MEASUREMENT
TECHNOLOGY

SENSOR
MANUFACTURER

IMPURITY
DETECTED

SAMPLE GAS

RANGES*
(DEFAULT)

LIMIT OF
DETECTION (LDL)

ACCURACY

RESPONSE TIME
(T90)

SENSOR LIFE
EXPECTATION

OPERATING
TEMPERATURE
RANGE

SAMPLE GAS
TEMPERATURE

SAMPLE FLOW
REQUIREMENT

OPERATING
SAMPLE
PRESSURE
RANGE

OUTLET
PRESSURE

INLET FITTINGS
OUTLET FITTINGS

DOPING GAS
REQUIREMENT

STANDARD
FEATURES

OPTIONS

SUPPLY

POWER
CONSUMPTION

ENCLOSURE TYPE

INGRESS
PROTECTION

ENCLOSURE
FINISH

WEIGHT
CERTIFICATION

PLASMADETEK PLASMADETEK PLASMADETEK PLASMADETEK SENZTX SENZTX EASIDEW QMA
PED PED PED PED Zirconia (ZR) Electrochemical Ceramic Quartz crystal
(EC) sensor
LDetek LDetek LDetek LDetek NTRON NTRON Michell Michell
Instruments Instruments
N2 02 H20 CnHm 02 02 H20 H20
Ar-He Ar-He Ar-He Ar-He multiple gases  multiple gases  multiple gases  multiple gases
O0-1ppm 0-3ppm 0-3ppm 0-3ppm 0-10ppm 0-10ppm 0-10ppm 0-10ppm
(resolution (resolution (resolution (resolution (resolution (resolution (resolution (resolution
10ppb) 10ppb) 10ppb) 10ppb) 0.5ppm) 0.1ppm) 0.5ppm) 100ppb)
0-10ppm 0-30ppm 0-30ppm 0-30ppm 0-100ppm 0-100ppm 0-100ppm 0-100ppm
(resolution (resolution (resolution (resolution (resolution (resolution (resolution (resolution
100ppb) 100ppb) 100ppb) 100ppb) 1ppm) 1ppm) 1ppm) 1ppm)
0-100ppm 0-50ppm 0-100ppm up to 30ppm 0-1000ppm 0-1000ppm 0-1000ppm 0-1000ppm
(resolution 1ppm) (resolution 1ppm) (resolution 1ppm) available (resolution (resolution (resolution (resolution
up to 5000ppm up to 50ppm up to 100ppm 1ppm) 1ppm) 1ppm) 1ppm)
available available available up to 96% up to 25% up to up to
available available 3000ppm 2000ppm
available available
10ppb 50ppb 50ppb 50ppb 1ppm 0.5ppm 0.5ppm 20ppb
<+/- 1% of scale <+/- 1% of scale <+/- 1% of scale <+/- 1% of <+/-1% of <+/- 1% of <+/- 1% of <+/-1% of
scale scale scale scale scale
<10 sec <10 sec <10 sec <10 sec <10 sec <10 sec <5 min <5 min
10 years 10 years 10 years 10 years 3-5 years 1 year 3-5 years 3-5 years
5-45 Celsius
0-100 Celsius
25-200ml 25-200ml 25-200ml 25-200ml 100-200ml 100-200ml 15L 300-500ml
/min /min /min /min /min /min /min /min
3-30psig (for lower sample pressure requirement, an additional high purity pump is used)
Atmospheric
1/8" or 1/4" Swagelok compression or VCR
1/8" or 1/4" Swagelok compression or VCR
N/A Nitrogen grade Nitrogen grade Nitrogen grade N/A N/A N/A Nitrogen

5.0%* 5.0%* 5.0%* grade 5.0%**

Manual or autoranging, MCU embeded system, touchscreen 7” HDMI TFT, alarm historic, digital outputs for status,
3 ranges, calibration in progress

Internal sampling system for zero/span/sample, serial communication RS232-RS485-Modbus-Profibus, 2 level alarms, zero gas
free calibration system, 4-20mA outputs

110VAC 50-60Hz / 220VAC 50-60Hz
100-250 watts depending of the combination of sensors and options mounted in the unit
3U rackmount

IP20 in accordance with IEC 60529

RAL7030 powder coat

25-40 lbs (11-18kg) depending of the combination of sensors and options mounted in the unit

In compliance with EMC directives : IEC 61000-4-3: 2020, IEC 61000-4-6: 2013, IEC 61000-4-2: 2008, IEC 61000-4-4: 2012, IEC 61000-4-5:
2014 A1: 2017, IEC 61000-4-8: 2009, IEC 61000-4-11: 2020 for immunity & CISPR 32: 2015 A1: 2019, FCC Part 15, Subpart B: 2021,
CISPR 32: 2015 A1: 2019, FCC Part 15, Subpart B: 2021 for emissions.

* Ranges can be factory set to other values. ** Refer to LDBOOOMG design report for more details *** Zero & Span gas dry gas source

Where innovation leads to success

www.ldetek.com

50



ORDERING INFORMATION: DIMENSIONS:

3U RACKMOUNT ENCLOSURE:

Product Parent Code : LDS001MG
LD8001 MultiGas (ppm) Impurity N,,, O, H,0 or CnHm,

Detector PED, EC, Zr, ED 446 mm
[17.56in]
PRODUCT ORDERING CODE '
{Feature A} + {Feature B} + {Feature C} + {Feature D} + ... + {Feature F}
Ee| E€| £
N wR| w5
BASE MODEL “N’E EE 5 S
LD8001IMG Trace N2, 02, H20 and/or CnHm =
analyser with plasma emission
FEATURE {A} detector, Electrochemical, Zriconium, TOP VIEW
Ceramic/and or Quartz Crystal,
electronic flow control 13 mm
482 mm [18.98 in] [0.51 in
SAMPLE GAS (CAN ORDER UP TO 4 GASES)
B1 N2 (PED)
B2 02 (EC)
FEATURE {B} B3 02 (Zr)
482 mm
B4 H20 (EC) [18.98in]
B5 H20 (QC)
B6 CnHm (PED) b !
OPERATING VOLTAGE [1?;2;; ) 253,
. I i
FEATURE {C} C1 120V FRONT VIEW 1
c2 220V
OUTPUT
DO No output [1 352252mr‘rJ1
FEATURE {D} SIDE VIEW eein
D1 4-20 mA Outputs
D2 A (Alarm option) 374.5 mm
[14.74in]
SERIAL COMMUNICATION
EO No Serial Interface
E1l Serial Interface - Modbus RS232
FEATURE {E}
E2 Serial Interface - Modbus RS-485
E3 Serial Interface - Modbus Ethernet 450 mm
[17.72in]
E4 Serial Interface - Profibus ‘IQ
PURGE OPTION - _ g
FEATURE {F} FO No purged valve and flowmeter ol 8
o
F1 Electronic purge 13;;’.‘“ [582?’,[::1“}1 o
[5.37in] i CUT OUT DIMENSIONS ' o
FOR RACK MOUNTING o
(Z)S mm
0.31
www.ldetek.com Where innovation leads to success
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2.0 PRODUCTS

LD8001

BINARY GAS ANALYZER

\ ¢

a®
LDelek

A PST BRAND

LDS001TCD =&

The LD8001-TCD is a Thermal Conductivity-based Gas Analyzers used to measure and monitor
binary gas streams. It can also monitor one component in a more complex gas mixture when the
background gases have the same ratio to each other, or have similar thermal conductivity values.

FEATURES:

¢ Unique Thermal Conductivity Detector (TCD)

* Bootloader integrated for software update via Ethernet

e Large scale measurement
¢ 4-20 mA output as standard
* Range Ildentification Relay

APPLICATIONS:

* Touchscreen 7 inches HDMI TFT display

* LAN/Web control

* Micro-valve for very low dead volume and fast purging time
* 3U cabinet

* Gas Manufacturing Facilities:
monitoring Pressure Swing Adsorption (PSA) Systems

* Gas management system

* Hydrogen production

* Gas Blending Equipment

* Air Liquification Plants: monitoring purity of Ar, O,, H,,
N,, He, CO,, or Ne

* Welding gas control

* Steel Mills: CO, in off-gas from gas generators

* Petroleum Refineries: H, purity in C, - C, hydrocarbons

Where innovation leads to success

* Speciality gas laboratories

* Heat Treating: H, in N, and other annealing gases

* Process control

* Power Generation Plants: H, cooling gas in turbine
generator housings; CO, in turbine generator
housing; checking H, purity

* Ammonia Plants

¢ Chemical plants

* Refrigeration Facilities

www.ldetek.com
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SPECIFICATIONS:

DETECTOR TYPE Thermal Conductivity Detector (TCD)
RANGE Ppm to % (application dependant)
ACCURACY Better than 3% FS
STANDARD FEATURES * Manual or autoranging (user selectable) « Digital ouputs for remote monitoring: (all dry
* Microprocessor controlled relay contacts)
* Touchscreen 7 inches HDMI TFT display - System status (1 output)
« Self diagnosis system with auto-resolve alarm - Range in use (3 output)
* LAN/Web control - Calibration in use (1 output)

* Alarm Historic

OPTIONS e Internal sampling system for zero, span and sample
* RS-232 / 422 / 485 / Profibus / ProfiNet / Ethernet IP / Modbus / EtherCat
* 2 alarm outputs (user programmable set point)
* 4-20 mA isolated output

GAS CONNECTIONS Sample: 1/8” compression fittings Vent: 1/8’ compression fitting
SAMPLE FLOW 50-200sccm

REFERENCE GAS 50-200sccm

SAMPLE GAS OPERATING 3to 30 PSIG

PRESSURE

OPERATING TEMPERATURE 10°Cto 45°C

SUPPLY 115 VAC, 50 - 60 Hz or 220 VAC, 50 - 60 Hz

POWER CONSUMPTION Maximum 40 watts

WEIGHT 30 Ibs (14 kg)

ENCLOSURE TYPE 3U rackmount

INGRESS PROTECTION IP20 in accordance with IEC 60529

ENCLOSURE FINISH RAL7030 powder coat

CERTIFICATION In compliance with EMC directives : IEC 61000-4-3: 2020, IEC 61000-4-6: 2013, IEC 61000-4-2: 2008,

IEC 61000-4-4: 2012, IEC 61000-4-5: 2014 A1: 2017, IEC 61000-4-8: 2009, IEC 61000-4-11: 2020 for
immunity & CISPR 32: 2015 A1: 2019, FCC Part 15, Subpart B: 2021, CISPR 32: 2015 A1: 2019, FCC Part
15, Subpart B: 2021 for emissions.
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2.0 PRODUCTS

ORDERING INFORMATION: DIMENSIONS:

Product Parent Code : LDS8001-TCD
LD8001-TCD Binary gas analyser

446 mm
[17.56in]
PRODUCT ORDERING CODE .
{Feature A} + {Feature B} + {Feature C} + {Feature D} + ... + {Feature F}
e N
E=| E=| £
BASE MODEL at| 62| 65
FEATURE {A} LD8001-TCD Binary gas analyser with a Thermal 9 E E 3 5 3
Conductivity Detector in %. < 1
TOP VIEW
SAMPLE GAS
FEATURE {B} _
BX Contact Engineer to select sample gas 13 mm
OPERATING VOLTAGE 482 mm [18.98in] [0.51in
FEATURE{C} C1 120V
c2 220V
OUTPUT
DO No output 482 mm
D1 4-20 mA Outputs (18.98n]
FEATURE {D} (Default gty - 1) {
D2 A (Alarm option) 132.5 mm 58.5 mm
(Default gty - 1) [ 5.22in | [ 2.:'|! in ]
i FRONT VIEW 1
SERIAL COMMUNICATION
EO No Serial Interface
E1 Serial Interface - Modbus RS232 132.5 mm
(Default gty - 1) SIDE VIEW [ 5.22in ]
E2 Serial Interface - Modbus RS-485 374.5 mm
FEATURE {E .
{E} (Default gty - 0) [1474n]
E3 Serial Interface - Modbus Ethernet
(Default gty - 0)
E4 Serial Interface - Profibus
(Default gty - 0)
450 mm
INTEGRATED SAMPLING SYSTEM [17.72in]
FO No integraded sampling system ° °
of
FEATURE {F} 136.5 mm 58.5 mm
F1 1 sample + zero + span [5.37in] CUT OUT DIMENSIONS [ 23in]
N FOR RACK MOUNTING
F2 2 samples + zero + span
P P (Z)S mm
0.31
Where innovation leads to success www.ldetek.com
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LDS80O1FID ..

A PST BRAND

ONLINE TRACE TOTAL HYDROCARBON ANALYZER

L3
Loefek,

| LDSOO1FID = |
ﬁ _I_.—

The LD80O0O1-FID is an online instrument that offers the ideal solution for the total hydrocarbon
measurements. Its compact and robust design perfectly fits on any industrial installation. The
LDetek FID and electronic platform bring the performances required by the market.

(%2
(=4
o
FEATURES: =
o
* LDetek FID design offering low maintenance e Touchscreen 7 inches HDMI TFT display E
* Bootloader integrated for software update via Ethernet * LAN/Web control o
e Large scale measurement * Micro-valve for very low dead volume and fast purging time o
¢ 4-20 mA output as standard ¢ 3U cabinet

* Range Ildentification Relay

APPLICATIONS:

* Air separation unit * Process control * Welding gas control

* Cryogenic truck loading station * Steel Industries * Gas management system

* Speciality gas laboratories e Chemical plants ¢ Quality control for truck fills and gas cylinders
www.ldetek.com Where innovation leads to success
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2.0 PRODUCTS

SPECIFICATIONS:

DETECTOR TYPE

RANGE

REPEATABILITY
ACCURACY

STANDARD FEATURES

OPTIONS

GAS CONNECTIONS
CALIBRATION GAS
SAMPLE FLOW REQUIREMENTS

AIR FLOW REQUIREMENTS

FUEL FLOW REQUIREMENTS

SAMPLE GAS OPERATING
PRESSURE

OPERATING TEMPERATURE
SUPPLY

POWER CONSUMPTION
DRIFT

WEIGHT

ENCLOSURE TYPE
INGRESS PROTECTION
ENCLOSURE FINISH

CERTIFICATION

Where innovation leads to success

Flame lonisation Detector

0 - 10 ppm,

0 - 100 ppm,

0 - 1000 ppm,
other range possible

< 1% full scale
Better than +/- 1% full scale

¢ Manual or auto-ranging (user selectable)

* Microprocessor controlled

* Touchscreen 7 inches HDMI TFT display

* Self diagnosis system with auto-resolve alarm
* Alarm Historic

« Digijtal ouputs for remote monitoring: (all dry
relay contacts)
- System status (1 output)
- Range in use (3 output)
- Calibration in use (1 output)

¢ RS-232 /422 / 485 / Profibus / ProfiNet / Ethernet IP / Modbus / EtherCat
* 2 alarm outputs (user programmable set point)
¢ 4-20 mA isolated output

Sample: 1/8” compression fittings Vent: 1/8’ compression fitting
Zero: LDP1000 purified gas (Getter) Span: 80%-90% of measuring scale (as CH4 reference)
50 to 200 sccm

200 to 600 sccm

40 to 150 sccm

10-30 psig

10°Cto 45°C

115 VAC, 50 - 60 Hz or 220 VAC, 50 - 60 Hz
Maximum 50 watts

< +/- 1% over 24 hours

27 Ibs (12 kg)

3U rackmount

IP20 in accordance with IEC 60529
RAL7030 powder coat

In compliance with EMC directives : IEC 61000-4-3: 2020, IEC 61000-4-6: 2013, IEC 61000-4-2: 2008,
IEC 61000-4-4: 2012, IEC 61000-4-5: 2014 A1: 2017, IEC 61000-4-8: 2009, IEC 61000-4-11: 2020 for

immunity & CISPR 32: 2015 A1: 2019, FCC Part 15, Subpart B: 2021, CISPR 32: 2015 Al: 2019, FCC Part

15, Subpart B: 2021 for emissions.

56
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ORDERING INFORMATION: DIMENSIONS:

Product Parent Code : LDSOO1-FID
LD80O01-FID (ppm) Impurity THC, Detector FID

446 mm
[17.56in]
PRODUCT ORDERING CODE .
{Feature A} + {Feature B} + {Feature C} + {Feature D} + {Feature E}
NN
Ee| E] £
BASE MODEL ‘o_-,! gl g' o 5
LD8OOI-FID  Trace THC analyser, 0-10, 0-100, EIBRRIRR
0-1000 ppm (as default), using FID < 1
FEATURE {A} detector, elextronic flow control.
Requires H2 and Air as fuel, non TOP VIEW
hazardous.
13 mm
SAMPLE GAS 482 mm [18.98 in] [0.51in
B1 Argon
B2 Helium
FEATURE {B} B3 Oxygen
B4 Nitrogen 482 mm
B5 Air [18.98in]
B6 Carbon dioxide {
OPERATING VOLTAGE 132.5 mm 58.5' mm
FEATURE {C} C1 120V [ 522in ] [23in ]
i FRONT VIEW
c2 220V 1
OUTPUT
DO No output 132.5 mm
D1 4-20 mA Outputs [ 5.22in ]
FEATURE {D} (Default gty - 1) SIDE VIEW
. 374.5 mm
D2 A (Alarm option) [14.74in]
(Default gty - 1)
SERIAL COMMUNICATION
EO No Serial Interface
E1 Serial Interface - Modbus RS232 250
mm
(Default gty - 1) [17_72 in} "
E2 Serial Interface - Modbus RS-485 5
FEATURE {E} (Default gty - 0) - : 2
ol o
E3 Serial Interface - Modbus Ethernet 136.5 mm 58.5 mm E
(Default gy - 0) [5.37n] ] CUT OUT DIMENSIONS [ 23in] o
E4 Serial Interface - Profibus R FOR RACK MOUNTING R N
(Default gty - O)
(Z)S mm
0.31
www.ldetek.com Where innovation leads to success
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MOST COMPACT TRACE NITROGEN

AND OXYGEN ANALYSER

LDSENZ A

Where innovation leads to success

The LDSENZ is our most compact nitrogen
and/or oxygen analyser using our well
proven plasma emission detector (PED)
and the Senz-Tx (electrochemical/
zirconia) series from NTRON. Combining
both trace nitrogen and oxygen in the
same instrument makes it compact and
ideal for any of your applications.

APPLICATIONS

e Industrial/medical/laboratory
* Glovebox/Purged box/Additive manufacturing/Purification

CONFIGURATION

The module has its own integrated ultra high purity mini pressure
regulator to reduce and maintain the inlet pressure of the sensors
stable. A dedicated flow orifice is mounted before each sensor
inlet to maintain a static flow based on the regulated pressure
inlet. At the outlet of each detector, a flow sensor is mounted to
measure the real flow going through each sensor. Continuous
trace N2 & 02 analysis is performed in parallel. The Ethernet port
gives an easy access to the interface. An optional 4-20mA output
is available per sensor. Each of the analog output comes with a
dry contact which can be used to trig some alarms.

www.ldetek.com
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SPECIFICATIONS

SENSOR MODEL

Senz-Tx

Senz-Tx

PED

MEASUREMENT
TECHNOLOGY

SENSOR
MANUFACTURER

IMPURITY DETECTED

SAMPLE GAS

RANGES* (DEFAULT)

LIMIT OF DETECTION
(LDL)

ACCURACY

RESPONSE TIME (T90)

SENSOR LIFE
EXPECTATION

OPERATING
TEMPERATURE RANGE

SAMPLE GAS
TEMPERATURE

SAMPLE FLOW
REQUIREMENT

OPERATING SAMPLE

PRESSURE RANGE

OUTLET PRESSURE

INLET FITTINGS

OUTLET FITTINGS

STANDARD FEATURES

OPTIONS

SUPPLY

Zirconia (ZR)

NTRON

02

multiple gases

0-10ppm (resolution 0.5ppm)
0-100ppm (resolution 1ppm)
0-1000ppm (resolution 1ppm)
up to 96% available

1ppm

<+/- 1% of scale

<10 sec

3-5 years

5-45 Celsius

0-100 Celsius

100ml/min per sensor installed

Electrochemical (EC)

NTRON

02

multiple gases

0-10ppm (resolution 0.1ppm)
0-100ppm (resolution 1ppm)
0-1000ppm (resolution 1ppm)
up to 25% available

0.5ppm

<+/- 1% of scale

<10 sec

1 year

Plasma emission detector

LDetek

N2

Argon/Helium

0-10ppm (resolution 100ppb)
0-100ppm (resolution 1ppm)
0-1000ppm (resolution 1ppm)
up to 5000ppm available

10ppb

<+/- 1% of scale

<10 sec

>10 years

3-30psig (for lower sample pressure requirement, an additional high purity pump is used)

Atmospheric

1/8" or 1/4" Swagelok compression or VCR

1/8" or 1/4" Swagelok compression or VCR

Modbus, Web interface(admin)

4-20mA outputs, Dry contact outputs

24VDC

*One range available per sensor. Other ranges available on request.

www.ldetek.com
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TECHNOLOGY

PLASMA EMISSION DETECTOR

Plasma emission detector
It is uses to trace nitrogen in Argon or Helium to offer fully stable/repeatable/linear
and accurate response to nitrogen.

Plasma emission detector principle

The PED uses Helium or Argon as discharge gas in a sealed quartz chamber dedicated
for measuring trace nitrogen at its specific wavelength. Nitrogen impurity is measured
continuously through a quartz window that allow the light generated by the passage of
nitrogen in the quartz chamber to be measured with its proper optical design.

Plasma emission module principle

The module is calibrated using a zero reference and a span reference. Generally, the zero comes from a grade 99.999% Argon or
Helium that goes in our LDP1000 purifier series to generate grade 99.999999%. Going that way, it ensures the zero gas is well
referenced to avoid negative reading. A second source of gas named span gas is used for the nitrogen span reference of the sensor.
In this case, a certified gas containing about 10ppm N2 in a balance Argon or Helium is then required. The module is then calibrated,
accurate and linear within its operating range.

Fast response time
Plasma emission detector responds very quickly to nitrogen concentrations with a T90 of less than 10 seconds within a set range.

SENZ-TX OXYGEN SENSOR

With a choice of either zirconia or electrochemical sensor technology the SenzTx offers
reliability, accuracy, and flexibility. Both technologies have a broad measurement capability
allowing the user to measure from selected ranges from 1ppm to 96% oxygen.

Zirconia sensor

The Ntron zirconia oxygen sensor is a nondepleting zirconia solid electrolyte sensor. A small capillary on the sensor controls the
diffusion of oxygen into the sensor. When heated to over 400°C oxygen is electronically reduced causing current flow through the
zirconia electrolyte. Zirconiumoxide allows the movement of oxygen ions through the substrate from a high to a low concentration. The
measurement of oxygen is determined by the current flowing through the electrodes. The zirconia sensor has an unlimited shelf life
without the loss of calibration and has an expected life in excess of 5 years. The zirconia sensor is not position sensitive and has low
cross sensitivity to other gases and does not dry out.

Low maintenance and cost of ownership

Due to the highly stable nature of the sensor, a calibration interval of once per year is required, allowing for significant cost savings.
The construction of our zirconia oxygen sensor means that only 200 mL/min of sample gas is required, providing application flexibility
and further potential cost savings.

Fast response time
Zirconia oxygen sensors respond very quickly to oxygen concentrations in both directions with a T90 of less than 10 seconds within a
set range.

Electrochemical sensor

The key elements of the electrochemical sensors are a membrane, cathode, anode, electrolyte and measurement circuit. The sensing
membrane (covering the cathode) is made of PTFE and is mounted over a metal perforated electrode. The space between the
membrane and the electrode is filled either with an aqueous alkaline or an acid electrolyte. In normal operation, all portions of the
anode and cathode are immersed in the electrolyte. As oxygen diffuses through the membrane into the electrolyte it causes a reaction
between the cathode and anode generating an EMF. This current is proportional to the amount of oxygen present in the sample gas. In
the absence of oxygen there is no output from the electrochemical sensor, meaning only one calibration is required.

Where innovation leads to success www.ldetek.com
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DIMENSIONS
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ORDERING INFORMATION

PED : N2 plasma emission EC : 02 electrochemical 2S: 1/8” Compression mA : 4-20mA
ZIl : 02 zirconia 4S : 1/4” Compression
2FS : 1/8" face seal (VCR)
4FS : 1/4” face seal (VCR)

Where innovation leads to success
61

www.ldetek.com

LDSENZ_V1_EN_DATASHEET_0622



\ ¢

e
LDelek

TRACE MOISTURE
AND OXYGEN ANALYSER

The LDMOX is our most compact moisture and
oxygen analyser using the well proven Quartz
Crystal sensor or the Ceramic sensor (Easidew
series) from Michell Instruments for H20 and the
Senz-Tx (electrochemical/zirconia) series from
NTRON for O2. Combining both trace oxygen and
moisture in the same instrument makes it ideal
for any of your applications. A combination of two
sensors maximum is possible. The unit includes
a built in pressure regulator and a flow sensor to
ensure the stability of the reading and the flow
measurement indication.

APPLICATIONS

¢ |ndustrial
* Medical
e Laboratory

2.0 PRODUCTS

A senzTx A Easidew A QMA

Where innovation leads to success www.ldetek.com
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SPECIFICATIONS:

MEASUREMENT TECHNOLOGY

SENSOR MANUFACTURER

IMPURITY DETECTED

SAMPLE GAS

RANGES* (DEFAULT)

LIMIT OF DETECTION (LDL)

ACCURACY

RESPONSE TIME (T90)

SENSOR LIFE EXPECTATION

OPERATING TEMPERATURE
RANGE

SAMPLE GAS TEMPERATURE

SAMPLE FLOW
REQUIREMENT

OPERATING SAMPLE
PRESSURE RANGE

OUTLET PRESSURE

INLET FITTINGS

OUTLET FITTINGS

STANDARD FEATURES

OPTIONS

SUPPLY

WEIGHT

NOTE #1

Zirconia (ZR)

NTRON

02

multiple gases
0-10ppm
0-100ppm
0-1000ppm

up to 96% available

1ppm

<+/- 1% of scale

<10 sec

3-5 years

5-45 Celsius

0-100 Celsius

Electrochemical (EC)

NTRON

02

multiple gases
0-10ppm
0-100ppm
0-1000ppm

up to 25% available

0.5ppm

<+/- 1% of scale

<10 sec

1 year

100ml/min per sensor installed

Quartz crystal *
Michell Instruments
H20

multiple gases
0-10ppm
0-100ppm
0-1000ppm

up to 2000ppm available

20ppb
(with Heated LDP1000 gas purifier
and pneumatic diaphragm valve)

100ppb
(with moisture trap and electric
solenoid valve)

<+/- 1% of scale

<5 min

3-5 years

5-30psig (for lower sample pressure requirement, an additional high purity pump

is used)

Atmospheric

1/8" or 1/4" Swagelok compression or VCR

1/8" or 1/4" Swagelok compression or VCR

Modbus, Web interface(admin)

4-20mA outputs, Dry contact outputs

24VDC (Power supply included for 85VAC/240VAC)

10lbs (4.5Kg)

Refer to the quartz crystal sensor description to select the proper mode between :
- Pneumatic diaphragm valve versus electric solenoid valve
- LDP1000 heated gas purifier versus moisture trap

www.ldetek.com

Ceramic sensor

Michell Instruments

H20

multiple gases
0-10ppm
0-100ppm
0-1000ppm

up to 3000ppm available

1ppm

<+/- 1% of scale

<10 sec

3-5 years

1-5 L /min

Where innovation leads to success
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2.0 PRODUCTS

TECHNOLOGY

Senz-TX oxygen sensor

With a choice of either zirconia or electrochemical sensor technology the SenzTx
offers reliability, accuracy and flexibility. Both technologies have a broad measurement
capability allowing the user to measure from selected ranges from 1ppm to 96% oxygen.

Zirconia sensor

The Ntron zirconia oxygen sensor is a nondepleting zirconia solid electrolyte sensor. A small capillary on the sensor controls the
diffusion of oxygen into the sensor. When heated to over 400°C oxygen is electronically reduced causing current flow through the
zirconia electrolyte. Zirconiumoxide allows the movement of oxygen ions through the substrate from a high to a low concentration. The
measurement of oxygen is determined by the current flowing through the electrodes. The zirconia sensor has an unlimited shelf life
without the loss of calibration and has an expected life in excess of 5 years. The zirconia sensor is not position sensitive and has low
cross sensitivity to other gases and does not dry out.

Low maintenance and cost of ownership

Due to the highly stable nature of the sensor, a calibration interval of once per year is required, allowing for significant cost savings.
The construction of our zirconia oxygen sensor means that only 100 mL/min of sample gas is required, providing application flexibility
and further potential cost savings.

Fast response time
Zirconia oxygen sensors respond very quickly to oxygen concentrations in both directions with a T90 of less than 10 seconds within a set range.

Electrochemical sensor

The key elements of the electrochemical sensors are a membrane, cathode, anode, electrolyte and measurement circuit. The sensing
membrane (covering the cathode) is made of PTFE and is mounted over a metal perforated electrode. The space between the membrane
and the electrode is filled either with an aqueous alkaline or an acid electrolyte. In normal operation, all portions of the anode and
cathode are immersed in the electrolyte. As oxygen diffuses through the membrane into the electrolyte it causes a reaction between the
cathode and anode generating an EMF. This current is proportional to the amount of oxygen present in the sample gas. In the absence
of oxygen there is no output from the electrochemical sensor, meaning only one calibration is required.

Quartz Crystal moisture sensor

Quartz crystal microbalance sensor

A quartz crystal is sensitised with a thin film of hygroscopic material. Water molecules
are adsorbed into the hygroscopic layer deposited on the surface. The change in mass
modifies, in a very precise and repeatable manner, the oscillation frequency. The moisture
concentration is measured as a change in the oscillation.

Quartz crystal sensor principle

The change in the oscillation is evaluated by switching the gas inside the sensor and by
measuring the response delta. For sampling response, the sensor is balanced between a
dry gas source and the sample source. The difference is then calculated. The same principle
is applied for the span gas calibration. However, this time the comparison is between a dry
gas and a source of wet gas. A cycling time of 30 seconds on each gas is used to compare
the response delta.

Quartz crystal module principle

The dry gas comes from a reference gas source. The sensor is supplied by a known Helium or Argon or Nitrogen grade 5.0 carrier source
going through a heated gas purifier model LDP1000 series. This combination generates a gas purity of 8N. By using this technique,
the dry gas source contains less than 10ppb H20 what is ideal as zero gas reference. The wet gas comes from a certified water filled
permeation tube heated at a controlled temperature of 55 Celsius. It generates a stable amount of moisture used for span calibration.
The moisture generator is made of coated stainless steel to reduce the surface absorption of water molecules and then keep the
moisture rate very stable and accurate. The flow inside the module is controlled and maintained by a network of calibrated orifices. All
flow passageways upfront the sensor are less than 0.030”ID, all coated with an inert coating to accelerate the response/purge time
and improve the performances of the system.

Pneumatic valve versus electric valve

The pneumatic diaphragm valve is used to get the Idl at 20ppb while the electric solenoid valve is used when 100ppb Idl is sufficient.
The pneumatic diaphragm valve required an actuation gas having its pressure set at 65psig while the electric valve doesn’t require
pneumatic actuation.

Heated gas purifier versus moisture trap
The use of the LDP1000 series heated gas purifier allows to have a better Idl at 20ppb while the use of a moisture trap keep the Idl at
100ppb. The LDP100O0 series is available for Argon, Helium, Neon, Nitrogen, Hydrogen, Carbon Dioxide and Oxygen.

Where innovation leads to success www.ldetek.com
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Easidew

The Easidew transmitter has a wide measurement range from -110 to +20°Cdp (-166 to
+68°Fdp) and one stocked product can be used across all class 1 to class 6 industrial
dryer applications. The Easidew family of industrial transmitters incorporates the latest
Michell advanced ceramic technology providing stable, reliable and repeatable moisture
measurements for all dew point applications.

Ease of Installation

Flexible product design ensures the unit can be quickly and economically installed. e
Mini DIN 43650 form C or M12 5 pin electrical connectors ¢ 5/8” UNF, 3/4” UNF, G1/2”
BSP process connections ¢ 316 stainless steel transmitter sample blocks.

Measurement Performance
The transmitter uses Michell’s market leading ceramic measurement technology coupled with the latest generation, sophisticated
microcontroller electronics to provide accurate and stable measurement across the transmitter’s product life.

INTERNAL FUNCTIONAL DIAGRAM
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DIMENSIONS:

391.1mm
[15.398in]
— ® ® ® ® £
111.1mm @
4] : %
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408.2mm 145.0mm
[16.069in] [5.709in]
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136.4mm &% m -
[5.370in] L O !
LDetek ety oo
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O rmOO0 R
e =
(€ WoHs - =-
400.6mm 150.0mm
[15.773in] \ \ [5.906in]
ORDERING INFORMATION:
LDMOX | -XX -XX -XX -XX -XX -XX
(for QC sensor only) (for QC sensor only)
QC: H20 Quartz crystal | EC: 02 electrochemical | 2S: 1/8” Compression mA: DV: Diaphragm valve | HP: Heated purifier
CS: Easidew H20 ZI: 02 zirconia 4S: 1/4” Compression 4-20mA EV: Electric valve MT: Moisture trap
Ceramic sensor 2FS: 1/8" face seal (VCR)
4FS: 1/4" face seal (VCR)
Where innovation leads to success www.ldetek.com
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I.D P 1000 SERIES LIS;:I‘EK

GAS PURIFIER COMPATIBLE
WITH ANY TRACE GAS ANALYSIS SYSTEM

The LDP1000 series is a sub ppb purifier used for
generating high purity calibration gas for online analyzers
as well as generating high purity carrier gas for gas
chromatograph.

Designed with two steps of purification, this purifier design
ensures no undesired impurity is released during process.

LARGE
LDP1000

>
WHY CHOOSING LDP1000 SERIES ?

* 2 beds of purification
Allows perfect purification

* RS-232 port
Monitor the temperature
of the 2 beds of purification

* LEDs indication
Self-diagnostic and status of the purifier

¢ Cost effective solution

for long-term use
Interchangeable getter

2
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o
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¢ Available in different format

Compact version makes it ideal LDP1000

SELF DUAGNESTIC
GAS PURIFIER

when space is limited >
STANDARD LDP1000
* Real end of life monitoring mounted on optional

COMPACT-LDP1000 A
version

supporting plate with

Combined with PED technology and in/out/bypass valves

MultiDetek series, LDP1000 series gas
purity can be monitored in real time to
offer real auto diagnostic.

www.ldetek.com Where innovation leads to success
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2.0 PRODUCTS

SPECIFICATIONS:

GETTER TYPE Alloy of Zr/V/Fe

2 beds (350 and 200 Celsius)

GASES PURIFIED Noble gases Nitrogen
IMPURITIES H20,02,C0,C02,H2 n/a
REMOVED AT ROOM

TEMPERATURE

IMPURITIES REMOVED H20,02,C0,C02,N2,NMHC,

WITH HEATED DUAL H2, CH4 H2, CH4
BEDS

REGENERATION MODE n/a n/a
ACTIVE

IMPURITY LEVEL <10 ppb and <1 ppb available

FLOW

H20,02,C0,C02,NMHC,

Hydrogen

n/a

H20,02,C0,C02,N2, THC

n/a

Compact & LDP1000 versions flow rate are 0.2LPM nominal to 1LPM maximal

Large LDP1000 version flow rate is 2LPM nominal to 20LPM maximal

GAS CONNECTIONS 1/8"- 1/4" compression or VCR®

RECOMMENDED
OPERATING PRESSURE

100 PSIG (689 kPAG)

SUPPLY

POWER CONSUMPTION

120 VAC, 50 - 60 Hz or 220 VAC, 50 - 60 Hz

Start-up : maximum 200 Watts (allows quick start-up)

Normal operation : maximum 50 Watts (designed for low consumption)

WEIGHT

CERTIFICATION:

Carbon dioxide

H20,02,THC

n/a

available

Oxygen

H2,H20,C0,C02,
CH4,NMHC

n/a

available

8 Ibs (3.63 kg) Large LDP1000 * 5 Ibs (2.26 kg) LDP1000 2 Ibs (0.90 kg) Compact-LDP1000

CE In compliance with EMC directive 2004/108/EC, EN 61000-6-2:2005 for immunity & EN 61000-6-4:2007 for emissions.

ORDERING INFORMATION:

LDP1000, LARGE LDP1000,

COMPACT LDP1000,
GETTER LDP1000 OR
MINI LDP1000
Operating | Gas type: Connection
Voltage: N: Noble gases | size:
120 volts | N2: Nitrogen 1/8”
(-120) version 1/4”
220 volts | H2: Hydrogen
(-220) 02: Oxygen
C02: Carbon
dioxide

Where innovation leads to success

Connection

Type:

Compression (-C)

VCR (-V)

Supporting plate:

P-1/8C: Stainless steel supporting plate/ 1/8” compression

with high purity bypass valve & 2 in/out isolation valves

P-1/8V: Stainless steel supporting plate/ 1/8” VCR with high
purity bypass valve & 2 in/out isolation valves

P-1/4C: Stainless steel supporting plate/ 1/4” compression
with high purity bypass valve & 2 in/out isolation valves
P-1/4YV: Stainless steel supporting plate/ 1/4” VCR with high
purity bypass valve & 2 in/out isolation valves

None: no plate

www.ldetek.com
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DIMENSIONS LDP1000:

BOTTOM VIEW TOP VIEW
& g = e =] | oor l
ET e z &3
29 3 a R
[=] — —
T & i E= TRez32 Port
\ 3 —
[bB1000 = 105 mm
series, [ 443in |
height is
eeeeeeeee 45
! [ 18in ]
eeeeeeeeeee
N S
L
DIMENSIONS COMPACT-LDP1000:
LEFTSIDEVIEW  RIGHT SIDE VIEW
106 mm 106 mm W IEW  SIDEVIE W
[ 4470n ] [ 447in ]
Out
B
Es H ° in I
eq @ o [ =
- O\A Stat Out =
o =
PPPPP |

Holding bracket

DIMENSIONS FOR THE OPTIONAL STAINLESS STEEL SUPPORTING PLATE WITH BYPASS
AND IN/OUT ISOLATION VALVES:
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2.0 PRODUCTS

\ ¢

e
LDelek

LDP2000

HIGH FLOW DUAL GETTERS GAS PURIFIER SERIES

The LDP2000 series is a sub ppb purifier
used for generating high purity calibration
gas for online analyzers as well as
generating high purity carrier gas for gas
chromatograph system. Designed with
its temperature controlled two steps of
purification, this purifier series ensures
to generate grade 9.0 (99.9999999%)
purity at its outlet.

lts dual getters automatic switching

5000 ) allows this series to feed up multiple
> - instruments with a single source without
' interruption.
FEATURES
* High flows up to 20LPM to feed multiple analytical * Purity level and status alarms
instruments * Regeneration mode pre-programmed and available
* Two getters mounted in parallel with automatic switching * Serial Port
via a network of pneumatic valves in case of purity level * Diagnostic LCD and its keypad
alarm to avoid flow interruption e Indication LEDs
* Realtime gas quality monitoring with a mini-PED (plasma * Interchangeable getter

emission detector) integrated in the device to monitor
trace N2 and H20 at the outlet of the purifier (Optional)

Where innovation leads to success www.ldetek.com
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SPECIFICATIONS

GETTER TYPE Combination of different alloy of Zr/V/Fe/Pd with 2 beds of purification

GASES PURIFIED Noble gases Nitrogen Hydrogen Carbon dioxide  Oxygen
IMPURITIES H20,02,C0,C02,H2 H20,02,THC H2,H20,C0,C02,
REMOVED AT ROOM CH4,NMHC
TEMPERATURE

IMPURITIES REMOVED H20,02,C0,C02,N2,NMHC, H20,02,C0,C02,NMHC, H20,02,C0,C02,N2, THC n/a n/a

WHEN DUAL BEDS ARE H2, CH4 H2, CH4

HEATED

REGENERATION MODE n/a n/a n/a Yes Yes
AVAILABLE

REAL TIME Yes n/a n/a n/a n/a

MONITORING TRACE
N2-H20 WITH PED

AVAILABLE

IMPURITY LEVEL AT <1ppb

OUTLET

FLOW 2LPM nominal up to 20LPM maximum
GAS CONNECTIONS 1/4” VCR

RECOMMENDED 50psig-200psig (345kpag-1379kpag)

OPERATING INLET
PRESSURE RANGE

ELECTRICAL SUPPLY 110/120VAC 50/60Hz or 220/240VAC 50/60Hz

POWER CONSUMPTION At Start up: 300 Watts max, at Normal operation: 200 Watts max

WEIGHT 35LBS (15.9KGS)

CERTIFICATIONS

CE & UKCA In compliance with EMC directive IEC 61000-6-2: 2016 (immunity) & IEC 61000-6-4: 2018 (emission) for equipment
used in industrial environment.
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2.0 PRODUCTS

DIMENSIONS

- J
TOP VIEW
L [19¢] ]|
7497
. q i E ]
[788.35]
30,250
: . ] L
e | 4 !
| 1 ;
RS232
| [146.50] |_>—POWER
6,555
FRONT VIEW SIDE VIEW BACK VEW
, WALL MOUNT
}
BOTIOM VIEW

TYPICAL INSTALLATION AND OPERATIONS

[140.00]
5.512

8.4
L d
[777.88]
30.625
I — 3
p
[240,25)
10,250
FRONT VIEW

The LDP2000 dual getters large gas purifier system is designed to feed the carrier gas of multiple analytical instruments. Having only
one purification device to feed multiple instruments simplify the operations and the maintenance/installation costs.

With our mini plasma emission detector mounted at the outlet of the purifier to trace ppb N2 and H20 impurities in Helium or Argon
mode, it offers the online monitoring of the real gas quality generated. If the purity level alarm is activated due to trace impurities
measured, the device automatically switches to the spare getter to keep feeding the analytical instruments without interruption. The

saturated getter is then cooled down and isolated to allow the replacement of it easily.

The device has a front LCD with keypad to navigate through its interface.

The schematic represents a typical gas chromatograph installation having multiple GCs. A switchover system (LDASS) with a pressure
monitoring system (LDPMS) are used to secure the bottle pressure monitoring before the LDP2000 gas purifier. At the outlet of the
LDP2000 gas purifier, our cryogenic purification system (LDCRYO) is mounted to remove the trace impurity Argon presents in Helium
source. The combination of the 3 systems together is the best solution to feed high quality gas to any gas chromatography systems.

Where innovation leads to success
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Automatic switchover Cryogenic dual trap system

system LDASS + LIDPMS for carrier gos purification
pressure monltorlng system LICryc + LDPMS pressure
& alarms monitoring system & alarms
®
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MOUNTING PLATE OPTIONS

WALL MOUNT SHELF MOUNT

ORDERING INFORMATION

LDP2000 | -XXX

Operating Gas type : Gas Gas connection Supporting plate: Supporting plate valves config :
Voltage : N : Noble gases | Connection | type: WM : Stainless Steel | BP4C : bypass valve only compression %"
120: 120VAC | N2 : Nitrogen size: C : Compression | wall mount BPIO4C : bypass & in & out valves
240 : 240VAC | version 4" FS: SM: Stainless compression ¥4’
H2 : Hydrogen Face seal Steel shelf mount BPA4FS : bypass valve only face seal ¥4”
02 : Oxygen BPIO4FS : bypass & in & out valves Face
CO02: Carbon Seal ¥
dioxide
Where innovation leads to success www.ldetek.com
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LDCRYO PURIFIER I_ISE::EK

CRYOGENIC PURIFIER SYSTEM
FOR GC HELIUM CARRIER GAS PURITY

The LDCryo Trap is a stand-alone system used to
generates 99.9999999% Helium purity carrier gas
(Argon removal included) when used in combination with
our LDP1000/LDP2000 heated gas purifier series. The
system includes the LDCryo interface control module
which allows to locally or remotely control the device.
The module has an integrated plasma emission detector
mounted in to continuously monitor the outlet purity of
the purified helium. Trace N2 and Ar are the targeted
impurities to monitor to ensure a proper functionality of
the purifier system.

Both, Stainless Steel traps are mounted in parallel in a 50 liters Dewar to ensure rotation and continuous carrier supply without
interruption. The complete system is configured with face seal and welded gas connections to ensure safe and easy operations. All the
valves arrangement are pneumatically controlled to allow an automatic and remote operation mode.

The system comes with a safety overpressure relief valve mounted on each trap inlet to ensure a safe operation mode in case of over
pressurization. Two purge valves are also mounted to properly clean the system at startup.

www.ldetek.com Where innovation leads to success
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APPLICATIONS

* Semiconductor & electronics gases

SPECIFICATIONS:

PRESSURE SENSOR RANGE
PRESSURE SENSOR MATERIAL
PURGE/ISOLATION/BYPASS VALVES
FLEXIBLE HOSES

MOUNTING PLATE

GAS INLET PORT

GAS OUTLET PORT

PRESSURE SENSOR RATED

LDCRYO INTERFACE MODULE

ACCURACY

AC ADAPTER OPERATING VOLTAGE

AC ADAPTER OPERATING CURRENT

AC ADAPTER OPERATING FREQUENCY
INTERFACE MODULE OPERATING VOLTAGE
INTERFACE MODULE OPERATING CURRENT

0-200psig (0-25bar)

Stainless Steel with media-isolated metal diaphragm

1/4" face seal
Stainless Steel
Stainless Steel
1/4" face seal male
1/4" face seal male

IP65

+/- 1% full scale
100 ~ 240VAC
<1.2A

50-60Hz

24V DC

<1A

RELAY OUTPUTS (8X) SSR contact N.O & N.C

COMMUNICATION Serial port RS232 with Modbus RTU (male DB9 connector)

OPERATING TEMPERATURE 5°Cto45°C (41°F to 113°F)

2.0 PRODUCTS

DIMENSIONS

762mm 153mm

[30"] = [e.04in] |

739mm 52mm

[29.09in] 4x @ 5mm ) [2.05in]
3

305mm
[12']

3

FRONT
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TYPICAL INSTALLATION

The LDCryo trap system comes with a single trap or with dual trap configuration. In its most common dual trap configuration, both
traps are mounted in parallel and can be easily replaced periodically when the trap is blocked. The LDcryo interface module is used
to monitor the pressure at its inlet and outlet to ensure the pressure is high enough to feed the gas chromatography system carrier
gas. If the pressure comes low, then the device gives an alarm, and automatically isolate the default trap and switch on the backup
trap and properly open the valves to keep flowing gas through the GC system.

The interface module also ensures to monitor the trace N2 and Ar at the outlet of the system to ensure the purifier works properly. A
plasma emission detector is mounted in the module and continuously monitor the helium gas to ensure its purity. In case of fault, an
alarm will be activated.

The LDCryo system must be installed with our LDP1000 or LDP2000 heated gas purifier series. The heated gas purifier must be
installed before the LDCryo to remove most of the impurities (excluding Argon). This way, it ensures to keep the cold trap system
clean from high level contaminants and then ensure its lifetime is extended as long as possible.

The complete system is mounted with the LDASS automatic switchover system to keep the Helium source permanent without interruption.

Cryogenic dual trap system

for coarrier gas purification

LDCryo + LDCRYO Interface
monitoring system

Automatic switchover
system LDASS + LDPMS IITI:DCE‘YD
pressure monitoring system n 9"; lO-CE’
& alarms modute
to PED
®
—— @
Stalnless g VBP R
Steel GG
flexlble: Vi t XVin YvoutXivin Xivout
hose o < i I M HEY R 3
580 580
- o
LDP1000/ H 2
Hellum Hellum LDP2000 3 ®
UHP UHP SERIES 3 ]
grade grade GAS
S0 S0 PURIFIER
Dewar Gas Gas
S0 liters Chromatography Chromatography
system system

WelghtScale

ORDERING INFORMATION

The LDCRYO purifier can be ordered in its manual
mode or its fully automatic mode.

LDCRYO Interface

Automatic LDPMS Pneumatic Manual Weight scale

ti itchi modaule (pressure and (pressure monitoring only) valves valves (monitor liquid nitrogen level)
apEWICIN S purity monitoring) B g only U g

Manual X X

Automatic X X X X

LDCRYO PURIFIER -X -X
S : Single trap M : Manual
D : Dual trap A : Automatic
www.ldetek.com Where innovation leads to success
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2.0 PRODUCTS

PST
PosEeng | LDelrek

GAS RECOVERY AND PURIFICATION SYSTEM

The LDRPSisafullyautomatic
gas recovery & purification
system especially designed
to recycle the Helium carrier
gas used by any type of gas
chromatograph. The system
is also compatible with any
other type of gas source that
must be recycled.

LDRPS A
PATENT PENDING

APPLICATIONS

Cost of carrier gas is an important factor when using gas chromatograph as analysis instrument. Especially Helium carrier gas which
is well recognized for its perfect properties used in gas chromatography. Reducing the operation cost becomes an important factor
and it is where the LDRPS plays an important role with its quick return in investment by reducing any GC carrier gas consumption.

The LDRPS allows to continuously recycle/repurify and repressurize the same source of helium or other gases in a continuous
loop. The helium gas consumption can then be divided by a large factor. It considerably reduces the operating cost of a gas
chromatography system or any other processes. The recycled gas is purified by a gas purifier or/and a cryogenic trap system. The
quality of the purified gas produced is then measured by an integrated plasma emission detector. The combination of the specific
flexible membrane used with a network of position and pressure sensors make the complete system being intelligent and fully
automatic. The system has been designed with state of the arts components to ensure its high purity and leak free. The pump used
for repressurizing the gas from ambient pressure up to 100psig+ pressure is specially designed to be compact and not noisy to be
compatible with lab or industrial environment. All the components are aligned together to minimize the maintenance and ensure
running continuously. To make the LDRPS fully controllable, a user-friendly interface is accessible with front 8 inches LCD touch
screen monitor and a remote web-based interface. As extra feature, the unit offers all the industrial communication protocols.

* Industrial/medical/laboratory
* Gas chromatography/Gas analysis/Gas supply/Gas purification

Where innovation leads to success www.ldetek.com
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CONFIGURATION

The module is configured with 5 phases that ensure to recover and purifier the carrier gas required to feed any type of gas
chromatographs or gas analysers.

Phase 1: Collecting waste carrier gas from any gas chromatograph exhausts without causing pressure fluctuations or built up.

Phase 2: Building pressure up at the proper pressure requires by the GC inlets

Phase 3: Storing excess gas in reservoir

Phase 4: Purifying the gas up to UHP grade 6N or better using gas purifier and/or cryogenic trap system

Phase 5: Measuring trace impurities(ppb/ppm) nitrogen and moisture using a micro plasma detector to validate the purity of the
recycled carrier gas prior to return to the gas chromatograph.

SPECIFICATIONS
OPERATING TEMPERATURE RANGE 5-55 Celsius
SAMPLE GAS TEMPERATURE 0-100 Celsius
RECYCLING GAS FLOW RATE CAPACITY Version Lite : 0-800sccm (0-0.8LPM)
Version Standard : 0-2000sccm (0-2LPM)
PURIFICATION DEVICE Gas Purifier (Can be internal or external to the LDRPS depending on the application)
Cryogenic trap system (External to the LDRPS)
Note : It can be a combination of both devices depending on the application
GAS COLLECTING PRESSURE RANGE 0-20PSIG (sub atmospheric available)
OUTLET PRESSURE 20-110PSIG (other pressure ranges available on request)
INLET FITTINGS 1/4" Swagelok compression or VCR
OUTLET FITTINGS 1/4" Swagelok compression or VCR
OPTIONS Modbus, Profibus o
=
3
SUPPLY 120VAC/240VAC 50/60Hz =)
o
o
o
ENCLOSURE TYPE 6U Rackmount o
o
INGRESS PROTECTION IP20 in accordance with IEC 60529
ENCLOSURE FINISH RAL7030 powder coat
CERTIFICATION In compliance with EMC directives : IEC 61000-4-3: 2020, IEC 61000-4-6: 2013, IEC 61000-
4-2: 2008, IEC 61000-4-4: 2012, IEC 61000-4-5: 2014 A1: 2017, IEC 61000-4-8: 2009, IEC
61000-4-11: 2020 for immunity & CISPR 32: 2015 A1: 2019, FCC Part 15, Subpart B: 2021,
CISPR 32: 2015 A1: 2019, FCC Part 15, Subpart B: 2021 for emissions.
www.ldetek.com Where innovation leads to success
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2.0 PRODUCTS

DETECTION TECHNOLOGY
FOR CONTINUOUS PURITY ANALYSIS

PLASMA EMISSION DETECTOR

Plasma emission detector

It is uses to measure trace impurities nitrogen & moisture after the completion of the
recycling and purification phases.

Plasma emission detector principle
The PED uses Helium or Argon or other noble gases as discharge gas in a sealed
quartz chamber dedicated for measuring trace nitrogen and trace moisture at its
specific wavelength. Both impurities are measured continuously through a quartz
window that allow the light generated by the passage of nitrogen and moisture in the
quartz chamber to be measured with its proper optical design.

Plasma emission module principle
The module is calibrated using a zero reference and a span reference. In instance, the zero comes from a grade 99.999% Argon
or Helium that goes in our LDP1000 purifier series to generate grade 99.999999%. Going that way, it ensures the zero gas is well
referenced to avoid negative reading. A second source of gas named span gas is used for the nitrogen span reference of the sensor.
In this case, a certified gas containing a known concentration of N2 in a balance Argon or Helium is then required. The module is
then calibrated, accurate and linear within its operating range. The moisture is calibrated using an internal certified permeation

tube as reference.

Fast response time

Plasma emission detector responds very quickly to nitrogen and moisture concentrations with a T90 of less than 10 seconds within a

set range.
DIMENSIONS
444 mm
[17.48in |
£=| £x
Em| Ed
0 I
3| BS
TOP VIEW
483 mm
[19.02in ] 17.5mm

ORDERING INFORMATION

-XX

[069in ]

483 mm
[ 19.02in |
: !
265.3 mm 191.3 mm
[ 10.44in ] [7.53in ]
" FRONT VIEW i
261 mm
SIDE VIEW [ 10.281in ]
595 mm
[ 23.43in |

450 mm
[ 17.72in ]
? o
269.3 mm 191.3 mm
[106in ] [ 7.53in]
o}

CUT OUT DIMENSIONS
FOR RACK MOUNTING

®8mm

0.31

L: Lite
S : Standard

He : Helium
Ar : Argon

Kr : Krypton
Xe : Xenon
Ne : Neon

N, : Nitrogen
H, : Hydrogen

Where innovation leads to success

4S : 1/4” Compression
4FS : 1/4" face seal (VCR)

PED : plasma
emission for N2
& H20

P : Purifier MOD : Modbus
C : Cryogenic trap system PRO : Profibus
PC : Purifier and Cryogenic

trap system

www.ldetek.com
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MOISTURE & 3
HYDROCARBONS LDetek
TRAPS SERIES

High capacity & purity traps. All Stainless Steel made of; this series offers the best performances for
ultra high purity gas applications. Perfectly suitable for bulk purification applications or where several
instruments are plumbed from a single gas source.

Having 15 microns, 1 inch diameter particle filter, this 316 Stainless Steel all-welded-in-line filters installed
on the inlet/outlet ensures to minimize the restriction to the passage of high flow rate and keeping the
particles away from the analytical instruments.

By default, the inlet/outlet fittings are 1/8” Stainless Steel compression type, but other sizes/types can
be made on request.
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The traps having more than 300cc volume offers refillable capability. The small 50cc volume trap version
offers regeneration possibility.
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2.0 PRODUCTS

MOISTURE TRAPS SERIES

Material: 4A/13X Molecular Sieve

Part Number *Moisture Max Flow Rate (SLP)** | Dimensions inches(cm) Volume (cc)
Capacity (grams)

LDT-H20-50 10 0.2 Length: 10” (25¢cm) 50

(old LD-H20-T) Diameter: 3/8" (1cm)

LDT-H20-300 40 1 Length: 15 (38cm) 300

Diameter: 2”7 (5cm)

LDT-H20-500 75 2 Length: 19" (48cm) 500
Diameter: 2”7 (5cm)

LDT-H20-1000 150 5 Length: 16" (41cm) 1000
Diameter: 3.5” (9cm)

* Moisture capacity is based at 25°C/77°F
** Reduce H20 to < 5ppb

Trap regeneration or refill is 165,00USD (P/N: LDT-refill or LDT-regen)

HYDROCARBONS TRAPS SERIES

Material: Activated Charcoal

Part Number *Hydrocarbons

Capacity (grams)
LDT-HCs-50 10 0.2 Length: 10” (25¢cm) 50
(old LD-HC-T) Diameter: 3/8" (1cm)
LDT-HCs-300 40 1 Length: 15 (38cm) 300

Diameter: 2”7 (5cm)

LDT-HCs-500 60 2 Length: 19 (48cm) 500
Diameter: 2”7 (5cm)

LDT-HCs-1000 120 5 Length: 16" (41cm) 1000
Diameter: 3.5 (9cm)

* Capacity is based at 25°C/77°F
** Reduce total hydrocarbons (except CH4) to < 10ppb

Trap regeneration or refill is 165,00USD (P/N: LDT-refill or LDT-regen)

Where innovation leads to success www.ldetek.com
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OXYGEN TRAPS SERIES

Material: Activated R3-11 Copper catalyst

Part Number *Oxygen Max Flow Rate (SLP)** | Dimensions Volume (cc)
Capacity (grams)

LDT-02-50 -VCR-1/8 100 0.2 Length coil: 48” 50

(old LD-02-T-VCR-1/8) Diameter coil: 5"

Diameter tube : %2

* Capacity is based at 25°C/77°F
** Reduce Oxygen to < 5ppb

Trap regeneration is 165,00USD (P/N: LDT-regen)
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LDrack L Defek

SYSTEM INTEGRATION INTO 19” RACKMOUNT CABINETS
SEMICONDUCTOR & INDUSTRIAL GASES APPLICATIONS

LDRackrackmount
cabinet

LDGSS stream selector

MultiDetek3
gas chromatograph

LDP1000

NEMA CABINETS gas purifier

» Unique slide out design to
offer easy access for main-
tenance without removing
unit from gas sources.

Turn key sampling system
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Different rackmount

enclosures available for
indoor or outdoor installations
with different options:

» Close or open frame
» Steel cabinet
Stainless Steel 304/316
AC system
Heating system with isolation
Orbital welding

Third party integration
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2.0 PRODUCTS

Stainless Steel

cabinets

Front view

Our Stainless-steel version offers the good characteristics
for outdoor conditions. It can be offer in 304 or 316 grade
dependingon the requirements against rusting. The integration
of our MultiDetek GCs series is offer using our standard slide
out design to offer the best accessibility to the GCs. All our
accessories can be mounted by using different of our options
available. The integration of third parties’ instruments can also
be done on request. A lockable front door is also in place. Also
the transportation eye bolts are standard on every unit.

Where innovation leads to success
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Back view

Our Stainless Steel LDRacks comes as also a turnkey solution
for the required needs. The cabinet can come with A/C system
and isolation for cooling and heating the analytical equipment
in order to maintain a stable analytical environment for outside
weather conditions. Certified gas piping and electrical cabling
are part of our standard systems. Other options have venting
chiminea and an hazardous gas sensor can be mounted
as option in this type of cabinets when hazardous gases
are involved. Contact our experts for more details about the
numerous options available to cover your needs.

www.ldetek.com
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LDportable

LDetek also offers a portable solution for
gas analysis. Its robust transportable
rackmount enclosure with carrying
handles and wheels is the perfect
solution when moving the
analyser to different locations
is required.

The system allows quick starting mode by having the LDP1000
series integrated gas purifier for carrier and reference gas
integrity in place. High purity isolation valves are also mounted
to isolate the system against air contamination during
transportation. All gas connections are mounted on the back
plate for an easy and quick access.

www.ldetek.com
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A stream selection system and gas regulators can be mounted
on the front panel for proper sample regulation before entering
into the analyser.

Gas chromatograph or online gas analyser can be integrated
in our solution easily. Our analyser design with its front door
gives a full access to inside the instrument easily. An integrated
touchscreen interface and PC allows direct access to data. A
remote access is also available in all our instruments.

Anti vibration protection system is in place in each corner to

minimize the vibrations and reduce the risk to damage the
system during transportation.

Where innovation leads to success
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ORDERING INFORMATION:

Operating | Cabinet # of Isolation | Analyzer Inlet Fittings: Outlet Fittings: Heating Additional
Voltage: | Brand: streams: | valves mounted 2C: 1/8” 2C: 1/8” and cooling | options:
120: R: Rittal 1-20 (3x) for on slide out | compression compression system: OW:QrbitaI
120 volts | B: Bud LDP1000 | system: 4SWG: 1/4" 4C: 1/4” AC:air | welding
220: P: Pellican purifier: 1S0: 1 unit | compression compression co-r1d|t|oh|ng TPA: third
220 volts | H: Hammond 13 250: 2 units | 2VCR: 1/8" VCR | 2VCR: 1/8" VCR | M Neating | party analyser
380: 3 units | 4VCR: 1/4” VCR | 4VCR: 1/4” VCR | icojation installed
ANPT: 1" NPT TEB: Eyes
manifold pipe bolt for lift
1CP: 1" transport
compression GFD: Glass
manifold pipe front door
BMD: Back
metal door
FBD: Fan
mounted on
back door
UPS: UPS
battery backup
TW: transport
wheels
H2E: H2
exhaust
H2V: H2 safety
shutoff valve
LEL: LEL
hazardous gas
sensor
CABINET TYPE:
A/C Heated/ Size Size Size Size Plastic Steel 316L 304 Color  Color Light Rackmount Portable IP66  Nema Nema Qutside
Isolated 42U 38U 30U 9U SS SS Black gray 19” 12 4X installation
RAL7035 (-30C to +40C)
Rittal v v v v v v v v v v
Bud v v v v
Hammond v v v v v v v v v v v v
Pellican v v v v v
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DIMENSIONS:

Rittal 38U
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Hammond 42U

Stainless steel (with AC & heating) for outside installation
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2.0 PRODUCTS

APPLICATION NOTE

L D23-05 e | LDefek

PST

A PST BRAND

Turnkey solution for ASU gas producers and SEMI applications

LDGSS gas stream selector using diaphragm stainless MultiDetek3 gas chromatograph configured with plasma
emission detector for part per billion detections

steel valves for ultra high purity streams

LDGDSA gas dilution system for generating
ppb calibration mixtures

LDP1000 gas purifier series used to generate grade
99.9999999% purity carrier gas to ensure low ppb dection

Eao0

b

Where innovation leads to success

= = Chromatograms for trace impurities H2-

ot D e e | 02-ArN2-CH4-CO-CO2-NMHC in bulk

gases Oxygen/Nitrogen used for semi-
conductor application. The MultiDetek3
gas chromatographs are configured

Y with PED and proper columns to mea-

sure within a range of 0-100ppb with a

. b e limit of detection set at 0.5 ppb.
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system LDASS + LDPMS
pressure monitoring syste

Stainless

Steel

flexibles

hose

Automatic switchover

& alarms

Cryogenic dual trap system
for carrier gas purification
LDCryo + LDPMS pressure
monitoring system & alarms

COA
580

Helium Helium

UHP UHP
grade grade
5.0 5.0

www.ldetek.com

LDP2000
SERIES
GAS
PURIFIER

LIN TRAP
LIN TRAP

Dewar
50 liters

Gas
Chromatography
system

Gas
Chromatography
system
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HuDerek esr .
rocsene | LDelek

A PST BRAND

HYDROGEN QUALITY
CONTROL & MONITORING

f o é

T Ay

A

ATEX/IECEX AND USA
EX PROOF CERTIFIED
SOLUTION

2.0 PRODUCTS

STANDARD RACKMOUNT P>
SOLUTION

Turnkey gas analysis solution
that meets the requirements
of the hydrogen production
standards

Where innovation leads to success www.ldetek.com

92



HYDROGEN PRODUCTION

Although abundant on earth as an element, hydrogen is almost always found as part of another compound, such as water (H20) or
methane (CH4) and must be separated into pure hydrogen (H2) for use in fuel cell electric vehicles.

Hydrogen can be produced from diverse, domestic resources including fossil fuels, biomass, and water electrolysis with electricity. The
environmental impact and energy efficiency of hydrogen depends on how it is produced.

Although today most hydrogen is produced from natural gas, the Fuel Cell Technologies Office is exploring a variety of ways to produce
hydrogen from renewable resources. We will explain here the most common techniques used to produce hydrogen for fuel cell which

are NG reforming and water electrolysis.

PRODUCTION BY NATURAL GAS REFORMING

Natural gas reforming is an advanced and mature production process that builds upon the existing natural gas pipeline delivery
infrastructure. Today, most of the hydrogen produced in the world is made by natural gas reforming in large central plants. This is an

important technology pathway for near-term hydrogen production.

How does it work?

Natural gas contains methane (CH4) that can be used to produce
hydrogen with thermal processes, such as steam-methane
reformation and partial oxidation.

Steam-methane reforming

Most hydrogen produced today is made via steam-methane
reforming, a mature production process in which high-temperature
steam (700°C-1,000°C) is used to produce hydrogen from
a methane source, such as natural gas. In steam-methane
reforming, methane reacts with steam under 3-25 bar pressure (1
bar = 14.5 psi) in the presence of a catalyst to produce hydrogen,
carbon monoxide, and a relatively small amount of carbon dioxide.
Steam reforming is endothermic—that is, heat must be supplied
to the process for the reaction to proceed. Subsequently, in what
is called the «water-gas shift reaction,» the carbon monoxide and
steam are reacted using a catalyst to produce carbon dioxide and
more hydrogen. In a final process step called «pressure-swing
adsorption,» carbon dioxide and other impurities are removed
from the gas stream, leaving essentially pure hydrogen. Steam
reforming can also be used to produce hydrogen from other fuels,
such as ethanol, propane, or even gasoline.

Steam-methane reforming reaction
CH4 + H20 (+ heat) — CO + 3H2

Water-gas shift reaction
CO + H20 — CO2 + H2 (+ small amount of heat)

Partial oxidation

In partial oxidation, the methane and other hydrocarbons in
natural gas react with a limited amount of oxygen (typically from
air) that is not enough to completely oxidize the hydrocarbons
to carbon dioxide and water. With less than the stoichiometric
amount of oxygen available, the reaction products contain
primarily hydrogen and carbon monoxide (and nitrogen, if the
reaction is carried out with air rather than pure oxygen), and a
relatively small amount of carbon dioxide and other compounds.
Subsequently, in a water-gas shift reaction, the carbon monoxide
reacts with water to form carbon dioxide and more hydrogen.

Partial oxidation is an exothermic process—it gives off heat.
The process is, typically, much faster than steam reforming and

www.ldetek.com

requires a smaller reactor vessel. As can be seen in chemical
reactions of partial oxidation, this process initially produces less
hydrogen per unit of the input fuel than is obtained by steam
reforming of the same fuel.

Partial oxidation of methane reaction
CH4 + %202 — CO + 2H2 (+ heat)

Water-gas shift reaction
CO + H20 — CO2 + H2 (+ small amount of heat)

Why Is This Pathway Being Considered?

Reforming low-cost natural gas can provide hydrogen today for
fuel cell electric vehicles (FCEVs) as well as other applications.
Over the long term, DOE expects that hydrogen production from
natural gas will be augmented with production from renewable,
nuclear, coal (with carbon capture and storage), and other low-
carbon, domestic energy resources.

Petroleum use and emissions are lower than for gasoline-powered
internal combustion engine vehicles. The only product from an
FCEV tailpipe is water vapor but even with the upstream process
of producing hydrogen from natural gas as well as delivering and
storing it for use in FCEVs, the total greenhouse gas emissions
are cut in half and petroleum is reduced over 90% compared to
today’s gasoline vehicles.

Where innovation leads to success
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2.0 PRODUCTS

PRODUCTION BY WATER ELECTROLYSIS

Electrolysis is a promising option for hydrogen production from renewable resources. Electrolysis is the process of using electricity to
split water into hydrogen and oxygen. This reaction takes place in a unit called an electrolyser. Electrolysers can range in size from
small, appliance-size equipment that is well-suited for small-scale distributed hydrogen production to large-scale, central production
facilities that could be tied directly to renewable or other non-greenhouse-gas-emitting forms of electricity production. The hydrogen
produced is used by the industries, transports and for the production of ammonia and methanol.

EN I
I l OVERSEAS EXPORT
ELECTROLYSIS NH, CONVERTED TO H;
POWER FUEL CELL AT DESTINATION
VEHICLES
CONVERT TO
AMMONIA

INDUSTRY
APPLICATIONS

How does it work?
Like fuel cells, electrolysers consist of an anode and a cathode separated by an electrolyte. Different electrolysers function in slightly
different ways, mainly due to the different type of electrolyte material involved.

Polymer electrolyte membrane electrolyzers
In a polymer electrolyte membrane (PEM) electrolyser, the electrolyte is a solid specialty plastic material.

» Water reacts at the anode to form oxygen and positively charged hydrogen ions (protons).
» The electrons flow through an external circuit and the hydrogen ions selectively move across the PEM to the cathode.
» At the cathode, hydrogen ions combine with electrons from the external circuit to form hydrogen gas.

Anode Reaction: 2H20 — 02 + 4H+ + 4e- Cathode Reaction: 4H+ + 4e- — 2H2

Alkaline electrolyzers

Alkaline electrolysers operate via transport of hydroxide ions (OH-) through the electrolyte from the cathode to the anode with hydrogen
being generated on the cathode side. Electrolysers using a liquid alkaline solution of sodium or potassium hydroxide as the electrolyte
have been commercially available for many years. Newer approaches using solid alkaline exchange membranes as the electrolyte are
showing promise on the lab scale.

Solid oxide electrolyzers
Solid oxide electrolysers, which use a solid ceramic material as the electrolyte that selectively conducts negatively charged oxygen ions
(02-) at elevated temperatures, generate hydrogen in a slightly different way.

» Water at the cathode combines with electrons from the external circuit to form hydrogen gas and negatively charged oxygen ions.
»  The oxygen ions pass through the solid ceramic membrane and react at the anode to form oxygen gas and generate electrons for the external circuit.

Solid oxide electrolysers must operate at temperatures high enough for the solid oxide membranes to function properly (about 700° -
800°C, compared to PEM electrolysers, which operate at 70°-90°C, and commercial alkaline electrolysers, which operate at 100° -
150°C). The solid oxide electrolysers can effectively use heat available at these elevated temperatures (from various sources, including
nuclear energy) to decrease the amount of electrical energy needed to produce hydrogen from water.

Where innovation leads to success www.ldetek.com
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Why Is This Pathway Being Considered?

Hydrogen produced via electrolysis can result in zero greenhouse gas emissions, depending on the source of the electricity used. The
source of the required electricity—including its cost and efficiency, as well as emissions resulting from electricity generation—must be
considered when evaluating the benefits and economic viability of hydrogen production via electrolysis. In many regions of the country,
today’s power grid is not ideal for providing the electricity required for electrolysis because of the greenhouse gases released and the
amount of fuel required due to the low efficiency of the electricity generation process. Hydrogen production via electrolysis is being
pursued for renewable (wind) and nuclear energy options. These pathways result in virtually zero greenhouse gas and criteria pollutant
emissions.

Potential for synergy with renewable energy power generation

Hydrogen production via electrolysis may offer opportunities for synergy with variable power generation, which is characteristic of some
renewable energy technologies. For example, though the cost of wind power has continued to drop, the inherent variability of wind is an
impediment to the effective use of wind power. Hydrogen fuel and electric power generation could be integrated at a wind farm, allowing
flexibility to shift production to best match resource availability with system operational needs and market factors. Also, in times of excess
electricity production from wind farms, instead of curtailing the electricity as is commonly done, it is possible to use this excess electricity
to produce hydrogen through electrolysis.

ANALYSIS SOLUTION FOR NATURAL GAS REFORMING PRODUCTION

Trace H2S-COS sulfurs — All in one unit for measuring
in Syngas with the | trace impurities(ppb/
MultiDetek3 analyser and ppm) N2-Ar-He-02-CH4-
the PlasmaDetek2 detector CO-CO2-NMHC-sulfurs-

in our EX solution. formaldehyde-ammonia-
halogenated-formic acid
and water as per fuel cell
standard requirement.
Using PED-TCD(He)-quartz
crystal(H20) technologies
all in one system.

MultiDetek3 Ex i
MultiDetek3
HyDetek system
Synthesis
Gas N |
|
Pure
")
Hydrogen 5
=
- Purity 8
- g ./. analyser 99%- (o3
Methane Methane @ b4 100% using o
feed fuel E hd PSA MultiDetek3 (<)
2 = o with TCD N
= > @ k= purification
(v £
w
Sulfur
Scrubber
75% Waste gas
Unreacted materials
Steam H'/ Hydrogen Steam
Clean methane
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2.0 PRODUCTS

About one-quarter of the incoming natural gas is burned to provide the necessary energy for the reaction, while the rest is
stripped of its sulfur content. High pressure steam is added, which reacts with the methane over a nickel-alumina catalyst. The
synthesis gas contains a mixture of H2, CO2, CO as well as unreacted CH4 and H20. This gas is passed into the cooler shift
reactor. The output of the shift reactor is about three quarters hydrogen. In the pressure surge adsorption unit, the impurities are
removed, and recycled back through the burner, giving more than 99.9% pure hydrogen.

Synthesis gas (Syngas) measuring point

LDetek gas process analyser (GC) is used for measuring trace H2S-COS in syngas to monitor the quality of synthesis gas used
to produced carbon neutral synthetic fuels for transports and industries. The syngas produced is also used in the production
of ammonia and methanol. The unit used is the MultiDetek3 GC with one PlasmaDetek2 detector configured with the right
optical configuration to selectively measured low ppm/ppb H2S and COS in a gas mixture of H2, CO2 and CO. The GC is
configured with a MXT capillary column coated with sulfinert to avoid surface absorption for sticky impurities as sulfurs. The
whole analyser flow path is coated with sulfinert to ensure the performances of the unit for measuring low ppm/ppb sulfurs.
The unit can be configured for safe area with our standard compact rackmount instrument or for an Ex-Proof area with our
purged/pressurized enclosure.

Pressure swing adsorption (PSA) hydrogen measuring point

The MultiDetek3 is also installed for measuring the purity of H2 in percent right after the PSA stage. The unit is configured for
measuring 99%-100% hydrogen purity with a TCD. The unit can be configured for safe area with our standard compact rackmount
instrument or for an Ex-Proof area with our purged/pressurized enclosure.

Pure hydrogen measuring point

Most importantly the MultiDetek3 is used to measure the final high purity hydrogen produced. The instrument is configured with
a combination of detectors like PED for sub ppb impurities measurement and our TCD for ppm He analysis and the quartz crystal
module for trace moisture. With all the modules being mounted in the same analysis solution, LDetek can provide the complete
spectrum of analysis required for the fuel cell hydrogen as per SAE standards. The unit can be configured for safe area with our
standard compact rackmount instrument or for an Ex-Proof area with our purged/pressurized enclosure. As described in the
results section, two instruments model MultiDetek3 GCs are required to cover the complete application. One GC for the analysis
of ppb sulfurs, formic acid, formaldehyde, ammonia and halogenated. Another GC for measuring the trace 02-Ar-N2-CH4-CO-CO2-
NMHC-He-H20.

Where innovation leads to success www.ldetek.com
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ANALYSIS SOLUTION FOR WATER ELECTROLYSIS PRODUCTION

All in one unit for
measuring trace
impurities(ppb/

ae

All in one unit for

ppm) N2-Ar-He- measuring trace
02-CH4-C0-C02- impurities(ppb/
NMHC-sulfurs- ppm) N2-Ar-02-
formaldehyde- C0-C02 and
ammonia- water as per fuel

halogenated-formic
acid and water

cell standard
requirement.

as per fuel Using PED
cell standard & quartz
requirement. Using crystal(H20)
PED-TCD(He)- technologies all
quartz crystal(H20) in one system. MultiDetek3
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water H.O .
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Pure hydrogen measuring point

For the hydrogen production by water electrolysis the MultiDetek3 is used for measuring the purity of hydrogen with its percent solution
mode using our TCD detector with a range of 99%-100%. For the trace impurities in sub ppb, the unit is configured with its PED for all
impurities required by SAE standards and its quartz crystal module for trace moisture. By this production method, it generally becomes
not necessary to measure sulfurs, halogenated, formaldehyde, hydrocarbons and formic acid since the production process doesn’t
produce/contains these contaminants. It makes an analysis solution being simpler and focus on the analysis of the trace 02-Ar-N2-
CO-C0O2-H20. Other configuration variances of the MultiDetek3 with more or less impurities to measure can be modified with the
modularity of the MultiDetek3 platform.
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2.0 PRODUCTS

measuring point

MEASURING POINTS
FOR HYDROGEN PRODUCTION

measuring point

Supply from the [}
natural gas system

measuring point

filling station

measuring point

HOW ARE THE MULTIDETEK3 INSTRUMENTS CONFIGURED

Using its PlasmaDetek2 detector (patented) combined with a TCD (He) and the quartz crystal (H20), LDetek can provide a solution for
the complete analysis of all the contaminants that must be measured in hydrogen fuel cell. Combined with its GC modular platform
MultiDetek3, this document will demonstrate how the units are configured to achieve sub ppb detection required for this application.

The most complete configuration for the complete fuel cell hydrogen production requires up to three instruments model MultiDetek3.
The modularity of the unit makes it possible to apply some variances depending of application requirements. Each GC is configured

with different channels that will be described.

MULTIDETEK3 GC#1
CHANNEL 1: H2S-COS-NH3-CH20-CH2CL2

IMPURITIES RANGE (PPB)
H2S (hydrogen sulfide) 0-500

COS (carbonyl sulfide) 0-500

NH3 (@ammonia) 0-1000
CH20 (formaldehyde) 0-500
Halogenated as HCL 0-1000

CHANNEL 2: CH4S-CS2-DMS-DMDS-HCOOH

IMPURITIES RANGE (PPB)
CHAS (methyl mercaptan) 0-500

CS2 (carbon disulfide) 0-500

DMS (dimethy! sulfide) 0-500

DMDS (dimethy! disulfide) 0-500
HCOOH (formic acid) 0-1000

CHANNEL 3: *CHOICE BETWEEN HE OR H20

IMPURITIES RANGE (PPM)
He 0-1000
H20 0-10

*This channel can be split or interchanged in GC#1 or GC#2 depending of the requirements

Where innovation leads to success
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Both channels 1-2 used the PlasmaDetek2 detector configured with a selective optical filter for sulfurs and one for formaldehyde/ammonia/
formic acid. Each optic has a narrow wavelength limiting the interference from hydrogen background and offering a sensitivity to sub ppb. Both
channels are configured with proper sulfinert coated diaphragm valves, fittings and tubing to avoid any risk of surface absorption for the impurities
to measure at ppb level. The columns used are capillaries/sulfinert/metalized MXT series offering no resistance to sticky and absorptive gases.
Outstanding sensitivity can be obtained by combining the right GC components together with our sensitive/selective PlasmaDetek2 sensor.

The third channel can be configured with a TCD for measuring ppm Helium or with a quartz crystal detector for measuring trace H20. If both are
required, then the second detector can be mounted in the channel 3 of the GC#2. For the trace He with a TCD, an Argon carrier gas is required
to the unit. In case of measuring trace H20, then the quartz crystal detector module is mounted with its internal calibration device. Refer to our
design report on the trace moisture module integrated in our MultiDetek3 for more details. (document link is available in the reference section).

MULTIDETEK3 GC#2
CHANNEL 1: N2-CH4-C0-C02

IMPURITIES RANGE (PPM) LDL (pPB) REPEATABILITY (%) DETECTOR
N2 0-10 1.5 0.1 PED
CH4 0-10 3.5 0.1 PED
Cco 0-10 15 0.1 PED
Co2 0-10 15 0.1 PED

CHANNEL 2: AR-02-NMHC

IMPURITIES RANGE (PPM) LDL (PPB) REPEATABILITY (%) DETECTOR
Ar 0-10 0.5 0.2 PED
02 0-10 10.0 0.2 PED
NMHC 0-10 4.0 0.6 PED

CHANNEL 3: *CHOICE BETWEEN HE OR H20

IMPURITIES RANGE (PPMm) LDL (PPB) REPEATABILITY (%) DETECTOR
He 0-1000 1 (ppm) 0.5 TCD
H20 0-10 10.0 0.5 Quartz crystal

“*this channel can be split or interchanged in GC#1 or GC#2 depending of the requirements

This unit can be configured differently depending of the requirements. The modularity of the MultiDetek3 brings the advantages
of selecting the appropriate module for your need. Here, the system has been configured with a first channel with a PED for
measuring trace N2-CH4-CO-CO2. This block is configured with a PlasmaDetek2 with a selective optical filter for N2, for CH4 and
one for CO/CO2.

The second channel also used a PED for measuring Ar-O2-NMHC. Here the PlasmaDetek?2 is configured with 3 selective optical
filters. One is used for Ar, a second one is used for 02 and a third one is used for NMHC. The analysis of trace 02 here required
a doping gas system to allow a stable and repetitive ppb detection of 02.

The third channel is configured as described in the GC#1 description.

MULTIDETEK3 GC#3
CHANNEL 1: PURITY HYDROGEN

Impurities Range (%) Accuracy (%) Detector Analysis time (sec)
H2 99-100 0.001 TCD 60

This instrument is required for monitoring the total purity of hydrogen from 99%-100% generally installed in combination with
the trace impurities analysers. This purity instrument offers a quick analysis time of 1 minute to monitor quickly the purity of
hydrogen produced. In case of a process alarm from this instrument, the trace impurities instruments will give the details of
the problematic impurities. The use of both instruments is the best practice to ensure rapidity and accuracy for the hydrogen
production. This Multidetek3 GC is configured with a TCD detector and a straight injection. All impurities come as one peak which
is measured by the TCD. The reference and the carrier gases use are hydrogen.
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2.0 PRODUCTS

Carbo2Dete

CO2 QUALITY CONTROL
FOR BEVERAGES AND
CARBON CAPTURE
APPLICATIONS

CARBO2DETEK P>

Turnkey gas analysis
solution that meets the
requirements of the
carbonated beverage

and the captured carbon
markets
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APPLICATIONS

The CO2 is generally produced by the combustion of hydrocarbon-containing products, fermentation or by the production of different
chemical processes. One of these solution is to extract the CO2 from off-gas streams that would otherwise be vented to the atmosphere.
This is referred to as carbon capture. Once captured, the CO2 can be purified and liquefied, and then supplied to a huge diversity of
applications like horticulture, welding, cryogenic cleaning and to the most popular which is for carbonated drinks. Carbon recycling not
only contributes to climate and environmental protection, but it also has the bonus of low supply costs and immediate availability of
the gas. Alternatively, the carbon dioxide storage can be sequestrated - in other words, stored underground - to mitigate the climate
impact of industrial processes that rely on the combustion of fossil fuels. Most of the CO2 produced worldwide is managed by the well-
known main gas suppliers.

To give a general overview of the CO2 production and usage points, the schematic below shows multiple installation points where are
required a CO2 quality monitoring system like the Carbo2Detek (identified with*).

-+ Mineral carbonation

Being the biggest consumer of CO2, the beverage and bottlers industry requirements for using ultra high purity CO2 are very high.
This is why, a monitoring and quality system offering a high-quality assurance is required. This is where the robust, automatic, and pre-
calibrated Carbo2Detek turnkey system comes a requirement.

SOLUTION

The Carbo2Detek turnkey system offers all the features required by the CO2 industry. Using the combination of the plasma emission
detector (PED) and its flame ionisation detector (FID) in the MultiDetek3 industrial gas chromatograph, it offers all the performances
to go in low concentrations. With its patented design and a series of selective bandpass optical filters, the PED technology offers the
ability to measure down to sub ppb without interference from the CO2 background gas.

Under the same roof, the LDMOX unit can be added to measure trace moisture and oxygen. The LDMOX combines quartz crystal or
ceramic oxide sensors for moisture while it uses electrochemical or zirconia sensor for the oxygen.

The system comes in a temperature-controlled cabinet and a multi-stream selector system (LDGSS) to allow multiple streams to get
connected to the analytical instruments. The streams can be controlled from the analytical system with the possibility to configure
multiple analytical sequences. Working in parallel, all the instruments measure multiple impurities simultaneously to give a quick
analysis report of the CO2 quality. The system comes with all the industrial standard communication protocols. The system comes with
a large touchscreen local interface that can also be remotely controlled as required by the industry standards.

www.ldetek.com Where innovation leads to success
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2.0 PRODUCTS

REFERENCES & RESULTS

* App Note LD23-02 Analysis of trace impurities in carbon dioxide
¢ App Note LD17-04 Trace impurities in carbon dioxide
¢ App Note LD16-12 Trace impurities in carbon dioxide

CONFIGURATION
SULFURS
Impurities Range Detection limit  Instrument model (unit #) Detector (technology)
Hydrogen sulfide (H2S) 0-10ppm 10ppb MultiDetek3 (GC1) PED
Carbonyl sulfide (COS) 0-10ppm 10ppb MultiDetek3 (GC1) PED
Sulfur dioxide (S02) 0-10ppm 50ppb MultiDetek3 (GC1) PED
AROMATICS
Impurities Range Detection limit Instrument model (unit #) Detector (technology)
Benzene (C6HB) 0-5ppm 5ppb MultiDetek3 (GC1) PED
Toluene (C7HS8) 0-5ppm 5ppb MultiDetek3 (GC1) PED
Xylene(ethylbenzene) (C8H10) O-5ppm 5ppb MultiDetek3 (GC1) PED
HYDROCARBONS
Impurities Range Detection limit Instrument model (unit #) Detector (technology)
Methane (CH4) 0-50ppm 100ppb MultiDetek3 (GC1) PED
Ethane (C2H6) 0-100ppm 1ppm MultiDetek3 (GC2) PED
Propane (C3H8) 0-100ppm 1ppm MultiDetek3 (GC2) PED
Methanol (CH30H) 0-100ppm 1ppm MultiDetek3 (GC2) PED
Ethanol (C2HB0) 0-100ppm 1ppm MultiDetek3 (GC2) PED
Total VOC 0-100ppm 1ppm MultiDetek3 FID

Where innovation leads to success
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PERMANENT GASES & OTHERS

Impurities Range Detection limit Instrument model (unit #) Detector (technology)
Acetaldehyde (CH3CHO) 0-10ppm 30ppb MultiDetek3 (GC2) PED

Ammonia (NH3) 0-10ppm 30ppb MultiDetek3 (GC2) PED

Carbon monoxide (CO) 0-10ppm 500ppb MultiDetek3 (GC1) PED

Phosphine (PH3) 0-5ppm 50ppb MultiDetek3 (GC2) PED

Oxygen (02)** 0-100ppm 0.5ppm LDMOX Electrochemical (EC)
Moisture (H20)* 0-100ppm 0.5ppm LDMOX Dew Point (Ceramic)

*Quartz Crystal detector mounted in the LDMOX unit can be used for lower Idl requirements.
**PED mounted in the MultiDetek3 unit can be used for lower Idl requirements or to measure Argon impurity as well.

NOX

Detection limit Instrument model (unit #) Detector (technology)

MultiDetek3 (GC2) PED

Impurities Range
Nitrous Oxide (N20) 0-100ppm 500ppb

NOX (NO/NO2) 0-100ppm 100ppb third party analyser Chemiluminescence

Other impurities, other ranges and other detection limits are available on request.

SPECIFICATIONS

AMBIENT OPERATING TEMPERATURE RANGE 10-45 Celsius

79 x 24 x 40 inches
2000 x 600 x 1000 mm

DIMENSIONS (H X W X D)
WEIGHT 750 lbs
INLET FITTINGS 1/8" or 1/4" compression or VCR
OUTLET FITTINGS 1/8" or 1/4" or 1/2" compression or VCR

SUPPLY 120VAC/240VAC 50/60Hz
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POWER CONSUMPTION Max 4 kKW
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APPLICATION NOTE 9

LD22'02 LISE:FEK

Measurement of trace impurities in UHP hydrogen
for fuel cells with the HyDetek system solution

A MultiDetek3 Ex

A HyDetek system

SHIFT POWER TO ZERO EMISSION

Hydrogen fuel cells offer reliability and a smaller carbon footprint compared to diesel and battery systems.

An hydrogen fuel cell is an electrochemical cell that converts the chemical energy of a fuel (hydrogen) and an oxidizing agent (often
oxygen) into electricity through a pair of redox reactions.

Fuel cells come in many varieties; however, they all work in the same general manner. They are made up of three adjacent segments:
the anode the electrolyte, and the cathode. Two chemical reactions occur at the interfaces of the three different segments. The net
result of the two reactions is that fuel is consumed, water is created, and an electric current is created, which can be used to power
electrical devices, normally referred to as the load.

To keep the durability and the performances of the fuel cells, the hydrogen used must conform to the ISO 14687 Part 2 to know and
measure the acceptable limits of contaminants as listed in the table.

Where innovation leads to success www.ldetek.com
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Minimum
Analytical
Chemical Laboratory Test Methods to Consider Detection
Constituent Formula Limits and Under Development* Limit
Hydrogen fuel index Ha >99.97%
Total allowable non- 100
hydrogen, non-helium,
non-particulate
constituents listed below
Acceptable limit of each individual constituent
Water’ [ H0 3 ASTM D7653-10, ASTM D7649-10 0.12
Total hydrocarbons® 2 ASTM D7675-11 0.1
(C, basis)
Oxygen | O S ASTM D7649-10 1
Helium 300 | ASTM D1945-03 100
Nitrogen, Argon N2, Ar 100 ASTM D7649-10 5
Carbon dioxide |  CO, 2 ASTM D7649-10, ASTM D7653-10 01
Carbon monoxide co 0.2 ASTM D7653-10 0.01
Total sulfur® 0.004 ASTM D7652-11 0.00002
Formaldehyde | HCHO 0.01 ASTM D7653-10 0.01
Formic acid | HCOOH 02 | ASTM D7550-09 , ASTM D7653-10 0.02
Ammonia NHa 0.1 ASTM D7653-10 0.02
Total halogenales’ 0.05 (Work Item 23815) 0.01
Particulate Concentration 1mg/kg | ASTM D7650-10 , ASTM D7651-10 0.005
mg/kg

The purpose of this hydrogen fuel quality standard is to specify hydrogen fuel quality requirements for all commercial hydrogen fueling
stations for proton exchange membrane (PEM) fuel cell vehicles (FCVs).

APPLICATIONS

Power

Stationary fuel cells are used for commercial, industrial and residential primary and backup power generation. Fuel cells are very
useful as power sources in remote locations, such as spacecraft, remote weather stations, large parks, communications centers, rural
locations including research stations, and in certain military applications. A fuel cell system running on hydrogen can be compact and
lightweight and have no major moving parts.

Transports
A hydrogen vehicle is a vehicle that uses 02

hydrogen fuel for motive power. Hydrogen H20
vehicles include automobiles, buses, forklifts,
trains, boats, airplanes, submarines, rockets
and others. The power plants of such vehicles
convert the chemical energy of hydrogen to
mechanical energy either by burning hydrogen
in an internal combustion engine or, more
commonly, by reacting hydrogen with oxygen in
a fuel cell to run electric motors which generate
water as green contaminant.

2
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2.0 PRODUCTS

HYDROGEN PRODUCTION

Although abundant on earth as an element, hydrogen is almost always found as part of another compound, such as water (H20) or
methane (CH4) and must be separated into pure hydrogen (H2) for use in fuel cell electric vehicles.

Hydrogen can be produced from diverse, domestic resources including fossil fuels, biomass, and water electrolysis with electricity. The
environmental impact and energy efficiency of hydrogen depends on how it is produced.

Although today most hydrogen is produced from natural gas, the Fuel Cell Technologies Office is exploring a variety of ways to produce
hydrogen from renewable resources. We will explain here the most common techniques used to produce hydrogen for fuel cell which

are NG reforming and water electrolysis.

PRODUCTION BY NATURAL GAS REFORMING

Natural gas reforming is an advanced and mature production process that builds upon the existing natural gas pipeline delivery
infrastructure. Today, most of the hydrogen produced in the world is made by natural gas reforming in large central plants. This is an

important technology pathway for near-term hydrogen production.

How does it work?

Natural gas contains methane (CH4) that can be used to produce
hydrogen with thermal processes, such as steam-methane
reformation and partial oxidation.

Steam-methane reforming

Most hydrogen produced today is made via steam-methane
reforming, a mature production process in which high-temperature
steam (700°C-1,000°C) is used to produce hydrogen from
a methane source, such as natural gas. In steam-methane
reforming, methane reacts with steam under 3-25 bar pressure (1
bar = 14.5 psi) in the presence of a catalyst to produce hydrogen,
carbon monoxide, and a relatively small amount of carbon dioxide.
Steam reforming is endothermic—that is, heat must be supplied
to the process for the reaction to proceed. Subsequently, in what
is called the «water-gas shift reaction,» the carbon monoxide and
steam are reacted using a catalyst to produce carbon dioxide and
more hydrogen. In a final process step called «pressure-swing
adsorption,» carbon dioxide and other impurities are removed
from the gas stream, leaving essentially pure hydrogen. Steam
reforming can also be used to produce hydrogen from other fuels,
such as ethanol, propane, or even gasoline.

Steam-methane reforming reaction
CH4 + H20 (+ heat) — CO + 3H2

Water-gas shift reaction
CO + H20 — CO2 + H2 (+ small amount of heat)

Partial oxidation

In partial oxidation, the methane and other hydrocarbons in
natural gas react with a limited amount of oxygen (typically from
air) that is not enough to completely oxidize the hydrocarbons
to carbon dioxide and water. With less than the stoichiometric
amount of oxygen available, the reaction products contain
primarily hydrogen and carbon monoxide (and nitrogen, if the
reaction is carried out with air rather than pure oxygen), and a
relatively small amount of carbon dioxide and other compounds.
Subsequently, in a water-gas shift reaction, the carbon monoxide
reacts with water to form carbon dioxide and more hydrogen.

Partial oxidation is an exothermic process—it gives off heat.
The process is, typically, much faster than steam reforming and

Where innovation leads to success

requires a smaller reactor vessel. As can be seen in chemical
reactions of partial oxidation, this process initially produces less
hydrogen per unit of the input fuel than is obtained by steam
reforming of the same fuel.

Partial oxidation of methane reaction
CH4 + %202 — CO + 2H2 (+ heat)

Water-gas shift reaction
CO + H20 — CO2 + H2 (+ small amount of heat)

Why Is This Pathway Being Considered?

Reforming low-cost natural gas can provide hydrogen today for
fuel cell electric vehicles (FCEVs) as well as other applications.
Over the long term, DOE expects that hydrogen production from
natural gas will be augmented with production from renewable,
nuclear, coal (with carbon capture and storage), and other low-
carbon, domestic energy resources.

Petroleum use and emissions are lower than for gasoline-powered
internal combustion engine vehicles. The only product from an
FCEV tailpipe is water vapor but even with the upstream process
of producing hydrogen from natural gas as well as delivering and
storing it for use in FCEVs, the total greenhouse gas emissions
are cut in half and petroleum is reduced over 90% compared to
today’s gasoline vehicles.
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PRODUCTION BY WATER ELECTROLYSIS

Electrolysis is a promising option for hydrogen production from renewable resources. Electrolysis is the process of using electricity to
split water into hydrogen and oxygen. This reaction takes place in a unit called an electrolyser. Electrolysers can range in size from
small, appliance-size equipment that is well-suited for small-scale distributed hydrogen production to large-scale, central production
facilities that could be tied directly to renewable or other non-greenhouse-gas-emitting forms of electricity production. The hydrogen
produced is used by the industries, transports and for the production of ammonia and methanol.

EN I
I l OVERSEAS EXPORT
ELECTROLYSIS NH, CONVERTED TO H;
POWER FUEL CELL AT DESTINATION
VEHICLES
CONVERT TO
AMMONIA

INDUSTRY
APPLICATIONS

How does it work?
Like fuel cells, electrolysers consist of an anode and a cathode separated by an electrolyte. Different electrolysers function in slightly
different ways, mainly due to the different type of electrolyte material involved.

Polymer electrolyte membrane electrolyzers
In a polymer electrolyte membrane (PEM) electrolyser, the electrolyte is a solid specialty plastic material.

» Water reacts at the anode to form oxygen and positively charged hydrogen ions (protons).
» The electrons flow through an external circuit and the hydrogen ions selectively move across the PEM to the cathode.
» At the cathode, hydrogen ions combine with electrons from the external circuit to form hydrogen gas.

Anode Reaction: 2H20 — 02 + 4H+ + 4e- Cathode Reaction: 4H+ + 4e- — 2H2

Alkaline electrolyzers

Alkaline electrolysers operate via transport of hydroxide ions (OH-) through the electrolyte from the cathode to the anode with hydrogen
being generated on the cathode side. Electrolysers using a liquid alkaline solution of sodium or potassium hydroxide as the electrolyte
have been commercially available for many years. Newer approaches using solid alkaline exchange membranes as the electrolyte are
showing promise on the lab scale.

Solid oxide electrolyzers
Solid oxide electrolysers, which use a solid ceramic material as the electrolyte that selectively conducts negatively charged oxygen ions
(02-) at elevated temperatures, generate hydrogen in a slightly different way.

» Water at the cathode combines with electrons from the external circuit to form hydrogen gas and negatively charged oxygen ions.
»  The oxygen ions pass through the solid ceramic membrane and react at the anode to form oxygen gas and generate electrons for the external circuit.

Solid oxide electrolysers must operate at temperatures high enough for the solid oxide membranes to function properly (about 700° -
800°C, compared to PEM electrolysers, which operate at 70°-90°C, and commercial alkaline electrolysers, which operate at 100° -
150°C). The solid oxide electrolysers can effectively use heat available at these elevated temperatures (from various sources, including
nuclear energy) to decrease the amount of electrical energy needed to produce hydrogen from water.

www.ldetek.com Where innovation leads to success
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2.0 PRODUCTS

Why Is This Pathway Being Considered?

Hydrogen produced via electrolysis can result in zero greenhouse gas emissions, depending on the source of the electricity used. The
source of the required electricity—including its cost and efficiency, as well as emissions resulting from electricity generation—must be
considered when evaluating the benefits and economic viability of hydrogen production via electrolysis. In many regions of the country,
today’s power grid is not ideal for providing the electricity required for electrolysis because of the greenhouse gases released and the
amount of fuel required due to the low efficiency of the electricity generation process. Hydrogen production via electrolysis is being
pursued for renewable (wind) and nuclear energy options. These pathways result in virtually zero greenhouse gas and criteria pollutant
emissions.

Potential for synergy with renewable energy power generation

Hydrogen production via electrolysis may offer opportunities for synergy with variable power generation, which is characteristic of some
renewable energy technologies. For example, though the cost of wind power has continued to drop, the inherent variability of wind is an
impediment to the effective use of wind power. Hydrogen fuel and electric power generation could be integrated at a wind farm, allowing
flexibility to shift production to best match resource availability with system operational needs and market factors. Also, in times of excess
electricity production from wind farms, instead of curtailing the electricity as is commonly done, it is possible to use this excess electricity
to produce hydrogen through electrolysis.

ANALYSIS SOLUTION FOR NATURAL GAS REFORMING PRODUCTION

Trace H2S-COS sulfurs — All in one unit for measuring
in Syngas with the | trace impurities(ppb/
MultiDetek3 analyser and ppm) N2-Ar-He-02-CH4-
the PlasmaDetek2 detector CO-CO2-NMHC-sulfurs-

in our EX solution. formaldehyde-ammonia-
halogenated-formic acid
and water as per fuel cell
standard requirement.
Using PED-TCD(He)-quartz
crystal(H20) technologies
all in one system.

MultiDetek3 Ex i
MultiDetek3
HyDetek system
Synthesis
Gas o
Pure
Hydrogen
- Purity
- g ./. analyser 99%-
Methane Methane @ b4 100% using
feed fuel E @¥ PSA MultiDetek3
2 = o with TCD
> > @ k=S purification
(v £
w
Sulfur
Scrubber
75% Waste gas
Unreacted materials
Steam H'/ Hydrogen Steam
Clean methane
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About one-quarter of the incoming natural gas is burned to provide the necessary energy for the reaction, while the rest is
stripped of its sulfur content. High pressure steam is added, which reacts with the methane over a nickel-alumina catalyst. The
synthesis gas contains a mixture of H2, CO2, CO as well as unreacted CH4 and H20. This gas is passed into the cooler shift
reactor. The output of the shift reactor is about three quarters hydrogen. In the pressure surge adsorption unit, the impurities are
removed, and recycled back through the burner, giving more than 99.9% pure hydrogen.

Synthesis gas (Syngas) measuring point

LDetek gas process analyser (GC) is used for measuring trace H2S-COS in syngas to monitor the quality of synthesis gas used
to produced carbon neutral synthetic fuels for transports and industries. The syngas produced is also used in the production
of ammonia and methanol. The unit used is the MultiDetek3 GC with one PlasmaDetek2 detector configured with the right
optical configuration to selectively measured low ppm/ppb H2S and COS in a gas mixture of H2, CO2 and CO. The GC is
configured with a MXT capillary column coated with sulfinert to avoid surface absorption for sticky impurities as sulfurs. The
whole analyser flow path is coated with sulfinert to ensure the performances of the unit for measuring low ppm/ppb sulfurs.
The unit can be configured for safe area with our standard compact rackmount instrument or for an Ex-Proof area with our
purged/pressurized enclosure.

Pressure swing adsorption (PSA) hydrogen measuring point

The MultiDetek3 is also installed for measuring the purity of H2 in percent right after the PSA stage. The unit is configured for
measuring 99%-100% hydrogen purity with a TCD. The unit can be configured for safe area with our standard compact rackmount
instrument or for an Ex-Proof area with our purged/pressurized enclosure.

Pure hydrogen measuring point

Most importantly the MultiDetek3 is used to measure the final high purity hydrogen produced. The instrument is configured with
a combination of detectors like PED for sub ppb impurities measurement and our TCD for ppm He analysis and the quartz crystal
module for trace moisture. With all the modules being mounted in the same analysis solution, LDetek can provide the complete
spectrum of analysis required for the fuel cell hydrogen as per SAE standards. The unit can be configured for safe area with our
standard compact rackmount instrument or for an Ex-Proof area with our purged/pressurized enclosure. As described in the
results section, two instruments model MultiDetek3 GCs are required to cover the complete application. One GC for the analysis
of ppb sulfurs, formic acid, formaldehyde, ammonia and halogenated. Another GC for measuring the trace 02-Ar-N2-CH4-CO-CO2-
NMHC-He-H20.
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ANALYSIS SOLUTION FOR WATER ELECTROLYSIS PRODUCTION

All in one unit for
measuring trace
impurities(ppb/

ae

All in one unit for

ppm) N2-Ar-He- measuring trace
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NMHC-sulfurs- ppm) N2-Ar-02-
formaldehyde- C0-C02 and
ammonia- water as per fuel

halogenated-formic
acid and water
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2.0 PRODUCTS

technologies all
in one system.

PED-TCD(He)-
quartz crystal(H20)
technologies all in

MultiDetek3

one system.
MultiDetek3 Ex
HyDetek system or or
water H.0 *
r 2
ta { treatment > e
to compressor
and stora
.
dryer
transformer
deoxidiser

Purity analyser 99%-100% using
MultiDetek3 with TCD

Pure hydrogen measuring point

For the hydrogen production by water electrolysis the MultiDetek3 is used for measuring the purity of hydrogen with its percent solution
mode using our TCD detector with a range of 99%-100%. For the trace impurities in sub ppb, the unit is configured with its PED for all
impurities required by SAE standards and its quartz crystal module for trace moisture. By this production method, it generally becomes
not necessary to measure sulfurs, halogenated, formaldehyde, hydrocarbons and formic acid since the production process doesn’t
produce/contains these contaminants. It makes an analysis solution being simpler and focus on the analysis of the trace 02-Ar-N2-
CO-C0O2-H20. Other configuration variances of the MultiDetek3 with more or less impurities to measure can be modified with the
modularity of the MultiDetek3 platform.
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measuring point

measuring point

MEASURING POINTS
FOR HYDROGEN PRODUCTION

measuring point

Supply from the [}
natural gas system

filling station

measuring point

HOW ARE THE MULTIDETEK3 INSTRUMENTS CONFIGURED

Using its PlasmaDetek2 detector (patented) combined with a TCD (He) and the quartz crystal (H20), LDetek can provide a solution for
the complete analysis of all the contaminants that must be measured in hydrogen fuel cell. Combined with its GC modular platform
MultiDetek3, this document will demonstrate how the units are configured to achieve sub ppb detection required for this application.

The most complete configuration for the complete fuel cell hydrogen production requires up to three instruments model MultiDetek3.
The modularity of the unit makes it possible to apply some variances depending of application requirements. Each GC is configured
with different channels that will be described.

MULTIDETEK3 GC#1
CHANNEL 1: H2S-COS-NH3-CH20-CH2CL2

IMPURITIES RANGE (PPB) LDL (PPB) REPEATABILITY (») DETECTOR
H2S (hydrogen sulfide) 0-500 0.4 0.8 PED
COS (carbonyl sulfide) 0-500 0.5 0.6 PED
NH3 (@ammonia) 0-1000 2.5 0.3 PED
CH20 (formaldehyde) 0-500 2.0 0.4 PED
Halogenated as HCL 0-1000 10.0 1.0 PED

CHANNEL 2: CH4S-CS2-DMS-DMDS-HCOOH

IMPURITIES RANGE (PPB) LDL (PPB) REPEATABILITY (%) DETECTOR g
CHAS (methyl mercaptan) 0-500 0.5 1.5 PED é
CS2 (carbon disulfide) 0-500 0.2 0.7 PED E
DMS (dimethy! sulfide) 0-500 0.2 0.9 PED o
DMDS (dimethy! disulfide) 0-500 0.45 1.6 PED >
HCOOH (formic acid) 0-1000 2.0 0.4 PED

CHANNEL 3: *CHOICE BETWEEN HE OR H20

IMPURITIES RANGE (PPMm) LDL (PPB) REPEATABILITY (%) DETECTOR
He 0-1000 1 (ppm) 0.5 TCD
H20 0-10 10.0 0.5 Quartx crystal

*This channel can be split or interchanged in GC#1 or GC#2 depending of the requirements
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Both channels 1-2 used the PlasmaDetek2 detector configured with a selective optical filter for sulfurs and one for formaldehyde/ammonia/
formic acid. Each optic has a narrow wavelength limiting the interference from hydrogen background and offering a sensitivity to sub ppb. Both
channels are configured with proper sulfinert coated diaphragm valves, fittings and tubing to avoid any risk of surface absorption for the impurities
to measure at ppb level. The columns used are capillaries/sulfinert/metalized MXT series offering no resistance to sticky and absorptive gases.
Outstanding sensitivity can be obtained by combining the right GC components together with our sensitive/selective PlasmaDetek2 sensor.

The third channel can be configured with a TCD for measuring ppm Helium or with a quartz crystal detector for measuring trace H20. If both are
required, then the second detector can be mounted in the channel 3 of the GC#2. For the trace He with a TCD, an Argon carrier gas is required
to the unit. In case of measuring trace H20, then the quartz crystal detector module is mounted with its internal calibration device. Refer to our
design report on the trace moisture module integrated in our MultiDetek3 for more details. (document link is available in the reference section).

MULTIDETEK3 GC#2
CHANNEL 1: N2-CH4-C0-C02

IMPURITIES RANGE (PPM) LDL (pPB) REPEATABILITY (%) DETECTOR
N2 0-10 1.5 0.1 PED
CH4 0-10 3.5 0.1 PED
Cco 0-10 15 0.1 PED
Co2 0-10 15 0.1 PED

CHANNEL 2: AR-02-NMHC

IMPURITIES RANGE (PPM) LDL (PPB) REPEATABILITY (%) DETECTOR
Ar 0-10 0.5 0.2 PED
02 0-10 10.0 0.2 PED
NMHC 0-10 4.0 0.6 PED

CHANNEL 3: *CHOICE BETWEEN HE OR H20

IMPURITIES RANGE (PPMm) LDL (PPB) REPEATABILITY (%) DETECTOR
He 0-1000 1 (ppm) 0.5 TCD
H20 0-10 10.0 0.5 Quartz crystal

“*this channel can be split or interchanged in GC#1 or GC#2 depending of the requirements

This unit can be configured differently depending of the requirements. The modularity of the MultiDetek3 brings the advantages
of selecting the appropriate module for your need. Here, the system has been configured with a first channel with a PED for
measuring trace N2-CH4-CO-CO2. This block is configured with a PlasmaDetek2 with a selective optical filter for N2, for CH4 and
one for CO/CO2.

The second channel also used a PED for measuring Ar-O2-NMHC. Here the PlasmaDetek?2 is configured with 3 selective optical
filters. One is used for Ar, a second one is used for 02 and a third one is used for NMHC. The analysis of trace 02 here required
a doping gas system to allow a stable and repetitive ppb detection of 02.

The third channel is configured as described in the GC#1 description.

MULTIDETEK3 GC#3
CHANNEL 1: PURITY HYDROGEN

Impurities Range (%) Accuracy (%) Detector Analysis time (sec)
H2 99-100 0.001 TCD 60

This instrument is required for monitoring the total purity of hydrogen from 99%-100% generally installed in combination with
the trace impurities analysers. This purity instrument offers a quick analysis time of 1 minute to monitor quickly the purity of
hydrogen produced. In case of a process alarm from this instrument, the trace impurities instruments will give the details of
the problematic impurities. The use of both instruments is the best practice to ensure rapidity and accuracy for the hydrogen
production. This Multidetek3 GC is configured with a TCD detector and a straight injection. All impurities come as one peak which
is measured by the TCD. The reference and the carrier gases use are hydrogen.

Where innovation leads to success www.ldetek.com
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RESULTS

Chromatograms : GC#1/Channel 1

Sample : 100ppb H2S, COS Balance H2

Historic Aug/26/2020 11:11:04
)
5000
E Legend
4500
5 COos
4000 il
3500L 5
E}OM'E b
g o &l
g2500{ §
o £
§'zuuu-: *
o E
1500 %
1000-F ¥
so0-f
D_:IIIIIIIIIIIIIIIIIIIIIIllIIIIIIIIIIIIFIII
100 200 300 400 500 600 700 800 900 1000
Time (s) v
= — Peak Results X |
e _Area Retenti..  Height SensorAvg. SensorNMo.. Peak Noise | 6o
Export... ): H25 100.046 ppb 27657 3534 2936.856 4211.600 0,105 1.532' Print
¥ cos 100914 ppb 40052 4621 3100324 3504.145 3152 22.065 [0
Sample : 3ppb H2S, COS Balance H2
Historic Aug/[26/2020 14:08:31
"~
1200+
[ [Cegend]
1504
gnoo-:
gloso-:
& b
- )
%1000+
sso{
:llll LI - LI i 1 1 1 1 113 P 1 11 P 1 1 1 | P 4 13 . ] =
100 200 300 400 00 600 700 800 900 1000
Tme (s) v
S — Peak Results X -
Hstoric... Ares Retenti.. Height SensorAvg. SensorNo.. PeskNoise [ 2
m,,]x H2S 3496 ppb 966401 3584 105767 4190341 0.280 4201 [ Print
)ﬂ Cos 3.798 ppb 1647 4686 124849 3766.635 1.326 9.284 —
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2.0 PRODUCTS

Sample: 500ppb CH20 Balance H2

Historic Julf20/2020 09:32:33

"~

105038

S0004

45001

40004

Bupuai]
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4]
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o
#2000
o

1500+

1000
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Fy i B ) s R S S O, O O Y o e 1S T e P o e ) e ) PO o o e Rl O Y S0 20 T o o R0 O O ol e |
1) ¥ 1 4 f

100 200 300 400 500 600 700 800 900 1000
Time (s) v

1 PeakResults x E =
Lﬂ _Ama| Retenti..| Height | Sensoriwg. | Sensor Noise Peaanisel ¢

" Boot.. | X CH20 501783 ppb 38336 829.6 2034027  3569.982 0.987 2172

¥ NH3 5578 ppb 683,144 833.5 31417 750.253 0129 1.268

Sample: 210ppb CH20 Balance H2

Historic Julf21/2020 08:18:31

~

g
Josuag

4500

Bupuai)

4000

:

T T T T TP T TTIT ITTT TITT T T TTT

o]
-3
22500
o
ﬁzl}uo-
15004

1000

500

0- | T | | I I | [ T I | 111 L 111 | e e | | Ao R ] | | E T O | | T I | | T T |
100 200 300 400 500 600 700 800 900 1000

Time (s) v

T<_ Peak Results X E ’ '
Historic..., _Area Retenti.  Height SensorAvg. Sensor Noise PeakNoise| i J

Export... | )% CH20 211010 ppb 16121 8304 1195516  3569.481 0.937 2.061

x NH3 3.798 ppb 456.833 833.8 12.561 745.468 0121 1.213
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Sample: 70ppb CH20 Balance H2

s000

Historic

Julf21/2020 08:35:22
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Sample: 1025ppb NH3 Balance H2
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1024.903 ppb
<LDL ppb

_Frea
123294
0.000000

Reterti... Height Sensor Avg. Sensor Noise

T68.1
£40.0

3143.353
0.000

766.080
3543.077
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Peak Noise

>

X

PRI —
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2.0 PRODUCTS

Sample: 510ppb NH3 Balance H2

Historic Julf21/2020 09:59:39
A8
5000 g
- | Legend
4500 E
4aoo-5 a
3500
Esooof
82500
£ E
=% =
#2000
{1af £
1500
1000F
s00f
D‘: | B ] B | | i ol R i e B | | Y O | 111 { O I ] | | e ] I | { i ] e | | O G | | I T O |
100 200 300 400 500 00 700 800 900 1000
Time (s) v
£ | >
Peak Results x £ .
o _Area Retenti..  Height SensorAvg. SensorNoise Peak Noise ¢
Export... | % NH3 510.663 ppb 61432 7746 1079812 752381 0.143 1429 print |
% cH20 <LDL ppb 0000000 8400 0000 3551101 1.220 2685
Sample: 150ppb NH3 Balance H2
Historic Jul/21/2020 10:33:21

-~

LLLA

4500
40004
3500-
o,
§zsuu-
o
@
£2000-]
0
1500- o

1000 m%_ &

TTIT T7T T 7000 7700 7007 T 07T aooT

TITT TTIT

0- ] ECN Fotl I | { o o | 1 1.1 | S Y O | | I I | 11 11 | i I | i Sl Y e | | I O | | I O O |
100 200 300 400 500 600 700 800 900
Time (s)

; Peak Results X

lﬂ _Ama Relenti..  Height SensorAvg. SensorNoise Peak Noise 6o

Bxport... | X NH3 145136 ppb 17460 8057 219472 750688 0.132 1.3zo| print
B x CH2O <LDL ppb  0.000000 840.0 0.000 3552.653 0.951 2,092 —
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Sample: 516ppb ppb HCL (hydrogen chloride) in balance gas hydrogen

Historic Augf30/2022 07:42:42
oW
g
10000 g
E [Legend
. : )
- 3
ko o
8000+ E
TOUU'E
g 8000-F
@ =
w 5000
= -
o -
@ 4000 HCL
o =
3000
2000‘3
1000-F - *——x
U F | | 1 1 1 | | qos 1 1 1 1 | CIIZOI 1 1 | 1 | 1
200 400 600 800 1000 1200 1400
Time (s)
o Peak Results X | ) '|
I _Aea  Retenti... Height  Sensor Avg. Sensor Moise  Peak Mo |-_ : |
L BPlwe chus <LDL ppb 0000000 2135 0000  1345.444 0.259 20 e
¥ HIS 0433 ppb 178306 4560 5581 5146152 0.925 45 P
H DMS 0113 ppb 731776 503.4 2408 1345.444 0.259 1.9
?: Cs2 <LDL ppb  0.000000 545.0 0.000 1345.444 0.259 31
}‘ Cos <LDL ppb  0.000000 560.0 0.000 §32.489 0.232 3.2
x HCOOH <LDL ppb  0.000000 T05.0 0.000 1345.444 0.259 0.1
2 33230 693.1 0932.439 0232 .0
:‘ DMDS 0151 ppb 151454 8849 2.335 1345.444 0.259 2.3
x MH3 <LDL ppb  0.000000 959.0 0.000 678.647 0.282 0.2
}‘ CH2O <LDL ppb  0.000000 1025.0 0.000 932.489 0.232 0.2 5
< >
LDL :
Component Concentration (ppb) Peak height (mv) Noise (mv)
H2S (hydrogen sulfide) S5 105.8 4.2
COS (carbonyl sulfide) 3.79 124.9 9.2
CH20 (formaldehyde) 71.4 352.7 2.05
NH3 (ammonia) 145 219.4 1.32
HCL (hydrogen chloride) 516 2462 2.0

Note: other LDL could be obtained with different injection volume and chromatographic condition

Repeatability :

Sample : 3ppb H2S, COS Balance H2

= Wed, Aug-26-2020
17:39:32
17:29:23
17:19:13
17:09:03
16:58:53
16:48:42

www.ldetek.com

Description

H2$

3.564
3.565
3.533
3.543
3.506
3.530

COsS

4.102
4.145
415
4.185
4121
4,145

Sample : 135ppb NH3 & 75ppb CH20 Balance H2

Historic

T

= Tue, Jul-21-2020

13:55:43
13:38:50
13:22:00
13:05:08
12:48:16
12:31:24
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LDL (3x Noise) (ppb)

0.41
0.80
1.24
2.61
1.25

NH3

136.162
136.759
136.398
136.709
136.848
137.460

CH20

75.984
76.416
76.441
76.621
76.707
76.683
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2.0 PRODUCTS

IMPURITIES H2S Ccos NH3 CH20

Average (ppb) 3.534 4.142 136,7 76,48
Sigma o (ppb) 0.028 0.028 0.44 0.27
CV (%) 0.80 0.68 0.32 0.35
CV x 3 (%) 2.40 2.05 0.97 1.06
Status pass pass pass pass
Repeatability (%) 0.8 0.6 0.3 0.4

Using a series of 6 consecutive analysis, the repeatability conformity test must be below 5% considering a value of 3 times the
coeficient of variation (CV) to be accepted.

The repeatability % is obtained by applying the sigma of the 6 consecutive analysis on the average of these 6 same analysis.
The test has been performed at the bottom of the scale which is the most rigourous concentration to get a good repeatability.

Running such repeatability test at higher concentration is just easier to get a better repeatability. It demonstrates the performance
of the system in terms of repeatability at very low concentration.

Linearity : Linearity ammonia (NH3)
Impurity : Ammonia (NH3) 1500
. £ y = 0.0083x
Response area (counts) Concentration (ppb) § 1000
< 800
0 0] ©
2 600
17460 150 °
3 400
61432 510 S oo
123294 1025 ko .
0 20000 40000 60000 800001 000001 20000 140000
Cconcentration (ppb)
) Linearity formaldehyde (CH20)
Impurity : Formaldehyde (CH20)
600
\ 2 =0.0131
Response area (counts) Concentration (ppb) § 500 / R? p
S 400
0 0 p
[J]
5461 71 v 300
16121 211 g 200
2 100
38336 501 2
0
0 10000 20000 30000 400005 0000
Concentration (ppb)
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Chromatograms : GC#1/Channel 2

Sample: 100ppb CH4S-CS2-DMS-DMDS / 330ppb HCOOH Balance H2

Historic Sep/09/2020 15:15:17
"~
5000
F [Legend
it [Legend]
s000+ crus
35nu-f
E\;oon-f
& £
B2s500
2 E
#2000
o E
1500 }J\
1000 sl
s00
0_:II1II | B | { Y [ SN ]y [ O [ [ | | o 8 ) e B | [ [ S sy |
200 400 600 800 1000 1200 1400 1600 1800
Time (8) v
< >
I-ishnc_ Peak Results % [ (&)
EW__ _Area Retenti..  Height SensorAvg. SensorNo.. F'eakNoisel Print
| ¥ CHeS 100.605 ppb 42004 280.3 2898.350  3687.080 1194 6.208
¥ DMs 100.854 ppb 44740 503.0 2994.223 4311145 0232 2436 [Gnrtfods--
X cs2 100.174 ppb 44393 5623 3112712 4311.145 0.232 2551
¥ DMDS 100.197 ppb 61209 697.8 2954758  3687.080 1.194 5.014
): HCOOH 344.728 ppb 74736 833.8 1955.309 3687.080 1.194 2.984
Sample : 2ppb CH4S-CS2-DMS-DMDS / 50ppb HCOOH Balance H2
Historic Sep/10/2020 08:41:12
-~
14004
| [Cegena]
1300+
1200+
£ |
@
211004
o
§ i (=t
1000 A
I Vﬁ&
- 3
8004 1 1 | 11 | 1 ] | 1 [ 1 [ B | 1 1 11 1 1 ] | 1 [} | 1
300 400 500 600 700 800 900
Time (s) v
< >
Historic Peak Results x B (&)
Export.: _Area Retenti... Height SensorAvg. SensorNo.. Peak Noise | Print
—): CH4S 1.899 ppb 792.874 2813 65.412 3764.729 1.213 6.307
% DMs 1446 ppb 641513 503.5  41.940 4309.808 0.183 1.917 | ChartTools..
® 2 3.236 ppb 1434 5629  96.268 4309.808 0.183 2.009
¥ DMDS 1366 ppb 834455 699.9  45.046 3764.729 1.213 5.084
)C HCOOH 47.026 ppb 9659 8395 213.844 3764.729 1.213 3.153
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2.0 PRODUCTS

LDL:

Component Concentration (ppb) Peak height (mv) Noise (mv) LDL (3x Noise) (ppb)
CHA4S (methyl mercaptan) 1.89 65.4 6.3 0.50
DMS (dimethyl sulfide) 1.44 41.9 2.0 0.20
CS2 (carbon disulfide) 828 96.3 1.91 0.19
DMDS (dimethy! disulfide) 1.36 45.0 5.0 0.45
HCOOH (formic acid) 47.0 213.9 3.15 2.00

Note: other LDL could be obtained with different injection volume and chromatographic condition

Stability :
Sample : 2ppb CH4S-CS2-DMS-DMDS / 50ppb HCOOH Balance H2
Description CH4s DMS cs2 DMDS  HCOOH
| Historic
& Thu, Sep-10-2020
07:49:10 1.879 1.334 3.34 1.265 47.865
07:32:18 1.873 1.316 3.338 1.230 48.020
07:15:26 1.904 1.343 3.359 1.226 47.958
06:58:35 1.924 1.317 3.384 1.272 48.074
06:41:43 1.951 1.343 3.397 1.265 48.279
06:24:51 1.940 1.326 3.389 1.259 48.295
IMPURITIES CH4Ss DMS CS2 DMDS HCOOH
Average (ppb) 1.91 i 353 3.3 1.25 48,08
Sigma o (ppb) 0.03 0.012 0.024 0.02 0.17
CV (%) 1.66 0.91 0.74 1.57 0.36
CV x 3 (%) 4.98 2.73 2.22 4.72 1.08
Status pass pass pass pass pass
Repeatability (%) 1.5 0.9 0.7 1.6 0.4

Using a series of 6 consecutive analysis, the repeatability conformity test must be below 5% considering a value of 3 times the
coeficient of variation (CV) to be accepted.

The repeatability % is obtained by applying the sigma of the 6 consecutive analysis on the average of these 6 same analysis.
The test has been performed at the bottom of the scale which is the most rigourous concentration to get a good repeatability.

Running such repeatability test at higher concentration is just easier to get a better repeatability. It demonstrates the performance
of the system in terms of repeatability at very low concentration.

Where innovation leads to success www.ldetek.com
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Chromatograms : GC#2/Channel 1

Sample : 4ppm N2-C02-CH4-CO Balance H2

Historic Jun/15/2020 20:27:19
5000-= 2
= | Legend
4500-_
: g
4000-_ 2
= Nz ©CO2 co
35002 A A A
3000- Bl B ]
& 20002
o
1500-_ RS atesetel)
= AR XXX NHUC
1000-= i H =
500-_
0_: | - | 1| | 11 | | 11 | | | | | 11 | S — |
100 200 300 400 500 600 700 800
Time (s)
P @1 Peak Results X ;
. Ol _Area Retention.. Height Sensor.. Sensor.. Peak Noise |
EETE ¥ AR 0018 ppm 138591 2669 12389 532958 0.102 0122 [™
* N2 4161 ppm 45634 3721 25728.. 617399 0.132 0.237 I:_ools.
® co2 3.760 ppm 50593 4049 26334.. 518679 0.357 0964 F
¥ NHMC 0.098 ppm 4465 639.3 19.545 2053.945 1.041 5.307
¥ CH4 4,080 ppm 61084 5369 2606.7.. 3028976 0.397 1311
¥ co 4,043 ppm 60333 6756 25093.. 423216 0.102 0410
Sample : 500ppb N2-C02-CH4-CO Balance H2
Historic Jun/17/2020 09:36:14
5000-= g
= -
4500-_ i
4000-_ 3
3500
£ 3000--
@ =
£ 2500-_
& =
@ 2000-_
@ =
1500—; co
= AR NHMC
1000-= IRV L2, et
500
U': - | | | 11 | | | 11 | | | 1 L] | | 1 | | L | | | 11
100 200 300 400 500 600 700 800
Time (s)
e @ use| PeakResults X
Ouse _Area Retention.. Height Sensor.. Sensor.. Peak MNoise
i X AR 0.016 ppm  123.163 2667 11197 543383 0.162 0.194
¥ N2 0.565 ppm 6194 3739 400621 610317 0.194 0.349
¥ co2 0.395 ppm 5313 4056 301.221  511.278 0.139 0.376
¥ NHMC 0013 ppm 592,589 746.9 1.839 2052516 0.211 1.075
¥ CH4 0439 ppm 6566 5363 324419 3020274 0.269 0.889
¥ co 0.421 ppm 6276 677.0 258.830 418.160 0.086 0.345
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2.0 PRODUCTS

Chromatograms : GC#2/Channel 2

Sample : 4ppm Ar Balance H2
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Junf17/2020 13:57:25
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Sample : 500ppb Ar Balance H2
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_Area Retention.. Height
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2575 342377

Sensor ...
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Sensor ...
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X

Peak Noise
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Sample : 4ppm NMHC(C3H8) Balance H2

Historic Jun/18/2020 05:30:30
5000-= g
z =
4500-" i
4000~ &
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Y =
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o E
& 2000-_
4 -
1500~
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ﬂ_:IJIlIIIIIIIIIIIIIIIIIIIIIIIIIlIl
100 200 300 400 500 600 700 800
Time (s)
Historic... | @U{ peak Results X |._
Bxport ; Qu _Area Retention.. Height Sensor.. Sensor.. Peak Moise b
¥ AR 0014 ppm 112338 2669 10314  536.193 0.138 0.138
¥ co2 0215 ppm 3117 4048 132005 514930 0315 0.849 bals...
¥ N2 <LDL ppm  0.2753.. 4049 0141 611624 0.104 0187 |
¥ NHMC 3877 ppm 195351 6437 24196.. 2025271 0.256 1.537
¥ CH4 <LDL ppm  0.0000.. 5350 0000 3013.945 0.250 0.825
¥ co <LDL ppm  1.24864 7288 0229 412521 0.080 0322
Sample : 500ppb NMHC(C3H8) Balance H2
Historic Jun/18/2020 10:11:13
£
5000-= g
=
4500~ E‘
£ 2
4000-- 2
3500
Z 3000--
o =
@ 9500~
a :
® 2000-_
= -
1500-_ NHMC
1000 — T
500~
0_: | | | 1 | 1 | | | 1 1 [} | | ] | 1 | 1 | ] | | | | | | 1 | 1 | |
100 200 300 400 500 600 700 800
Time (s)
Historic... @ U{ peak Results X
— | Ous _Area Retention.. Height Sensor.. Sensor.. Peak Noise
. ¥ AR 0014 ppm  114.023 2670 10805 532477 0813 0813 ;
»® coz 0032 ppm  467.853 4055 17.822 511.298 0.121 0326 pols...
¥ N2 <lDL ppm  0.0672.. 391.0 0071 606162 0.102 0.183
¥ NHMC 0520 ppm 26222 5439 374998 2055232 0.161 0965
¥ CH4 <DL ppm  0.0000.. 5350 0000 3009.293 0097 0321
¥ co <lDL ppm 262635 7113 0245 414284 0.080 0321
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2.0 PRODUCTS

Chromatograms : GC#2/Channel 3

Sample : 50ppm He Balance H2
Historic

May/04/2020 10:08:14

Bupuall | Josuss

Time (s)

250 300 250 400 450

‘ Historic... | @®Ul peak Results

‘ Export.  © _Area Retentio..
¥ He 50.163 ppm 34314 3084
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Height Sensor Av.. Sensor No.. Peak Noise
1995.169 5601.140 0.827 12977
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LDL:

Component Concentration (ppb) Peak height (mv) Noise (mv) LDL (3x Noise) (ppb)
N2 565 401 0.349 1.48

C02 395 301 0.376 1.48

CH4 439 324 0.889 3.61

CO 421 259 0.345 1.68

Ar 514 342 0.107 0.48

NMHC 520 375 0.965 4.01

He 50(ppm) 1995 12.97 1.00(ppm)

Note: other LDL could be obtained with different injection volume and chromatographic condition

Stability :
Sample : 1ppm Ar-N2-NMHC-C02-CH4-CO Balance H2

Start AR N2 NHMC co2 CH4 co

2020-06-21 20:16 0,889 ppm 1.171 ppm 0.554 ppm 1.045 ppm 1.161 ppm 1.042 ppm

2020-05-21 20:02 0.889 ppm 1.174 ppm 0.557 ppm 1.045 ppm 1.161 ppm 1.042 ppm

2020-06-21 19:49 0,886 ppm 1.174 ppm 0.588 ppm 1.044 ppm 1.161 ppm 1.042 ppm

2020-05-21 19:35 0.886 pom 1.174 ppm 0.571 ppm 1.046 ppm 1.159 ppm 1.041 ppem

2020-05-21 19:21 0.886 ppn 1.174 ppm 0.573 ppm 1.044 ppm 1.160 ppm 1.042 ppm

2020-05-21 19:08 0.887 ppm 1.176 ppm 0.573 ppm 1.042 ppm 1.163 ppm 1.043 ppm
IMPURITIES Ar N2 NMHC co2 CH4 co
Average (ppb) 887.2 1173.8 569.3 1044.3 1160.8 1042
Sigma o (ppb) 1.47 1.60 3.61 1.37 1.33 0.63 "
CV (%) 0.17 0.14 0.63 0.13 0.12 0.06 5
CV x 3 (%) 0.5 0.41 1.90 0.39 0.35 0.18 §
Status pass pass pass pass pass pass E
Repeatability (%) 0.2 0.1 0.6 0.1 0.1 0.1 :

Using a series of 6 consecutive analysis, the repeatability conformity test must be below 5% considering a value of 3 times the
coeficient of variation (CV) to be accepted.

The repeatability % is obtained by applying the sigma of the 6 consecutive analysis on the average of these 6 same analysis.
The test has been performed at the bottom of the scale which is the most rigourous concentration to get a good repeatability.

Running such repeatability test at higher concentration is just easier to get a better repeatability. It demonstrates the performance
of the system in terms of repeatability at very low concentration.

www.ldetek.com Where innovation leads to success
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2.0 PRODUCTS

Chromatograms : GC#3/Channel 1

Sample: 100.000% H2
Historic Julf16/2020 09:24:08
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Sample: 99.989% H2
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10 20 30 40 50 60 70 80 a0 100
Time (s)

_Area  Retenti.. Height SensorAwg.  SensorNoise  Peak Moise

¥ H2 99,988 % 29845 EX 36.124 1068.560 0,579 3.472
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Sample: 99.837% H2

Historic ulj16/2020 09:35:33
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| S |

®H2 99.838 % 29800 377 509.201 1077.882 1.580 9.480

Sample: 99.541% H2
Historic Julf 162020 09:19:50

a000-,

4500-

Buipuzi) | Josuss

4000-_

35002
>
E3000-
a
@ 2500-
-4
©2000-
o

1500~

1000-
500-

uIIIIIIIIIlIIIIIIlIIlIlIIIIlIIIIII!IIIIII

10 20 30 40 50 60 70 80 a0 100
Time (s)
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Sample: 99.055% H2
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_fuea  Retenti...
¥ H2 99.054 % 29566 7.8

LDL /Accuracy :

Height
2938.885

SensorAvg.  Sensor Noise
1089.426

12.421

The concentration in % is obtained by dilution H2/N2. The difference between 100% H2 and the diluted H2 concentration is applied.

Component Concentration (%)
H2 0.012

Note: other LDL & accuracy could be obtained with different injection volume and chromatographic condition

Stability :
Sample : 99.750% H2

Start

2020-07-16 10:28
2020-07-16 10:26
2020-07-16 10:25
2020-07-16 10:24
2020-07-16 10:22
2020-07-16 10:21
2020-07-16 10:18
2020-07-16 10:18
2020-07-16 10:16
2020-07-16 10:15

2020-07-16 10:14

www.ldetek.com

Peak height (mv)
36.124

H2

99.756 %

99.756 %

99.756 %

99.756 %

99.756 %

99.756 %

99.756 %

99.755 %

99.755 %

99.755 %

99.755 %

LDL (3x Noise) (%)
0.003 +/-0.0015

Accuracy (3x Noise) (%)
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CERTIFICATIONS

IECEx TEST REPORT of NATIONAL DIFFERENCES

ExTR Reference Number............... :
EXTR Free Reference Number ...... :
Compiled by + signature (ExTL)....:

Reviewed by + signature (ExTL)....:

Date of iSSUE .......ccvvveeei e :

CA/QPS/ExTR19.0028/00
X35775-1

V ™A
Alenko Vranes J(‘! :f;x

Kerry Nice, A.Sc.T. K f:)

Rob Kohuch, P. Eng.

January 24, 2020

Ex Testing Laboratory (EXTL)........ :
Address ... :

QPS Evaluation Services Inc.
81 Kelfield St, Unit 8, Toronto, ON M9W 5A3

Applicant's name...................... :

LDetek Inc.
990 Rue Monfette E

Test Report Form Number............. :

Address ... :
Thetford Mines, QC G6G 7K6, Canada

Country/Region ..........ccoceeeeeecveennnnn . Europe: Switzerland (CH), Czech Republic (CZ), Germany (DE),
Denmark (DK), Finland (F1), France (FR), United Kingdom (GB),
Hungary (HU), Italy (IT), the Netherlands (NL), Norway (NO),
Romania (RO), Sweden (SE) and Slovenia (Sl)

Standards. - EN60079-0:2012/A11:2013;

EN 60079-2:2007;
EN 60079-7:2007;
EN 60079-11:2012;
EN 60079-18:2009.

ExTR National Differences_3 (released 2018-02)

rights reserved.

Copyright © 2018 International Electrotechnical Commission System for Certification to Standards
Relating to Equipment for use in Explosive Atmospheres (IECEx System), Geneva, Switzerland. All

This blank publication may be reproduced in whole or in part for non-commercial purposes as long as the
IECEx System is acknowledged as copyright owner and source of the material. The IECEx system takes
no responsibility for, and will not assume liability for, damages resulting from the reader's interpretation of
the reproduced material due to its placement and context.

standards

No national differences between below European standards and International Verdict

European Standards:

International Standards:

EN 60079-2:2007 IEC 60079-2:2007 Edition 5.0 Pass
EN 60079-7:2007 IEC 60079-7:2006 Edition 4.0 Pass
EN 60079-11:2012 IEC 60079-11:2011 Edition 6.0 Pass
EN 60079-18:2009 IEC 60079-18:2009 Edition 3.0 Pass
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IECEx

IEC

» LB

IECEx TEST REPORT COVER

ExTR Reference Number............... -
ExTR Free Reference Number...... -

Compiled by + signature (ExTL)....:

Reviewed by + signature (ExTL)....:

Approved by + signature (ExCB)...:

CA/QPS/EXTR 19.0028/00
X35775-1

Alenko Vranes !! 9(/\
Kerry Nice, A.Sc.T. K. .'f

Rob Kohuch, P. Eng.

Dave Adams, P. Eng.

Dateofissue..........cc.cccceccvnnieennnn. .. February 21, 2020

Ex Testing Laboratory (ExTL)........ :  QPS Evaluation Services Inc.
Address............ciiimiiiiniinnien : 81 Kelfield St. Unit 7-8, Toronto. Ont. MBL 1S1. Canada
Ex Certification Body (ExCB])......... :  QPS Evaluation Services Inc.
Address.........coccmiiieccineenecnns : 81 Kelfield St Unit 7-9, Toronto. Ont. MOL 151. Canada
Applicant’'s name.............cccccceeevneee. s LDetek Inc.

BOOBS . .occiiviiisimiisiimmensasisiies - 990 Rue Monfette E

Thetford Mines. QC G6G 7K6. Canada

Standards associated with this

orISHS ...

ExTR package ........coeccvevemnavnanians -

Clauses considered ..........ccccccanaei
Related Amendments, Cormrigenda

IEC 80072-0:2011, Edition 8.0
IEC 80078-2:2007, Edition 5.0
IEC 60078-7:2008, Edition 4.0
IEC 80079-11:2011, Edition 6.0
IEC 60072-18:2000, Edition 3.0
All clauses considered

All items are considered

Test item description..........cccccceeeen
Model/type reference ............cccceee. :
Code (e.g. Ex _ _ T_J)urernene :
FCING i o i

Gas Chromatograph MultiDetek 2 EX

MultiDetek Ex

Ex eb ib mb pxb |IB+H2 T4 Gb

MultiDetek 2 EX

Purge Controller Power: 230 V AC. 47 - 63 Hz. 660 Watts
Maximum sample gas pressure: 689 mbar (10 psi)
Minimum purge fiow: 120 Umin

Minimum purge time: 78 minutes

Maximum overpressure: 6.7 mbar

Minimum overpressure: 1.24 mbar

Maximum supply air pressure: 8.9 bar

Minimum supply air pressure: 1.4 bar

Door clamps tightening torque: 3.4 — 3.9 Nm

www.ldetek.com
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IECEX Test Report Summary

INTERNATIONAL ELECTROTECHNICAL COMMISSION
IEC Certification SYS(EI’“ for EXD'OSWQ Atmospheres
for rules and details of the IECEx Scheme vizit www.iecex.com

ExTR Ref. No.: CANQPS/ExTR15.0025/00 Page 10of1
ExTR Free Ref. No.: X35775-1 Status: Issued
Li=t of Standards IEC 60079-0:2011 Edition:6.0, IEC 60079-11:2011 Date of izsue: 2020-02-21
Covered: Edition-6.0, IEC 60079-18:2009 Edition:3, IEC
60079-2:2007-02 Edition:S. IEC 60079-7:2006-07 Edition:
4
Iszuing ExTL: QPS -QPS

Endorsing ExCB: QPS -QPS

Manufacturer: LDetek Inc.
930 Rue Monfene E
Thetiord Mines G6G TK6 QC

Location of Canada

Manufacturer:

Ex Protection: Ex eb ib mb pxb IC T4 Gb

Ratings: 11SVAC, 25 A, 50060 Hz
PSS

Equipment Gas Chromatograph

Maodel Reference: MultiDetek 2 EX

Related IECEx Certficates:
IECEx QPS 19.0032X lzsue 0

Commenas:

Where innovation leads to success
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CE

In compliance with EMC directive 2004/10EC, EN 61000-6-2-2005 for immunity & EN 61000-6-4:2007 for emissions.

File No. 53220 / EMC Test Report

ey Testlovel By GEeE
gliesag;rezgn%rgo 08f conducted emissions Class A gg% Pass
e S5 [ e
e S el emssons | Gass ceiz | pass
FCC Par 162015, Subpart B, up 08 Gz | C35A Era422 Pass
Radiated electromagnetic field immunity — 10 V/m 80-1000 MHz E35421

radio frequencies Pass
IEC 61000-4-3: 2006 A1: 2007 A2: 2010 3Vim 14-2.7 Gz £36422

Conducted immunity

E35421

IEC 61000-4-6: 2008 10V power E35422 Pass
Electrostatic discharge immunity +4 kV contact E35421 Pass
IEC 61000-4-2: 2008 8 kV air E35422
Electrical fast transient immunity E35421
IEC 61000-4-4: 2012 2 kV power E35422 Pass
Surge immunity +1kV L-L E35421 Pa
IEC 61000-4-5: 2005 +2 kV L - Ground E35422 S
Magnetic field immunity E35421
IEC 61000-4-8: 2009 30 Alm /50 Hz E35422 Pass
Vol . . < 0% - 1 cycle

ltage dips, short interruptions and voltage 40% - 10 cvch E35421

variation immunity Pass
IEC 61000-4-11: 2004 Eg:‘f' 22550‘:(:’;?;3:3 E35422

CONCLUSION
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The MultiDetek3 analyzer can measure all the contaminants at the required limit of detection, with the appropriated repeatability
and linearity by combining its PlasmaDetek2 (patented) with TCD and quartz crystal sensors all in one system. The modularity of the
instrument gives the ability to adapt the analyzer as per your requirements. The system is compact and rackmount. It can be configured
for any safe area using the LDRack integration solution. When an Ex-proof area installation is required, then our certified pressurized
enclosure for Ex-proof area is used. With our temperature-controlled solution configured for outdoor temperature going from -30C
to 40C, our system can be used for any indoor or outdoor installations. A one source manufacturer to provide a certified solution for
measuring fuel cell hydrogen as per the industry standard.

Where innovation leads to success
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REFERENCES

Hydrogen Fuel Quality for Fuel Cell Vehicles
SAE J2719 SEP2011
http://www.sae.org

Design report for quartz crystal sensor integrated in the MultiDetek3 GC for trace moisture analysis :
http://www.ldetek.com/uploads/cgblog/id53/Trace_moisture_analysis.pdf

EMC test report for MultiDetek3 GC and LDP1000 gas purifier
CRIQ file 670-53220

ATEX & IECEXx test reports and certifications

QPS : EXTR Reference No. CA/QPS/ExTR19.0028/00

Where innovation leads to success www.ldetek.com
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ULTRA HIGH PURITY GAS STREAM SELECTOR

d
:
£

The LDGSS stream selector system brings to the gas industry a reliable and compact solution to provide clean gas to any process GC
and online process analyzers. It's compact design, having welded internal flow path manifolds with all stainless-steel piping allows
to keep the contamination level to minimum. Combining a choice between the pneumatic stainless-steel purged diaphragm valves
or the 3 ways electric peek/stainless-steel solenoid valve, the LDGSS can be configured specifically for your application. By having
its fast loops sample bypass purge flowmeters & valves mounted on its front panel for each stream, the system offers the standard
fast purging system required by the industry to ensure quick purging and excellent response time for the analytical equipment. Both
of the valve configurations offer a sample bypass for the unselected stream that allow each stream to be purged permanently. All
unselected streams can be then always ready for analysis without having extra delay required for purging it. The selection valves
used are designed to avoid any kind of outboard or inboard leakage offering ultra high purity performances. Depending of the gas
stream composition and the application, different type of material or coating can be used to be sure to offers the best compatibility
with materials and to keep the best response time possible for the analytical instruments. The LDGSS can be configured for a range
of 2-10 streams inside the same compact 3U rackmount enclosure. Each stream inlet has its particle filter frit type to avoid any type
of particles to damage the internal valves and flow path. Different options are available and well describes in the specifications.

(7))
o
FEATURES: 2
o
* Compact 3U rackmount design reducing project costs. ¢ Quick purging time based on the fast loop manifold and E
* Remote & local stream selection the bypass valve configuration o
* Leak proof, tested and certified to sub ppb ¢ Internal purge channel in the diaphragm valve design o
» Air diffusion resistant design (no inboard/outboard leakage) * Easy to operate
* Choice of pneumatic diaphragm valve or electric solenoid valve * Can be easily integrated to any type of process G.C. or
* All made of stainless-steel inline process analyzers
* No stream cross contamination * No maintenance required before 5 years considering 24/7

APPLICATIONS & END USER’S:

* Industrial gases e Environment e Laboratory GC'’s installation
¢ Air separation industries * Energy * System’s Integrators
* Semiconductor * Food and beverage * Glove box

* Petrochemical

www.ldetek.com Where innovation leads to success
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SPECIFICATIONS:

NUMBER OF INLETS

STANDARD FEATURES

OPTIONS

SAMPLE BYPASS FRONT MOUNTED

VALVES/FLOWMETERS FLOW

RANGE (FAST LOOPS):

GAS INLET & OUTLET
CONNECTIONS

PURGED GAS VENT
CONNECTIONS

SUPPLY
POWER CONSUMPTION

MAXIMUM OPERATING
PRESSURE

MINIMUM OPERATING PRESSURE

NOMINAL WORKING PRESSURE

REMOTE CONTROL VOLTAGE

INPUT

WEIGHT

2 to 10 streams configurable

Front mounted stream fast loop bypass valves & flowmeters

Dry contacts that remotely give status of selected stream

Local or Remote control via 12VDC or 24VDC supply

Front mounted rotary switch selector for local control

Electrical or pneumatic valves available

Particle filter frit type 10 microns is mounted on each stream inlet

Choice between purged pneumatic valve or 3 ways electric sample bypass valve

BRP : Sample outlet back pressure regulator to maintain a constant ultra high purity sample outlet pressure control
VPB : Valve purged box for toxic and/or hazardous gases

PG : Purging gas inlet flowmeter/valve mounted on front panel to adjust the diaphragm valve purge flowrate
PR : Stream inlet inline pressure regulator for reducing and adjusting the stream pressure below the maximum operating
pressure

C : Coating for aggressive or absorbent gases

MBP : Metal bellow pump when sample pressure is below 2-3 psig

02 : Oxygen clean certified

DBB : Double block and bleed configuration

0 to 500 ml/min in reference to air installed by default (larger ranges possible for faster purge)

1/16”- 1/8"- 1/4'Stainless Steel Compression type Swagelok compatible.
1/8” - 1/4” Stainless Steel High Purity face seal (VCR) type

1/8" - 1/4” Stainless Steel Compression Type Swagelok compatible
1/8" - 1/4” Stainless Steel High Purity face seal (VCR) type

85VAC to 240VAC 50/60Hz
Max 15 watts

30 PSIG (206Kpa) with 3 ways valve version
300 PSIG (2068Kpa) with stainless steel diaphragm valve version*

3 PSIG (20Kpa) (lowest pressure and vaccum mode applications can be achieved by adding the optional metal bellow pump)
20 PSIG (138Kpag)

12 VDC or 24VDC at 200mA maximum

Max 25 Ibs (11Kg)

L Front mounted stream bypass valves are not available above 100PSIG

ORDERING INFORMATION:

LDGSS | -XXX
Operating Number of Inlets | Gas Inlets Gas Inlets Type Valve model Options
Voltage 2t010:2to0 10 Connections Size VCR : face seal type P : Pneumatic BPR C
120: 120 Volts streams 1/16:1/16 inches SWG : compression type | E : Electrical VPB MBP
220: 220 Volts 1/8:1/8 inches PG 02
1/4 : 1/4 inches PR DBB
DIMENSIONS:
446 mm 482 mm
[17.561in] [18.98in]
f * (75w
E.32.5 mrri ngmni
5.22in .3 1n N
EE g ; E E ‘* i FRONT VIEW + k1 i
88|53 53 * [s37in] | CUT OUT DIMENSIONS [23in]
1325 mm ) FOR RACK MOUNTING ) ’L
TOP VIEW SIDE VIEW [ 5.2‘2 in] B mm
| L 13 mm 374.5 mm 1 03t
‘ 482 mm [18.98in] 0.51in [14.741n]
Where innovation leads to success www.ldetek.com
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A PST BRAND

LDGM

GAS MANIFOLD PANEL
FOR ZERO/SPAN/SAMPLE GAS SWITCHING

The LDGM gas manifold is used as an ultra high purity sampling system for any sensor or analytical
device that requires switching between a zero gas, a span gas and the sample gas for calibration
and proper analysis. The electropolished Stainless Steel 316L gas lines with the quarter turn on/off
diaphragm valves guaranteed a quick analysis time without drifting at low ppm/ppb especially for
trace analysis Nitrogen, Oxygen and Moisture.
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Sample pressure is reduced to the proper operating pressure required by the analytical instrument by
adding a Stainless-Steel pressure regulator to the panel.

A valve arrangement containing an inlet/outlet/bypass valves is mounted on the panel when a purifier
system is used to generate an ultra pure zero gas source.

www.ldetek.com Where innovation leads to success
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TYPICAL INSTALLATION WITH A GAS SENSOR OR A GAS ANALYSER

From Spon Gas

B To Sensor/Gas Analyser

£,

PR

From Zero Gas

X,

abuang

From Sample Gas

DIMENSIONS

ORDERING INFORMATION

Z:Zero 2S:1/8” Compression 10B : In/Out/Bypass valves PR : Pressure regulator
ZS : Zero + Span 4S : 1/4” Compression
ZSS : Zero + Span + Sample 2FSF : 1/8" face seal female(VCR)

4FSF : 1/4" face seal female(VCR)

Where innovation leads to success www.ldetek.com
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LDGDSA

AUTOMATIC GAS DILUTION SYSTEM

LDGDSA A

The LDGDSA is a user’s friendly gas dilution system that offers all the flexibility to generate automatically the desired gas mixtures. The
user’s interface gives the ability to control and monitor the mixtures, flows, pressures and the concentrations locally and remotely. The
system can store multiple gas cylinder mixtures and it becomes easy to select the right cylinder to generate different blends. It reduces
the cost of having specific standard for each blend needed.

The dilution system is designed with an automatic electronic pressure controller installed on the zero gas line, on the span gas line and to
regulate the outlet blended gas line pressure. This way, it improves the stability and the regularity of the flow controls. Each flow table uses a
10 points calibration curve to characterize the linearity of each flow controller.

To ensure ultra high purity zero gas reference to generate ppb blends, an optional integrated heated gas purifier (compact-LDP1000 series)
can be mounted on the zero-gas flow path. Our flow path design is also configured with zero dead volume and all made of Stainless Steel 316L
hardware to ensure an ultra-high purity for sub ppb blends.

An ultra high purity stainless steel pneumatic shut off valve is mounted on the zero and the span gas lines to cut-off the gas consumption when the
unit is in standby mode. These valves can be controlled remotely and are designed to avoid any risk of contamination to be sure to deliver ppt/ppb

blends in a quick turn around time. As option, the LDGDSA can be configured with 2 gas inlets for zero and/or for span depending of the requirement (ll_')
in terms of gas blends. In this case, a 2 streams stainless steel selection valve is used to select the proper flow path and gas source for zero and/or (3]
for span. For the zero gas, an second gas purifier can be added in the same unit to allow purification of a different gas media to sub ppb. 2
o
o
o
. Q
FEATURES: o
¢ Automatic calculation of dilution concentrations ¢ Multiple gas standard libraries available
¢ Automatic pressure controllers ¢ Alarms management
¢ Broad range of dilution ratios (up to 1000 to 1) ¢ 3U cabinet
* Windows user’s interface through serial communication ¢ Integrated heated gas purifier to generate ultra high purity
¢ Touchscreen 7" HDMI TFT display zero gas reference (optional)
APPLICATIONS:
¢ Multi-point calibration of gas analyzers * Calibration standard of ppb/ppt concentrations for the electronic gas grade
¢ Gas mixture instrument. (The integrated heated gas purifier is required)
www.ldetek.com Where innovation leads to success
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SPECIFICATIONS:

PRESSURE CONTROLLERS
DILUTION RATIOS

REPEATABILITY
ACCURACY
OPTIONS

GAS CONNECTIONS

Recommended maximum
operating pressure:

Recommended minimum
operating pressure:

OPERATING TEMPERATURE

SUPPLY
POWER CONSUMPTION

DRIFT
WEIGHT

Electronic pressure regulators

0-10 0 - 1000
0 - 100 other ratios possible on request
<1%

Better than +1%

Integrated heated gas purifier for Zero gas reference
2 inlets for zero and/or span with UHP Stainless steel selection valve(s)

Inlets/Outlets: 1/8” VCR fittings (Swagelok type)
1/8” compression fittings (Swagelok type) 1/4" VCR fittings (Swagelok type)
1/4” compression fittings (Swagelok type) Vents: 1/8” compression fitting (Swagelok type)

100 PSIG (6.89 Bar)
10 PSIG (0.7 Bar)

10 °Cto 50 °C
115 VAC, 50 - 60 Hz or 220 VAC, 50 - 60 Hz

Maximum 25 watts
Maximum 225 watts with optional integrated heated gas purifier

<+ 1% over 24 hours
16 Ibs (13 kg)

ORDERING INFORMATION:

LDGDSA | -X

Zero Gas type:
A: Argon

H: Helium

N2: Nitrogen

(other possible on
request)

DIMENSIONS:

Span Gas type: | Ratio: Inlet/Outlets Fittings Operating C: Integrated DZ: Dual zero

A: Argon 10: 10to 1 2SWG: 1/8"” Swagelok | Voltage: heated purifier gas inlets with 2
H: Helium 100: 100to 1 4SWG: 1/4” Swagelok | 120: 120 volts | for zero streams isolation
N2: Nitrogen 1000: 1000to 1 | 2VCR: 1/8” VCR 220: 220 volts | reference valve

(other possible on (other possible on request) 4VCR: 1/4” VCR CC: Dual DS: Dual span
reavesy integrated gas inlets with 2

streams isolation
valve

heated purifiers
for dual zero
references

446 mm

[17.561n]

482 mm

425.19 mm
[16.74in]
374.5 mm
[14.741in]
357.5 mm
[14.07in]

TOP VIEW

‘ 482 mm [18.98in]

[18.981in]
* 450 mm
‘ * [17.72in]
132.5 mm 58.5‘ mm
[522in ] [23in] § -
| FRONT VIEW I o R i
* * 136.5 mm 58.5 mm
i [5:37in] CUT OUT DIMENSIONS [23in]
N FOR RACK MOUNTING #
132.5 mm .
5.22in
SIDE VIEW ( ‘ ] ©8 mm
13 mm 374.5mm 1 —
[0-51 '"] [14.741in]

Where innovation leads to success
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LDPMS ek

PRESSURE MONITORING SYSTEM

The LDPMS is a stand-alone pressure
monitoring system design to monitor the
pressure of a gas source. It can monitor
up to 2 gas sources simultaneously and
generate an independent low-pressure
alarm when the pressure level of a source
is below its setpoint. If the pressure level
for both sources is below the setpoint, a
second alarm is generated, and a buzzer
is activated. The pressure sensors use
are heavy duty series operating from a
low-pressure range of 0-50psig(0-6bar)
up to 0-8000psig(0-550bar).

(7]
-
Q
=
Q
(=)
o
o
=
N

APPLICATIONS:

e Industrial / medical / laboratory Gas detectors

* Gas chromatography e Compressors
e Gas cylinders * Hydraulics
* Gas analysers * Oil and gas
www.ldetek.com Where innovation leads to success
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SPECIFICATIONS

HIGH PRESSURE RANGE MODEL
(DEFAULT)

LOW PRESSURE RANGE MODEL
(DEFAULT)

PRESSURE SENSOR MATERIAL

PRESSURE SENSOR GAS
CONNECTION (DEFAULT)

PRESSURE SENSOR RATED
ACCURACY

OPERATING VOLTAGE
OPERATING CURRENT
OPERATING FREQUENCY
RELAY OUTPUTS (4X)

COMMUNICATION
OPERATING TEMPERATURE

OPERATING TEMPERATURE FOR
PRESSURE SENSORS

DIMENSIONS

0-3000 psig (0-350 bar)
other ranges available on request from scale 0-1000 psig (0-160 bar) to 0-8000 psig (0-550 bar)

0-200 psig (0-25 bar)
other ranges available on request from scale 0-50 psig (0-6 bar) to 0-500 psig (0-100 bar)

Stainless Steel with media-isolated metal diaphragm
Y4 NPT

other gas connection type available on request
IP65

+/- 0.25% full scale

85 ~ 264 VAC

<0.1A

50-60Hz

Dry contact N.O & N.C « Relay 1: Status system working

* Relay 2: Source 1 low pressure alarm
* Relay 3: Source 2 low pressure alarm
* Relay 4: Source 1&2 low pressure alarm with buzzer

Serial port RS232 with Modbus RTU (male DB9 connector)
-20°Cto 70°C (-4°F to 158°F)
-40°Cto 125°C (-40°F to 257 °F)

Where innovation leads to success
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TYPICAL INSTALLATION

Installation on a switchover system to monitor the pressures and then maintain the carrier gas on a gas chromatograph system.

ORDERING INFORMATION

HP: High pressure (0-3000psig) NP4: NPT 1/4
LP: Low pressure (0-200psig) NP8: NPT 1/8
NP2: NPT 1/2
www.ldetek.com Where innovation leads to success
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LDASS ek

AUTOMATIC SWITCHOVER SYSTEM

High performance analytical instruments
require high purity gas supplies. Our ultra
high purity switchover system and valves
series are especially designed for trace im-
purities analytical devices.

The LDASS (automatic switchover system)
series is specially designed to provide
continuous gas flow from two(by default)
high pressure sources with possibility to
g0 up to 6 gas sources with our multi-ports
Stainless Steel manifold design.

Diffusion-resistant metal diaphragm seal
ensures gas purity and integrity. Mounting
bracket is standard and internal parts are
stainless steel 316L and suitable for cy-
linder gas, bulk gas line, mixed gas or any
other type of gaseous mixtures.

A purging valve is mounted on the mul-
ti-ports manifold to be able to purge inde-
pendently each gas source on each side
of the switchover system. This ensures the
purity integrity of the gas supplied to the
analytical devices.
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Aretaining whipsafe steel cable is attached
individually to each flexible hose and by
both extremities to secure the brained
hoses fixing.

Where innovation leads to success www.ldetek.com
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TYPICAL INSTALLATION

Automatic switchover system (mounted with 2 bottles and the
whipsafe cable system). The multiport manifold can accept
up to 6 bottles and/or pressure sensors with a standard
purged valve.

SPECIFICATIONS
PORTS %2 FNPT
LEAK RATE CERTIFICATION 2 x 10-8 atm cc/sec Helium
BODY MATERIAL Stainless Steel 316L
DIAPHRAGM Stainless Steel 316L
MAIN VALVE Stainless Steel 316L
VALVE SPRING Stainless Steel 316L
VALVE SEAT Teflon
MAX INLET PRESSURE 3500psig (238bar)
MAX OUTLET PRESSURE 145psig (10bar)
OPERATING TEMPERATURE -40°Cto +70°C (-40°F-+158°F)
FLOW CAPACITY Cv 0.06
FLEXIBLE HOSES Each flexible hose is one-meter Brained Stainless Steel with CGA580 ends with lok-filters and
check valves*
OPTIONAL Pressure monitoring system (LDPMS) **
OPTIONAL Number of gas inlet sources(bottles): Can be 2 or 4 or 6 flexible hose kits with whipsafe steel cables

*The end lok-filters avoid the flexible hose the get contaminated with particles and air when changing for a new filled bottle. A safety additional check valve is mounted
on the flexible hose to avoid back flow from the full bottle source. The CGA model can be replaced by another model on request. Each brained flexible hose comes
attached with a whipsafe steel cable system.

**An optional pressure sensor can be mounted on each side of the switchover system, then when one bottle get below the accepted pressure limit, an alarm output is
activated. Our LDPMS pressure monitoring system is recommended.

www.ldetek.com Where innovation leads to success
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2.0 PRODUCTS

DIMENSIONS

Maounting Hale
Hecommanded M g
Using M8 of 1/4° Screw Scrow Sire :\?Mé)g:m I__&Q_,LS
— . L
3 -
-]
CUTLET BUTLET
14T FNAT 14" FNPT o
@
o
3 110.0
o
B
ol I .
© |
510 |
| 950
- | 105.0
. _ 2150
| 95.0 |
120.0
ORDERING INFORMATION
LDASS |S | 010 | NP4 E | XXX E | LDPMS
Series Body material | Max outlet pressure | In/Out ports size | Number of CGA type Hose length Options
gas sources
(bottles)
Standard | S: Stainless 010: 1-10 bar NP4: Y2 FNPT 2: 2 flexible 580: CGA580 1: 1 meter LDPMS:
inlet steel 316L (1-145 psig) hoses with Pressure
pressure whipsafe 350: CGA350 a: special length monitoring
up to required to be system with
3500psig 4; 4 flexible ABC: special specified on order | alarm module
(238bar) hoses with request to be with 2 pressure
whipsafe specified on sensors
order
6: 6 flexible
hoses with
whipsafe
Where innovation leads to success www.ldetek.com
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LINE PRESSURE 5
REGULATORS LDetek
& SHUT OFF VALVES

LDPRR

PRESSURE REGULATOR SERIES

The LDPRR pressure regulator series is the pressure reducing regulator designed to use at the special
manufacturing line of ultrahigh pure semi-conductors, bulk gas lines, and other facility lines. In order to
use at the semi-conductor hook-up line, regulator’s internal surface is treated to the level of E.P. 10Ra, 5Ra
under B. A. grade. A special locking-plate system has developed and applied. All the process assembly,
welding, testing and washing of this series is carried out and thoroughly managed in clean room.
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Developed push and lock type handle which completely prevents the self-change of pre-set value which
can be caused by the vibration from outside or minute vibration at the gas pipeline. You can prevent the
self-changing of preset value just by pushing the handle and reset the value freely by drawing the handle.

www.ldetek.com Where innovation leads to success
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2.0 PRODUCTS

FUNCTIONAL SCHEMATIC

%
o (8 rvee
ADNSTING SCREW
*
o
LOAD SPFgNG
SO NN — A BONNET
CONVOLUTED
PAPIAGH E LOCKING PLATE
WALVE SEAT
_____ = X _Vu'_i\ll.\'i_
VALVE SPRAPNG
OUTLET ‘ . INLET
CHOKE OF - MOUNTING
BOOY TYPES = HOLES®)
DIMENSIONS
ON ) A
CONTROL KNOB
PUSH and LOCK TYPE
* i R
OFF
PANEL NUT OPTIONAL ‘0\5'
PART #072-PM NUT =
il & T f
Cut=rm —
E E 'G)nrrr
= -
[=]
(=]
©
e 50 ]
le 94 :1.0mm
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SPECIFICATIONS

VCR TYPE REGULATOR

DESIGNED FOR SEMICONDUCTOR APPLICATIONS

INTERNAL SURFACES B. A. GRADETOE. P. 10 RA, 5 RA

ALL PERFORMED IN CLASS 100 AND CLASS 10 CLEAN-ROOMS
THREADLESS TYPE

LOCKING-PLATE SEAL SYSTEM

ORDERING INFORMATION

Series Body Max outlet Diaphragm | Max inlet
material pressure material pressure

Pressure B: 100: S: H:

reducing Electropolish | 0.1-7 bar Stainless 3500 psig

regulator for Stainless (1-100 psig) Steel 316L | (238 bar)

Ultra high steel 316L

purity series 10Ra

rated for

semiconductor

www.ldetek.com

Seat
material

P:
PCTFE

Flow capacity Inlet/Outlet | Gauge

ports size
S: 4MS: G1S:
Cv 0.06 4 Male VCR Gauge V4"
standard inlet/outlet installed

0-3000 psig, ¥4

Where innovation leads to success
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2.0 PRODUCTS

LDMSV

ULTRA HIGH PURITY MIANUAL SHUT OFF VALVE

The LDMSV manual diaphragm shutoff valve series is specially designed for ultra high purity applica-
tions where sub ppb detection and trace analysis are required. This manual shut off valve can be
mounted upfront the analytical devices/sensors or used for isolation/bypass lines mounted with puri-
fiers/traps. They are also perfect to be mounted on the pressure regulators outlets and the sampling
systems. Having a ¥4 turn handle which interact on a diaphragm sealing makes it ideal for quick and
precise shutoff without dead volume or leakage. The body is made of Stainless Steel 316L welded,
and connections are face seal ¥4 type to ensure the purity level.

SPECIFICATIONS
PRESSURE RATING Vacuum to 290 psig (20 bar)
TEMPERATURE RATING -9.4°F ~ 149°F (-23°C ~ 65°C)
FLOW COEFFICIENT 0.60
BODY MATERIAL SS316L
DIAPHRAGM MATERIAL Ni-Co Alloy
HANDLE MATERIAL Aluminum (Blue)
Handle shape provides visual identification of OPEN and CLOSED positions
Where innovation leads to success www.ldetek.com
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DIMENSIONS

1497 (7.8 men)
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417 (106 mm)
ORDERING INFORMATION
LDMSV 's | 4Fs
Series Body material Inlet/Outlet ports size
Y turn diaphragm shutoff S: Electropolish Stainless 4FS:
valve for Ultra high purity rated | steel 316L Y4 Female VCR inlet/outlet
for semiconductor
[72)
=
(S}
=
(=]
o
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Q
N
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2.0 PRODUCTS

LDPSV

ULTRA HIGH PURITY PNEUMATIC SHUT OFF VALVE

The pneumatic diaphragm shutoff valve series is specially designed for ultra high purity applications
where sub ppb detection and trace analysis are required. This pneumatic shut off valve can be mounted
upfront the analytical devices/sensors or used for isolation/bypass lines mounted with purifiers/traps.
They are also perfect to be mounted on the pressure regulators outlets and the sampling systems. Having
a pneumatic actuation which interact on a diaphragm sealing makes it ideal for quick and precise shutoff
without dead volume or leakage for remote applications. Ideal for stream selector systems to be controlled
remotely. The body is made of Stainless Steel 316L welded, and connections are face seal % type to
ensure the purity level. The valve can be configured with normally open or normally close position.

SPECIFICATIONS

PRESSURE RATING
TEMPERATURE RATING
FLOW COEFFICIENT
PORT POSITION

BODY MATERIAL

FULLY SWEPT FLOW PATH

FULLY CONTAINED PCTFE
SEAT DESIGN PROVIDES:

250 psig (17.2 bar)

-10 to 160°F (-23 to 65°C)

0.27

NC or NO

SS316L for Ultrahigh Purity Applications

Minimizes Entrapment Areas and Maximizes Flow Capacity

* Qutstanding Resistance to Swelling and Contamination e Minimal Particle Generation
* Improved Helium Leak Test Performance * Long Cycle Life

DIAPHRAGM * Excellent in Strength and Corrosion Resistance
* Optimal Design for Long Cycle Life
Where innovation leads to success www.ldetek.com
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DIMENSIONS

3.26" (82 7mm)

— Ll s ] -t
row i) {- A | ._'; -‘a
17K 14 g ek
\ A
278" (70.6mwn)
1 4-M5 TAPG
— -

ORDERING INFORMATION

LDPSV E | 4Fs | NC/NO

Series Body material Inlet/Outlet ports size Port position

Ya turn pneumatic diaphragm | S: Electropolish Stainless 4FS: NC:

shutoff valve for Ultra high steel 316L % Female VCR inlet/outlet Normally close position
purity rated for semiconductor NO:

Normally open position

www.ldetek.com Where innovation leads to success
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2.0 PRODUCTS

PST

PROCESSSENSING | | [T

A PST BRAND

COMPRESSION TUBE FITTINGS

FEATURES TYPICAL APPLICATIONS
* 316L Stainless Steel * Gas chromatography
* Clean for UHP gas chromatography applications * Gas analyser instruments
* No dead volume design * Sampling system
e Optional surface treatment available * Flow & pressure

HOW DOES IT WORK?

Pilot zone

Male Ferrule
Nut Body Sealing point

(ferrule seat)

The tube is inserted in a male nut and a ferrule into the body of the fitting until the tube reach the pilot zone. The tube won’t fully
penetrate the pilot zone as other type of fittings does. This particularity here allows to avoid the risk of tube swelling. Such phenomenon
regulary happens with other type of compression fittings, resulting in difficulties of extracting the tube once it is tighten. By having its
sealing point located at the right point on the yube, it makes a kind of sealing cut on the tube which gives an unsurpassed type of
sealing. At the same time than the cut happens to seal on the tube by the inner side of the ferrule, the outer side of the ferrule seals
the gap on the body of the fitting. The male nut here push on the ferrule in a linear direction allowing the ferrule to not turn on the tube
and then damage its seat.

Combined with a rigourous machining & cleaning quality, this series of fittings are unbeatable when measuring trace impurities is
required for the gas analysis industries.

Where innovation leads to success www.ldetek.com
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UNIONS & FILTERING UNIONS

PART NUMBER TUBE OD SIZE (INCH) MATERIAL OPTIONS
LDU-1/16-SS 1/16 Stainless Steel n/a

LDU-1/16-SS-10u 1/16 Stainless Steel 10 micron press in filter
LDU-1/16-SS-SC 1/16 Stainless Steel Sulfinert coating

REDUCING UNIONS
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PART NUMBER TUBE OD SIZE (INCH) TUBE OD SIZE (INCH) MATERIAL OPTIONS

LDRU-1/8 to 1/16-SS 1/8 1/16 Stainless Steel n/a

LDRU-1/8 to 1/16-SS-10U  1/8 1/16 Stainless Steel 10 micron press in filter

LDRU-1/8 to 1/16-SS-SC 1/8 1/16 Stainless Steel Sulfinert coating
www.ldetek.com Where innovation leads to success
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2.0 PRODUCTS

CROSSES

D 984
1 | 9 11 1 l
| C) L—@MJ
PART NUMBER TUBE OD SIZE (INCH) MATERIAL OPTIONS
LDC-1/16-SS 1/16 Stainless Steel n/a
LDC-1/16-SS-SC 1/16 Stainless Steel Sulfinert coating
TEES
@ .984
[ | '
oo/
PART NUMBER TUBE OD SIZE (INCH) MATERIAL OPTIONS
LDT-1/16-SS 1/16 Stainless Steel n/a
LDT-1/16-SS-SC 1/16 Stainless Steel Sulfinert coating
Where innovation leads to success www.ldetek.com
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SHORT NUTS

2 W
o
[=]
is! 0,440
PART NUMBER TUBE OD SIZE (INCH) MATERIAL OPTIONS
LDSN-1/16-SS 1/16 Stainless Steel n/a
LDSN-1/16-SS-SC 1/16 Stainless Steel Sulfinert coating
LDSN-1/8-SS 1/8 Stainless Steel n/a
LDSN-1/8-SS-SC 1/8 Stainless Steel Sulfinert coating
FERRULES
3 o
= )
S 0,182 “IF ‘2" =
(=]
o
o
o
Q
o
PART NUMBER TUBE OD SIZE (INCH) MATERIAL OPTIONS
LDF-1/16-SS 1/16 Stainless Steel n/a
LDF-1/16-SS-SC 1/16 Stainless Steel Sulfinert coating
LDF-1/8-SS 1/8 Stainless Steel n/a
LDF-1/8-SS-SC 1/8 Stainless Steel Sulfinert coating
www.ldetek.com Where innovation leads to success
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2.0 PRODUCTS

LONG NUTS

0,750

$0.066

PART NUMBER TUBE OD SIZE (INCH) MATERIAL OPTIONS

LDLN-1/16-SS 1/16 Stainless Steel n/a

LDLN-1/16-SS-SC 1/16 Stainless Steel Sulfinert coating
CAPS

[ Nt
D88
T T
M
500
PART NUMBER TUBE 0D SIZE (INCH) MATERIAL OPTIONS
LDC-1/16-SS 1/16 Stainless Steel n/a
Where innovation leads to success www.ldetek.com
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PLUGS

I 756 |

PART NUMBER TUBE 0D SIZE (INCH) MATERIAL OPTIONS
LDP-1/16-SS 1/16 Stainless Steel n/a
LDP-1/16-SS-SC 1/16 Stainless Steel Sulfinert coating

ADAPTER 10-32

| 2
(&)
I 500 g
o
[+ 4
o
Q
N
PART NUMBER TUBE OD SIZE (INCH) MATERIAL OPTIONS
LDA1032-1/16-SS 1/16 Stainless Steel n/a
LDA1032-1/16-SS-SC 1/16 Stainless Steel Sulfinert coating
www.ldetek.com Where innovation leads to success
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2.0 PRODUCTS

ADAPTER NPT

@047 i
500
PART NUMBER NPT SIZE (INCH)
LDANPT-1/8-1/16-SS 1/8

LDANPT-1/8-1/16-SS-SC 1/8

Where innovation leads to success

TUBE OD SIZE (INCH)
1/16
1/16

MATERIAL

Stainless Steel

Stainless Steel

OPTIONS
n/a

Sulfinert coating

www.ldetek.com
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3.0 APPLICATION NOTE

3.1 ENVIRONMENT

3.0 APPLICATION NOTES
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APPLICATION NOTE 9

LD12'01 I_IS;reK

Greenhouse analysis with the PlasmaDetek

The popularity to measure greenhouse gases (CH4, CO2 and N20) has increased considerably in the
last years with the global warming concerns. Chromatography is the well known technique to measure
them and different detectors are used to achieve this task. This application note will explain how
we can effectively do it with a simple gas chromatograph configuration involving the PlasmaDetek
detector.

PLASMADETEK CONFIGURATION:

The PlasmaDetek has the advantage that it can be configured
to be more sensitive on some compounds than the others. This
selectivity configuration helps the chromatography to be more
effective and easier to setup.

For this application, the detector system is configured to be
selective on all three impurities with two dedicated outputs signal:

e Output 1: N20
e Output 2 : CH4 and C02 A PlasmaDetek detector

CHROMATOGRAPHY CONFIGURATION:

Typical configuration to make such measurement requires methanizer, FID and ECD detectors, H2 Fuel, make up gas and air supply.

COLUMN1

Figure 1: Typical configuration
for greenhouse measurement

CARRIER

SAMPLE INLET

SAMPLE OUTLET

MICRO
ECD

ZNAINT0D

FID

YIZINVHLIW

VENT2 \\/ CARRIER
FID H2
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WIith the PlasmaDetek, only
one detector can be used to
measure CH4, CO2 and N20in
air. All three components elute
in the same detector. That
reduces cost and complexity
of the system.

Another advantage is the use
of argon or helium as carrier
gas. Both carriers are suita-
ble and give the performance
desired.

SAMPLE OUTLET

SAMPLE INLET

~TEE

CARRIER INLET

ORIFICE = COLUMN

VENT 1

COLUMN1 ORIFICE = COLUMN3

SAMPLE OUTLET

............ PLASMA

N
COLUMN3 VENTS
out2

VENT4

SAMPLE INLET

TEE

CARRIER INLET

VALVE 2

ORIFICE = COLUMN 1
Figure 2: PlasmaDetek configuration for

greenhouse measurement

VENT2 L rovoow
COLUMN 2

Valve 1 is used for CH4 and CO2 measurement. The backflush to vent configuration vents out water from the sample with a HayeSep
D 100/120 10’(column 1). Valve 3 is used to vent out air before going to the other HayeSep D 100/120 10’(column 3). This second
column separates CH4 and CO2 from the remaining air.

Valve 2 is also configured in a backflush to vent with a HayeSep D 100/120 10’(column 2). A different sampling loop size is used to
be able to measure N20. Valve 3 is used to vent out air and CO2. N20 is then brought to the detector by itself and can be measured

in very low concentration.

RESULTS AND PERFORMANCE:

1190

990 CH4

790

590

mV

390

190

L

N20

co2

Figure 3 shows the chromatogram obtai- ned
with the LDetek configuration descri- bed
above, with a 8 ppm CH4, 50 ppm CO2 and
10 ppm N20 standard. This result was used to
calculate the LOQ and LOD of each compounds
shown in figure 4.

0 2 4

Figure 3: 8 ppm CH,, 50 ppm CO, and 10 ppm N_O in helium

www.ldetek.com
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COMPONENT CONCENTATION PEAK HEIGHT NOISE S/N LOD (ppb) LOQ (ppb)
S/N=3 S/N=5
CH, 8 ppm 965 mV 0.04 mV 24125 1 1.65
COo, 50 ppm 143 mV 0.04 mv 3575 42 70
N,O 10 ppm 671 mV 0.04 mV 16775 1.8 3
Figure 4: LOQ and LOD calculation
oo | All three components are measured
without interference in air providing
o accurate and very sensitive
noo | 395 ppm €Oz 0n geie“t‘” detection. The LOD of N,O ensures
Detector o that its measurement in air is
Output #1 change )
detected easily.
990
Those results and performances
250 | depend on the chromatographic
z = N,O on system and conditions of operation.
Detector
550 | * / Output #2
390 10 s B
CH4
1.8 ppm

190 30X
Nzo
301 ppb

Figure 5: CH4, CO2 and N20 in ambient air
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CONCLUSION:

This technique is simple and cost effective compared to the most common configurations that can be found on the market. No make-
up gas, fuel, air, FID and ECD radioactive detector are required to make this measurement. Only one PlasmaDetek detector with two
outputs using argon or helium as carrier gas can be used to achieve level of sensitivity needed. The ease of installation and startup of
the PlasmaDetek makes it perfectly suitable for this environmental application.

Where innovation leads to success www.ldetek.com
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APPLICATION NOTE 9

L D 15'03 I_Iggrela

Measurement of part per billion N20 in air

MUH‘}D@T-%“
=

MultiDetek2 A

With the global warming concerns, itis more and more critical to measure the nitrous oxide (N20) concentration
in the ambient air. This application note will demonstrate how efficient the use of the PlasmaDetek-E is for the
measurement of extremely low concentration of N20 in ambient air without interference.
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LDETEK SOLUTION:

It is well known that the measurement of N20 can be achieved with different kinds of detectors using specific chromatography
techniques. The ECD, HID and conventional PED are the mostly used type of detectors for this greenhouse application. The radioactive
source coming from the ECD makes this detector less attractive due to the latest worldwide regulations about

radioactivity, even for low source of radioactivity. The HID and conventional PED are relatively )
good detectors for such analysis, but create more chromatography challenges caused by lack

of selectivity and sensitivity. With the LDetek PlasmaDetek-E, the enhanced sensitivity and L & =
selectivity make it the ideal tool for measuring extremely low concentration N,O in ambient i <X

air with reduced interference mostly coming from the high concentration carbon v%\ea %\\@

dioxide and moisture. Q™ Q’
The improved operation’s mode and the optical design of the PlasmaDetek-E @ S
combined with right chromatography configuration in the MultiDetek-2 compact GC

remove the interference usually coming from the carbon dioxide and moisture.

The MultiDetek-2 system is configured with one injection diaphragm valve V1, which is used - A PiasmaDetekE
for injecting the sampling volume into the chromatography system. A first packed Shincarbon *Patent pending
column is combined with a heartcut diaphragm valve V2 and a second packed Shincarbon N

column to catch the desired N20 peak and flush to vent the undesired interference gases. The N20

peak is then going to the PlasmaDetek-E where proper analysis is performed.

www.ldetek.com Where innovation leads to success
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This combination makes it ideal to measure extremely low concentration N20 in air without having the N20 peak integrated in the high
concentration CO2 tailing. This technique has been tested up to 5000ppm CO2 for measuring as low as 1ppb N20 as demonstrated
in the chromatograms.

The MultiDetek-2 can be configured with different sampling mode to get the sample gas ready for analysis. The drawing of this
application note shows the use of a micro pump that is mounted just before the sampling loop. The pump is fully controlled from the
software interface and can be switched On/Off adequately for a specific period of time to allow proper sample gas quantity going to the
sampling loop mounted on the diaphragm valve V1. This way, the loop is filled just before running an analysis. This technique allows to
minimize the sample gas volume required for analysis since in many cases, the sample gas comes from bags, balloons, canisters or
others. It is then critical to minimize the sample gas volume for every analysis.

An optional sample line purge system can also be added to the sampling mode of the MultiDetek-2. This system uses the carrier gas
to purge the sample line prior to pump the sample gas from its source. This way, the sample flow path and sampling loop are totally
purged with N20 free gas since the carrier gas used as purge gas comes from the heated LDetek, model LDP1000 getter that removes
N20 down to 0.01ppb level.

The MultiDetek-2 can also have an injector system with septum for syringe injection mode. The system is directly mounted on the
injection diaphragm valve V1.

CARRIER ORIFICE1
INLET AV
PLASMA 1
PACKED OVEN2
SHINCARBON |
PACKED A
SHINCARBON ~ [OPTICT:N2Q
ﬂﬁ£¥E ORIFICE2
SAMPLE
VENT
CARRIER
VENT
DETECTOR
VENT

MultiDetek-2 configuration diagram 1: V1 position OFF: Filling sampling loop
V2 position OFF: Catches N2 peak from the first packed Shincarbon in oven #1 to the second packed Shincarbon in oven #2

CARRIER ORIFICE1
INLET \
PLASMA 1
OVEN2
/TR |
PACKED _
SHINCARBON  [OPTIC1:N20)
SAMPLE
TLEL N C‘)’EIFICE2
SAMPLE
VENT
CARRIER
VENT
DETECTOR
VENT

MultiDetek-2 configuration diagram 2: V1 position ON: Injecting sampling loop

V2 position ON: Flushes to vent the interference gases (air, carbon dioxide, moisture and others) coming out from the first

packed Shincarbon in oven #1

Where innovation leads to success
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RESULTS: Low ppb Chromatogram examples

Chromatogram 1:
140ppb N20 in air

onse
=
g
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T T ¥ ¥ T T

100 200 300 400 500 600 700 800 900 1000
Time (seconds)

15004

14004 Chromatogram 2:
- 7ppb N20 in air

Respanse (myv)
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Chromatogram 3:
1ppb N20 in air

NZO

TT 1T TP [TrT °T 1 TF7 T 710 7107
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T F T T j

T T ¥

100 200 300 400 500 600 700 800 Q0o 1000
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LDL calculation:

COMPONENT CONCENTRATION PEAK HEIGHT NOISE LDL (3x NOISE)
N,O 1ppb 6 mV 0.2 mV 0.1 ppb

Note: other LDL could be obtained with different injection volume and chromatographic conditions

CONCLUSION:

With its user-friendly interface and the simple configuration of this compact GC, the MultiDetek-2 is a perfect fit for this greenhouse
application. The enhanced sensitivity and selectivity of the PlasmaDetek-E allow extreme low limits of detection. This new measurement
technique combined with the integrated purged low volume sampling gas system brings this technology over the existing conventional
measurement methods and systems.
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APPLICATION NOTE 9

LD16-01 | Detek

Air analysis using the
MultiDetek2 and PlasmaDetek2

Mt ngTPk?_
| - r

A MultiDetek2 A PlasmaDetek2

LDETEK SOLUTION:

The air analysis for environmental applications is more and more required in different regions of the world. In this application note, the
trace analysis of acids, sulfurs and nitrous oxide has been combined in one single compact instrument using one detection technology
based on plasma emission (PlasmaDetek2). The MultiDetek2 compact GC has been configured with parallel channels to achieve
the measurement at low ppb level for the different impurities. The sample collection can be performed with micro pump for ambient
pressure application or bags, with a proportional micro valve for positive pressure application to control flow rate or with our auto
injector headspace for vials. The MultiDetek2 was built using heated zones to avoid cold points between the columns and the plasma
detector. The detector, valves, fittings and tubing are made of coated stainless steel to avoid surface adsorption. This ensures good
sensitivity and repeatability measuring impurities.

5000 E
4500
4000
_ 3500
= E
E 3000L Acstic
. E
@ 2500
o E
§2CIUU—; f— Hzs cos o Figure 1:
o E
1500E Chromatogram of trace
1000-E ¢ e M _— impurities in balance air
500
U:\II\\\II\III\III\\III\\I\\\I\\\\I\\\II\III\\I

100 200 300 400 500 600 700 800 900 1000 1100
Time (seconds)
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COMPONENT CONCENTRATION PEAK HEIGHT NOISE LDL (3x NoISE)

Acetic acid 0.27 ppm 2850 mV 36 mV 0.010 ppm
Formic acid 0.20 ppm 1785 mV 46 mV 0.015 ppm
H2S 3.00 ppm 1860 mV 1.6 mV 0.008 ppm
COSs 3.00 ppm 1870 mV 1.9 mV 0.009 ppm
N20 2.30 ppm 1595 mV 0.4 mV 0.001 ppm

Note: other LDL could be obtained with different injection volume and chromatographic conditions

Figure 2 : LDL based on 3 times noise ratio

r Y
Historic Values g
ne Acetic Formic H25 Cos N20 =
(2015 04:51:21 0.267 0.190 3.080 3.040 2.361
(2015 04:32:35 0,266 0.204 3.080 3.033 2.354 7
(2015 04: 13:50 0.265 0,190 3.071 3.037 2,361 (Iﬁ
(2015 03:55:04 0.263 0.224 3,096 3.037 2.354 5
(201503:17:33 0.264 0.189 3.080 3.040 2,345 4
(2015 02:40:02 0,266 0.178 3.072 3.028 2.338 E g
(201502:21:16 0.267 0.159 3.071 3.033 2.330 =
(2015 02:02:31 0. 263 0.190 3.064 3.028 2.325 g
(2015 01:43:45 0.268 0.189 3.059 3.025 2.330 E
(2015 01:24:59 0.269 0.186 3.054 3.018 2.330 | o
al| [201501:08:13 0,270 0.190 3.04 3.017 2.327 il :
(2015 00:47:27 0.271 0.178 3.042 3.014 2.329 M
(2015 00:28:41 0.271 0.178 3.039 3.018 2.327
| (2015 00:03:55 0.273 0.171 3.037 3.017 2,331 L
| L | il | Figure 3 :
[ — l [ — ] [ = ] [ - ] [ — ] Repeatability results

CONCLUSION:

Using a solution combining the PlasmaDetek 2 and the MultiDetek 2 is the best way to achieve sensitivity, robustness and speed in an
industrial or laboratory compact system for air analysis.
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APPLICATION NOTE 9

L D 16'13 nggreK

Measurement of Greenhouse gases GHG

A PlasmaDetek2

A MultiDetek2
A HT200H auto sampler

Energy (fossil fuel) and agriculture required for human activities on Earth produce Greenhouse gases
(GHG) such as Carbon Dioxide (CO2), Methane (CH4), Nitrous Oxide (N20) and Fluorinated gases mainly
Sulfur Hexafluoride (SF6). These gases tend to absorb infrared radiation emitted by the Earth surface
resulting to reduce the atmospheric heat loss into space and keeping Earth warmer.

The source of every GHG type is associated to different sectors resulting of human activities:

CO02 — Fossil fuel, industrial processes, forestry, land use for agriculture
CH4 — Agriculture, waste management, energy use, biomass burning
N20 — Agriculture (such as fertilizer use) and biomass burning

F-gases (SF6) — Industrial processes and refrigeration

For this reason, the Kyoto Protocol was established in 1997 by the industrialized countries with an objective to measure, control and
decrease the GHG in order to reduce the continuous global warming.
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Figures 1, 2 and 3 show some data that demonstrate the impact of human activities to increase the Greenhouse gases level worldwide.

50,000

40,000

30,000
Figure 1:

Global Greenhouse gas emissions by gas type,
2000 1990-2010
17 HFCs, PFCs, and SF,;

— :I'xﬁ:"“'e (Data sources WRI 2014, FAO 2014) *

111 Carbon dioxide

10,000

Emissions (million metrictons
of carbon dioxide equivalents)
2

1990 1995 2000 2005 2010

This figure shows worldwide emissions of carbon dioxide, methane, nitrous oxide and several fluorinated gases from 1990 to 2010. For
consistency, emissions are expressed in million metric tons of carbon dioxide equivalents. These totals include emissions and sinks
due to land-use change and forestry.

*HFCs are hydro fluorocarbons, PFCs are per fluorocarbons and SF6 is hexafluoride

50,000
- I
E% oo 1
-
£ 5 =] (7]
33 — =
E & 30,000 (=}
53 =
= 'g =
_E_ 5 20,000 11 Land-use change and forestry Figure 2: 9
£ 5 Waste Global Greenhouse gas emissions by sector, :‘.
5 2 W Industrial processes (&)
2% e B Agriculture 1990-2010 =
E - d W International transport &
M Energy (Data sources WRI 2014, FAO 2014) * <
o | o
1990 1995 2000 2005 2010 m

Year

This figure shows worldwide gas emissions by sector from 1990 to 2010.

35,000

Australia and Oceania

30,000
Latin America and the Caribbean

H

]

2 25000

b,

E 20,000

=]

= Figure 3:

£ 15000 - .
= Global Greenhouse gas emissions by regions,
& 10000 1990-2012

“

i

E

w

5,000 (Data sources WRI 2015) *

0
1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012

Year
This figure shows carbon dioxide emissions from 1990 to 2012 for different regions of the world.

1 Data and analysis come from the World Resources Institute’s Climate Analysis Indicators Tool (CAIT), which compiles data from peer reviewed and internationally recognized
greenhouse gas inventories developed by EPA and other government agencies worldwide.
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The well known technique to measure and quantify the GHG is Gas Chromatography. It can determine the rate of emission or absorption.
These rates are mainly measured using samples of soil, rice, maize or wheat from different areas. The measurement of ambient air is
also used. The worldwide GHG can then be better measured and controlled to facilitate the proper actions to be taken to reduce the
global warming.

ALTERNATIVE SOLUTION USING GAS CHROMATOGRAPH

The use of multiple detectors in a gas chromatography system is generally necessary to cover the greenhouse application.

A FID detector and a methanizer system for detection of trace impurities of Methane (CH4) and Carbon Dioxide (CO2). Such detector
requires Fuel (H2), Air and the carrier gas source to make it works.

An ECD detector to measure traces Nitrous Oxide (N20) and Sulfur Hexafluoride (SF6). This type of detector is a source of radioactivity
and results in complication for storage, handling and transport.

A TCD is also required for measuring high concentration Carbon Dioxide (CO2) when necessary.

Itis then a solution combining multiple types of detection technology which makes the system more complex to operate and increases
the operating cost.

OUR SOLUTION

Using the PlasmaDetek2 (PED) plasma detector and the MultiDetek2 compact gas chromatograph, the analysis of the most critical
trace impurities in air can be achieved in one unit with a single detection technology (PED).

By default, the configuration has 2 channels to cover the analysis of Methane, Carbon Dioxide, Nitrous Oxide and Sulfur Hexafluoride.
If additional options for the analysis of other impurities like fluorinated gases (F-gases) are required, then an additional channel still
using a Plasma Emission Detector can be added in the same instrument.

Channel#1: This channel measures 0-1000ppm Methane (CH4) and 0-5000ppm Carbon Dioxide (CO2) using the PlasmaDetek?2
(PED). Other measuring ranges can be configured. The system is protected against moisture using a pre column in back
flush to vent configuration.

Channel#2: 0-10ppm Sulfur Hexafluoride (SF6) and Nitrous Oxide (N20) still uses the PlasmaDetek2 (PED). Other ranges are also
possible. A pre column to protect the system against moisture is also used in this channel.

Channel#3 (optional): Analysis of other fluorinated gases (F-gases) that would still be using the PlasmaDetek2 (PED) as detector.

The sample preparation is managed by the HTA Headspace auto sampler system mounted on the MultiDetek2 GC. The auto sampler
tray configuration can be for 14 or 42 vials having size range of 10ml or 20ml depending of the application requirements. The oven
can accept 1 or 6 vials for heating and shaking in preparation of analysis. The auto sampler offers syringe auto cleaning and a purge
routine in between each sample collection. The syringe volume can be 2.5ml or 5ml depending of the application.

The Headspace can be controlled from its keypad, touch screen interface or from the software environment installed on an external PC
or in the integrated PC of the MultiDetek2.

The data management is done with the MultiDetek2 interface. The unit can be control locally from the MultiDetek2 touch screen
interface or remotely using LAN connectivity.
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RESULTS

Configuration Chromatogram  Settings  Calibration  Diagnostics  About Quit

_Chromatogram NS A T DB I
T89.090. 949.438 -

1800

i
ETF-
_J—

6004
1 1 I ] Lol 1 ] I I 11 1 ] Lol 1| Lol 1 ]
100 200 300 400 500 600 700
Time {seconds) -
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Figure 1:

oven Fow peak R [l Automate Restact 3 [startCycet || Exocet chromatogram of trace impurities in balance
Oven Carrier 1 30.0 mifmin CH4 2470 R2 Fl. . - g
Gaa ma  Bomes morkn oo mm 6 [ e | e air coming from a certified gas bottle.
Oven 55.9 Sample  21.6.mijmin SFE L08Sppm A1 —
Ovend S5.9 NXO 2448ppm R2 | Hestonic Value
Bl A Instrument Status:
HD2 449

Analysis in progress

For this application, a measuring range of 0-1000ppm was required for the CH4 with a LDL of 200ppb.

A measuring range of 0-5000ppm was required for the CO2 with a LDL of 500ppb.

A measuring range of 10ppm was required for the SF6 and N20 with a LDL of 20ppb.

The figure 2 shows a table where the LDL calculation was obtained with a noise/response ratio. It shows the system can achieve
better specifications than what was required for the application. Lower detection limits can be obtained with the same system just
by changing the injected sampling loop volume. An extended range with lower detection limit capabilities can be obtained with our

optional multiple sampling loop injection system.

It becomes possible to measure ppt/ppb/high ppm with the same detector in the same instrument.

COMPONENT CONCENTRATION PEAK HEIGHT NOISE LDL (3x NoISE)
CH4 24.710 ppm 331 mV 0.4 mV 89.6 ppb
Cc0o2 410.581 ppm 177 mV 0.06 mV 417.5 ppb
SF6 1.085 ppm 389 mV 1.6 mV 13.4 ppb
N20 2.648 ppm 479 mV 0.9 mV 14.9 ppb

Note: other LDL could be obtained with different injection volume and chromatographic condition

Figure 2

CONCLUSION

The combination of the PlasmaDetek?2 (PED) detector with the MultiDetek2 compact gas chromatograph and the HTA Headspace auto
sampler becomes an interesting reliable and robust solution for the laboratory requirements where Greenhouse (GHG) gases must be
measured.
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APPLICATION NOTE

LD19-06

VOCs measurement in the air

N/
b

L Delek

My 'DFNFJQ [

J

=

MultiDetek2 A

The analysis of indoor/outdoor air quality is becoming an important part of our day-to-day priorities due to the
increasing contaminant level caused by the industrial processes. The main contaminants to be controlled in the air
are the VOCs (volatile organic compounds).

VOCs are human-made contaminants used and produced in the processing of product manufacturing as paints,

adhesives, petroleum products, pharmaceuticals, and refrigerants. This includes emissions from automotive and
industrial activity among other sources.

This classification includes different compound groups with various structural characteristics and chemical properties:

» Halogenated hydrocarbons »> Acrylates
> Aromatics > Acetates
» Ketones » Ethers

» Nitriles > Sulfides

Many of these compounds contaminate our environment today. Acceptable exposure limits and regulations for the release of
VOCs to the environment are provided by the EPA and other regulatory bodies.

The most common technique used to detect, identify and quantitate VOC is gas chromatography coupled with an FID (flame
ionization detector).
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LDETEK SOLUTION

The MultiDetek2 compact GC, configured with one FID can offer multiple methods for the analysis of VOCs in the air. This document will
show the most common configuration for the air quality monitoring.

The first channel having an injection valve and an arrangement of columns is used for the analysis of trace CH4, NMHC and THC.
The second channel, having similar configuration of valve/column can be added for the analysis of BTEX when it is required. Both
channels merge in the FID for the analysis of the components. The diaphragm valves, the columns and the detector are mounted in
their respective isothermal heated area to maintain the temperature and the reading stable.

By default, the system comes with a choice of 2 pre-configured/calibrated methods:

Method 1 — Trace CH4-NMIHC-THC in the air
Method 2 — Trace CH4-NMHC-THC-benzene-toluene-xylenes in the air

RESULTS

This chromatogram represents the method 2 analysis. It has been performed using a certified gas bottle containing 12105mg/NM3 CH4,
93.7mg/NM3 benzene, 95.3mg/NM3 toluene and 96mg/NM3 xylenes in a balance of air. The response time for complete analysis
of VOC + BTEX is below 4 minutes. The NMHC are calculated and offered when required. The results for the method 1 are the same,
except that the measured impurities are CH4-NMHC-THC only. The analysis time is then reduced to 1 minute for the method 1.

(2]

Ll

o

PEAK UNIT CALIBRATION VALUE _AREA COUNTS ;

CH4 mg/Nm3 105.00 15784 E

THC mg/Nm3 105.00 1837 S

Benzene mg/Nm3 93.70 13519 E

Toluene mg/Nm3 95.30 17703 <

(=)

Xylenes mg/Nm3 96.00 78188 (]
5000
4500
4000
35001
Z 3000
® =
2 2500
g =
& 2000
o -
1500
1000
500

0 = | (o | 1 1 | 1 1 1 1 1 | |- ! | ] | 1 ¢t | 1 1 | 1 1 | Il |
20 40 60 80 100 120 140 160 180 200
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LIMIT OF DETECTION

Running at low concentration, the Idl value is identified as being 3 times the noise level. Refer to the chromatograms and chart below.

COMPONENT
THC

CH4
Benzene
Toluene

Xylenes

CONCENTRATION
1.0mg/NM3

0.225mg/NM3
0.332mg/NM3
0.338mg/NM3

0.176mg/NM3

PEAK HEIGHT

12mV 0.2mV
5.5mV 0.4mVv
7.5mV 0.3mV
6.9mV 0.25mV
15mV 1.5mV

Note: other LDL could be obtained with different injection volume and chromatographic condition

NOISE AVERAGE

LDL (3x NOISE)
0.050mg/NM3

0.049mg/NM3
0.040mg/NM3
0.037mg/NM3

0.053mg/NM3

LOW CONCENTRATION CHROMATOGRAM

THC: 1.5mg/NM3

NOISE BASELINE IDENTIFICATION

1014

10124

[Eegend])

[Cesnd]
1010+
1008
Frons
&
510044
&
‘glonz-
998
L L) L I S N ') i Pt [} [l [ |
8 &% &8 0 9 % L] e 1wz 04
Time (3)
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0.338mg/NM3

Toluene

1000.05

108 1m0 1"z 14 18 18 120 122 124
Time (3}

108

0.576mg/NM3

Xylenes

10015

P i

10104

S31ON NOILVYIITddV O°€

Time (s)

REPEATABILITY

x 3 < 5% for a series of consecutive analysis at a fix concentration in a balance gas of air has to be performed. Refer

A value of CV%

to the charts below.

Repeatability (CV% x 3)

0.59%

COMPONENTS

NMHC

0.58%

THC

46%

0

CH4

0.52%

Benzene

0.48%

Toluene

0.23%

Xylenes
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ANALYSES

Start NMHC THC CH4 Benzene Toluene Xylenes
2019-09-13 08:07 259.962 mg/Nm3 263.538 mg/Nm3 3.575 mg/Nm3 3.164 mg/Nm3 3.222 mg/Nm3 15.617 mg/Nm3
2019-09-13 08:03 258.758 mg/Nm3 262.330 mg/Nm3 3572mg/Nm3  3.166mg/Nm3  3.221 mg/Nm3 15.607 mg/Nm3
2019-09-13 08:00 258.895 mg/Nm3 262.466 mg/Nm3 3.570 mg/Nm3 3.169 mg/Nm3 3.218 mg/Nm3 15.601 mg/Nm3
2019-09-13 07:56 258.861 mg/Nm3 262.427 mg/Nm3 3.566 mg/Nm3 3.174 mg/Nm3 3.216 mg/Nm3 15.584 mg/Nm3
2019-09-13 07:53 259.375 mg/Nm3 262.943 mg/Nm3 3.568 mg/Nm3 3.174 mg/Nm3 3.216 mg/Nm3 15.583 mg/Nm3
2019-09-13 07:50 259.759 mg/Nm3 263.328 mg/Nm3 3.569 mg/Nm3 3.177 mg/Nm3 3.211 mg/Nm3 15.594 mg/Nm3
2019-09-13 07:46 259.381 mg/Nm3 262.952 mg/Nm3 3.571 mg/Nm3 3.182 mg/Nm3 3.206 mg/Nm3 15.580 mg/Nm3
2019-09-13 07:43 259.111 mg/Nm3 262.681 mg/Nm3 3.570 mg/Nm3 3.190 mg/Nm3 3.207 mg/Nm3 15.571 mg/Nm3
2019-09-13 07:39 259.326 mg/Nm3 262.899 mg/Nm3 3.573 mg/Nm3 3.190 mg/Nm3 3.209 mg/Nm3 15.561 mg/Nm3

o 2019-09-13 07:36 258.653 mg/Nm3 262.222 mg/Nm3 3.568 mg/Nm3 3.189 mg/Nm3 3.207 mg/Nm3 15.569 mg/Nm3

w

=

g Model : MultiDetek2

= Serial Number : MD2-67719

(=] Method : VOC + BTEX

=

<

Q

=

a

o

<

S

™

CONCLUSION

Using our MultiDetek2 GC combined with our FID, the air quality monitoring can be performed quickly using the well-known
international standards for the detection of VOCs. The unit design is compact, robust and offering all the standard industrial
communication protocols.
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APPLICATION NOTE

LD20-09

Trace hydrocarbons (THCs/VOCs)
with MultiDetek2 and FID

\ ¢
Mo

LDelek

A MultiDetek2

Measuring hydrocarbons using a flame ionization detector (FID) with the MultiDetek2 gas chromatograph instrument.

Combining our FID with our high performance adjustable amplification system, the measure of organics in low ppb up to high ppm
becomes an easy task. Our high performance sub femto amp. current amplifier with its filtrering stages ensure to achieve low sensitivity
by keeping the stability of the unit at the best level. Our module is built in a shielded encapsulated environment to offer the best
robustness and leaving the interferences away from the signal.

The FID/amplifier modules are mounted in our MultiDetek2 rackmount analyzer which is constructed for the industrial market.

The range of application can go from ASU for monitoring hydrocarbons in bulk gases to environmental applications for measuring VOCs
for indoor/outdoor ambient polluated air and industrial stacks.

The Multidetek 2 is providing all communication protocols used in the industry (Modbus, Profibus, RS-485, 4-20 mA, etc) to ensure
compatibility with any acquisition system.

www.ldetek.com Where innovation leads to success
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RESULTS:

Chromatograms:
Sample: 1000ppb CH4 Balance air

Historic Aug/25/2020 14:45:40
5000
o
4000
3500—3
o =
E 3000-"
2 =
52500—:
o =
220002
o z
1500-_
1000-
500
[} = 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
20 40 60 80 100 120 140 160 180 200
Time (s)
Historia Peak Results X )
_Area Retenti..  Height SensorAvg. SensorNo.. Peak Noise S
x THC 990.051 ppb 21200 26.3 2959.392 156.358 62.939

Sample: 500ppb CH4 Balance air

Historic Aug/25/2020 15:13:09

5000-_

4500--

4000-"

3500
gaooo-f
@ = THC
gzsoo-z >
o =
@2000-_
o =

1500~

1000-2

500"

0 = 1 1 L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 | K | 1
20 40 80 80 100 120 140 160 180 200
Time (s)
‘ His Peak Results X 69
‘ _Area Retenti..  Height SensorAvg. SensorNo.. Peak Noise Print
¥ THC 503.388 ppb 10779 263 1514452 156.040 75.260
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Peak Noise

0.491

Height SensorAvg. Sensor No...
156.159

Time (s)
Retenti...
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_Area
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Sample: 25ppb CH4 Balance air

Historic Augf25/2020 16:06:16

~

11504

1100+

ponselm\/]
o
g

1000
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P e

950

L O T T O ey e e O v U N I Y I O I

s 10 15 20 25 30 35 40 45 s0 55 0 3
Time (s) v

<
Hsnj Peak Results X [ 9

_Area Retenti.. Height SensorAvg. SensorNo.. Peak Noise II
———% THC 29.061 ppb  622.283 249  88.830 159.104 0.949 47467| L

Sample : 100ppb Benzene (C6H6) Balance air
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Historic Aug[25/2020 17:42:06

15004
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Sample : 10ppb Benzene (C6H6) Balance air

Historic

Aug/25[2020 17:56:

LA B A S B N B B R A R B R A A

Q00 p ot v b bR R R R R R R e b
T T T T

N NN

u T T T

s 10 15 20 25 30 35 40 45 <0 55
Tme (s)

Sample (blank) : Raw noise analysis

60 65 70

Historic Aug/25/2020 16:20:11
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Time (s) v
< >
His Peak Results X | [

_Area Retenti.. Height SensorAvg. SensorNo.. Peak Noise E
¥ THC 0.111 ppb 238112 29.9 1.866 158.128 0.336 16.792
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LDL:

COMPONENT CONCENTATION (ppb) PEAK HEIGHT (mV) NOISE (mV) LDL (3x Noise) (ppb)
THC/VOC by CH4 reference 100 316 16.79 15
THC/VOC by C6H6 reference 100 1788 16.79 3

Note: other LDL could be obtained with different injection volume and chromatographic condition

REPEATABILITY:
Description THC
JHistoric
= Tue, Aug-25-2020
11:21:07 126.137

l@ 11:20:01 126.258
S 11:18:56 125.468
S 11:17:51 124.010
g 11:16:46 123.230
E 11:15:41 126.643
<
o
o

Impurities THC/vVOC

Average (ppb) 125,291

Sigma o (ppb) 1.37

CV (%) 1.09

CV x 3 (%) 3.28

Status pass

Repeatability (%) 1

Using a series of 6 consecutive analysis, the repeatability conformity test must be below 5% considering a value of 3 times the
coeficient of variation (CV) to be accepted.

The repeatability % is obtained by applying the sigma of the 6 consecutive analysis on the average of these 6 same analysis.
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LINEARITY:
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CONCLUSION:

The MultiDetek?2 gas analyzer configured with its FID/amplification modules is a solution for a quick analysis (less than a minute) for
trace THC/VOCs in air. This type of instrument is simple and reliable. The equipment comes with a touchscreen panel PC interface with
all the standard industrial communication protocols. The unit can cover a wide range of analysis from low ppb up to high ppm what
is generally required for the analysis of the volatile organics(VOCs) in air for pollution monitoring. Different organics can be measured
depending of your application. Don’t hesitate to contact our experts to know more about it.

www.ldetek.com Where innovation leads to success
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APPLICATION NOTE 9

LD12'02 I_IS;reK

Analysis of permanent gases and light hydrocarbons
with the PlasmaDetek

The PlamaDetek is ideal to measure permanent gases and light hydrocarbons in different matrices.
Only one detector system is needed to accomplish this task. Such measurement is required in many
different applications field: industrial, petrochemical, energy, environmental, etc. The sensitivity, the
stability, the ease of start-up and installation make this system very attractive for any users.

PLASMADETEK CONFIGURATION:

The PlasmaDetek is configured with two outputs signal to be able
to detect all components. Both argon or helium carrier gas can
be used.

e Output 1: H2,C1to C4
* Output 2 : 02, N2, CO, CO2

No need of fuel, air, dopping gas, methanizer or other devices with
the system. This is a stand-alone detector system that requires Figure 1:
only carrier gas to make the measurement of each compound. A PlasmaDetek detector

CHROMATOGRAPHY CONFIGURATION:

To make the measurement of all components described above, figure 2 describes an easy configuration. Only one 10 ports injection
valve and one selection valve are used. One RT Molecular Sieve 5A 30m x 0.53mm(column 2) separates H2, 02, N2, CH4, CO before
being measured by the detector. The other column, a RT Alumina Bond 30m x 0.53mm x 10mm(column 1), does the same for the CO2
and C1 to C4.

PN * 1 x 10 ports injection valve
COLUMN 1 .
* 1 x 6 ports valve for channel selection

¢ 1 x RT Alumina Bond 30m x 0.53mm x 10mm
(column 1)

VenT1 « 1 X RT Molecular Sieve 5A 30m x 0.53mm
PLASMA >— (column 2)

SAMPLE OUTLET
outz || VENT? e Argon or helium carrier

* Carrier Flow : 4 cc/min
* Make-up : 60 cc/min
* Detector : PlasmaDetek two outputs

COLUMN 2

MAKE UP GAS

Figure 2: Plumbing configuration for H2,02,N2,CO, C1 to C4 in Helium or Argon

Where innovation leads to success www.ldetek.com
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RESULTS AND PERFORMANCE:

N2 Figure 3 shows the chromatogram obtained
from this configuration. The chromatograph uses
output 1 to measure H2 and the HC’s and output
2 for the others.

CH4

02

H2

Figure 3: 10ppm H2 - 02 - N2 - CH4 - CO - C2H6 - C2H4 - C3H8 - C3H6 - C2H2 - C4H8

COMPONENT CONCENTATION PEAK HEIGHT NOISE s/N LOD (ppb)  LOQ (ppb)
S/N=3 S/N=5 o
5 10 ppm 342 mV 0.039 mV 8769 3.4 5.7 E
R 10 ppm 450 mV 0.039 mVv 11538 2.6 4.3 ;
, 10 ppm 1142 mv 0.039 mv 29282 1.0 1.7 g
CH, 10 ppm 576 mV 0.039 mV 14769 2.5 4.1 o
co 10 ppm 282 mV 0.039 mV 7230 4.1 6.9 o
Csz 10 ppm 402 mV 0.039 mVv 10307 2.9 4.9 :
C,H, 10 ppm 330 mv 0.039 mv 8461 3.6 5.9 o
C,H, 10 ppm 442 mv 0.039 mV 11333 2.6 4.4
C?‘H6 10 ppm 426 mV 0.039 mV 10923 2.7 4.6
CZH2 10 ppm 274 mV 0.039 mVv 7025 4.3 71
C“H'3 10 ppm 366 mV 0.039 mV 9384 6.4 5.4

Figure 4: LOQ and LOD calculation

Figure 4 shows the performance of the PlasmaDetek for such components obtai- ned with the configuration described above. Those
results and performances depend on the chromatographic system and conditions of operation.

CONCLUSION:

With the PlasmaDetek, we can measure permanent gases and C1-C4 with only one detector. This is a very cost effective solution in
terms of gas supply, plumbing configuration and time consuming. The performance is indisputable. Application in ppb is now easy to
make with such configuration.

Selectivity on some impurities can also be configured in the PlasmaDetek to make Chromatography easier when working on different
background or focus on some impurities. Heavier hydrocarbons can also be measured. Please contact LDetek for more information.

www.ldetek.com Where innovation leads to success
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APPLICATION NOTE 9

LD12'03 I_IS;rEK

Analysis of argon in pure oxygen
with the PlasmaDetek and ArgoTek

The complexity of measuring argon as impurity in chromatography comes from the fact that typical columns on the
market do not separate argon and oxygen. Both elute at the same time making the analysis difficult in low concentration.
There are typical techniques for this measurement:

* Using an oxygen trap which involves regeneration procedure with H2 supply, maintenance, consumable and
complex chromatography system.

* Cryogenic configuration where columns need to be used in cold environment which involves complex manipulation.

* Using an online oxygen analyzer in parallel and substract the oxygen from the measurement of Ar+02. But this
requires a second analyzer and it is difficult to get an accurate measurement in low concentration.

But the combination of the PlasmaDetek and the ArgoTek column is the ideal solution to measure argon in ppt to %.

PLASMADETEK CONFIGURATION:

The PlasmaDetek is configured with one output signal to be
selective to argon. The detector system becomes more sensitive
to argon than oxygen by at least a factor of 10.

This is a stand-alone detector system that requires only helium
carrier gas to make the measurement. No need of doping gas or
other devices to make it selective to argon against oxygen.

A PlasmaDetek detector

CHROMATOGRAPHY CONFIGURATION:

This measurement is done by using a simple backflush to vent configuration. The ArgoTek (column 1) is used to separate the argon
from oxygen. The argon comes out first of the column and it is sent to the detector. When the argon is out of the ArgoTek, we simply
flush outside the oxygen.

SAMPLE OUTLET

SAMPLE INLET
* One PlasmaDetek selective to Argon
* Helium carrier gas:30cc/min
¢ 1 x 10 ports diaphragm valve

* 1 x Argotek column
@ ~ ¢ 1 x sampling loop: 20 pl

CARRIER INLET

Figure L Plumbing ORIFICE =COLUMN1 o
configuration for argon in ) PLASMA |—>—
pure oxygen VENT 1 VENT 2
COLUMN 1
Where innovation leads to success www.ldetek.com
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RESULTS AND PERFORMANCE:

200
Ar Figure 2 shows the chromatogram obtained from
this configuration. The low concentration of argon
impurity is easily separated from the oxygen bulk.
But more importantly, the selectivity of argon with
140 the detector, gives a better separation of the two
compounds, which allows a faster recovery time.

180

160

120
100
80
60

40

20
Bulk Oxygen
0

0 1 2 3 4 5 6 7 8 9 10

Figure 2: 1 ppm Argon in pure Oxygen
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COMPONENT CONCENTATION PEAK HEIGHT ~ NOISE S/N LOD (ppb)  LOQ (pph) g
S/N=3 S/N=5 <

Ar 1 ppm 180 mv 0.039 mv 4615 0,65 1 >

Figure 3: LOQ and LOD calculation

Figure 3 shows the performance of the system obtained with the configuration described above. This PlasmaDetek and ArgoTek
combination gives ppt limit of detection with no oxygen interference. Higher concentration, up to %, can be also measured by simply
changing the sample volume.

CONCLUSION:

Using the Argotek and PlasmaDetek combination, it becomes very easy to measure this compound compared to other available
technologies. This is a cost effective, maintenance free configuration and quick analysis technique avoiding consumables and
regeneration procedures that will reduce complexity of the chromatography system.

www.ldetek.com Where innovation leads to success
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APPLICATION NOTE 9

LD12'04 LE:;relg

Analysis of nitrogen in hydrogen and oxygen bulk
with the PlasmaDetek

Measuring nitrogen as impurity in low concentration is not an easy task. It is mostly the case in hydrogen
and oxygen background. Even if the chromatography system is quite efficient, the remaining bulk gas could
influence the reading of nitrogen.

The PlasmaDetek, configured to be selective on nitrogen, brings very good result for this measurement. This

document will demonstrate how this technology can help to make better analysis on nitrogen with any gas
chromatograph system.

PLASMADETEK CONFIGURATION:

The PlasmaDetek has the advantage that it can be configured
to be more sensitive on some compounds than the others. This
selectivity configuration helps the chromatography to be more
effective and easier to setup.

By using proper optical system, the detector becomes selective
on nitrogen. No need of doping gas or other devices to make it
selective. There is no other such detector on the market that will
give this nitrogen selectivity.
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A PlasmaDetek detector

CHROMATOGRAPHY CONFIGURATION:

A simple backflush configuration is used to make the measurement of N, in H, or O,,. Column 1 will initiate a separation of H, or O, from
N2 and bulk gas will be vented out as much as possible. Before N, goes out, the flow is directed to column 2. Both carrier gases can
be used: argon or helium.

SAMPLE OUTLET

SAMPLE INLET

Figure 1: Backflush
configuration
with two columns

'm‘
VALVE 1

{:W \TEE
p

CARRIER INLET

AAMAA OuUT1
ORIFICE = COLUMN 1 \I ............ PLASMA ;
COLUMN 2 VENT2
VENT1
COLUMN 1
Where innovation leads to success www.ldetek.com
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RESULTS AND PERFORMANCE:

Using a 5 ppm standard nitrogen in bulk hydrogen as sample, two chromatograms were generated with the chromatography
configuration described above with a helium carrier. Figure 2 is using a non-selective detector and figure 3 the PlasmaDetek N2
selective configuration. As it is clearly shown, the selectivity from the PlasmaDetek is improving the chromatogram. Aimost no hydrogen
is seen by the detector.

N2
H2 450

N2

Figure 2: 5 ppm N2 in H2 with non-selective Figure 3: 5 ppm N2 in H2 with PlasmaDetek ‘Iﬂ

detector system selective system 5
z
Z
(=)
5

Same procedure was done with a standard of 420 ppb nitrogen in oxygen in similar backflush configuration with helium carrier. E

Figure 4 and figure 5 show the comparison with a non-selective detector and the PlasmaDetek N, selective configuration. It is also o

obvious in this case that selectivity helps to have better results and less drifting problem for the peak from remaining bulk. <
(=]
()

. /\ N2 w0 |
2 4 6 8 10 12 14 N N2
02 Bulk *
o 5X (ZOOM)
600 50 - N2
02 Bulk n

Figure 4: 420 ppb N, in 0, with non-selective Figure 5: 420 ppb N, in 0, with PlasmaDetek N,

detector system selective system
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Having 79% of nitrogen in air, It is important to ensure that the
chromatographic system is leak free. Low concentration nitrogen requires
good hardware components to avoid any inboard and outboard leakages.
Itis even more the case, when measuring in pure H, or 02.

Figure 6: High performance
diaphragm valve

LDP1000 Good quality carrier gas is also mandatory to get analysis in low concentration. With
its unique specific design, the LDP1000 noble gas purifier is a cost effective device for
B any gas chromatograph. It eliminates any contamination problems coming from the
Lostek, gas source.

SELF DIAGNOS
GAS PURIFIER

Figure 7: LDP1000 noble gas
purifier

In figure 8, we have evaluated the performance of both analysis. With the fact that the PlasmaDetek has a very low noise and a good
response on the nitrogen, low concentration can be measured. LOD and LOQ can vary depending on sample volume or condition of
operation. < 1 ppb LOD can also be obtained by optimizing the system.

COMPONENT CONCENTATION PEAK HEIGHT NOISE s/N LOD (ppb)  LOQ (ppb)
S/N=3 S/N=5

N2 in H2 5 ppm 455 mV 0.038 mV 11973 1,25 2,1

Nzin O2 0.42 ppm 38 mv 0.038 mVv 1000 1,26 2,1

Figure 8: LOQ and LOD calculation

CONCLUSION:

This is the ideal configuration to measure nitrogen in different matrices. By having such selectivity, you can reduce analysis time
and make fast chromatography. In some cases, consumables such as traps can be avoided. It becomes a cost effective solution,
maintenance free system and can give better limit of detection by reducing residual background effect.

The PlasmaDetek can also be configured with multiple selective outputs to allow measurements of different compounds. Please
contact LDetek for more information.

Where innovation leads to success www.ldetek.com
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APPLICATION NOTE 9

LD12'06 I_Ev];reK

Increasing argon production with the MultiDetek

Air is composed of nitrogen (78.09%), oxygen (20.94%) and argon (0.934%). To produce pure argon,
distillation process separates the air constituent by the use of distillation columns. Such installation
on an air separation plant is used for many years.

This separation process is based on vapor pressure of each component. Argon is taken from a low
pressure column and introduced in a second column called crude argon. Since argon vapor pressure
is close to oxygen, and also between nitrogen and oxygen, its extraction is between those two other
components in the low pressure column before being introduced in the second column.

However, the level of nitrogen can be problematic when introducing the extracted gas to the crude
argon column. Introducing high volume of nitrogen in the crude argon column will make it stop
working. Dumping phenomenon can also arise from the crude argon column.

The extraction of argon in the low pressure column is critical, the goal is to get as much as possible
argon and reduce the nitrogen level. Figure 1 shows the vapor pressure of each compound in such
column. The maximum level of argon has too much nitrogen. A compromise between argon and
nitrogen level must be done.
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e N l\/ Rectification 1510]2%02 Most of the plants will then take argon at a
point where it is safe to keep nitrogen level
low. Nitrogen is lower, but argon as well.
Oxygen is then relatively high in the crude
argon column.

LP

Typical analytical tools are the oxygen
and argon measurement. Nitrogen can be
approximated and you keep the introduction
of nitrogen at minimal level.

Maximum argon level

500 < N, <2000 PPm

Such analysis method gives a safe system,
but not optimal argon production can be
achieved.

L
':EE 10 20 30 40 50 60 70 80 90 100

=Y

LIQUID OXYGEN ~-a—

[ R L. ~ 0.5%AR

Figure 1
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WHAT CAN BE DONE ?

By using proper analytical tool to measure nitrogen level in the low pressure column, the plant can reach the maximum level of argon
extraction with the acceptable nitrogen in the crude argon column. The LDetek’s MultiDetek is the ideal tool to measure nitrogen in
oxygen/argon mixture. By measuring continuously nitrogen in such mixture, optimal argon production can be achieved.

In some cases, increase of 5% argon can be achieved just by measuring nitrogen level accurately.

The MultiDetek can be interfaced with any acquisition system on ASU. Analog signal or digital signal can be provided. Ethernet
connection is also available.

Such analyzer is easy to operate with its user friendly interface and can operate 24/24 to ensure extraction is well tuned up.

Such MultiDetek is using the PlasmaDetek technology with nitrogen selectivity. This avoids any oxygen trap consumable.

MutmiDeTeR

A MultiDetek

PlasmaDetek detector A

CONCLUSION:

The pay back of such analytical tool is fast. It will operate for many years and gives optimal efficiency of any argon production plant.
The combination of MultiDetek platform with the PlasmaDetek technology is a reliable, efficient and accurate system that any plant is
looking for.

Where innovation leads to success www.ldetek.com
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APPLICATION NOTE 9

LD12'07 I_Ev];relg

Analysis of Neon-Hydrogen-Argon-Krypton-Nitrogen
with the PlasmaDetek & the HSR-Etek column

The analysis of Neon, Hydrogen, Argon, Krypton and Nitrogen by chromatography has always been
problematic. The bad separation and the poor sensitivity for the analysis of these impurities are the
reasons that make it complicated to realize. Even with the use of capillary columns, cryogenic system
and/or hydrogen trapping system, the analysis of low ppb of these impurities cannot be performed
in one run. Furthermore, the detectors available in the industry have some sensitivity limitation. It
is then very difficult to measure low ppb for the mentioned impurities especially for Neon with the
existing technologies.

LDetek has then developed a method for the analysis of Neon, Hydrogen, Argon, Krypton and

Nitrogen. Using the PlasmaDetek system and the HSR-Etek column, the low ppb analysis without any
interference can be successfully realized using a simple injection.

PLASMADETEK SYSTEM:

The PlasmaDetek can be configured in a non selective or in a selective mode depending of the lowest detection limit requested and
the interference gases. Using its selective mode, the response ratio between the analyte of interest and the interference gases will
be increased. The detector can then be very sensitive to the Neon, Hydrogen, Argon, Krypton and Nitrogen without being affected by
background gases or interference gases.

— o -~ —
G[ PLAsmADETER im )

3
=2

\

&

Figure 1: PlasmaDetek detector

This is a stand-alone detector system that requires only helium or argon carrier gas to make the measurement. No need of doping gas
or other devices. By using argon as carrier gas, the analysis of neon and argon cannot be realized.

www.ldetek.com Where innovation leads to success
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CHROMATOGRAPHY CONFIGURATION:

This measurement is done by using a simple injection(see figure 2). The sample is injected through the HSR-Etek column and then
goes directly to the PlasmaDetek inlet port. The carrier flow rate must be regulated at 30sccm and maintained stable. The column
temperature must operate at 45Celcius until minute 4. The column temperature is then ramped up to 90Celcius at 10Celcius/minute.
Using the temperature ramping mode, the analysis of Krypton and Nitrogen can be included in less than 16 minutes.

OUT 1
PLASMA | >~

VENT

CARRIER INLET

SAMPLE OUTLET
Figure 2: Configuration Position off SAMPLE INLET

RESULTS AND PERFORMANCE:

Figure 3 shows the chromatogram obtained from this configuration.

975

775 1 Hydrogen

575 1 Neon

Argon
375 ?
Krypton

Figure 3: Mixture 4ppm

175 - Neon, 5ppm Hydrogen,
dppm Argon, 4ppm Krypton,

Nitrogen 9.5ppm N|trog.en

in balance Helium

25 — — ; T T T T T )

0 2 4 6 8 10 12 14 16 18 20
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Figure 4 shows the performance of the system obtained with the configuration described above. The PlasmaDetek and HSR-Etek
combination gives the possibility to achieve low ppb limit of detection with good resolution for Neon/Hydrogen, Argon/Oxygen and
Krypton/Nitrogen using a simple injection. Higher concentration, up to %, can be also measured with the same system.

COMPONENT CONCENTATION PEAK HEIGHT NOISE S/N LOD (ppb) LOQ (ppb)
S/N=3 S/N=5

Neon 4 ppm 562 mV 0.049 mV 11469 1.04 1.74

Hydrogen 5 ppm 756 mV 0.049 mV 15428 0.97 1.62

Argon 1 ppm 381 mV 0.049 mV 7775 0.39 0.64

Krypton 4 ppm 341 mV 0.049 mV 6959 1.72 2.87

Nitrogen 0.5 ppm 38 mV 0.022 mV 1727 0.86 1.45

Figure 4: LOQ and LOD calculation

PLASMADETEK SELECTIVITY:

Using its selectivity, the PlasmaDetek gives the advantage of being very sensitive to desired impurities only. See below an example of
analysis of 2ppm Krypton and 4ppm Nitrogen in a balance of Oxygen using HSR-Etek column.

2
1400 - Pure 5
xygen >
Z
=)
900 - 'E
=)
Nitrogen a
o
400 - Krypton <
Q
(3]
100 ¢ 5 10 15 20 25 30 35 40
-600 -
-1100 - . .
Figure 5: Mixture 2ppm Krypton,
4ppm Nitrogen in balance Oxygen
-
-1600 -
CONCLUSION:

Using the combination of the PlasmaDetek and the HSR-Etek column, the analysis of Neon, Hydrogen, Argon, Krypton and Nitrogen
becomes an easy task. A simple injection through the HSR-Etek column and to the PlasmaDetek allow to measure ppb, ppm or
percentage level of the mentioned compounds. This is a cost effective, maintenance free system and quick analysis technique avoiding
consumables and regeneration procedures that will reduce complexity of the chromatography system.

www.ldetek.com Where innovation leads to success
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APPLICATION NOTE 9

LD12'09 LE:;relg

Hydrocarbons measurement for Oxygen production
using PlasmaDetek & Multidetek-2

MultiDetek2 P

- | PLAasmADETE
(

=4

& ’ <« PlasmaDetek detector

Oxygen is one of the basic chemical elements. In its most common form, oxygen is a colorless gas
found in air. It is one of the life-sustaining elements on Earth and is needed by all animals. Oxygen
is also used in many industrial, commercial, medical, and scientific applications. It is used in blast
furnaces to make steel, and is an important component in the production of many synthetic chemicals,
including ammonia, alcohols, and various plastics. Oxygen and acetylene are combusted together to
provide the very high temperatures needed for welding and metal cutting.

The most common commercial method for producing oxygen is the separation of air using either a
cryogenic distillation process or a vacuum swing adsorption process. Nitrogen and argon are also
produced by separating them from air. The figure 1 represents a common cryogenic distillation
process for producing oxygen.
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OXYGEN PROCESSING Low-pressure Figure 1: Diagram of a cryogenic

Water fractionating el B
separator column/l\— distillation process
o~ —
Water | Molecular ) — |
sieve High-pressure —N—> —
fractionating —
column .
Crude |
argon —
Cooler Expander[j Ey
> —] ¥y
\ —_|
A -
Cooler Compressor |-> |
Compressor > > Argon column |
Oxygen -
Air j Main heat exchangers Subcooler
| Pretreating + Separating |

Because this process utilizes an extremely cold cryogenic section to separate the air, all impurities that might solidify—such as water
vapor, carbon dioxide, and certain heavy hydrocarbons—must first be removed to prevent them from freezing and plugging the cryogenic
piping what could result to an hazardous situation. The removal of hydrocarbons is also very important to avoid any problem in the
subsequent air distillation that could lead to explosion.

Then, the operation of cryogenic distillation air separation units must be monitored by automatic analytical instruments. As a result,
their output is consistent in quality and ensures safety of the site. Periodic sampling and analysis of the final product ensures that the
standards of purity are being met. A good analytical instrument is then necessary to monitor the various sampling points of the air
separation unit.

LDETEK SOLUTION:

With its integrated plasma technology, The LDetek’s Multidetek-2 becomes the ideal tool to measure the purity of the oxygen. Its
capability to monitor the hydrocarbons level from ppb level up to high ppm level using its plasma detector gives the ideal alternative to
the standard use of a FID detector. With the use of the plasma for monitoring the hydrocarbons, there is no more need of using Fuel/Air
mixture additionally to the carrier gas. The Multidetek-2 and its plasma only require argon carrier gas. It is then a big advantage since
there is no handling and storage of hydrogen anymore on site. Moreover, the use of argon as carrier gas is also a great benefit because
the argon is low cost and is already produced and available on any air separation plant.

The use of the Multidetek-2 for monitoring hydrocarbons level in oxygen production is also the ideal tool for a safety point of view. It
is critical to have a reliable unit able to monitor 24/7 basis the level of hc’s in oxygen on ASU. Being very sensitive to hydrocarbons,
including C2H2 which is the most critical component, the Multidetek-2 becomes the best tool to use.

The Multidetek-2 unit can have multiple configurations to allow the measurement of different sampling points of the air separation unit.
The monitoring of quality control at the end of oxygen production process can then be easily realized with a configuration allowing low
ppb detection. This will ensure an accurate reading necessary for producing high quality grade oxygen. Using the same unit, a higher
scale configured for high ppm measurement necessary to monitor the different sampling points of the crude material is also integrated
in the unit.

An analysis example of hydrocarbons measurement in pure oxygen appears on the figure 2.

The Multidetek-2 can be interfaced with any acquisition system on ASU. Analog signal or digital signal can be provided. Ethernet
connection is also available for remote control. Such analyzer is easy to operate with its user friendly interface and can operate 24/24
to ensure good oxygen production. For this application, such Multidetek-2 is using the PlasmaDetek technology with its hydrocarbons
selective detector. This avoids any consumable.

www.ldetek.com Where innovation leads to success
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Figure 2: Chromatogram of hydrocarbons in pure oxygen using PlasmaDetek and Multidetek-2

MORE POSSIBILITIES:

A good return on investment can be also realized by configuring the same instrument for more components:

The analysis of CO2 and any other permanent gases or sulfurs impurities can be added to the same instrument. Even more, the
Multidetek-2 also offers the possibility to have multiple background gas configurations. The analysis of argon and nitrogen purity can
then be added to the same unit.

One more time, with the simple use of argon as carrier gas and its integrated plasma, the Multidetek-2 can handle multiple
measurements in multiple background gases.

CONCLUSION:

The pay back of such analytical tool is fast. It requires only argon as carrier gas which is available at low cost on any air separation
plant. There is no more need of handling and storing hydrogen what is usually more expensive due to the need of safety sensors and
procedures on site. The PlasmaDetek use in the Multidetek-2 is maintenance free and is a clean detector. It requires no cleaning
procedure. The Multidetek-2 will operate for many years and gives optimal efficiency of any oxygen production plant.

The combination of Multidetek-2 platform with the PlasmaDetek technology is a reliable, efficient and accurate system that any plant
is looking for.
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APPLICATION NOTE 9

LD13-01 LDerek

Analysis of UHP Hydrogen production using
Plasmadetek-2 & compact GC Multidetek-2

<« PlasmaDetek2

A MultiDetek2

The high purity hydrogen production demand is rising quickly and the need of measuring low ppb
trace in a quick analysis run is then required. Most of the GC technologies available on the market
use the same methods for years which required quite complex systems. Those systems require the
use of different detectors to cover the application and a complex chromatograph configuration what
make the price of such system increasing. The complexity of the chromatograph operations, the long
analysis time and the limitations to achieve low ppb measurement are often faced.

LDETEK SOLUTION:

With its integrated plasma technology, The MultiDetek-2 from LDetek becomes the ideal tool to measure the hydrogen purity. Its
capability to monitor the permanent gases and hydrocarbons from ppb level up to high ppm level using only one plasma detector gives
the ideal solution. In comparison to the existing method, the PlasmaDetek-2 gives the advantage of being selective to the desired
impurities and then block the interference coming from the matrix gas. In the case of UHP hydrogen production, measuring low ppb
traces of 02 and N2 is complex since their elution time is very close to the hydrogen matrix.

Then, to allow the analysis of 02 and N2, relatively long molecular sieve columns are required in combination with multiple valves for

flushing out the hydrogen gas. In some cases, a hydrogen trapping module may be necessary. It then increases the cost of the system
and extends the analysis time. Peaks shape can be also affected with the use of longer columns.

www.ldetek.com Where innovation leads to success
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With the PlasmaDetek-2, a simple system having one valve and one Molecular Sieve column is required. The detector is configured
with two sensors to measure 02 and N2 respectively in selective mode. Refer to Figure 1 for the configuration drawing. Going this way,
the analysis time can be reduced, the sensitivity increased and it gives an easy to use system with no consumable or maintenance
required.

An analysis example of impurities 02 & N2 in a hydrogen sample, using a standard ionization detector in combination with the same
configuration that appears on Figure 1, has been used to generate the chromatogram that appears on Figure 2. We can clearly see the
interference of the hydrogen over the traces 02 and N2. The hydrogen matrix interference overlaping the traces 02-N2 will be amplified
when going lower at low ppb level and it will becomes not possible to measure the impurities without using another techniques
requiring more long columns, additional valves and H2 trap.

At the opposite, on Figure 3 appears a chromatogram of traces 02 and N2 with the use of the PlasmaDetek-2 using its selective mode.

It is clearly demonstrated that the selectivity gives an important benefit that makes such type of analysis possible with a simplified
chromatography method demonstrated on Figure 1.

SAMPLE OUTLET

SAMPLE INLET

OTEE
CARRIER INLET

O sensor

PLASMA [——>

VENT 2

ORIFICE = COLUMN1 %
VENT1

Figure 1: Configuration used for measuring traces 0, - N, in matrix hydrogen. (One additional non selective sensor can be added
to the same plasma for measuring traces CH4 - CO with the same channel.)

N2 sensor

COLUMN 1

balance 02 N2

Figure 2: Chromatogram of traces 0, - N, in a hydrogen matrix using a conventional non selective
ionization detector.
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H2
balance

Figure 3: Chromatogram of traces O, - N, in a hydrogen matrix using PlasmaDetek-2 in a selective mode.

ARGON AS CARRIER GAS:

Since the PlasmaDetek-2 can be used with argon as carrier gas, you get some more advantages over conventional ionization detector.

Operation cost of the system is reduced compared to system that requires helium. With the helium shortage worldwide and its price
increasing constantly, the use of argon becomes the best alternative to keep same sensitivity level.

Furthermore, in the case when argon as impurity is not required, the use of argon as carrier gas simplifies the chromatography.

With conventional ionization detector using helium, the Ar will interfere with 02 measurement. If Ar measurement is needed, the
PlasmaDetek-2 can also be used and configured accordingly to get Ar and 02 separately (see application note LD12-3).

COMPLETE SOLUTION:

Using the PlasmaDetek-2 as detector and the MultiDetek-2 as compact GC platform, the same instrument can be used to measure
additional components in hydrogen matrix.

The analysis of traces Ar-Ne-CH4-CO-CO2 and hydrocarbons can be added to the same instrument just by configuring additional

channels to the compact GC MultiDetek-2. Some other sensors can be added to the same plasma for the added impurities. No needs
of additional detectors like FID or consumables are required.

CONCLUSION:

The pay back of such analytical tool is fast. It requires only argon as carrier gas which is available at low cost on any air separation
plant. The PlasmaDetek-2 used in the MultiDetek-2 is maintenance free and is a clean detector. It requires no cleaning procedure. The
compact GC MultiDetek-2 will operate for many years and gives optimal efficiency of any hydrogen production plant.

The combination of MultiDetek-2 compact GC with the PlasmaDetek-2 technology is a reliable, efficient and accurate system that any
plant is looking for.

www.ldetek.com Where innovation leads to success
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APPLICATION NOTE Q

LD13-02 LDerek

Measurement of nitrogen in a mixture of Argon/0Oxygen
(crude argon) online with the LD8000-Crude

A p3000

The measurement online of nitrogen in UHP argon is widely used and the LD800O0 is now a reference in such
measurement. However when measuring crude argon with a few % of oxygen, the conventional online instruments
are not suitable anymore. Such crude liquid argon (also called CLAR) needs to be analyzed in many cases to be
sure the level of nitrogen is within the specification either as a final product for steelmaking or welding applications
or before being purified to produce UHP argon . Good analytical tool is then required to have a good process
control. The use of Gas Chromatograph (GC) has been widely used to measure this nitrogen level. Even if GC is
giving good and accurate results, the analysis time is quite long. In many cases the response time is too long to
take proper action if the nitrogen goes too high in concentration. A few minutes are required to get the analysis
results and this delay can bring a lot of problems to the plant if it increases suddenly.
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The need of having an online instrument with a few second response time has been desired for a long time. The
LD8000-Crude can now achieve this task and give a better process control for any plant or application that needs
to measure N2 in the Crude Argon having up to 5% oxygen.

DESIGN:

The LD8000-Crude is still using the unique PlasmaDetek technology, but incorporated in a special design, it makes possible to have
this plasma emission detector (PED) working with up to 5% oxygen. Common PED cannot create a stable plasma with oxygen. The
interference and instability of the plasma is a big challenge. But LDetek has developed a method and a design to have such argon
micro-plasma being able to measure from ppb to % of nitrogen with up to 5% oxygen.

A specific algorithm has been developed and implemented in the microcontroller unit giving a linear and accurate measurement
of nitrogen.
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LD8000 LD8000

ppm reading pm reading
1200,00 1 25000,00
1000,00 -
20000,00
800,00 -
15000,00
600,00
10000,00
400,00
200,00 - 5000,00
0,00 0,00
0,00 200,00 400,00 600,00 800,00  1000,00  1200,00 0,00 5000,00 10000,00  15000,00  20000,00  25000,0
Real ppm values Real ppm values
Figure 1 : LD800O0 Crude linearity 0-1000 ppm Figure 2 : LD800O Crude linearity 0-20000 ppm

With the 3U cabinet, this instrument can fit in any rackmount cabinet or plant installation. No need of carrier gas and external
consumable parts like purifier or oxygen scrubber. Only sample is needed to provide this quick measurement.

The micro controller unit inside combined with the LCD display provide a user friendly interface easy to operate. But it also gives all

features that such instrument needs on a plant (dry contact relay for range ID, status contact for error monitoring, 4-20 mA output for
value reading, auto-resolve alarms system, etc).

RESPONSE TIME:

The response time for such application is critical. The use of a gas chromatograph has been widely used and it gives good results,
however the analysis time can be as high as 5-6 minutes. It is very important, in most of such applications, to have a quick response
time to act quickly on the process when the level of nitrogen goes too high.

Using the LD8000-Crude, you get a response time of a few seconds (T90 < 20 sec) with a measurement of a few ppm. With the 4-20mA

output signal, the process plant can track the level of nitrogen continuously. If serial communication is required, this instrument can
send and be controlled by such communication port.

HIGHER OXYGEN CONTENT:

For measurement of N2 in Crude Argon containing more than 5% Oxygen level, the LD8000-Crude instrument can be configured to
achieve such task. The unique plasma detection system (PED) for Crude Argon measurement stays the same. An additional module
for sample gas treatment is added to the instrument, which makes the detection of N2 in Crude Argon having more than 5% Oxygen
possible.

For more information and details, do not hesitate to contact LDetek.
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APPLICATION NOTE Q

L D 14'01 Lagrelg

Light hydrocarbons measurement with the *PlasmaDetek-E
system with nitrogen carrier gas and the MultiDetek-2.
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i <« PlasmaDetek-E

MultiDetek-2 A

Hydrocarbons are ones of the most important impurities measured in the industry. Whether it is for safety, quality
control, special gases or any other needs, those compounds are everywhere.

The techniques used to measure those compounds have been the same for quite some years. The FID (Flame
lonization Detector) is surely the most widely used in the industry. The selectivity for hydrocarbon (HC) gives the
simplicity desired for all gas chromatograph (GC) users. However the need of air, but mostly hydrogen as fuel is the
drawback of this technology. Many plants and laboratories would like to get rid of the hydrogen as potential explosive
gas. All the safety feature (valves, extra lines, procedures, etc) are required an brings extra cost and manpower.
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Other technologies to measure the light hydrocarbon have arisen over the years. The Discharge lonization Detector
(DID) brought a solution without the need of air and fuel. Working on helium carrier gas, the safety problem was
resolved. However the selectivity is not present and the need of helium is required. With the worldwide shortage
of helium and its increasing price constantly, it becomes a more costly solution not attractive enough for gas
chromatograph developer.

Another solution was brought to the market: the Plasma Emission Detector (PED). With its advantage to work in
helium and argon carrier gas, this solution becomes more attractive because of argon pricing. It is also produced
and available anywhere in the world. Furthermore, the PED has some selectivity against some other gases, not
completely, but enough to make the GC user life easier. However, there is no selectivity for HC against many
compounds, including air and oxygen. Measuring HC in a stream of Oxygen or Air is very important in Air Separation
Unit (ASU). There is also a lack of sensitivity in some case by using argon as carrier. Measuring C2H2 for a ASU plant
is critical and it needs to be measured in low concentration.

LDETEK SOLUTION:

With the patent pending PED system (PlasmaDetek-E) provided by LDetek, it is now possible to improve and overcome the drawbacks
of other available technologies.
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NITROGEN CARRIER GAS:

First of all, such system can work with argon and helium, but with nitrogen carrier as well. Nitrogen is a low cost and inert gas that
makes it very attractive to use in a GC. Air contamination and leak are not much problematic as it is with other PED systems. Typical
PED detector can be sensitive, but it needs to be in a very pure environment. A little leak or contamination can compromise the whole
measurement. The recovery time from column changes and GC start-up is then extremely fast with the PlasmaDetek-E using nitrogen
as carrier gas.

A simple injection configuration has been used to inject different matrices to evaluate the response and selectivity over CnHm
components. Figure 1 shows such configuration with the PlasmaDetek-E system.

DETECTOR VENT
R PLASMADETEK-E N
SYSTEM 7
NITROGEN CARRIER COLUMN
GAS INLET
NJECTION
VALVE

SAMPLE INLET

. SAMPLE QUTLET
Figure 1

AN N

SENSITIVITY:

To evaluate the response and sensitivity, injection of CnHm impurities in Argon balance has been used. Figure 2 shows the chromatogram
with indication of each compounds detected by the PlasmaDetek-E.

C2H2
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Figure 2
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By evaluating the noise level and peak height, LDL for each compounds can be evaluated by considering the limit as 3 times the noise
level. Figure 3 is showing the results of this analysis.

COMPONENT CONCENTRATION PEAK HEIGHT NOISE LDL (3x NoISE)
CH4 9.56 ppm 1300 mV 1.5 mV 11 ppb

C2H2 10.50 ppm 4800 mV 1.5mVv 3 ppb

C2H4 9.96 ppm 3100 mV 1.5 mV 4 ppb

C2H6 10.80 ppm 2300 mV 1.5 mV 7 ppb

C3H6 10.40 ppm 460 mV 1.5 mV 33 ppb
C3H8 9.20 ppm 560 mV 1.5 mV 24 ppb

Note: other LDL could be obtained with different injection volume and chromatographic conditions
Figure 3
By using different injection volume and/or chromatographic configuration, even lower LDL could be obtained. However, by comparing

with same the chromatographic condition than a traditional argon PED, LDL is improved by a factor of about 10 times with the
PlasmaDetek-E. It is even more the case for C2H2, where it is about 100 times more sensitive.

By using the same configuration as figure 1, air has been injected to evaluate the interference that can occur with the first hydrocarbon
m content out of the column, which is CH4. Figure 4 shows an injection with the PlasmaDetek-E using argon as carrier gas optimized
|5 for the best response to Hydrocarbon in air. It is obvious that the CH4 is influenced by the residual air. In such cases, extra valves or
2 hardware would be required to achieve possible measurement.
=z
=4
=
<
o 3000000 1
o |
o
o
<
o 2500000 -
™
2000000 A Ambiant
Air
1500000 -
Detector:PlasmaDetek(PED)
Instrument: MultiDetek micro GC
Configuration:Single injection at isothermaltemperature
CarrierGas: Argon
1000000 - Sample Gas: Ambiantair
impurity: concentration: response
CH4:4ppm :90mV
500000 -
CH4
0 —\
V 2 3 4 5 6

-500000 -

Figure 4
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Figure 5 is using the same system with nitrogen carrier gas. Air response has been reduced considerably compared to argon carrier
gas. Only with a simple injection configuration will make the CH4 detectable.
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CONCLUSION:

With the PlasmaDetek-E system, lights hydrocarbon measurement is now safe and easy. No fuel, no air and no safety features needed,
only nitrogen carrier gas.

It is also the lowest operation cost solution, but the sensitivity is not compromised where low ppb can be achieved.
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APPLICATION NOTE Q

L D 15'08 I_IS;FEK

Measurement of impurities in UHP helium
using MultiDetek2 and PlasmaDetek2

A MultiDetek2 A PlasmaDetek2

Helium is a widely used gas in different needs such as cryogenics, pressurizing and purging, welding,
controlled atmospheres, leak detection and breathing mixtures. Having a good analytical tool is
mandatory to ensure the required purity of helium.

The most popular technique for UHP helium analysis is to detect impurities by gas chromatography.

But some detection technologies within the GC do not provide the desired detection limit or can
simply not measure some critical impurities like neon.

LDETEK SOLUTION:

The MultiDetek2 combined with the PlasmaDetek2 detector provides an ideal solution to measure the different impurities in UHP
helium. With the PlasmaDetek2, based on plasma emission detection, impurities in low ppb can be detected, even neon. The discharge
ionisation detector (DID) can simply not detect neon or require a different operation mode to achieve ppm measurement. Which is
not enough for many helium producers where they need lower detection limit in ppb. The operation is also more complex since the
ionisation voltage needs to be changed when neon has to be detected.
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LDetek solution gives an easy system to use with very good sensitivity. Figure 1 shows such configuration.

manifold

[ hcp 1}
HCD 1

PLASMA 1 |——

| —
OVEN #2

VALVE i E
PURGE

CARRIER
INLET 1
HELIUM —19Y

OVEN #3 H2-O2-N2-CH4-CO

PLASMA 2 L—

CARRIER
VENT

SAMPLE
INLET

SAMPLE
VENT

DETECTO
VENT 2

DETECTOI
VENT 1

HHH & T

Figure 1

Two plasma cells are used to reduce the number of selection valves. Simultaneous injection in both plasmas is possible to accelerate
analysis time. The parallel analysis feature within the MultiDetek2 software can be enabled to give the opportunity to acquire two
chromatograms at the same time.

Neon and argon are measured within the same channel using the argotek column from LDetek. Such column gives a true argon peak by
separating 02 and argon completely. Be sure to check application note LD12-3 on our website for more details. It also makes possible
the measurement of neon against H2.

When using the PlasmaDetek2 technology, different optical filters are used to ensure true measurement of the components when

interference can occur. For example, 02 is measured accurately against argon by using a specific optical filter giving a signal specifically
to 02 and not argon.

www.ldetek.com Where innovation leads to success

213

(2]
w
=
(=)
4
4
S
=
<
o
I~
o
o.
<
©
™




(2]
w
==
(=)
4
=z
S
=
<
o
-l
a.
o.
<
<
™

Figure 2 shows a chromatogram of such system with a standard gas.
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Based on noise to ratio, LDL is calculated as follows:

COMPONENT
Ne
Ar

NMHC
co

CONCENTRATION
4.8 ppm
4.1 ppm
5.5 ppm
6.2 ppm
5.4 ppm
5.5 ppm
4.6 ppm
5.4 ppm

PEAK HEIGHT
3010 mV
2720 mV
3120 mV
3552 mV
3099 mV
3254 mV
3101 mV
3331 mV

NOISE
2 mV
2mV
2mV
2mVv
2 mV
2mV
3mV
2mVv

450

LDL (3x NOISE)
0.009 ppm
0.009 ppm
0.011 ppm
0.010 ppm
0.010 ppm
0.010 ppm
0.007 ppm
0.013 ppm

500 550 600

Note: other LDL could be obtained with different injection volume and chromatographic conditions
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COMPLETE SOLUTION:

Our Helium purity analysis offers a complete cabinet solution including the
MultiDetek2 compact GC system, the LDGSS ultra high purity remote stream
selector system, the LDP1000 carrier gas purifier and the moisture analysis
instrument all integrated in one cabinet. The stream selector can be manually
controlled using the front switch or can be remotely controlled with the
MultiDetek2. A pre programmed sequence can also be done with LDGSS. The
moisture analysis is re-directed to the MultiDetek2 analog input. This way,
all data can be managed by MultiDetek2 using one channel communication
protocol. The system is pre-configured and certified by experts at LDetek . "
facility before shipping. T e .

=

CONCLUSION:

Using both the PlasmaDetek2 and the MultiDetek2, only one system can measure all permanent gases with the sensitivity required. No
need of additional oxygen analyzer or other setup for neon measurement. Furthermore, with the LDetek technology this maintenance
free system avoids any trap or scrubber for the argon impurity.
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APPLICATION NOTE Q

LD16-02 | Detek

Analysis of hydrocarbons, CO2, N20 in Oxygen with the
MultiDetek2 compact GC system using Nitrogen as
carrier gas and the PlasmaDetek-E detection technology

A MultiDetek2 A PlasmaDetek2

LDETEK SOLUTION:

The hydrocarbon analysis for the production of high purity Oxygen on air separation plants is essential for safety of the operations and
quality of the product. For a very long time, the flame ionisation detector has been used for detection of trace hydrocarbons in different
gas mixtures. This detector has now many different designs all based on carbon ions collection. The FIDs require a mixture of Air and
Hydrogen to generate the flame used for ionisation. It is also necessary to have extra safety based on Hydrogen gas handling. All these
points result in increase of operating and start-up costs as demonstrated in Figure 1.

LDetek has developed a detection system based on plasma emission detector (PlasmaDetek E) for the analysis of trace hydrocarbons
in different gas mixtures. This PED technology offers enhanced sensitivity and selectivity to hydrocarbons using Nitrogen as single
discharge/carrier gas. Other emission and ionisation detection technologies are known in the market for the analysis of hydrocarbons
using Argon or Helium as discharge/carrier gas. However, these systems don’t offer the selectivity and sensitivity to allow running
a single injection through a column without having interferences from residual Oxygen. Other techniques offering NMHC detection
are also available and are sufficient in certain cases. Nevertheless, the NMHC detection doesn’t give the ability to focus on the
measurement of critical impurities like low concentration acetylene in Oxygen production. Using the MultiDetek2 combined with the
PlasmaDetek E with Nitrogen carrier gas, the system can be customized for the range and LDL that are specifically required for each
impurity. This way, it is possible to configure the system according to each air separation plant specification. As shown in figures 2 and
3, low detection is possible using Nitrogen as carrier gas with PED technology. No need of complex valve and column chromatography
configuration for flushing out the background gases.
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MULTIDETEK 2 WITH FID BASED GC
PLASMADETEK-E

GEI-II\IZEFleAE'IbR COMPRESSOR

N, CARRIER
GAS SUPPLY

OPTIONAL AR

LDP1000 TRAP NETWORK GENERATOR

PURIFIER

OPTIONAL TRAP
NETWORK

N, CARRIER

GAS SUPPLY GAS PURIFIER

MULTIDETEK 2
WITH PLASMADETEK-E

. Require MAINTENANCE

Require CLEANING
and MAINTENANCE

. Require SAFETY TOOLS
and PROCEDURES

y S

(7))
L
Figure 1 : Comparison between FID based GC and MultiDetek2 compact GC with PlasmaDetek-E 5
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Figure 2 : Chromatogram of trace impurities in balance Oxygen
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COMPONENT CONCENTRATION PEAK HEIGHT NOISE LDL (3x NoISE)

CH4 18.1 ppm 2760 mV 21 mV 0.041 ppm
C2H6 8.6 ppm 3308 mV 4.0 mV 0.031 ppm
C2H4 8.2 ppm 3888 mV 4.3 mV 0.027 ppm
C4H6 2.1 ppm 2969 mV 11.0 mV 0.023 ppm
C4H8 1.8 ppm 2798 mV 11.8 mV 0.023 ppm
C4H10 2.1 ppm 3190 mV 11.5 mV 0.023 ppm
C02 4.1 ppm 3199 mV 11.0 mV 0.042 ppm
N20 0.8 ppm 1401 mV 3.0 mv 0.005 ppm
C2H2 1.1 ppm 4098 mV 10.5 mV 0.007 ppm
C3H8 8.9 ppm 2559 mV 4.1 mV 0.043 ppm
C3H6 8.7 ppm 2501 mV 3.9 mV 0.041 ppm

Note: other LDL could be obtained with different injection volume and chromatographic conditions

CONCLUSION:

With Nitrogen gas used as carrier, the MultiDetek2 with Plasmadetek-E becomes the ideal gas measuring instrument for trace detection
of hydrocarbons on the air separation plants for high purity Oxygen monitoring. Keeping the start-up and operating costs low and
offering enhanced hydrocarbon detection, LDetek is proud to offer its robust and easy to operate system.
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APPLICATION NOTE Q

LD16-06 el

L Delek
LD8000 MultiGas online gas analysis solution for high
purity compressed Helium used in cryogenic installations.

LD8000

MULTIGAS

A 1D8000 MultiGas A PlasmaDetek2
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Cryogenics is the branch of physics that deals with the production and effects of very low temperatures. Helium was
a natural choice of coolant as its properties allow components to be kept cool over long distances. Super fluid helium
has remarkable properties, including very high thermal conductivity; it is an efficient heat conductor. These qualities
make helium an excellent refrigerant for cooling and stabilising the LHC'’s large-scale superconducting systems. The
Large Hadron Collider (LHC) at institutions like the CERN in Switzerland is the largest cryogenic system in the world
and one of the coldest places on Earth. It is one of the examples where the use of cryogenic Helium is essential for
good working of the system.

The difference from conventional industries is that repairing a cryogenic system and reaching the process nominal
conditions is a time-consuming action due to the thermodynamic constraints. For this reason, fault diagnostic functions,
capable to detect and identify faults before their degeneration into failures, become more and more important. In
cryogenic installations, the most critical class of equipment consists of rotating machinery, such as pump, turbines and
compressors. Beside the problems related to failures of compressors, turbines, etc... The limitation of plant runtime
and failures are also due to impurity loads to the cold box. Mostly smaller sources of water and air contamination are
found just before the beginning of appearance of the Breox oil in the vacuum screw compressors that leads to a high
load of the cold box with water, formaldehyde and other organic components. This fault situation must absolutely be
detected at the beginning to minimize the impact of failure.

This is why it is required to have an impurity monitoring instrument for the cold box feed gas that measures the
ratios of air, water, hydrocarbons and oil in the gas running from the recycle compressor to the cold box. This way, the
maintenance and actions can be taken at the right moment. The analytical instrument must monitor trace N2-02-
water and hydrocarbons in high purity Helium.

www.ldetek.com Where innovation leads to success
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LDETEK SOLUTION:

LDetek offers its online LD8000 MultiGas based on plasma emission technology (PlasmaDetek?2) to trace the 02-N2-CnHM and water
impurities in cryogenic Helium. Using a single detection technique based on plasma emission, the trace impurities can be measured
with an online mode. The required range for this type of application is usually 0-100ppm for 02 and N2, 0-25ppm for moisture and
0-10ppm for CnHM. Other ranges can be configured on request. The system monitors in continue the Helium purity without the use
of Chromatography columns. The response analysis time for each gas can be done within 30 seconds. Better response time can be
achieved depending on the purge flow rate that is adjustable on the LD800O. Since the Helium cost is an important factor, LDetek has
designed its unit to ensure low sample flow consumption and this with consideration to ensure keeping a quick response time.

On top of that, the design is based on independent micro plasmas to ensure the protection of the system from oil contamination on
long-term operation. A first plasma is isolated for measuring 02 and N2 together, having their own selective mode. A second plasma
is used for measuring independently the H20 concentration alone having its own flow path specifically designed for moisture analysis.
And a third plasma combining a plasma converter system is used for measuring the trace CnHM. This third plasma system is designed
to ensure that the optic used for measuring the CnHM isn’t submitted to carbon deposit contamination.

FEATURES:

The instrument comes with a touchscreen interface and a keypad that facilitate the navigation through the different menus. It has
one 4-20mA analog output per impurity. Each impurity has 2 ranges of operation and an individual ID range contact. It also has 2
configurable alarm contacts and one status contact. The unit has an automatic proportional valve for controlling the sample flow rate
and a manual valve for adjusting the sample bypass flow rate.

Based on dual plasma operation, a safe mode has been implemented if the oil level goes over a certain concentration. It protects the

alternative plasmas to be contaminated with carbons to guarantee a long-term operation in presence of dirty Helium gas containing
high level of oil.

CONCLUSION:

The LD8000 MultiGas uses a parallel plasma system configuration that is individually selective to each measured gas to avoid the
interferences from other impurities. Using this technique, the LD8000 becomes the right online instrument to be used for Helium purity
for monitoring multiple impurities in a single unit on cryogenic installation.
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APPLICATION NOTE Q

L D 16'07 I_IS;FEK

Measurement of impurities in UHP Argon using the
MultiDetek 2 and PlasmaDetek 2

A MultiDetek2 A PlasmaDetek2

Argon is a widely used gas in different needs such as steel industries, air separation, welding, purging, chemical plants,
semiconductor and others. Having a good analytical tool is mandatory to ensure the required purity of argon.

The most popular technique for UHP argon analysis is to detect trace impurities by gas chromatography. Some of the
most common technologies will use a combination of multiple detectors to achieve the analysis requirements. Most
commonly used are FID (flame ionization detector) combined with PDD (pulse discharge detector). This technique
requires the need of helium as carrier gas what is an expensive gas to be used as carrier gas for the analysis of H2-N2-
CO-CO2. The analyses of hydrocarbons will be performed using the FID what requires extra cost due to air and fuel. On
top of that, the oxygen analysis must be performed using a separated trace oxygen analyzer due to the co elution of
argon and oxygen in the gas chromatography system with helium ionization detection technique.

LDETEK SOLUTION:

The MultiDetek 2 combined with the PlasmaDetek 2 detector provides an ideal solution to measure the different impurities in UHP
argon. With the PlasmaDetek 2, based on plasma emission detection, impurities in low ppb can be easily detected.

The system is simply configured with 3 channels and one plasma detector. Each channel has its own chromatography column mounted
in a compact isothermal oven. A simple injection with sampling loop technique mounted on a diaphragm valve is used to introduce the
sample gas to the detector.
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Figure 1
@ COMPONENT CONCENTRATION PEAK HEIGHT NOISE LDL (3x NoISE)
'5 H, 6.947 ppm 1391 mV 2.5 mV 0.037 ppm
z
g 0, 6.312 ppm 1311 mV 21 mVv 0.030 ppm
E N, 6.428 ppm 1377 mV 1.0 mV 0.014 ppm
e CH, 6.975 ppm 1390 mV 2.0mv 0.030 ppm
& CcO 6.521 ppm 1270 mV 2.6 mV 0.040 ppm
<
o Co, 5.128 ppm 1168 mV 2.3 mV 0.030 ppm
Ut NMHC 8.565 ppm 1201 mV 1.6 mV 0.034 ppm

Note: other LDL could be obtained with different injection volume and chromatographic condition

Figure 2

CONCLUSION:

Using the MultiDetek 2 compact GC, it becomes the most convenient solution for argon purity analysis. It is a maintenance free system
that offers the required performances. The use of argon as carrier gas entails a low cost of operation. On top of that, the MultiDetek2
offers all the features required by the industrial market for such type of application.
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APPLICATION NOTE 9

LD16-08 Detek

Measurement of hydrocarbons in UHP Oxygen using the
MultiDetek 2 and PlasmaDetek-E

| Ml_ﬂrlekae
=

A MultiDetek2 A PlasmaDetek2

This application note shows different methods that have been developed by LDetek for measuring the
hydrocarbons in a stream of Oxygen (other matrixes can be analysed as well since the PlasmaDetek-E is
strictly selective to hydrocarbons). This application note is the continuity of the application note LD16-02. It
is then suggested to first read the LD16-02 to be advised about the technology that was used.

LDETEK SOLUTION:

The chromatograms shown in figure 1 and in figure 3 have been performed using a single column with a Plasmadetek-E. The system
uses nitrogen as a unique carrier gas. The simplicity of this configuration makes this solution very efficient and simple for operation. No
maintenance is required for such micro plasma based system.
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Method for chromatogram in figure 1:

The MultiDetek2 configuration uses a 10 port diaphragm valve mounted in an injection/backflush mode. The sample gas is then
introduced in the packed porous polymer type column for eluting the Air/02 followed by CH4 in one direction to the detector before
to reverse the flow in the column to get the NMHC redirected to the detector. The selective mode of the PlasmaDetek-E makes the
detector being strictly selective to hydrocarbons and makes oxygen/air being invisible to the detector. The detector response and LDLs
are demonstrated in figure 2. Please note that different performances can be achieved depending on the maximum and minimum
ranges required.

Method for chromatogram in figure 3:

Using the same valve configuration combined with a different column type and system conditions, the analysis of separated C2’s
becomes possible. For some applications, where it is critical to measure C2s individually, especially acetylene at low concentrations,
this method is preferred. The addition of C3+ measurement can be done in the same system to cover the whole hydrocarbon analysis
solution. It offers better accuracy, sensitivity and simplicity than conventional FID or Argon plasma method. Figures 4-5 and 6 show an
example of performances using this method in real life conditions.

BT e =
Configurati Chromatoge Settings  Calibration Diagnostics  About Quat
Chromatogram Dote And Tme : 04/19/2016 23:45:20

A21709, 2229 <04

Cri

T Ty Tmrr iy I

-

T Ty var mrTy

0 A e T T B S T T N I R T S N N N DU R T ] VO TN D ] A

€ 100 150 200 250 30 %0 40 450 S0 550 60 650
Time (seconds)

Analyss Teme: 630 f 700 sec

own % Flow  miimn Pesk R.. Clauscmste Restat 3 |t CydeFi || Epot |
Oven 1599 Caurmel 3.1 OH  S0.00ppm R2 ) Automatic Ranging F4
MWDl 45.0 Swrple 1009 MHC 124977... R2 [ Mot F2 ][ Priek ]

Historic Yok

Figure 1: Chromatogram of CH4 & NMHC in oxygen matrix
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COMPONENT CONCENTRATION PEAK HEIGHT NOISE
CH, 50.000 ppm 2211 mV 0.8 mV
NMHC 124.977 ppm 1622 mV 0.4 mV

LDL (3x NOISE)
0.054 ppm
0.092 ppm

Note: other LDL could be obtained with different injection volume and chromatographic condition

Figure 2
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MD1 449 Sangle  100.9 e 3s2ppm R2 | metrz | e |
C2H4  4.169ppen R2
C2H6  4.6l6ppm  R2 Historic Value
CIC4 16 %6ppen R2 Irstrument SLatus:
Figure 3: Chromatogram of trace CH4,C2H2, C2H4, C2H6 & C3+ in oxygen matrix
COMPONENT CONCENTRATION PEAK HEIGHT NOISE LDL (3x NOISE)
CH, 48.372 ppm 951 mV 0.3 mV 0.046 ppm
C,H, 3.912 ppm 1241 mV 3.3 mV 0.031 ppm
CQH4 4.169 ppm 1111 mV 3.3 mV 0.037 ppm
C,H, 4.616 ppm 1146 mV 3.3 mV 0.040 ppm
C,*+ 16.946 ppm 220 mV 0.9 mV 0.207 ppm

Note: other LDL could be obtained with different injection volume and chromatographic condition

Figure 4
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Historic Values E
e CH4 oz C2H4 C2He Ca+ B
12016 04:23:29  7.278 7.368 7.252 6.947 23,382
j2016 04:08:18  7.283 7.365 7.250 6,947 23.383 Figure 5: Example of stability results over
12016 03:53:07  7.281 7.364 7.253 6.955 23.397 10 consecutive cycles
12016 03:37:56  7.282 7.361 7.246 6.942 23.387
12016 03:22:45  7.289 7.362 7.253 6.954 23.409
12016 03:07:3¢  7.290 7.368 7.254 6.965 23.422 =
12016 02:52:23  7.280 7.369 7.259 6.968 23.428
12016 02:37:12  7.265 7.369 7.260 6.960 23.419
12016 02:22:01  7.278 7.377 7.266 6.965 23.419
12016 02:06:50  7.293 7.379 7.264 6.960 23.406 E
12016 01:51:39  7.275 7.382 7.269 6.951 23.417
12016 01:36:28  7.276 7.365 7.266 6.965 23.420
2016 01:21:17  7.290 7.390 7.268 6.980 23.424
12016 01:06:06  7.288 7.390 7.273 6.983 23.453 B
< | n | » B
[More... | [onchat... | | Print | | ok | [ pelete | | cancel |
Peak 1 @

From : Friday , Apd 29,2006 v To:  Monday , May 02,2016 ~

Datapath:  E:\IMutDeteldtecced (isim]

[ Ca
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Figure 6: Example of stability results
over a 3 day period
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APPLICATION NOTE Q

LD16-09 el

L Delek
Measurement of trace impurities in UHP hydrogen

[72]
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A MultiDetek2 A PlasmaDetek2 g

E

(3)

The production of UHP hydrogen requires analysis of trace impurities to control and certify the gas purity. E

Multiple instruments are usually dedicated to this task. Combining everything in the same instrument, <

the MultiDetek2 compact gas chromatograph is very efficient for this type of requirement. The detection 3

down to part per billion can be achieved, what makes the instrument capable of certifying different

hydrogen grades.
LDETEK SOLUTION:

Most of the gas chromatographs will use some combinations of hydrogen traps or membranes for measuring some impurities like Ar-0O2
and N2 at low part per billion to eliminate the interference from hydrogen. The selectivity of the PlasmaDetek2 detector has the ability
to measure those difficult impurities down to ppb level without the use of any hydrogen traps or membranes. It reduces the operation
cost and simplifies the running operations of the system.

The configuration has 5 channels all converging in 3 different plasma detectors as follows:

» Channel#1: Measuring CH4-C0O2 with HayeSep columns merging in plasma#1

» Channel#2: Measuring 02-N2 with Molecular Sieve columns merging in plasma #1
» Channel#3: Measuring NMHC with HayeSep column merging in plasma #2

» Channel#4: Measuring CO with Molecular Sieve column merging in plasma #2

» Channel#5: Measuring Ar with ArgoTek* column merging in plasma #3

*ArgoTek column is manufactured by LDetek to offer the trace argon separation from matrix Oxygen or Hydrogen. The column is packed type operating at 45 Celsius / 20 sccm
helium carrier flow rate. With these conditions, the column offers the desired separation for measuring part per billion argon in either oxygen or hydrogen.
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i ’ P e e o The three plasma detectors are respectively

Chrematogram Duate And Tme © 073X
397 30,1910 112 configured with the appropriate optical filters for
o - blocking the hydrogen matrix and focussing on the
b dedicated impurities. This plasma configuration
3sm allows the analysis of multiple impurities in one
Em = co single compact gas chromatograph unit.
22@—5 o rasic
S
5 150 Figures 1 and 2 show an example of results that
"m'é i b T i such configuration can achieve for measuring low
"m'g‘ e o i b : ppb/ppm concentrations of UHP hydrogen.
= 100 200 30 400 S0 60 700 &0 A0 1000 100 120
Time (seconds)
Arabyss Tima: 1200 [ 1200 sec
Owen € 2 Rw wjen Pesk R &} - . . e 1
Oownl 500 Caormel 295 @ 100545 R2 ”mmm: EMM" - :ﬁ:r:y:(li“m:::matogram oface mpurties n
CwvenZ 99 camerl 0S5 LS 006.535... R2
Gl 9 E| Corerd N2 aH 0. R2
Cverd 29 Carrexd 9.7 L+ SA2.2%0... RD Hatong Value
O 459 samcle 1006 X 1AL R2 Intrumant Stabus:
Crverdy 00 . N LT L. B2
wol 450 @  enm. B2 Connected to MCU
Loard ©wn
m COMPONENT CONCENTRATION PEAK HEIGHT NOISE LDL (3x NOISE)
) 0, 1005.1 ppb 2090 mV 2.1mv 3.02 ppb
z
g Ar 806.5 ppb 1017 mV 0.8 mV 1.90 ppb
E CH, 801.8 ppb 1415 mV 1.6 mV 2.71 ppb
g N, 547.2 ppb 1821 mV 1.4 mv 1.26 ppb
é Co, 1042.1 ppb 1500 mV 2.2 mV 4.58 ppb
o NMHC 741.7 ppb 1299 mVv 2.2 mV 3.76 ppb
@ co 623.1 ppb 2055 mV 5.1 mv 4.63 ppb

Note: other LDL could be obtained with different injection volume and chromatographic condition

Figure 2

CONCLUSION:

The analysis of UHP hydrogen can be performed using this LDetek solution that combines a selective plasma detector configuration, a
complete industrial compact gas chromatograph system, a unique separation column type with an impressive expertise in this field of
application. Having all this makes LDetek solution perfect for this type of industrial application.
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APPLICATION NOTE Q)

LD16-10 Detek

Measurement of trace Ar-Kr and N2 in a bulk gas Oxygen

A MultiDetek2 A PlasmaDetek2

Detecting and measuring trace Ar-Kr and N2 in a bulk gas Oxygen without the need of a cryogenic
system, or a trapping adsorbent or an extra long column as generally used to measure trace ppb/ppm
Argon as impurity from bulk Oxygen and for separating Krypton and Nitrogen.

LDETEK SOLUTION:

Using the compact MultiDetek2 gas chromatograph, with a dual channel mode merging in one PlasmaDetek2 (PED) detector, the
analysis of trace Ar-Kr and N2 can be realized easily in a robust and maintenance free system.

» Channel#1: Used for measuring trace Argon in bulk Oxygen with the Argotek* column. The sample gas is injected
using a standard 6 ports diaphragm valve directly in the packed type column that operates at isothermal
temperature and with a fix carrier flow rate.

> Channel#2: Used for measuring trace Krypton and Nitrogen in bulk Oxygen with the HSR-Etek* column. The sample gas
is injected using a standard 6 ports diaphragm valve directly in the packed type column that operates at
isothermal temperature and with a fix carrier flow rate.

*ArgoTek column is manufactured by LDetek to offer the trace argon separation from matrix Oxygen. The column is packed type operating at 45Celsius/20sccm helium carrier
flow rate. With these conditions, the column offers the desired separation for measuring part per billion argon in oxygen. (more details appear in application note LD12-3)

*HSR-Etek column is manufactured by LDetek to offer the trace Krypton and Nitrogen separation from matrix Oxygen. The column is packed type operating at
45Celsius/20sccm helium carrier flow rate. With these conditions, the column offers the desired separation for Kr/N2. (more details appear in application note LD12-7)
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Figures 1 and 2 show an example of results that

: “ o o o i such configuration can achieve for measuring low
#5000, 2378 277 ppb/ppm concentrations in bulk oxygen.
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E Note: other LDL could be obtained with different injection volume and chromatographic condition
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CONCLUSION:

The analysis of specific trace impurities in bulk Oxygen can be performed using this LDetek solution that combines a selective plasma
detector with the right chromatography solution. It gives a robust and maintenance free system. Other impurities can be added to this
system simply by adding extra channels.
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APPLICATION NOTE Q

L D 16'11 I_IS;FEK

Measurement of trace impurities in multiple bulk gases

A MultiDetek2 A PlasmaDetek2

Having an analytical system that is able to measure multiple impurities in different bulk gases is
sometimes required. It is usually a big challenge to combine all the hardware in the same instrument.

LDETEK SOLUTION:

The MultiDetek2 (compact gas chromatograph)

This compact gas chromatograph can handle up to 3 detectors with 6 parallel chromatographic channels through a network combining
up to 10 diaphragm valves and 12 chromatographic columns. It opens the doors to many applications requiring multiple bulk gases
analysis using the same compact analytical instrument.

One configuration (method) is pre programmed for each bulk gas analysis requirement. This way, the user can simply load the desired
configuration and the analyser is ready to start the analysis. As well, the impurities can be independently configured with specific
ranges and minimum detection limits.

No external PC is required since the robust industrial PC is mounted in the instrument and gives access to a data storage capacity.
The instrument can be controlled remotely through the Ethernet connectivity. All industrial communication protocols are accessible.
Automatic or manual report printing can be handled.
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The LDGSS (stream selector)

Multiple bulk gases analysis usually requires a stream selector system being able to be controlled locally or remotely. A manual switch
is available on the front to select manually the desired stream. Otherwise, the stream can be selected via the MultiDetek?2 interface.
The interface gives the possibility to edit the names of the streams, to program multiple sequences and to set specific purging time
between each stream. The streams can also be selected and identified by a standard DCS system though a dry contacts network.

This ultra high purity system offers a quick response time due to its dead volume free design. An adjustable sample purge valve and
flow meter is independent to each stream to adjust the gas line purging before the stream selector. A purge gas being the same of the
carrier gas of the MultiDetek?2 is used to keep the ambient air away of the analytical flow path to ensure ultra high purity analysis gas
for all the streams. Specifically when trace impurity of a bulk gas is also the pure gas of its neighbor stream that was just analysed in
the previous analysis. The design of a back purged stream selector system is very important and this is what is included in this solution.

For this application note, since the analysis of hydrogen and oxygen is required, 2 LDGSS systems have been used to avoid mixing of
both gases together. The purge gases are independent to each stream selector to avoid any chance of mixing oxygen and hydrogen.
The LDGSS used for Oxygen can be certified for 02 Clean.

The COMPACT-LDP1000 (gas purifier)

The gas purifier generates ultra high purity carrier gas certified for a total of 10ppb total impurities. This compact high capacity gas
purifier keeps the system clean and intact even if carrier gas cylinders purity can vary from batch to batch introducing a variation of
baselines which has impact on the accuracy of the a analytical device. Or in another instance, if by mistake, an air contamination gets
in the carrier flow path during the process of changing the carrier gas cylinder.

The gas purifier can also communicate in real-time with the MultiDetek2 to inform about his status. In the event of a default, it
generates an alarm in the MultiDetek2 to automatically advise about the fault.

The LDRACK (certified cabinet)

The complete solution comes assembled and certified in a cabinet. Such system is fully tested to certify the analytical response time
when switching between streams. This is more than necessary when low ppb analysis of nitrogen and oxygen are targeted. It doesn’t
only guarantee that the sample gas lines offers no dead volume and leaks, but also guarantees that the carrier gas lines are properly
mounted. It is the best practice to get the best analytical performances especially when traces of impurity at ppb level are also present
in ambient air must be detected.
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THE COMPLETE SOLUTION
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RESULTS:

Figures 1 to 12 show some examples of results that such configuration can achieve for measuring low ppb/ppm concentrations of
multiple trace impurities in multiple bulk gases.

In this example, trace impurities H2-Ar-02-N2-CH4-CO-CO2 in bulk gases Argon, Carbon dioxide, Hydrogen, Helium, Nitrogen and
Oxygen were measured.

An optimized method for high range(HR) covering up to 1000ppm and another method for low range(LR) to ensure good peak detection
and stability down to 10ppb are used. This dual methods technique gives the possibility to extend the dynamic range as desired.
Conventional analysis techniques will tend to have some limitations on the low ppb detection when a high ppm analysis is required. The
linearity and accuracy of our system is improved by having an optimized method for a specific analysis range.
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Figure 3:
chromatogram of trace impurities in Carbon Dioxide
(High range ppm)

Figure 4:
chromatogram of trace impurities in Carbon Dioxide
(Low range ppb/ppm)

Figure 5:
chromatogram of trace impurities in Hydrogen
(High range ppm)
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Figure 9:
chromatogram of trace impurities in Nitrogen
(High range ppm)

Figure 10:
chromatogram of trace impurities in Nitrogen
(Low range ppb/ppm)

Figure 11:
chromatogram of trace impurities in Oxygen
(High range ppm)
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COMPONENT CONCENTRATION PEAK HEIGHT NOISE LDL (3x NoISE)

H2 (fig.8) 10.000 ppm 1621 mV 0.7 mV 12.9 ppb
Ar (fig.4) 10.000 ppm 1780 mV 0.4 mV 6.7 ppb

02 (fig.4) 10.045 ppm 1320 mV 0.6 mV 13.7 ppb
N2 (fig.2) 10.006 ppm 1821 mV 0.5 mv 8.2 ppb

CH4 (fig.6) 10.089 ppm 1612 mV 0.6 mV 11.3 ppb
CO (fig.10) 10.000 ppm 1806 mV 0.9 mv 14.9 ppb
CO2 (fig.6) 10.282 ppm 1823 mV 0.8 mV 13.5 ppb

Note: other LDL could be obtained with different injection volume and chromatographic condition

Figure 12

CONCLUSION:

Our complete integrated gas analysis solution guarantees the best performances and robustness for any applications combining
multiple impurities in multiple streams and/or bulk gas types. It is compact and compatible with standards of the industry.
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APPLICATION NOTE 9

L D19'05 I_Iggrela

Trace impurities in UHP Argon for hot isostatic
pressing (HIP) and additive manufacturing (AM)
industries with the MultiDetek2 analyser

Muit JDF.,F,KE 1

A MultiDetek2 A PlasmaDetek2
patent US 9,310,308 B2

Argon is a widely used gas in different needs such as steel industries, air separation, welding, purging, chemical
plants, semiconductor and others. Having a good analytical tool is mandatory to ensure the required purity of argon.

This application note is the continuity of the LD16-07. In this application note, we will particularly covers the HIP (hot isostatic pressing)
process in the steel industry with the use of the MultiDetek2 gas analyser GC for trace impurities in Argon.

What is the HIP?

HIP combines very high temperatures, very high pressures, and inert gas to eliminate porosity in castings and consolidate powder
into dense materials. Temperatures are up to 2,000 deg C, pressures are up to 30,000 psi and UHP inert gas generally argon are the
conditions required.

What is the utility of using HIP?

The hot isostatic pressing is used extensively to prolong the working life of components and protect them from environmental factors
such as corrosion and abrasion. It provides thermal processing which improve material properties such as strength, durability and
corrosion resistance, enabling manufacturers’ components to work more efficiently with significantly extended operational lifetimes.
It is used to alter the microstructure of materials, such as metals and alloys, to impart properties which benefit the working life of a
component, for example: increased surface hardness, temperature resistance, ductility and strength. Hot isostatic pressing uses very
high pressures in addition to high temperature to achieve engineering outcomes that are impossible by other methods. HIP is used to
eliminate porosity in castings and consolidate encapsulated powders to dense materials. Dissimilar materials can be bonded together
to manufacture unique, cost effective components.
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What are the markets that require products to be manufactured from this HIP process?

HIP installations will process many tons of titanium, aluminium, steel and super-alloy castings, removing porosity and improving the
performance of parts such as turbine blades and oilfield components. In almost all cases metals in any state require heat treatment
to improve their properties, if components are to achieve desired levels of longevity and corrosion performance in use. Without heat
treatment car engine components, for example, might last for hundreds of miles rather than the tens of thousands we expect. The
use of the specialist surface technologies offers further improve in-use characteristics, particularly in severe environments such as in
aircraft engines and in sub-sea oil & gas applications.

Why gas analysis is required for HIP?

An inert gas is required to prevent chemical reactions during the HIP process at elevated temperatures, making argon the ideal
candidate. Monitoring of the HIP argon gas and its impurities is required to control the quality and repeatability of the HIP process.

The general quality control requires the analysis of the trace impurities in a range of 0-100ppm for H2-02-N2-CH4-CO-CO2-NMHC-H20
in UHP argon.

HIP typical installation:

Hot Close
Argon Isostatic Loop
Storage Priss Cooling
U Vacuum
Compressor Gas Pump
L & _ Chromatograph
Pressure &
| Temperature
Controller
P
LDETEK SOLUTION:

The MultiDetek 2 combined with the PlasmaDetek 2 detector provides an ideal solution to measure the different impurities in
UHP Argon.

The system is simply configured with 2 blocks, each one merging in one PED. Each block has its own chromatography column mounted

in a compact isothermal oven. A simple injection with sampling loop technique mounted on a diaphragm valve is used to introduce the
sample gas to the detector.
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Block 1 is used to measure trace H2-02-N2-CH4-CO and CO2

For block 1 configuration, a selection diaphragm valve is used for synchronizing the impurities coming out of the columns to the plasma
detector. The PED is configured with selective optics for each measured impurity improving the sensitivity.

Oven
—_—
EPC Valve Gl
10 ports Qu) 6 ports
double injection Column selection

Block 2 is used to measure trace NMIHC

The block 2 arrangement allows to inject light impurities to vent and by reverting the valve position, the C2s-C3s-C4s hydrocarbons are
grouped together as one peak to form NMHC to the PED. The PED has the right optic, selective to hydrocarbons.

EPC

10 ports
injection
backflush
detector

Oven

Column

For the analysis of trace H20, 2 solutions are offered depending of the requirements.

2. If an Idl lower than 0.5ppm is required, then a third block is
mounted inside the MultiDetek2 containing a quartz crystal
micro balance moisture sensor. Using this way, a span and
zero calibration system is integrated inside the GC unit for
calibrating the H20 sensor.

1. A Michell DewPoint sensor can be
added to the MultiDetek2, connected
in parallel. The 4-20mA output of
the sensor is wired back to the MD2
analog input. Then, all results can be
report on the GC interface. Going this
way a LDL of 0.5ppm can be achieved
for H20 impurity.
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Block 3 is represented flow orifice
: ——MAMAN————
for measuring trace H20 Oven
valve 3 streams
(diaphragm)

H20 sensor electronic flow controller

o¥e
sample gas from process =
Q) QCM
3 )4

dry gas from heated purifier(zero reference) O_O

moisture generator (span) ®

flow orifice

flow orifice
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LDRACK INTEGRATED COMPLETE SOLUTION

MULTIDETEK2

GC gas analyser for
measuring trace H2-02-N2-
CH4-CO-C02-H20 in UHP
argon.

Where innovation leads to success

LDGSS

ultra high purity gas
stream selector system

for switching between the
different streams and the
span calibration gas (Up to
10 streams in one device is
available).

LDP1000

heated gas purifier to
generate UHP grade
99.999999% from grade
99.999% for carrier gas of
the GC.
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RESULTS:

A chromatogram of such system with a standard gas containing trace impurities in a balance of Argon. An analysis time of less than 10
minutes is required for H2-02-N2-CH4-CO-CO2 and by adding the NMHC impurity, the analysis time goes to 12 minutes.

Configuration Chromatogram  Settings Calibration Diagnostics About Quit
Log File Enable | Chromatogram Date And Time: : 11/10/2016 15:15:11
0,100, 1000.000
5000
4500
4000 coz M
3500
=
Ea000
@
2 2500
22000
L 1500
1000 "
500
cIIIFIIIIIIIIIIIIIrIIIIIIIIIIIIIIIIIIIIIIIIIIIII!
200 300 400 500 600 700 800 900 1000 1100 1200
Tirme (seconds)
Analysis Time: 805 | 805 sec
Swen < Flow Pesk LS [T Automatic Restart F3
Ovenl  54.9 LDEPCI  5S.0mijmin  H2 10.31Sppm  R1 B Ranging F4
w35 Sme Gddh e wme R L
HCD1 450 CHt  9.87pom  R1 Historic Value
o] 9.974ppm Rl Instrument Status:
m :xx :i Connected to MCU ‘Iﬂ
=
(=)
4
s
The following chart gives the limit of detection for such GC configuration E
($)
COMPONENT CONCENTRATION PEAK HEIGHT NOISE LDL (3x NOISE) E
H2 10.315 ppm 3202 mV 2.4 mV 0.023 ppm &
02 9.936 ppm 3221 mV 21 mVv 0.019 ppm 8
N2 9.974 ppm 3205 mV 1.0 mV 0.010 ppm
CH4 9.874 ppm 3201 mV 2.0mVv 0.019 ppm
Cco 9.974 ppm 3251 mV 2.6 mV 0.024 ppm
Cco2 9.742 ppm 3191 mV 2.3 mV 0.021 ppm
NMHC 9.932 ppm 3051 mV 2.1 mV 0.021 ppm
Figure 2 Note: other LDL could be obtained with different injection volume and chromatographic condition

CONCLUSION:

With the MultiDetek2 compact GC combined with PlasmaDetek2 detector, the analysis of trace impurities in UHP argon can be realized
in one rackmount instrument with one type of detector. The use of argon as carrier gas entails a low cost of operation. On top of that,
the MultiDetek?2 offers all the features and industrial protocols/controls required by the industrial market for such type of application.

Our fully integrated solution LDrack combining the analytical instrument MultiDetek2 with our stream selector system LDGSS with the
integrated analysis for trace H20 makes a reliable turnkey solution for the HIP furnace manufacturers, 3D printer manufacturers and
some controlled atmosphere manufacturers.
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APPLICATION NOTE Q

LD20-04 Detek

MultiDetek2 with PlasmaDetek2 configured
as online analyser for fast Crude Argon analysis

A MultiDetek2 A PlasmaDetek2

LDETEK SOLUTION:

In continuity to our application note LD12-06 that explains the benefit of measuring the trace N2 in Crude Argon to improve the
Argon production in ASU, this document will show the benefit of using our online trace N2 in Crude Argon analyser for such type
of application.

In some cases, when the oxygen concentration stays below a maximum level of 5%, it is strongly suggested to refer to our LD8BOOOMG
instrument that can measure trace nitrogen in such low percent oxygen level. Our application note LD13-03 well describes what our
LD800OOMG series with PED technology can offer.

When the Crude Argon analysis requires an oxygen level being over 5% up to 80-100%, then the use of our MultiDetek2 analyser with
the PlasmaDetek2 detector mounted as an online gas analyser instrument is strongly suggested. Conventional gas analyser for such
type of application will use a basic gas chromatograph which requires a certain analysis time and GC columns. In most cases, the
analysis time isn’t quick enough to be able to control and improve the Argon production level. Our MD2 analyser combined with the
PED in a selective and sensitive mode can performs the nitrogen analysis in a crude argon sample gas without the need of having a
GC column.

The MD2 uses a diaphragm injection valve with a micro sampling loop to inject through a straight copper catalyst-based bed. The

combination of the highly selective/sensitive PED with the absorption bed makes the N2 analysis possible within 50 seconds. With
this quick analysis time, the Argon production can be improved to reduce the cost of production.
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RESULTS

Chromatogram of of trace ppm impuritiy N2 in Crude Argon sample gas (sample contains 90% Oxygen, balance Argon)

{0 DCheema - 0O X%
Configuration  Chromstogram  Settings  Cabbration  Tooh  About Cut
Chromatogram Sep/201H 11:35:32
5001 =
3500{ gJ
3000
2500
20001
1500+
1000
so04
0wk bkl e A A Ll Lkl Ll I il
20 ] (] 80 1060 120 140 160 180 200
Time (s}
HDI 40 C LDepxct %0 miwn N2 152.. pom st
Ovenl %I C Sampie | L1 miimn
A st Restart

LDL is identified based on three times the noise level

COMPONENT CONCENTRATION PEAK HEIGHT NOISE LDL (3x NOISE)
N 1192 ppm 765 mV 1.3 mV 6,07 ppm

2

Note: other LDL could be obtained with different injection volume and chromatographic condition

Repeatability is demonstrated here by running 12 consecutive cycles at a concentration of 12200ppm N2 in a sample gas
containing 90% Oxygen balance Argon.

Start N2

2019-09-21 04:04 1203.670 ppm
2019-08-21 04:03 1202 633 ppm
2015-08-21 04:02 1201.522 ppm
2019-00-21 04:01 1201.335 ppm
2019-09-21 03:59 1202.315 ppm
2019-09-21 03:58 1203.796 ppm
2019-00-21 03:57 1203.044 ppm
2019-09-21 03:56 1203.868 ppm
2019-08-21 03:55 1203.715 ppm
2019-00-21 03:54 1203.070 ppm
2019-00-21 02:53 1201.403 ppm
2019-09-21 03:52 1201.770 ppm

CONCLUSION:

The MultiDetek2 gas analyser combined with the PlasmaDetek2 detector offers the requirements for such type of application. The
analysis time is quick enough to reduce the production cost of Argon in ASU. Compared to a conventional GC method, the MultiDetek2
online method here allows a straight and fast crude argon analysis. The method proposed in this document is rackmount, robust
and industrial as required by this market. The system also offers a full remote control. The industrial communication protocols are
all built in and must simply be selected specifically for your requirements.

www.ldetek.com Where innovation leads to success

245

(2]
w
=
(=)
4
4
o
=
<
[3)
I~
o
o.
<
©
™




(72]
w
==
(=)
4
=z
S
=
<
o
-l
a.
o.
<
<
™

APPLICATION NOTE 9

LD20-06 Detek

Measuring trace 02-N2-H20
for Lithium-lon batteries inert atmosphere

LD8000

MULTIGAS

A 1D8000 A PlasmaDetek2 A SenzTx A Easidew
N2 02 H20

APPLICATION:

Batteries are used to convert electrical energy into a storable chemical energy in order to subsequently release the energy back as
electricity at a later point in time. There is a continual race to increase the energy packed into batteries to improve their operability,
broaden their range of applications and reduce their manufacturing cost.

They are miniaturised to house watches or implanted medical devices and are used on portable equipment such as smartphones,
laptops and power tools. They are also found in communication devices such as satellites, emergency power such as UPS, robotics
and heavy machinery. Their usage is gaining tremendous traction in the transport industry and fuel cells applications. They have more
recently received a keen interest on the storage of renewable energies from wind and solar power to buffer electrical grid demands.

The production of lithium-ion battery cell consists of three main steps: Electrode manufacturing, cell assembly and cell finishing. High-
temperature atmospheres are used for sintering of the precursors, inerting atmospheres, and the welding of cell tabs into a stack.
Precisely controlled argon or helium atmospheres are typically used to prevent lithium from reacting with oxygen and nitrogen from an
air atmosphere. Their presence would result in irreversible damage to the Lithium electrode by the formation of an oxide and a nitride.

The inerting argon atmosphere must equally remain moisture free to prevent it from reacting with the lithium-ion battery electrolyte to
form hydrofluoric acid. The electrolyte decomposition rate increases at elevated temperatures, so the overall manufacturing process
must be kept under dry conditions. When sealed inside the cell this strong acid can potentially cause short circuits and, in some cases,
fire. Moisture emissions from the personnel must also be removed by dry air which is being continuously and accurately delivered to
the production area, to prevent the electrolyte to chemically decompose.

Nitrogen, oxygen and water vapour must be kept at the trace ppm level to satisfy the best of industry standard. The LD8000 MultiGas

online analyzer from LDetek is the ideal tool to control the atmosphere quality, as it combines the sensing technologies for each of
these impurities in a single 3U or 4U rackmount chassis.
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Nitrogen impurities are measured in a continuous gas stream using LDetek’s patented Plasma Emission Detector (PED). By combining it
with trace oxygen measurements using Ntron’s Senz-Tx along with Michell Instruments’ sensing technologies for moisture measurement,
the MultiGas is a staple product to the industry which embodies the synergies of between PST entities. Michell Instruments also offers
the precise chilled mirror technology in the S8000 product series for the water dew point measurement of the inerting gas or the dry
room environments, with traceability to national metrological standards.

SOLUTION:

PLASMADETEK2

patented sensor for detecting ppb/ppm
trace N2 in inert environment. Technology
based on its selective spectral emission.
For lithium-ion application, the ranges have
been configured at 0-200ppm, 0-20ppm
and 0-2ppm with a limit of detection at
0.01ppm.

SENZ-TX

sensor having a choice between a Zirconia
or an Electrochemical 02 cell is the ideal
choice for measuring trace 02 in inert
environment. This technology from our
sister company NTRON has been configured
here with a 0-20ppm,0-200ppm range with
a limit of detection at 0.5ppm using a fast
response time zirconia sensor. A lower limit
of detection of 0.1ppm can be achieved
using an electrochemical sensor, but it was
not required here.

EASIDEW

advanced ceramic moisture sensor technology-based hygrometers from our another sister company Michell has been used for the detection of trace
moisture impurity. Configured here for measuring 0-20ppm, 0-200ppm, the sensor offers the required range for the application with a limit of detection
being at 0.5ppm. In case of lower limit of detection requirement, the chilled mirror or the quartz crystal technologies can be used as well.

All the 3 sensors run in parallel having each an individual electronic flow controller to regulate the flow rate in a range of 100-200sccm
for each sensor. On the front of the unit, a sample bypass purge rotameter is mounted to adjust the desired excess flow for adequate
purging of the gas line upfront the instrument between O-1LPM. All the internal flow path have been reduced to 1/16”0D coated
stainless steel tubing to offer the best response time by keeping at minimum the surface volume. The coated tubing ensures to
eliminate the surface absorption.

All the data are transmitted by an individual 4-20mA analog output per impurity. An additional serial communication port can be added

if required. The interface has a touchscreen to navigate through the different menus. All this package in a 4U rackmount 19 inches
industrial enclosure.
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3.0 APPLICATION NOTES

APPLICATION NOTE Q

L D2 1‘01 I_I::greK

Trace impurities measurement for synthetic diamond
"grows" by chemical vapor deposition (CVD)

HOW DO YOU GROW A LAB DIAMOND?

By recreating the conditions underneath the Earth that result in diamond
growth: pressure, heat, & carbon.

Laboratory grown diamonds can be referred to as lab created diamonds, grown diamonds, synthetic diamonds, man-made diamonds,
cultivated diamonds, or cultured diamonds.

Diamonds are grown all over the world in high-tech facilities staffed by scientists, engineers, and technicians. West to East, here are
locations of significant diamond production:

» United States » France » Netherlands » Ukraine » Israel » China » Japan
» United Kingdom » Belgium » Germany » Russia » India » Singapore
Where innovation leads to success www.ldetek.com
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APPLICATIONS

> Jewelry

> Electronics

» Machining and cutting tools
» Thermal conductor

» Optical material

MANUFACTURING TECHNOLOGIES

Today, there are two main methods used to produce synthetic diamonds. The uses of high pressure and high temperature
(HPHT) is still widely used because of its relatively low cost. The process involves large presses that can weigh hundreds of tons
to produce a pressure of 5 GPa at 1500 °C. This method is mostly uses for large industrial production. The second method,
using chemical vapor deposition (CVD), creates a carbon plasma over a substrate onto which the carbon atoms deposit to form
diamond. Other methods include explosive formation (forming detonation nano diamonds) and sonication of graphite solutions
but are not so interesting.

The chemical vapor deposition by plasma is the method that allow the production of the best grade of synthetic diamond
possible on earth in a relative short time. This method involves measuring the trace nitrogen in different high purity gases
(mainly H2 and CH4) to accelerate the diamond growing and to improve the grade quality. For a proper trace N2 analysis, the
PlasmaDetek2 detector with the MultiDetek2 gas analyser is the best solution available. Depending of the production process,
the amount of N2 is critical and it is the reason why the analysis must be very accurate. Also, in some process, an additional
trace 02 and trace H20 analysis are required to ensure the purity of the additive gases and the hydrogen/methane.

CHEMICAL VAPOR DEPOSITION

Chemical vapor deposition is a method by which diamond can be grown from a hydrocarbon gas mixture. Since the early 1980s,
this method has been the subject of intensive worldwide research. Whereas the mass-production of high-quality diamond
crystals make the HPHT process the more suitable choice for industrial applications, the flexibility and simplicity of CVD setups
explain the popularity of CVD growth in laboratory research. The advantages of CVD diamond growth include the ability to grow
diamond over large areas and on various substrates, and the fine control over the chemical impurities and thus properties of
the diamond produced. Unlike HPHT, CVD process does not require high pressures, as the growth typically occurs at pressures
under 27 kPa.

The CVD growth involves substrate preparation, feeding varying amounts of gases into a chamber and energizing them. The
substrate preparation includes choosing an appropriate material and its crystallographic orientation; cleaning it, often with
a diamond powder to abrade a non-diamond substrate; and optimizing the substrate temperature (about 800 °C) during the
growth through a series of test runs. The gases always include a carbon source, typically methane, and hydrogen with a typical
ratio of 1:99. Hydrogen is essential because it selectively etches off non-diamond carbon. The gases are ionized into chemically
active radicals in the growth chamber using microwave power, a hot filament, an arc discharge, a welding torch, a laser, an
electron beam, or other means.

www.ldetek.com Where innovation leads to success
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ANALYSIS SOLUTION FOR DIAMOND PRODUCTION USING CVD TECHNOLOGY

Diamond production diagram Trace impurities analysis solution

Trace N2 from sub ppb to few

Hy + 0= Optical hundreds’ ppm is measured with the
e —a window PlasmaDetek2 detect ted i

yipe—u asmaDete etector mounted in

0y L= Quartz the MultiDetek2 analyzer. Optional

Foucisy H20-NH3 and 02 analysis can be

#:;‘ Plasma added in the same instrument when

required by the process.

controllers
o Diamond
L
Microwave 4
IS

/ | B B j Substrate
w uide N 2
aves Temperature-

LDGSS stream selector system
ensures the automatic switching
sequence for analysis between
H2/CH4 and the different additive

R

controlled gases. LDGDSA automatic dilution

;‘;l"::l'_'“ system can be added to accurately
calibrate in ppb’s.

=+ To vacuum

Figure shows a microwave plasma reactor in which diamond is grown on a silicon substrate. A gas mixture that is typically 99 volume
percent hydrogen and 1 percent methane, often with additives such as oxygen and argon, is passed through a quartz tube inside a
microwave waveguide. The microwave radiation partially dissociates the gas into a plasma containing hydrogen atoms, methyl radicals
(CH3), high energy electrons [8] and other reactive species such as hydroxyl radicals (OH).

Diamond crystallites nucleate on the substrate and grow into a continuous polycrystalline mass. The outer diamond growth surface is
rough, but the film face next to the substrate is as smooth as the original silicon surface. High quality Type 2a diamond with a thickness
greater than 1 mm can be grown over areas greater than 100 cm2 with growth rates of approximately 0.1 mm/h by this technique.

HOW IS THE MULTIDETEK2 INSTRUMENT CONFIGURED

Channel 1: N2 (02-NH3 optional)

IMPURITIES RANGE (ppm) LDL (ppb) REPEATABILITY (%) Detector
N, 0-100 0.5 0.1 PED
0 0-100 10.0 0.5 PED

2

The first channel is configured with a PED, using Helium or Argon as carrier gas depending of the preference of the user. The plasma
detector is mounted with a selective optical filter for measuring N2 and another filter for measuring 02. These two impurities can then
be measured without to get affected by the background gas or other interference gas molecules. The sample is simply injected through
a molecular sieve column and the 02-N2 impurities are measured by the plasma emission detector. Using this method, the impurities
can be measured from low ppb up to ppm in the required gas mixtures containing He/Ar/H2/CH4.

The same plasma emission detector (PED) can also be used for measuring the ppb/ppm trace ammonia (NH3) in the different gas
mixtures. A separate chromatographic flow path using the appropriacy capillary columns will be used.

Channel 2: H20

IMPURITIES RANGE (ppm) LDL (ppb) REPEATABILITY (%) Detector
H,0 0-10 10.0 0.5 Quartz crystal

The second channel is mounted with a quartz crystal sensor capable to measure trace moisture from ppb to ppm in continuous.

The sample gas is regulated with its mass flow controller and measured by the sensor. The MultiDetek2 GC has its built in moisture
permeation span calibration device that allow to periodically validate the quartz crystal sensor.
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RESULTS

Chromatograms : Channel 1

Sample : 5000ppb N2 Balance H2

Historic 8/ 2020 10:52:54
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Sample : 100ppb N2 Balance H2
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Sample : 1000ppb N2 Balance H2
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LDL

COMPONENT CONCENTRATION (ppb) PEAK HEIGHT (mV)  NOISE (mV) LDL (3X NOISE) (pph)
N, (Nitrogen) 8 451 0.087 0.46

Note: other LDL could be obtained with different injection volume and chromatographic condition

REPEATABILITY
Sample : 1.5ppb N2 Balance H2 Sample : 100ppb N2 Balance H2
Description N2 Description N2
Historic [Historic
= Thu, Oct-08-2020 = Tue, Oct-13-2020
16:48:54 1.712 09:57:27 88.850
16:43:47 1.703 09:52:20 88,893
16:38:42 1.703 09:47:15 86.877
16:33:35 1.681 09:42:09 88.819
n 16:28:28 1670 09:37:02 88.762
S 16:23:21 1.640 09:31:56 88.831
- 16:18:15 1673 09:26:51 88.786
2 16:13:08 1,658 09:21:45 88.760
§ 16:08:01 1.680 09:16:38 88,792
2 16:02:54 1623 09:11:31 88,850
>
o

IMPURITIES AVERAGE (ppb) SIGMAo(ppb) CV(%) CVx3(%) STATUS  REPEATABILITY (%)
N 88.84 0.047 0.05 0.15 pass 0.05

2

Using a series of 6 consecutive analysis, the repeatability conformity test must be below 5% considering a value of 3 times the
coeficient of variation (CV) to be accepted.

The repeatability % is obtained by applying the sigma of the 6 consecutive analysis on the average of these 6 same analsysis.
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LINEARITY

Impurity : N2

RESPONSE AREA (counts) CONCENTRATION (ppb)

0 0
10.5 1.7
49 8
546 89
5870 955
30715 5000

Linearity Nitrogen (N2)

6000

5000

4000

3000

2000

Concentration (ppb)

1000

-5000 0 5000 10000 15000 20000 25000 30000 35000

Response area (counts)

Using a series of 5 points within the measuring scale, being approximativly 100%,75%, 50%, 10%, 0% of the scale of the instrument to
be measured. The points have to be generated from a certified gas bottle diluted with the same gas as the carrier gas of the instrument.
The 5 points have to achieve a linear curve having its R2 at a value between 0.998 and 1.00.

CONCLUSION

The MultiDetek?2 process GC configured with a plasma emission detector (PED) for measuring trace N2 impurity in the different
gas matrix used for the synthetic diamond grow is perfectly suitable. The same channel can be used for measuring trace 02 as
well. By adding a channel with the quartz crystal technology inside the same unit, it becomes easy to have all the measurements
accomplish together. The PED sensor can also be used for tracing ammonia (NH3) all in the same analyzer. The analyzer is used
with the LDGSS stream selector system, that is used to switch from the different gas streams (H2-CH4-noble gases and others).
In order to calibrate the analyzer in the ppb ranges, the LDGDS-A, our dilution system can be added to the solution. All the system
is integrated in the LDrack cabinet series offering a turn key solution for the diamond production industry.

www.ldetek.com Where innovation leads to success
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APPLICATION NOTE

PST
LD22-01 = oo

Analysis of Krypton & Xenon in UHP Oxygen

A PlasmaDetek2
patent US 9,310,308 B2

A MultiDetek3

Measuring Krypton and Xenon in Oxygen is required to produce these rare gases. Using our Multidetek3 GC with
our PED, the production of Kr-Xe can be realized.

LDETEK SOLUTION

The Multidetek3 industrial gas chromatograph configured with the plasma emission detector using Argon or Helium carrier gas is used
to measure any concentrations of krypton and xenon. The instrument uses two packed columns and an heartcut valve configuration to
separate and measure the krypton and xenon.

The solution using Argon as carrier is preferred as it keeps the operating cost low compared to similar gas chromatograph on the
market that requires Helium as carrier gas.

The instrument simply requires a light maintenance process every 5 years to replace the carrier gas purifier and the diaphragms of the
chromatographic valves.

Where innovation leads to success www.ldetek.com
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RESULTS

TTTT(TTOT T00T TITT 7770 T 10077 TT0T TTTT
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50 100 150 200 250 300 350 400 450 500 550 600 650
Time (s)

Chromatogram:
4000ppm Kr, 400ppm Xe in balance Oxygen

Note: other LDL could be obtained with different injection volume and chromatographic condition

(7))

Limit of detection (based on 3 times the noise level from a blank) E
COMPONENTS CONCENTRATION (ppm) PEAK HEIGHT NOISE LDL (3x NOISE) ;
o

Kr 4000 2500mV 0.1mV 0.48ppm E
Xe 400 2500mV 0.2mV 0.01ppm ‘j’
o

o

<

Q

™

CONCLUSION

The MultiDetek3 industrial gas chromatograph configured with PED using Argon or Helium as carrier gas can measure concentrations
of Krypton and Xenon in Oxygen. The production of rare gases can be done with the robust MultiDetek3 instrument. Argon as carrier
gas, allows the gas producers to keep its operating cost low compared to other gas chromatographs that require to use Helium as
carrier gas.
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Analysis of trace impurities in UHP Helium

A PlasmaDetek2
patent US 9,310,308 B2

A MultiDetek3
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Helium is one of the basic chemical elements. In its natural state, helium is a colorless gas known for its low
density and low chemical reactivity. It is probably best known as a non-flammable substitute for hydrogen to
provide the lift in blimps and balloons. Because it is chemically inert, it is also used as a gas shield in robotic
arc welding and as a non-reactive atmosphere for growing silicon and germanium crystals used to make
electronic semiconductor devices. Liquid helium is often used to provide the extremely low temperatures
required in certain medical and scientific applications, including super conduction research.

Helium is usually produced as a by-product of natural gas processing. Natural gas contains methane and
other hydrocarbons, which are the principal sources of heat energy when natural gas is burned. Most natural
gas deposits also contain smaller quantities of nitrogen, water vapor, carbon dioxide, helium, and other
non-combustible materials, which lower the potential heat energy of the gas. To produce natural gas with an
acceptable level of heat energy, these impurities must be removed. This process is called upgrading. There
are several methods used to upgrade natural gas. When the gas contains more than about 0.4% helium
by volume, a cryogenic distillation method is often used in order to recover the helium content. Once the
helium has been separated from the natural gas, it undergoes further refining to bring it to 99.99+% purity
for commercial use. During the helium purification process, a gas analyser system for the trace impurities
analysis is required to control the process and to qualify the helium purity before using it.

Where innovation leads to success www.ldetek.com
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LDETEK SOLUTION

The Multidetek3 industrial gas chromatograph has been configured here with the plasma emission detector using Helium as carrier
gas. The unit is constructed here using multiple channels to allow the simultaneous analysis of trace impurities Ar+02-N2-Ne-H2-
CH4-C02-CO in balance pure Helium. The analysis is performed in a time frame of +/- 15 minutes for all impurities. The analysis time
can be reduced if required by adding an extra channel to isolate CO2 and CO impurities with independent columns to accelerate their
retention times.

Additional optional modules possible to install in the same instrument:

- The analysis of impurity NMHC can be added using the same PED with an extra backflush to detector valve/column module.

- The separation of Ar-O2 can be done by adding an ArgoTek column module within the same instrument.

- A quartz crystal sensor/module can be mounted in the same instrument to allow the analysis of trace moisture down to 10ppb Idl.

The MultiDetek3 helium purity analysis system here has been configured with a range of 0-10ppm and a Idl at 5-10ppb. Other
configurations are possible on request.

RESULTS

5000

4500 Chromatogram (Span
40004 calibration) of trace

impurities Ar+02-N2-
Ne-H2-CH4-C02-CO in
balance gas Helium

esponse (mV/)
N N W
o U o
(=] o (=]
<9
TITT TTTT TOIT IT7TC T 100 TITT 17T 7777 71717
R RRRRA A7
BT

1500 eoee)
3 L3
? 50 100 150 200 zTé_o (}360 350 400 450 500

Peak Unit | Calibration Value _Area Counts

02 ppm 10.25 10827

N2 ppm 10.40 35271

CH4 ppm 11.32 44014

Ne ppm 10.90 5890

H2 ppm 11.38 14841

Cc02 ppm 11.10 49535

Cco ppm 11.28 51841
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Limit of detection (based on 3 times the noise level from a blank)

COMPONENTS
Ar+02

N2

Ne

H2

CH4

Co2

co

CONCENTRATION (ppb)

105
713
135
80
216
98
83

PEAK HEIGHT

27mV
144mvV
29mV
19mV
67mV
20mV
17mV

NOISE

0.28mV
0.28mV
0.14mV
0.28mV
0.28mV
0.42mv
0.42mV

Note: other LDL could be obtained with different injection volume and chromatographic condition.

Historic Aug/23/2022 14:48:13
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LDL (3x NOISE)
3ppb
4ppb
2ppb
3ppb
3ppb
6ppb
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Historic

Aug/23/2022 15:19:44
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x N2 0.730 ppm 1690 3242 156.572 572.634 1.253 0.965 hart Tools..
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Historic Aug[23/2022 14:48:13
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x N2 0.713 ppm 1651 3249 144372 560.311 1.287 0.991
}C Ne <DL ppm  0.000000 525.0 0.000 3300.517 0.138 1.406 Chart Tools..
¥ H 0.080 ppm 412,120 5949  19.281 2682.922 0.282 0.986
)C CH4 0.216 ppm 505.668 692.1 67.178 2682.922 0.282 0.358
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-~
15 )
1020
(2] 1015
m] £ T
= = L
(@] 21010
4 2 E
2 L
= 1005
=4 i
IE 1000
o r
E 995_\III L A A | | ] L T T T | L Ll
o 970 960 990 1000 1010 1020 1030 1040 1050
< Time (s) v
o x >
(2] _Area  Retenti... Height Sensor Avg. Sensor Mo.. Peak Noise 59
Export...| 5 02 0105 ppm  187.096 2057 27473 2682922 0282 0324
:4 N2 0.713 ppm 1651 3249 144372 560.311 1.287 0991 [m———
® Ne <LDL ppm  0.000000 525.0 0.000 3300517 0138 1.406 | | ChartTods..
:‘ H2 0.080 ppm 412120 58949 19.281 2682.922 0.282 0.986
:4 CH4 0.216 ppm 505.668 692.1 67.178 2682.922 0.282 0.358
:‘ coz 0.098 ppm 296441 7959 20.109 2273.249 0424 0.199
¥ oo 0.083 ppm  285.038 9982  16.931 2273.249 0.424 0.195

Repeatability: Based on the GC standards. Using 6 of 10 consecutive runs, being lower than 5% of 3*CV%

CONCLUSION

The MultiDetek3 configured with PED and Helium carrier gas can measured all trace impurities in one instrument. The system offers
the performances required by the industries for stability/repeatability/limit of detection and linearity. Its modular construction allows
to build the unit upon your analytical requirements. The MD3 gas analyzer offers a complete analytical solution for the certification
of UHP helium production within a robust system. Ask our experts for more details about all our accessories that come with such
analytical device.
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Analysis of trace impurities in UHP Krypton

A MultiDetek3 A PlasmaDetek2
patent US 9,310,308 B2

(2]
w
=
(=)
4
4
S
=
<
o
|
o
o
<
©
™

The krypton is one of the most valuable gas as it is produced from fractional distillation of liquefied air.
Considering only 1ppm Krypton is presents in ambient air, it becomes a costly process to produce pure krypton.

In the forecast period of 2022-2027, the global krypton gas market is expected to grow at a CAGR of 6%.
As per the analysis by Expert Market Research, the market is expected to be driven by the rising demand of
oxygen, since the need for ventilators has rapidly increased in the wake of the COVID-19 pandemic.

The drastic impact of the pandemic has taken the world by storm and governments and hospitals are
anticipating the situation to only get worse in the coming months. These institutions are stocking up the
necessary inventory to prevent shortage, which is boosting the krypton gas market significantly. The increase
in research and development activities (R&D) in the production of krypton gas has given rise to various
technologies of production, thereby bolstering the market growth.

Krypton is used with argon in fluorescent lights to improve their brightness and with nitrogen in incandescent
lights to extend their lifetime. It is also used in flashbulbs to produce a very bright light for a very short period
of time, for use in high-speed photography.

www.ldetek.com Where innovation leads to success
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LDETEK SOLUTION

The purity Krypton can be qualified with the use of the MultiDetek3 gas chromatograph configured with PED. Due to the small presence
of about 1ppm krypton in air used as raw material to produce UHP krypton, it is usually required to measure multiple impurities for the
validation of krypton purity. The MultiDetek3 here has been configured with PED module with helium carrier gas to measure ppb/ppm
trace impurities of H2-02-N2-CH4-CO-XE-CF4-C2F6 in pure krypton.

The unit has been configured with measuring range of 0-10ppm and Idl of 5-10ppb for impurities H2-02-N2-CH4-CO-Xe. The other
impurities CF4 and C2F6 use a range of 0-500ppm with an Idl of 25ppb.

Other configurations and ranges/Idls are possible. The parameters mostly depends of the site production requirements and process.

RESULTS

Chromatograms (Span calibration) of trace impurities H2-02-N2-CH4-C0O-Xe-CF4-C2F6 in balance gas Krypton

5000 =
4500
.auoo-; H.? e N2 T
3500 | . 1
Esooo Cd ¢ »
gzaoo—: 5 H | i
S & o
bl T 3 : R
15000  © 3 g e "& '
1000__ '(I':"i vd';-:"“ e . .fra.‘ / i W
500
D:IIII1:II IIIIIIIII‘I:IIIIIIIIIIIIII:llr.IIIrEIII.I'.Ilr lIIrIIII
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300
Time (s)
Peak Unit | Calibration Value _Area Counts
H2 ppm 9.50 18135
02 ppm 8.50 36798
N2 ppm 9.10 28493
CH4 ppm 9.80 47016
co ppm 9.50 62590
Xe ppm 10.00 161004
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Limit of detection (based on 3 times the noise level from a blank)

COMPONENTS CONCENTRATION (ppb) PEAK HEIGHT NOISE LDL (3x NoISE)
H2 9.5 2988mV 0.53mV 5ppb

02 8.5 2678mV 0.46mV 4ppb

N2 9.1 2852mV 0.71mV 7ppb

CH4 9.8 3026mV 0.69mV 7ppb

(¢{0) 9.5 2918mV 0.68mV 6ppb

Xe 10.0 2578mV 0.36mV Tppb

CF4 397 2452mV 0.05mV 24ppb

C2F6 100 2526mV 0.17mvV 20ppb

Note: other LDL could be obtained with different injection volume and chromatographic condition.

Repeatability: Based on the GC standards. Using 6 of 10 consecutive runs, being lower than 5% of 3*CV%
Linearity: Based on the GC standards. A linear curve having its R2 at a value between 0.998 and 1.00.

Accuracy: Based on the GC standards. <= 1% of error or Idl whichever is higher

CONCLUSION

The MultiDetek3 configured with PED can offers a good analytical solution for trace ppb/ppm impurities for quality and validation of
UHP Krypton. The gas chromatograph is configured with standard industrial communication protocols and remote-control interface.
The platform is modular to adapt any of additional requirement in terms of purity Kr production. The MultiDetek3 is a very robust gas
analyzer configured for industrial market to run 24/7.
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APPLICATION NOTE

LD23-04

Analysis of trace impurities in UHP Argon

PST

rocsssaene | LDefek

A PST BRAND

A PlasmaDetek2
patent US 9,310,308 B2

A MultiDetek3

The Argon has many commercial and industrial usages. To name just a few, it is used as shield gas in welding and
as an inert gas to prevent oxidation in heat treatment processes for metal/titanium production and 3D printing.

Argon is industrially extracted from liquid air in a cryogenic air separation unit by means of fractional
distillation.

LDETEK SOLUTION

Measuring trace ppb/ppm impurities in UHP Argon with the MultiDetek3 gas chromatograph using an Argon PED carrier gas makes the
best analytical instrument capable of measuring all impurities in one online analyzer. The argon carrier makes the analyser operating
cost low while the performances stays excellent.

The unit has been configured with measuring range of 0-50ppm and Idl of 25-50 ppb for impurities H2-02-N2-CH4-CO-CO2.

Other configurations and ranges/Idls are possible. The parameters mostly depend of the site production requirements and process.

www.ldetek.com Where innovation leads to success
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RESULTS

Chromatograms (Span calibration) of trace impurities H2-02-N2-CH4-C0O-CO2 in balance gas Argon
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$ 2000 g 0% &
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1000-{ o | S R (1 e
500
0:||11:' rllJlFllII[llilrlli '11't1111|1111|1111-1-111
0 50 100 150 200 250 300 350 400 450 500 550 600
Time (s)
@
5 Peak Unit | Calibration Value _Area Counts
=
S
E H2 ppm 52.52 1831
(3)
= 02 ppm 49.50 11831
o
< N2 ppm 104.00 28684
(=)
@ CH4 ppm 47.72 5485
co ppm 50.59 6762
Cco2 ppm 51.19 11477

Limit of detection (based on 3 times the noise level from a blank)

COMPONENTS CONCENTRATION (ppb) PEAK HEIGHT NOISE LDL (3x NoisE)
H2 0.8 44mV 0.43mV 23ppb
02 0.8 42mvV 0.46mV 26ppb
N2 0.8 24mV 0.21mV 21ppb
CH4 0.7 36mvV 0.39mV 23ppb
CO L3 2601mV 0.76mV 45ppb
Cc0o2 51.2 2557mV 0.56mV 34ppb

Note: other LDL could be obtained with different injection volume and chromatographic condition.
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Linearity: Based on the GC
standards. A linear curve hav-
ing its R2 at a value between

M 0.998 and 1.00.

Oveni 450 C LDepcl 20.0 mijmin H2O 99.994 ppm

Oven2 600 C Sample 1 72.7 mijmn H2 52.811 ppm "

Heate.., 40.1 C Sample2 0.0  mijmin 02 50.156 .

s e e st a o Accuracy: Based on the GC
oN  msl an 07:01:45 standards. <= 1% of error or Idl
co 51.335 ppm 06:50:59 . . .
coz 51253 pom 06:34:09 whichever is higher

The MultiDetek3 configured with an Argon PED offers a good analytical solution for trace ppb/ppm impurities for quality and validation
of UHP Argon. The gas chromatograph is configured with standard industrial communication protocols and remote-control interface.
The platform is modular to adapt any of additional requirement in terms of UHP Argon production. The MultiDetek3 is a very robust gas
analyzer configured for industrial market to run 24/7.
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APPLICATION NOTE )
LD23-08 == wooe

Analysis of trace ethylene oxide
for indoor industrial air quality monitoring

TREEBEEE!

C2H40

Ethylene Oyige

258

CAS 75-21-8
TR ———

A MultiDetek3

Ethylene oxide (EtO) is used in applications such as medical equipment sterilization and chemical manufacturing. As
a known carcinogen and air pollutant, it is critical to monitor to address both emissions and workplace air monitoring.
This application note shows the results obtained with the MultiDetek3 gas chromatograph for the task of ethylene
oxide monitoring, enabling personal exposure measurements to ensure keep exposure within acceptable limits.

LDETEK SOLUTION

Our solution shows here the results obtain to monitor the ethylene oxide presents in the indoor air from different manufacturing applications.

The MultiDetek3 gas chromatograph has been configured with the PED (plasma emission detector) to offer the trace analysis of ethylene oxide
in indoor air. A quick analysis time of less than 6 minutes have been configured to allow the monitoring of multiple sampling point with the same
instrument. The instrument is configured with 2 valves/2 columns keeping its configuration very robust and simple. Having the ethylene oxide
measured by the proper gas chromatography configuration makes this analytical solution being interference free from other air contaminants
and moisture what is very important in different industrial applications.

A measuring range of 0-50ppm with Idl set at 5ppb has been configured. Other ranges and Idl are possible.

The MultiDetek3 has been configured with an internal sampling system and a sampling pump that allow to switch across multiple indoor
measuring points at ambient pressure. Proper purging of the lines is also adjusted depending of the length of it to ensure accurate analysis.

www.ldetek.com Where innovation leads to success
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RESULTS

Chromatogram (Span calibration) of trace impurity ethylene oxide (C2H40) in air.

00
00-

TTiT TITT
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TTT 1T
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8 8
T R00T ITIT 11

LA

Time (s)

Peak Unit | Calibration Value _Area Counts

C2H40 | ppm 50.00 22921

Limit of detection (based on 3 times the noise level from a blank)

COMPONENTS CONCENTRATION (ppm) PEAK HEIGHT NOISE LDL (3x NoISE)
C2H40 50.0 2550mV 0.1mV S5ppb

Note: other LDL could be obtained with different injection volume and chromatographic condition.

Repeatability: Based on the GC standards. Using 6 of 10 consecutive runs, being lower than 5% of 3*CV%.
Linearity: Based on the GC standards. A linear curve having its R2 at a value between 0.998 and 1.00.

Accuracy: Based on the GC standards. <= 1% of error or Idl whichever is higher.

CONCLUSION

Indoor analysis of ppb/ppm ethylene oxide can be realized using the robust and interference free gas analysis solution MultiDetek3. The
instrument is configured with a simple configuration which allows a quick analysis time. The analyzer comes with all the communication
protocols like the 4-20mA/serial/modbus ports and is also equipped with a proper sampling system for switching between the different
indoor sampling points.
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LD24-02 =~ oo

Diving gas analyser

A MultiDetek3

The diving world is getting in popularity worldwide. For this reason, it is more and more required to find the
best diving conditions that allow to go deeper in a safe manner. In the late years, it has been demonstrated
than using Helium in the gas mixture for diving allows more safety. Depending of the diving conditions the
gas mixture then uses a concentration of 18-21% oxygen in a balance of Helium and Nitrogen. Repacing the
nitrogen content by a certain amount of helium will reduce the anesthtic effect generally caused by nitrogen.
The helium has a low lipid solubility and, thus, a low anesthetic effect. For that reason, helium is added to diving
breathing gases to reduce the fraction of nitrogen and mitigate the debilitating effects of nitrogen narcosis.

LDETEK SOLUTION

Our MultiDetek3 gas chromatograph has been configured adequately for the analysis and production/qualification of such diving gas.

In a first step, the unit used a plasma emission detector (PED) integrated which is configured with the proper network of chromatography
columns to measure the critical impurities for diving gas. A measuring scale of 0-50ppm CH4-CO-H2S-S02 and 0-1000ppm CO2 has been
configured to be measured by the PED channel. That channel is using helium as carrier gas. Measuring the trace impurities of these critical
contaminants is important to be sure these are maintained below the breathable limit.

In a second step, the same unit used a thermal conductivity detector (TCD) integrated with the proper molecular sieve column to allow the
percent analysis of 02 and N2. This channel also uses helium as carrier gas.

Combining both TCD and PED together allows to have the complete diving gas analytical instrument. The level of oxygen and nitrogen can then

be monitored and produce the different type of diving gas mixtures depending on the deep requirements. The unit offers a quick analysis time
with proven linearity/accuracy and robustness.
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RESULTS

Chromatogram (Span calibration) of trace impurity CH4 in balance 02/N2/He
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Chromatogram (Span calibration) of trace impurity CO in balance 02/N2/He
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Chromatogram (Span calibration) of trace impurity H2S in balance 02/N2/He
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Chromatogram (Span calibration) of trace impurity SO2 in balance 02/N2/He
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Chromatogram (Span calibration) of trace impurity CO2 in balance 02/N2/He
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Chromatogram (Span calibration) of percent N2 in balance 02/He
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Limit of detection (based on 3 times the noise level from a blank) 'E
($)
=
COMPONENTS CONCENTRATION PEAK HEIGHT NOISE LDL (3x NOISE) &
<
CH4 50 ppm 2400mV 0.5mV 0.030 ppm =)
co 50 ppm 2400mV 0.5mV 0.030 ppm @
H2S 25 ppm 2450mV 0.5mV 0.015 ppm
S02 50 ppm 2590mV 0.5mV 0.029 ppm
Cc0o2 1000 ppm 2660mV 0.5mV 0.560 ppm
02 10% 2400mV 0.5mV 01%
N2 20% 2400mV 0.5mV 0.1%

Note: other LDL could be obtained with different injection volume and chromatographic condition

Repeatability: Based on the GC standards. Using 6 of 10 consecutive runs, being lower than 5% of 3*CV%.
Linearity: Based on the GC standards. A linear curve having its R2 at a value between 0.998 and 1.00.

Accuracy: Based on the GC standards. <= 1% of error or Idl whichever is higher.

CONCLUSION

Using the MultiDetek3 gas chromatograph configured with a PED and TCD channels makes it the ideal analyzer for the diving gas
requirement. The PED channel allows the trace impurities detection to ensure the safety monitoring of the critical contaminants to be
controlled while the TCD channel measures the mixing ratios of He/02/N2 upon the diving requirements.
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APPLICATION NOTE 9

LD12'08 LE:;relg

Analysis of Sulfurs with the PlasmaDetek

The analysis of sulfurs can now be performed using the PlasmaDetek technology. With its sulfurs
selective mode, the analysis of low ppb sulfurs can be easily quantified.

PLASMADETEK CONFIGURATION:

The PlasmabDetek is configured with one output signal to be selective to sulfurs.

— N ®
q#'r PtasmADeTe ‘
B,

Figure 1: PlasmaDetek detector

This is a stand-alone detector system that requires only argon or helium as carrier gas to make the measurement. No need of doping
gas or other devices to make it selective to sulfurs.

CHROMATOGRAPHY CONFIGURATION:

The detector can be used with different configurations to run the sulfurs analysis. As example, the H2S and COS analysis in balance
nitrogen has been tested using a 2 meter RT-XLSulfur column from Restek with a backflush to detector configuration using a 10 ports
diaphragm valve. The carrier flow rate has been adjusted to 5sccm using helium (Argon can also be used as carrier gas to reduce
operational cost).
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The diaphragm valve is first set to “position on” to allow the sample injection through the chromatographic column. Most of the
nitrogen and/or air are then vented out of the system. The valve position is hold to ""position on” until the major parts of the nitrogen
and/or air have been vented out. The valve is then set to “position off” just before the hydrogen sulfide elution time to avoid venting
it out. The sulfurs impurities then flow back through the 2 meter RT-XLSulfur and goes one by one to the PlasmaDetek for analysis.

SAMPLE OUTLET

SAMPLE INLET

TEE oy
CARRIER INLET Valve Position Off
OuUT 1
ORIFICE = COLUMN1 L PLASMA
VENT1 L o Makeup VENT2
COLUMN 1
CARRIER INLET
SAMPLE OUTLET
SAMPLE INLET
/NTEE
L

CARRIER INLET Valve Position On

OUT 1
ORIFICE = COLUMN1 PLASMA
Makeup VENT2
VENT1
COLUMN 1
CARRIER INLET
* One PlasmaDetek selective to sulfurs e 1 x 2 meters RT-XLSulfur micro packed column
* Helium carrier gas: 5 cc/min e 1 x sampling loop: 250 ul
e 1 x 10 ports diaphragm valve
Figure 2: Plumbing configuration for analysis of H2S & COS in balance Nitrogen
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RESULTS AND PERFORMANCE:

Figure 3 shows a chromatogram run with this configuration with a sample containing ppm H2S and COS in a nitrogen balance. The
chromatogram demonstrates the high sensitivity and selectivity to sulfurs in comparison with pure nitrogen.
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Figure 3: Mixture 10ppm H2S, 9ppm COS in balance Nitrogen

Figure 4 shows the performance of the PlasmaDetek system obtained with the configuration described above.The results demonstrate
the high level of sensitivity to sulfurs.

COMPONENT CONCENTATION PEAK HEIGHT NOISE S/N LOD (ppb) LOQ (ppb)
S/N=3 S/N=5

Hydrogen sulfide 10 ppm 1410 mV 0.054 mV 26111 1.10 1.9

Carbonyl sulfide 9 ppm 1302 mV 0.054 mV 24111 1.11 1.8

Figure 4: LOQ and LOD calculation
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APPLICATIONS:

The PlasmaDetek can be easily installed in any laboratory, industrial or portable gas chromatography system. For the sulfurs analysis,
the use of a portable unit is often required since the GC system needs to be moved at different locations. The ability of the PlasmaDetek
to offer a quick purging and stabilization makes it ideal for portable unit like demonstrated on figure 5.
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Figure 5: PlasmaDetek installed in a portable unit

CONCLUSION:

Using the PlasmaDetek, the analysis of sulfurs can be performed with success. The possibility to use argon or helium as carrier gas
gives more flexibility and allows reducing operational cost. Its ability to be very sensitive to sulfurs simplifies the chromatographic
configuration. This is a cost effective and maintenance free system that offers many benefits.

www.ldetek.com Where innovation leads to success

281




(72]
wl
=
(=]
4
=z
=
=
<
3}
-l
a.
o.
<
<
™

APPLICATION NOTE Q

LD13-03 | Detek

Measurement of H>S and COS
in Syngas with MultiDetek 2

A \uttiDetek 2

Singas (Synthesis gas) a fuel gas mixture, primarily composed of hydrogen, carbon monoxide and
carbon dioxide, is mainly used as intermediate in creating synthetic natural gas (SNG) or ammonia
or methanol.

To be able to use a clean and environmental friendly fuel and feedstock, the sulfurs compounds must

be removed. Right analysis tool is needed to ensure that the concentration of sulfurs is kept at the
minimum desired level.

LDETEK SOLUTION:

The MultiDetek 2 (MD2) along with the PlasmaDetek technology
bring an ideal and cost effective solution to monitor hydrogen sulfide
(H2S) and carbonyl sulfide (COS) in syngas.

Other common technologies used on the market, like SCD (Sulfur
Cheminulescence Detector) or FPD (Flame Phtometric Detector),
need hydrogen and air. By using the PlasmaDetek and argon as
carrier gas, the MD2 gives a low cost of operation and safer solution.
All safety installation for the supply of hydrogen is avoided.

A PlasmaDetek
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A simple frontflush configuration is used to get rid of the synthesis gas background with the first column. The sulfurs compounds are
then well separated by the second column and sent to the PlasmaDetek (PED) especially configured for sulfurs gases. With the use of
micro packed type columns, the system can operates with very low carrier flow consumption. The use of argon as carrier gas brings the
system even more interesting cause of the low operational cost due to low cost of Argon gas.

Such MultiDetek operates with column carrier flow of 5sccm. A make up gas of 20scem is required to the detector to allow good stability
and sensitivity. No additional gases or consumables parts are required what minimize the operation and installation cost.
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MICRO PACKED VALVE POSITION ON : FRONTFLUSH BACKGROUND GASES TO VENT
VENT COLUMN

Corfigranon  Chromstogram  Settngs  Calbrstion  Dlagnostes  About Corfiguation  Chromatogram  Settings  Calbestion  Disgrostics  About
Chromatogram Duabe And Time : 1271172013 18:18:48 Chromatogram Diate And Tme

5000 3

wof et

om0+ w0 £
Am-: %9 i gpm ;m-;
im-; k DR T g ‘E_,m-i Piryelas CO%.0.008 pom

2500-£ ol m_guf'\d‘\,
& o f g

1000-£ 1000

a0 f sof

F 0 T T N T | | T T RO OO T I O S TR D R R T I I I I | aELr 111 0T T T O S - 11 ] 111 L1l | T T |
20 0 B0 B0 _ 100 120 M0 B0 180 200 20 0 B0 B0 1000 10 1400 180 1800 2000
Tine (swconds) Tirne (seconds)

Anslysis Tenen: 621 | 628 )
I e s Do [maa].

o L L= I R

P = = e—

— | e ] F—

E 1 . I | C Analysis in progress

Analysis results showing stability on 19 consecutive cycles for H2S & COS at concentration of 400ppb. Then switch on span gas at
10ppm for H2S & COS, then switch on zero gas for H2S & COS.

192.168.1.103 I I'jli.igf-l'i.l.ll'.l:i
Configoration  Chromastogram  Settings  Colbration  Dlagrostes  sbout Configration  Cheomatogram  Settings  Calbration  Disgnostics  About

Peak Table Peak Table
Peaks Identified Peaks Identified
| Mm Pesk s | Pesk O Points
S 0.382 S 0.382
| cos 0.403 b ] 0.403 b

sk Mame: CO5 sk Mame: 125

TT 7T T/ 77 7T 11T
£ R B R B )

I | | [IModéy Peak Threshol 2. I 1 | |
Miniimum Hesight |
INEEEEEEEEEE] == IBEEEEREEEEER] ==
o Peak Resulls inumber) m Arey Peak Results inumber)
Harnks oy - Nurmber of poind

With the user friendly interface and the configuration of the MD2, it is easy to use the instrument as a process control device or simply
a laboratory gas chromatograph to make sporadic analysis.

www.ldetek.com Where innovation leads to success

283

(2]
w
=
(=)
4
4
o
=
<
[3)
I~
o
o.
<
©
™




(72]
wl
=
(=]
4
=z
=
=
<
3}
-l
a.
o.
<
<
™

APPLICATION NOTE Q

L D 16'05 I_IS;FEK

Refinery gas analyses with MultiDetek2 compact gas
chromatograph and PlasmaDetek2 gas detector

- >

NS 4
e .. S

' MQ\S& gq

MuitiDet.

A MultiDetek2 A PlasmaDetek2

The analysis of trace permanent gases has many different fields of application in the petrochemical
industry. One of the most important is for controlling the manufacturing process and the product
quality. For example, some contaminants as carbon monoxide and carbon dioxide tend to deteriorate
the catalysts in the propylene and ethylene polymer grade production.

An instrument for monitoring trace impurities is then required. Many different GC techniques are
available on the market. Most of the techniques use a combination of TCD, FID and methanizer for
the trace analysis of H2-02-N2-CH4-CO-CO2 in propylene and ethylene. More precisely, an FID and
a methanizer are used to trace CH4-CO and CO2. A TCD with Hydrogen or Helium carrier gas is used
to trace 02-N2 detection. Finally, a second TCD with Argon or Nitrogen carrier gas must be added
to trace H2 detection. These solutions require complex GC solutions with multiple detectors and
multiple gas sources for carrier, fuel and air. On top of that, an FPD must be added in some cases
when the trace analysis of H2S is required.

LDETEK SOLUTION:

The MultiDetek2 compact GC solution combined with the PlasmaDetek2 (PED) can perform the analysis of low concentration H2-02-
N2-CH4-CO-CO2 in different petrochemical gases as propylene, ethylene, propane, butylenes, butane and some others.
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This solution offers the advantage of having a single detection technology based on plasma emission detector to achieve detection
limits from ppb to ppm as required for this type of application. A single carrier gas source is necessary. It can be Helium or Argon
depending on the availability of gases on site.

The method is configured with 2 channels merging in one PlasmaDetek2(PED). The first channel has a 10 port injection/backflush
diaphragm valve with a Q Bond pre- column that allows the elution of H2-02-N2-CH4-CO as one peak and then vent out the heavier
gases. The second column is a molecular sieve used for the separation of the previously mentioned impurities that will go one by one
to the PED through a diaphragm selection valve. The second channel will use the same hardware configuration as the first channel
except that no molecular sieve column will be added. Then, after the elution of CO2 through the pre- column, the heavier impurities
as propylene, ethylene and others will be vented out of the system. Again, the CO2 will be redirected to the PlasmaDete2 through the
selection valve.

For some other RGA applications, it is also required to measure some light hydrocarbons and sulfurs. For these cases, the MultiDetek2
is so flexible that the configuration can be modified to achieve such measurement capability in the same compact chassis.

For example, the trace H2S analysis can be added in the same channel as the one already used to trace CO2 with the Q Bond column.
No need to add extra detector as FPD or PFPD as generally used since the same PlasmaDetek2 can detect low concentration sulfurs. In
the case that H2S is added, then coated gas lines must be used to reduce surface adsorption. The detector doesn’t have to be modified
since it is made of Quartz, which is perfectly inert to trace sulfur.

For the light hydrocarbon analysis using the same MultiDetek2, a diaphragm valve network channel combined with Alumina type
column and a second PlasmaDetek2 configured for hydrocarbons can be added. It is also possible to add an FID detector in the same
unit if required.

THE MULTIDETEK2 CAN BE USED IN MANY DIFFERENT APPLICATION FIELDS RELATED TO THE
REFINERY GAS ANALYSES.

gzNE '\

REFORMER §
GAS
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RESULTS:

Figure 1: Chromatogram of trace impurities in balance Propylene
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COMPONENT CONCENTRATION PEAK HEIGHT NOISE LDL (3x NoISE)

H, 8.155 ppm 2701 mV 2.2 mV 0.020 ppm
0, 9.129 ppm 2655 mV 1.5 mV 0.015 ppm
N, 10.564 ppm 2740 mV 1.1 mV 0.012 ppm
CH, 9.657 ppm 2501 mV 2mVv 0.023 ppm
CcO 9.696 ppm 2482 mV 2.5 mV 0.029 ppm
(010) 5.236 ppm 2010 mV 21 mV 0.016 ppm

Note: other LDL could be obtained with different injection volume and chromatographic conditions

Figure 3: LDL based on 3 times noise ratio

CONCLUSION:

With this simple method, the MultiDetek2 compact and robust GC brings an innovative solution for this type of application. The platform
also offers the standard industrial communication protocols, the remote connectivity and a built- in or external PC with software
interface. The refinery gas analysis market can now have a compact, robust and flexible GC analyzer using a single detector type
(PlasmaDetek?2) and a single carrier type to cover the whole range of applications.
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APPLICATION NOTE Q

LD17-01 L Derek

Trace Hydrocarbons and Permanent gases in Propylene

The high purity Propylene is used for the production of Polypropylene in Petrochemical industry.
The analysis of trace impurities is critical to ensure a good quality of the final product. The analysis
of hydrocarbons and permanent gases are required at a level below 10ppm to ensure the good
operation of the production process.

LDETEK SOLUTION:

Using the PlasmaDetek2(PED) plasma detector and the MultiDetek2 compact gas chromatograph, the analysis of the most critical
trace impurities in Propylene can be achieved in one unit with a single detection technology (PED).

The main advantage of our solution is to use the same PlasmaDetek2 (PED) detector to measure trace impurities hydrocarbons and
permanent gases in the same system. Usually, the alternative solutions have to combine more than one detector to be able to cover
this application. Typically, FID and PDHID have to be combined, resulting of multi gas feeding for the different detectors. Our solution
requires only one PED detector with only carrier gas to feed the system.

Our configuration has 4 channels having each an independent oven/column. The four channels all merge in the same PlasmaDetek2
detector. The detector is optimized with a combination of selective optic circuits especially for each impurity. This allows a good
sensitivity and selectivity over the propylene background gas.

» Channel#1: Trace 02, N2, CH4, CO

» Channel#2: Trace CO2, C2H2, C2H4, C2H6, C3H8

» Channel#3: Trace i-C4H10, n-C4H10

» Channel#4: Trace t-2-C4H8, i-C4HS8, i-C5H12, C-2-C4H8, n-C5H12, 1.3-C4H6
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RESULTS

The chromatogram below shows an example of a typical calibration containing trace impurities in a balance gas of pure propylene. The
concentrations of each impurities along with the response and detection limit are listed in the LDL chart below.

- Multidetek2 asr’ - = N
Configuration Chromatogram  Settings  Calibration Diagnostics About Quit
Chrom: ram Date And Time : 07/16/2016 02:28:13
4500—§ o C-2CanE
oy S - [Po——
_3s00E | =% i | nesee
>3 = ]
E3000C | i
£ 25005 : a o
& 2000 i ons | ﬁ
& 1500£ | N'Ha | &
100088 e
5002
el | L L L i 1 L L 1 — L 1 1 1 _ L 1 1 L = 1 1 L L o 1 1 L 1 -
Time (seconds)
I F R | e
= | [y e i [Fmerae |
EZ gi“! ;ﬁs:::m :: Instrument Status:
COMPONENT CONCENTRATION PEAK HEIGHT NOISE LDL (3Xx NOISE) ‘.ﬂ
=
Co, 8.024 ppm 2820 mV 2.2 mV 18.8 ppb g
C,H, 9.408 ppm 2556 mV 2.2 mV 24.2 ppb g
C,H, 10.574 ppm 2899 mV 2.2 mV 24.0 ppb E
C,H, 12.845 ppm 3009 mV 2.2 mV 28.2 ppb ‘j’
C,H, 4.386 ppm 3086 mV 2.9 mV 12.3 ppb &
0, 10.305 ppm 1770 mv 0.9 mv 15.7 ppb =
N, 9.507 ppm 2758 mV 1.1 mvV 11.4 ppb o
CH, 9.892 ppm 3176 mV 2.2 mV 20.5 ppb
CcOo 9.122 ppm 3096 mV 2.8 mV 24.7 ppb
T-2-C,H, 2.165 ppm 578 mV 2.2 mV 24.7 ppb
I-C,H 2.311 ppm 764 mV 2.2 mV 19.9 ppb
I-C.H,, 8.887 ppm 2865 mV 2.2 mV 20.5 ppb
C-2-C,Hy 9.102 ppm 3643 mV 2.2 mV 16.5 ppb
N-C.H,, 7.994 ppm 2424 mV 2.2 mV 21.8 ppb
I-C,H,, 9.111 ppm 3110 mV 2.2 mV 19.3 ppb
N-C,H,, 9.291 ppm 3121 mV 2.2 mV 19.6 ppb
1,3C,H, 4.100 ppm 1256 mV 2.2 mV 21.5 ppb

Note: other LDL could be obtained with different injection volume and chromatographic conditions

CONCLUSION:

Our solution combining a PlasmaDetek2 (PED) with a compact GC MultiDetek2 is simple and robust for this type of application required
by the market. Our solution also includes the standard industrial communication protocols to control the unit.
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3.4 AGRICULTURE

3.0 APPLICATION NOTES
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APPLICATION NOTE Q

L D 15'01 I_IS;FEK

Measurement of hydrocarbons,
including the organic hormone (Ethylene) in CO2
production with MultiDetek-2 and PlasmaDetek-E.
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A Greenhouse CO2 environment is commonly used for the production of organics like fruits, plants
and flowers. In this case, the production and control of the CO2 gas purity are critical to ensure the
proper growth of the organics.

LDETEK SOLUTION:

- P
The recovery of the flue gas waste is one major source of low cost
CO2 production and it is also part of an environmental well-known _ & -
solution. The sample gas is extracted from the flue gas or the pure ‘L; o @@g\&
CO2 source by the gas provider via a sampling unit. After cooling it A® \&‘""Q\_Q.%

back to an acceptable temperature, the sample is filtered and dried by
sampling filters and a dew point dryer. After this step, a sample pump
is simply carrying the sample with a limited flow at a fixed pressure
to the MultiDetek-2 and other flue gas sensors. The analyzers are
located on the outside of the catalyst building. The sample gas is J /

pumped from the MultiDetek-2 integrated pump that is used to fill the ¥ = A PlasmaDetek-E
sampling loops for analysing.

o?

*Patent pending
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PLASMA 2
A OVEN#2
NITROGEN LOW PPB
CIANFiFIaEI'FR PACKED CH4-C2H2
> 69 SHINCARBON C2H4-C2H6
SAMPLE
INLET PLASMA 1
SAMPLE OVEN#1
VENT PPM
PACKED CH4-C2H2
DETECTOR SHINCARBON C2H4-C2H6
VENT
DETECTOR
VENT
MultiDetek-2 configuration diagram 1: Valve position OFF: Filling both sampling loops
PLASMA 2
A OVEN#2
NITROGEN LOW PPB
CARRIER
INLET PACKED CH4-C2H?2
+€9 SHINCARBON C2H4-C2Hé
SAMPLE
INLET PLASMA 1
SAMPLE OVEN#1
VENT PPM
PACKED CH4-C2H2
DETECTOR SHINCARBON C2H4-C2Hé6
VENT
DETECTOR
VENT

MultiDetek-2 configuration diagram 2: Valve position ON: Injecting both sampling loops in dual
channels and running parallel analysis

A ten-port double injection valve is configured to inject both sampling loops at the same time through the dual channels. Each channel
is configured with a Shincarbon packed column mounted in an isothermal or mini-programmable oven. The loop sizes and Plasma
configurations allow a detection range going from 5ppb up to 3000ppm (other ranges are easily configurable depending on the
requested application). The analysis time is speed up by using parallel chromatography technique and the possibility of using the
LDetek mini-programmable ovens. This way, the high ppm and low ppb can be analyzed simultaneously to allow the full control of the
process. The MultiDetek-2 will automatically select the appropriate channel depending on the sample impurity concentrations detected
during the analysis.

The enhanced selectivity of the LDetek PlasmaDetek-E (patent pending) gives the possibility of using a single injection configuration. This
easy to use technique improves the system performances, accelerates the analysis time and reduces the maintenance interventions.

Conventional solutions will tend to use an FID for such analysis. However, such technology requires complex and costly installation
with air and fuel gas supplies. Moreover, the safety surrounding the use of an FID becomes complex. Other alternative solution to an
FID is the use of a conventional HID or a PED that are non selective to hydrocarbons in CO2 matrix. This solution will lead to the use of
complex chromatography configuration with heartcut valves to remove the interference of CO2 background gas over the hydrocarbons.
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RESULTS:

CH,
C,H, Sample gas concentration:
C,H,

u C,Hs CH, : 16ppm
CO, : 100%
C,H, : 14ppm
C,H, : 12ppm
C,Hg : 6ppm

CO,

Chromatogram 1: Ppm hydrocarbon in pure CO2 measured in MultiDetek-2 Channel #1

0
T
=
2 CH
g ! Sample gas concentration:
=
% C,H, CH,; : 160ppb
< CoHe
<) CO, : 100%
o
C,H, : 140ppb
C,H, : 120ppb
C,Hs : 60ppb
co, oM pp

Chromatogram 2: Low ppb hydrocarbon in pure CO2 measured in MultiDetek-2 Channel #2

CONCLUSION:

With its user-friendly interface and the simple configuration of this compact MultiDetek-2 GC, it is easy to use the instrument as a
process control instrument that is a perfect fit for this Greenhouse application. Combined with the PlasmaDetek-E (patent pending)
which is using a single Nitrogen source as carrier gas, this unique solution provides all the advantages to have a performing and reliable
system for continuous monitoring of the CO2 purity for Greenhouse.
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3.5 ELECTRONIC GASES & SEMICONDUCTOR
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APPLICATION NOTE 9

L D 15'02 nggreK

Measurement of part per billion Ar and N2
in oxygen for semiconductor industry

M 'Dgh':k{‘_ [
=

MultiDetek2 A

The oxidation of silicon is a common and frequent step in the manufacture of integrated circuits (IC).
The semiconductor industry requires the production of Ultra High Purity oxygen for the wafer production.

LDETEK SOLUTION:

The oxygen pipeline purity that goes to the semiconductor industry must be properly measured to ensure that there is no contaminant
in it. It is critical and challenging to measure the ppb content of argon and nitrogen impurities in oxygen. The conventional technique
used for such application is with a heated Oxy-Trap system combined with HID or conventional PED. Such technique requires a complex
chromatography system with periodic Oxy-Trap regeneration with hydrogen. The operations of such system

require a lot of maintenance and specialist interventions on a routine basis. The limitation of the =

B } . ) o -

lifetime of the trap reduces the continuous operation. Depending on the system condition,

the Oxy-Trap has to be regenerated more or less once a week. & =
=

Our solution consists of eliminating all the consumables and ensuring continuous e \g‘“”" %\\@

operation without maintenance and specialist intervention. Moreover, LDetek = | Q\—Q'“ ’
can also offers an all in one solution using the MultiDeteks-2 combined with the
PlasmaDetek-E for monitoring the CO, CO2 and some hydrocarbons which are
critical impurities to measure for semiconductor gases.

=

Measuring Ar in oxygen :

A PlasmaDetek-E
A first channel using a straight 10 port double injection diaphragm valve V1 combined *Patent pending
with the LDetek unique ArgoTek packed column to separate part per billion argon from .

pure oxygen at an isothermal temperature of 45° Celsius with a carrier flow rate of 20-30sccm. The helium is used as carrier gas
source. There is no need of cryogenic or Oxy-Trap system as commonly used. As simple as a basic injection through our ArgoTek packed
column to conduct the accurate analysis of argon in oxygen.
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Measuring N2 in oxygen :

A second channel still using the same straight diaphragm injection valve V1 is used to perform the analysis of N2 in oxygen with two
packed molecular sieve columns combined with a Heartcut diaphragm valve V2. One more time, this configuration allows the measure-
ment of N2 in oxygen without the use of a complex Oxy-Trap system. Both channels are selected accordingly at the right time with the
selection diaphragm valve V3.

PlasmaDetek-E configuration for measuring Ar & N2 in oxygen :

The PlasmaDetek-E used for this system has a selective configuration to block the interference coming from the oxygen matrix. A
specific optic circuit having its wavelength for measuring selectively the argon is mounted in the PlasmaDetek-E. Another specific optic
circuit also having its wavelength for selectively measuring the N2 is in place. The appropriate optic circuit is automatically selected at
the proper elution time to allow peak integration. The selectivity of the PlasmaDetek-2 for the Ar-N2 in oxygen gives the ability to have
an easy to use system allowing quick analysis time even at ultra low concentration.

PLASMA 1

OPTIC1T:AR

CARRIER OPTIC2:N2

INLET
HELIUM

ARIN O2

LDEPC
SAMPLE
INLET

LDEPC
SAMPLE
VENT

CARRIER
VENT o

DETECTOR
VENT

MultiDetek-2 configuration diagram 1: V1 position OFF: Filling loop #1 and injecting loop #2
V2 position OFF: Catch N2 peak from the first Packed Mol Sieve in Oven #1 to the second Packed Mol Sieve in Oven #2
V3 position OFF: Select channel #2 for Ar in 02 to the PED
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PLASMA 1

CARRIER OPTIC1:AR

INLET ARIN 02 OPTIC2:N2
HELIUM A
LDEPC N
SAMPLE “
INLET o Dy
LDEPC OVEN#3 N2 IN 02
SAMPLE |
VENT PACREDOL SIEVE
CARRIER
VENT ~
Ay 74

DETECTOR
VENT

MultiDetek-2 configuration diagram 2: V1 position ON: Injecting loop #1 and filling loop #2
V2 position ON: Venting oxygen out of the system
V3 position ON: Select channel #1 for N2 in 02 to the PED
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RESULTS:

Linearity on a 0-10ppm range

Argon impurity 12
DILUTED GAS CALCULATED VALUE 10
(PPM) (PPM) . 9543
0.081 0.079 /
0.35 0.31 i ﬂ 8
1.3 1.29 3.15
3.13 3.15 2 1.29 | 535
473 48 O CC7C| |. T T T T
9.6 9.543 0 2 4 6 8 10 12
Nit i it
itrogen impurity 19
DILUTED GAS CALCULATED VALUE 10 -
(PPM) (PPM)
. _~T0.395
0.097 0.094 /
6
0.53 0.518
4.938
1.4 1.336 4 Azi/
5 .
3.36 3.21 1.336 0.518
5.07 4.938 0 0:094+ — T T T T
10.3 10.395 0 2 4 6 8 10 12
LOW PPB CHROMATOGRAM EXAMPLES:
m =
2500+
wmE Chromatogram 1:
m_i 61ppb Ar & 77ppb N2 in pure oxygen
Eauo]
Fouo
E?'IU-: ~ N2
* 1500£ gﬁ
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Time (seconds)
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s
a0+ Chromatogram 2:
Hm_i 30ppb Ar & 38ppb N2 in pure oxygen
€
-
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an
U:IIIIItII 1.1 1 il S Bl I B I SRS B T I | P e S o] e I (e B i 1 | 1 11
100 200 300 400 500 600 700 800 500 1000

Time (seconds)
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1400
13004 Chromatogram 3:
L 3ppb Ar & 3.8ppb N2 in pure oxygen
512004 -
E L
® 1100 ~ |
ol i_J
1000 A 4
% o 1R
Q00
m]a
100 200 300 400 500 600 700 80 800 1000
Time (seconds)
LDL calculation
COMPONENT CONCENTRATION PEAK HEIGHT NOISE LDL (3X NOISE)
Ar 3ppb 95 mV 1.5 mV 0.1 ppb
N, 3.8ppb 156 mV 2.7 mV 0.2 ppb

Note: other LDL could be obtained with different injection volume and chromatographic conditions

CONCLUSION:

With its user friendly interface and the simple configuration of this compact MultiDetek-2 GC, it is easy to use the instrument as
a process control analyser that is a perfect fit for this semiconductor application. The enhanced sensitivity and selectivity of the
PlasmaDetek-E allows extreme low limit of detection. Combined with the LDetek exclusive ArgoTek column, it makes this system
perfectly suitable for semiconductor industry.
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APPLICATION NOTE 9

L D 15'04 I_IS;YEK

Measurement of silane purity
in electronic gases industry
using PlasmaDetek-E and MultiDetek2

A PlasmaDetek-E A MultiDetek2

*Patent pending

Silane (SiH4), more properly known as monosilane and alternately called silicon tetrahydride or
silicane, is a highly flammable and hazardous chemical compound containing silicon (87.45%) and
hydrogen (12.55%). With silicon comprising 87.45% of its content by weight, pure silane is a primary
source of high-purity silicon for use in industry. It is a critical gas in the manufacture of semiconductor
devices, display panels and other electronic devices. The analysis of ultra low part per billion of
permanent gases in silane is required for measuring the silane purity. The use of the LDetek compact
& industrial MultiDetek2 GC combined with the PlasmaDetek-E is the perfect fit for this domain
of application.

LDETEK SOLUTION:

Handling highly flammable gases like silane requires a high level of safety and this is what LDetek offers with its built-in sample purging
and monitoring system inside the MultiDetek2 compact GC. This system consists of 4 steps of safety:

Step 1: The sample gas flow path external to the purge box is fully welded offering no possibility of leakage.

Step 2: A selection valve (V1) is mounted before the diaphragm valves used for filling the sampling loops in the system. That selection
valve (V1) is configured to allow silane to go to the sampling loops only for a predetermined period of time, just before the start of each

Where innovation leads to success www.ldetek.com
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analysis. The short period of time is configured in the factory and depends on the system configuration. The rest of the time, the
selection valve (V1) is switched to a purge gas, which is normally the same gas type as the carrier gas of the system for purging the
sampling loops. In the eventuality of leakage on the sampling loops or on the injection diaphragm valves, the reduced period of time
introducing silane in the injection valves combined with the low pressure operation and small volume will avoid any potential hazardous
situation.

Step 3: A sealed purge box containing the sample flow electronic pressure controller (LDEPC2) and the diaphragm selection valve (V1)
is mounted in the MultiDetek2 chassis. That box is normally purged with the same gas type as the carrier gas used for the system.
That environment requires low purge flow rate of about 10-30 sccm through a fixed orifice depending on the system configuration.
The box is fully ambient air free and the system is ready to use after a short period of about 20-30 minutes depending on the system
configuration. This waiting period is only required for initial start-up since once the MultiDetek2 has carrier flow going in it, the box is
continuously on purge. Having a box fully purged with UHP carrier gas eliminates the ignition risk in potential presence of silane. A 1psig
relief valve (RV) is mounted on the box to build up a minimum sealing pressure and to maintain a constant purge with the carrier gas.

Step 4: The sealed purge box is continuously monitored using a micro PED (PLASMA2) to selectively measure trace N2 to ensure there
is no air contamination in the sealed box to avoid the ignition in the potential presence of silane. If trace of air is measured in the purge
box by the micro PED (PLASMA2), then an alarm is activated to shut off the flow of silane gas inside the MultiDetek2. The shut-off valve
must be mounted external to the MultiDetek2 chassis. The feedback signal controlling the shut off valve comes from the MultiDetek?2.
It is required to maintain the sample gas pressure coming to the shut-off valve below 10psig to minimize the risk of ignition.

MULTIDETEK2 CHASSIS

GC CONFIGURATION

CARRIER ~ | TO DIAPHRAGM VALVES & COLUMNS |
INLET I
LDEPC1
ORIFICE | I
! |
FROM COLUMNS pLASMAT |
SEALED PURGE BOX
| | Purce g phyas | X !
SHUT OFF INLET
savple os'E
INLET & 1 —l:'? | | TO SAMPLING LOOPS |
i I LDEPC2 I !
\2 RV
NLET O psig e ———
| . _ __ FO- PLASMA 2 )
DETECTOR
VENT 2
DETECTORI 1

VENT 1

The flow type selected by the selection valve (V1) is controlled with the electronic flow controller (LDEPC2) to ensure a stable and
constant flow rate whichever the selected gas type.

The GC configuration for this application is configured with Stainless Steel purge diaphragm valves and MXT column types. At the end
of the GC configuration, a PlasmaDetek-E detector is configured to selectively measure the impurities requested. Multiple channels can
be configured depending on the application. For this application note, the analysis of H2-02-N2-CH4-CO is measured through channel
#1 and the CO2 through channel#2. Both channels are combined together and go in the PlasmaDetek2 detector. The highly sensitive
PlasmaDetek-E allows good detection limit, what is required for silane purity.
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RESULTS:

5000
ASI]D-; 0 CHe &0 coz
= H2 N2
40007 | ' f
= |
35001 . ‘ | '|
£ 3000 - |
o = | ‘ f \ Chromatogram :
2 2500 | “ ‘ || | Trace impurities in
[=] = Do :
20 1 | stane
& 1500-F | I ]
2 i1l . B
1000£ U L e B e HE 3§ —H
500-C
D F 1 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 1| 1 1 1 | 1 1 1 | 1 1 1 1 1 1 1 | I I |
100 200 300 400 500 600 700 800 00
Time (seconds)
Chart : LDL calculation:
m COMPONENT CONCENTRATION PEAK HEIGHT NOISE LDL (3x NoISE)
5 H, 808 ppb 2995 mV 3mv 2.5 ppb
=
Z 0, 810 ppb 3220 mV 3mV 2 ppb
o
E N, 810 ppb 3095 mV 2mv 1.5 ppb
e CH, 810 ppb 3335 mv 3mv 2 ppb
& Cco 820 ppb 3297 mv 4mv 3 ppb
<
° co, 820 ppb 3380 mV 3mv 2 ppb
()

Note: other LDL could be obtained with different injection volume and chromatographic conditions

CONCLUSION:

The PlasmaDetek-E and the MultiDetek2 combined with the highly safe continuous monitoring sampling system allow the measurement
of silane purity with reduced risk. The N2 monitoring of the purge box is essential to ensure there is no ignition risk inside the
MultiDetek?2.

The measurement of trace of impurities can be performed with a relatively short analysis time, and can offer very low limit of detection
what is required for silane purity.
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APPLICATION NOTE 9

LD18-01 Detek

Measurement of trace impurities
in Germane (GeH4) for electronic gas industry
using PlasmaDetek2 and MultiDetek2

A MultiDetek2 A PlasmaDetek2
patent US 9,310,308 B2

LDETEK SOLUTION:

Handling highly flammable gas like germane (GeH4) requires a high level of safety and it is what LDetek offers with its built-in sample
purging and monitoring system inside the MultiDetek2 compact GC. This system consists of 4 steps of safety:

Step 1: The sample gas flow path external to the purged box is fully welded offering no possibility of leakage.

Step 2: A selection valve is mounted before the diaphragm valves used for filling the sampling loops in the system. That selection valve
is configured to allow GeH4 going to the sampling loops only for a pre determined period of time just before to start each analysis. The
short period of time is configured in factory and is dependant to the system configuration. The rest of the time, the selection valve is
switched on a purged gas which is normally the same gas type that the carrier gas of the system for purging the sampling loops. In the
eventuality of leakage on the sampling loops or on the injection diaphragm valves, the reduced period of time introducing GeH4 in the
injection valves combined with the low pressure operation and small volume will avoid any potential hazardous situation.
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Step 3: A sealed purge box containing the sample flow electronic pressure controller and the diaphragm selection valve is mounted in
the MultiDetek2 chassis. That box is normally purged with the same gas type that the carrier gas used for the system. That environment
requires low purge flow rate of about 10-30sccm through a fix orifice depending of the system configuration. The box is fully ambient
air free and the system is ready to use after a short period of about 20-30minutes depending of the system configuration. This waiting
period is only requires for initial start up since once the MultiDetek2 has carrier flow going in it, the box is continuously on purge. Having
a box fully purged with UHP carrier gas eliminates the ignition risk in potential presence of GeH4. A 1psig relief valve (RV) is mounted
on the box to build up a minimum sealing pressure and to maintain a constant purge with the carrier gas.

Step 4: The sealed purge box is continuously monitored using a micro PED (PLASMA2) to selectively measure trace N2 to ensure there
is no air contamination in the sealed box to avoid the ignition in potential presence of GeH4. If trace of air is measured in the purged
box by the micro PED, then an alarm is activated to shut off the flow of GeH4 gas inside the MultiDetek2. The shut off valve must be
mounted external to the MultiDetek2 chassis. The feedback signal controlling the shut off valve comes from the MultiDetek?2. It is
requires to maintain the sample gas pressure coming to the shut off valve below 10psig to minimize the risk of ignition.

The flow type selected by the selection valve is controlled with the electronic flow controller to ensure a stable and constant flow rate
whichever the gas type selected.

The GC configuration for this application is configured with Stainless Steel purged diaphragm valves and MXT column types. At the end
of the GC configuration, the PlasmaDetek-2 detector is configured to selectively measure the impurities requested. Multiple channels
can be configured depending of the application. For this application note, the MultiDetek2 GC is configured as follow:

Trace impurities C2H2-C2H4-C2H6 — is measured through channel #1
Trace impurities Ar — is measured through channel #2
Trace impurities CO-C02 — is measured through channel #3

Trace impurities H2-02-N2-CH4 — is measured through channel #4

RESULTS:

Chromatograms : Trace impurities in GeH4
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CHART: RESULTS, RESPONSE AND LDL CALCULATION

COMPONENTS CONCENTRATION PEAK HEIGHT NOISE LDL (3x NoISE)
C2H2 5.2 ppm 2720 mV 2.8 mV 0.016 ppm
C2H4 4.9 ppm 2495 mV 2.8 mV 0.016 ppm
C2H6 4.9 ppm 2433 mV 2.8 mV 0.017 ppm
Ar 3.1 ppm 1544 mV 1.1 mV 0.006 ppm
CO2 4.7 ppm 2802 mV 2.1 mV 0.010 ppm
(010] 4.6 ppm 2705 mV 2.1 mV 0.010 ppm
H2 3.9 ppm 1701 mV 2.6 mV 0.018 ppm
02 4.1 ppm 2065 mV 2.6 mV 0.015 ppm
CH4 3.6 ppm 1789 mV 2.6 mV 0.016 ppm
N2 3.7 ppm 2505 mV 0.7 mV 0.003 ppm

Note: other LDL could be obtained with different injection volume and chromatographic condition

CONCLUSION:

The PlasmaDetek2 and the MultiDetek2 combined with the highly safe continuous monitoring sampling system allows the measurement
of GeH4 purity with reduced risk. The N2 monitoring of the purged box is essential to ensure there is no ignition risk inside the
MultiDetek?2.

The trace impurities measurement can be realized with a relatively short analysis time and can offer very low limit of detection of the
measured impurities what is required for GeH4 purity analysis.
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APPLICATION NOTE 9

LD19-02 Detek

Measurement of trace impurities
in high purity Nitrogen trifluoride (NF3) for electronic
gas industry using PlasmaDetek2 and MultiDetek2 GC

A MultiDetek2 A PlasmaDetek2
patent US 9,310,308 B2
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The analysis of high purity nitrogen trifluoride is commonly used for the electronic market in the
plasma etching of silicon wafers for the production of liquid crystal displays.

LDETEK SOLUTION:

The GC configuration for this type of application is generally configured with coated stainless steel purged diaphragm valves and coated
MXT columns to improve the performances of the system. At the end of the GC configuration, the PlasmaDetek-2 detector is configured
to selectively measure the impurities requested. Multiple channels can be configured depending of the application. For this application
note, the MultiDetek2 GC is configured with 4 channels merging in the PED detector.

» Trace H2-Ar+02-N2-CO impurities measured with channel #1
» Trace SF6 impurities measured with channel #2

» Trace C02-N20 impurities measured with channel #3

» Trace CH4-CF4 impurities measured with channel #4
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RESULTS:

Chromatogram : Trace CO2-H2-N2-CO-CH4 impurities in NF3

5000

Peak | Unit |Calibralion\'alue Area Counts

co2 ppm 5.00 89184

H?2 ppm 5.00 11170

N2 | pm 5.00 22814

co ppm 5.00 96257

CH4 ppm 5.00 64378

Chromatogram : Trace N20 impurities in NF3
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Chromatogram : Trace AR+02 impurities in NF3
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Chromatogram : Trace SF6-CF4 impurities in NF3
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LIMIT OF DETECTION

COMPONENTS
H2

Ar+02

N2

Cco2

CH4

CO

N20

SF6

CF4

CONCENTRATION
0.27 ppm

0.61 ppm

0.46 ppm

0.18 ppm

0.18 ppm

0.23 ppm

0.1 ppm

1.5 ppm

1.37 ppm

PEAK HEIGHT
150 mV

130 mV

200 mV

93 mV

80 mV

105 mV

34 mV

660 mV

700 mV

NOISE
1.0 mV
1.0 mv
0.5 mV
1.9 mV
1.4 mV
2.3 mv
2mV

1mV

3mV

Note: other LDL could be obtained with different injection volume and chromatographic condition

Channel 1: 0.27ppm H2

LDL (3x NOISE)
5.4 ppb

14.0 ppb

3.4 ppb

11.0 ppb

9.4 ppb

15.0 ppb
17.6 ppb

6.8 ppb

17.6 ppb

Channel 1: 0.46ppm N2
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Channel 3: 0.18ppm C02
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Channel 4 : 1.37ppm CF4
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CONCLUSION:

Channel 3 : 0.1ppm N20
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Channel 4 : 0.18ppm CH4
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The system is configured with the proper columns and valve configuration to get a quick analysis time and a robust configuration. The
use of the PlasmaDetek?2 offers a good selectivity for the detection allowing to get a relatively good short analysis time with good limit

of detection.
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APPLICATION NOTE 9

LD19-03 Detek

Measurement of trace impurities
in high purity nitrous oxide (N20) for electronic gas
industry using PlasmaDetek2 and MultiDetek2 GC

A MultiDetek2 A PlasmaDetek2
patent US 9,310,308 B2

Nitrous oxide (N20), often referred to as laughing gas, is used in the high-tech thin film industries of
semiconductor and LCD display manufacturing. The primary application is the reaction with silane (SiH4) or
other silicon precursors to produce high-quality oxide films (SiOx), which are used as electrical insulators in
microelectronic transistors. N20 is increasingly used to make thin-film oxides with other elements like titanium,
aluminium, magnesium and zirconium. It is also used in the selective etching of semiconductor thin-films.

Nitrous oxide is a colourless, non-flammable gas at room temperature with a slightly sweet odour and taste and it is an oxidiser that can
support combustion like oxygen. It is an electronic high-purity material produced from thermal decomposition of ammonium nitrate.
Why is this gas used in electronics manufacturing? It is less reactive and therefore more selective, than oxygen. Often, this property is
used to:

» Control the amount of oxygen is a thin film
» Reduce the side oxidation reactions
» Selectively etch one thin film while allowing others to remain

A addressable market than more than 10,000 metric tons N20 continuously growing with the arrival of new higher-definition display
technologies like ultra-high definition and OLED requiring higher amount of N20.

In addition to its use in electronics manufacturing, common applications of nitrous oxide are: anaesthetics, as food and beverage propellant
(for whipped cream as example), as an industrial propellant and foaming agent and as a fuel oxidiser for rockets and race cars.
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THE COMPLETE SOLUTION

This application note shows the configuration of a complete integrated system (LDrack rackmount cabinet).

i
LDGSS
ultra high purity gas stream
selector using stainless steel
diaphragm valves for 10
streams.
i
B MKS MULTIGAS
FTIR instrument for measuring
¢ MULTIDETEK2 ppb/ppm ammonia and NOXx.
'5 compact/industrial GC for measuring
z trace ppb/ppm impurities H2-02-N2-
g CH4-C0-CO2 with addition of Ar-Ne
= and addition of C2H2-C2H4-C2H6 all
5 in one instrument using one type of
E sensor (PlasmaDetek?2) with helium
o as carrier gas.
<
(<)
(3}
|

HEATED GAS PURIFIER
for generating grade
99.999999% UHP carrier gas for
GC from Helium grade 99.999%

TIGER OPTICS

Halo instrument for measuring ppb/
ppm trace H20.
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RESULTS:

Chromatogram : Trace H2-02-CH4 impurities in N20

Peak I Unit I Calibration Value Area Counts

H2 ppm 5.69 28374 4000
CH4 ppm 5.90 94297
02 PPm 4.94 35973 =
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Chromatogram : Trace N2 impurities in N20
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Chromatogram : Trace CO impurities in N20
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Chromatogram : Trace Ar impurities in N20
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Chromatogram : Trace Ne impurities in N20

5000
Peak | Unit l Calibration Value |  Area Counts asoo-f- L]
Ne | ppm | 4.86 | 9891 4000
3500+ e
Fo000-f I
%zsoo-f ‘
2000 |
o= - A
1800-£ )
1000-{  #
500+
D,:kkll‘llllllllk[lll]lllllllllk I']lllllllllkllllllllllll'III
100 200 300 400 500 “0601 _ 700 800 900 1000 1100 1200
Chromatogram : Trace C2H2-C2H4-C2H6 impurities in N20
Peak | Unit | Calibration Value Area Counts 5000 E [ Leguny |
aso0-{ "%
C2H2 ppm 372 60461 4000~
C2HA ppm a62 107124 33500 £
C2H6 ppm 455 151170 € 3000-{
22500—‘
g‘zooo{
1500 -
1000-f
500-.
c‘]k'] g 2 1 L1 2t 1 L1 lI!k!.l‘lllk'lljlkllll‘lll’llll’lll .
100 200 300 400 500 GO0 700 800 900 1000 1100 1200
Timao (3}
LIMIT OF DETECTION
COMPONENTS CONCENTRATION PEAK HEIGHT NOISE LDL (3x NoISE)
H2 0.05 ppm 30 mV 2.0 mV 10 ppb
02 0.053 ppm 30 mV 2.0 mV 10.6 ppb
N2 0.05 ppm 24 mV 1.5 mV 9.3 ppb
CH4 0.05 ppm 33 mV 2.0mV 9.0 ppb
(0{0] 0.05 ppm 25 mV 2.0 mV 12.0 ppb

Note: other LDL could be obtained with different injection volume and chromatographic condition

For the Idl of the impurities Ar-Ne-C2H2-C2H4-C2H®6, they don’t appear in the chart since the results are based on the 02 and CH4
which use the same sensor on the PlasmaDetek2. The Idl is then evaluate at 10ppb for Ar-Ne and 9ppb for C2s.
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Repeatability to be at a value of CV% x 3 < 5% for a series of consecutive analysis at a fix concentration in a balance gas of nitrous oxide.

COMPONENTS Repeatability (CV% x 3)
H2 1.64%
02 0.73%
N2 1.56%
CH4 2.05%
CO 1.66%

For the repeatability of the impurities Ar-Ne-C2H2-C2H4-C2H6, they don’t appear in the chart since the results are based on the 02 and
CH4 which use the same sensor on the PlasmaDetek2. An evaluation of 0.73% for Ar-Ne and 2.05% for C2s is given.

Results (screenshot) of consecutive analysis at a fix concen- Results (sceenshot) of consecutive analysis at a fix concentra-
tration for H2-N2-CH4-CO impurities in balance N20 tion for 02 impurity in balance N20
—— TR —— T
"] Historic == G ==
3 Historic - 5Wed, Jul-25-2018 A
=Mon, Jun-11-2013 B 06:45:58 H2[1.238) 02[0.841] N2[1.317] CH4[1.203] CO[0.... =
019:08:58 H2{1.907] 02[<LDL] N2[2.011] CH4[1.340] CO[2.065) 06:34:10 H2[1.233) 02[0.840] N2[1.312] CH4[1.201] CO[0....
08:58:48 H2[1.923] 02 <LDL] N2[2.024] CH4[1.839] CO[2.068] 06:22:23 H2[1.240] 02(0.839] N2{1.314] CH4[1.205] CO[0....
08:48:41 H2{1.918] 02[<LDL] N2[2.007] CH4[1.841] CO[2.058) 06:10:30 H2[1.236) 02[0.842] N2[1.310] CH4[1.204] CO[0....
08:38:29 H2[1.914] 02( <LDL] N2[1.996] CH4[1.838] CO[2.067] 05:58:40 H2[1.236] 02(0.845] N2{1.305] CH4[1.207] CO[0....
08:28:21 H2[1.897) 02( <LDL) N2[1.996] CH4[1.829] CO[1.898] A 05:46:53 H2[1.249] 02(0.841] N2[1.303] CH4[1.206] CO[0.... =
08:18:10 H2[1.899] 02[ <LDL] N2[2.005] CH4[1.662] CO[2.048] 3 05:35:06 H2[1.256] 02(0.836] N2[1.306] CH4[1.209] CO[0....
08:07:58 H2[1.884] 02[<LDL] N2[1.95] CH4[1.866] CO[2.043) 05:23:13 H2[1.253) 02[0.836] N2[1.307) CH4[1.209] CO[0...
07:57:52 H2{1.888] 02[<LDL) N2[2.002] CH4[1.858] CO[2.044] 05:11:25 H2[1.255] 02(0.831] N2[1.309) CH4[1.208] CO[0....
07:47:40 H2[1.895] 02[<LDL] N2[2.012] CH4[1.866] CO[2.045) 04:58:38 H2[1.258] 02[0.828] N2[1.316] CH4[1.208] CO[0.... 14
07:37:27 H2{1.908] 02[ <LDL) N2[2.035] CH4[1.884] CO[2.044] 04:47:47 H2[1.257] 02(0.830] N2[1.317) CH4[1.207] CO[0...
07:15:17 H2(5.115] ©2[ <LDL] N2[5.054] CH4[5.154] CO[5.633] 04:35:56 H2[1.253) 02(0.832) N2[1.316] CH4[1.206] CO[0....
07:05:09 H2(5.116] 02( <LDL] N2[5.060] CH4[5.158] CO[5.632) B 04:24:05 H2[1.253) 02[0.829] N2[1.314] CH4[1.202] CO[0....
06:55:00 H2(5.132) 02( <LDL] N2[5.054] CH4[5.144] CO[5.631) 04:12:14 H2[1.255) 02(0.829) N2[1.316]) CH4[1.200] CO[0....
06:44:53 H2[5.134] 02(<LDL] N2[5.044] CH4[5.143] CO[5.634] 04:00:22 H2[1.248) 02(0.830]) N2(1.313) CH4[1.201) CO(0....
06:34:42 H2(5.135] 02[ <LDL] N2[5.065] CH4[5.154] CO[5.633] 03:48:35 H2(1.240) 02[0.829) N2[1.313] CH4[1.200] CO[0....
06:24:30 H2{5.149] 02[<LDL] N2[5.074] CH4[5.147) CO[5.534] 03:36:47 H2(1.243) 02(0.825] N2[1.312] CH4[1.201] CO[0... -
06:14:22 H2{5.154] 02[ <LDL) N2[5.082] CH4[5.155) CO[5.540)
06:04:15 H2{5.158] 02[ <LDL] N2[5.088] CH4[5.180) CO[5.535) <
4 | wer ST illrn. T ] 3 Expart Historic... ] ’ Impart Historic... ] Icahaﬁmcalm i e...] [ Peak Grap
Export Historic... ] [ Import Historic. .. Calibration Certificate. .. Peak Graph...
CONCLUSION:

Using one PlasmaDetek2 detector inside one unit MultiDetek2 GC, the analysis of trace ppb/ppm impurities H2-02-N2-CH4-CO-CO2
with addition of Ar-Ne and addition of C2H2-C2H4-C2H6 have been measured. The analysis time for the impurities H2-02-N2-CH4-
CO-CO2 in UHP N20 was realized within 13 minutes. By adding the analysis of Ar-N2-C2H2-C2H4-C2H6 on top of the other impurities
listed, the analysis time was realized in 20 minutes. The MultiDetek2 GC was configured with helium as carrier gas, stainless steel
diaphragm valve and capillary MXT type columns to minimize the carrier flow consumption. The unit is using 4-20mA outputs for each
impurity and also the Modbus protocol for transmitting the data’s. The GC and the stream selector system LDGSS are both remotely
controlled by the Ethernet port. Meaning that the calibration of the units can be performed remotely.

The complete integration of the system has been made inside a standard rackmount enclosure. The instruments from Tiger Optics and
from MKS have been added for the analysis of H20 and NOx-NH3 respectively.
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APPLICATION NOTE 9

LD20-03 Detek

MultiDetek2 gas chromatograph with PlasmaDetek2
detector uses for the analysis of semiconductor specialty
gases as UHP Octafluorocyclobutane (C4F8)

A MultiDetek2 A PlasmaDetek2

Octafluorocyclobutane, or perfluorocyclobutane, C4F8, is a compound of carbon and fluorine used in
the production and processing of semiconductor materials and devices, for example as a deposition
gas and etchant. Production of such high purity specialty gas then requires a quality control analyser.

LDETEK SOLUTION:

Measuring the production quality of complex electronic specialty gases as C4F8 uses as etchant can be realized with our gas
chromatograph MultiDetek2.

Our system uses PlasmaDetek2 (PED) as detection device to ensure good selectivity and sensitivity down to sub ppb level.
Multiple purged diaphragm valves ensure the leak integrity to keep the purity of the system in place for ppb detection. The column

selection is adapted to CF gases to keep the reactivity and adsorption as low as possible to ensure the stability of the results. The
complete flow path of the unit is coated with inert material to climinate the reactivity for such complex electronic gas mixtures.

www.ldetek.com Where innovation leads to success
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Sample composition of (C4F8):

IMPURITIES RANGE SYSTEM LDL SYSTEM LOQ
C.Fg 0-100 ppm 25 ppb 75 ppb

C,F, 0-100 ppm 25 ppb 75 ppb

C,F, 0-100 ppm 25 ppb 75 ppb

CF, 0-100 ppm 25 ppb 75 ppb

Co, 0-100 ppm 25 ppb 75 ppb

C,F, 0-100 ppm 25 ppb 75 ppb

C,Fg 100 %

RESULTS

Chromatogram of trace ppm impurities C5F8, C2F6, C3F8, CF4, CO2 and C4F6 in Octafluorocyclobutane (C4F8) sample gas

Muidetek 2 o L) i
Configuabion Chromstogram  Seftings  Calibaabion Diagnedtics About Quat
Cl

Dwte And Time ; 30/17/2017 142237

TI8.a08. 21MIE2Y

o
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Z 15004 | o cars

Z |mli—-ej«~r—-l‘ n—lh_q—iu Ay

(=] so0 £

< 100 200 300 400 500 600 TO0 8O0 900 1000 1100 1200

O Time (seconds)

= Aeaiyss Time: 1046 | 1100 sec

o Oven < 5 Pm Poak R.. | dutomate Restart F3 _'5.";,*"] Pe—

o Cwent WS LDepc!  SOminn  CF8  TL3Zpom A2 | T — P ]

< ] \Dexd  lidmime  CFE TE0pom A2 o stk | e |

° g:a“ 2: B Sample 0.9 mijmn ;}‘I :-::;: :: ,—w ]

o :;-la :: ) C¥s  sAMOmm A2 . w‘ﬂCl‘l
COMPONENT CONCENTRATION PEAK HEIGHT NOISE LDL (3x NoISE)
C,Fg 72.312 ppm 891 mV 0.11 mV 26.7 ppb
C,F, 78.700 ppm 1289 mV 0.15 mV 27.4 ppb
C,F, 69.799 ppm 1371 mV 0.15 mV 22.9 ppb
CF, 67.878 ppm 960 mV 0.11 mV 23.3 ppb
C,F, 68.700 ppm 249 mV 0.04 mV 33.1 ppb

Note: other LDL could be obtained with different injection volume and chromatographic condition

CONCLUSION:

The MultiDetek2 gas chromatograph uses with the PlasmaDetek2 detector offers the requirements for such type of specialty gas
application. The configuration with purged diaphragm valves combined with coated inert gas flow path and columns makes the system
perfectly adapted for such specialty and complex gases. The system is rackmount and compact offering a full remote control. The
industrial communication protocols are all built in and must simply be selected specifically for your requirements.
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APPLICATION NOTE 9

LD20'07 I_I:\J'grela

Measurement of ppt for semiconductor
H2-CO02-NMHC-N2-CO-CH4 in UHP gases

|| s
o
‘W :
-

| o
L = . 0;& el

MultiDetek2 GC & PlasmaDetek2
(patent #US 9,310,308 B2):
Turnkey solution with LDGDSA automatic dilution system for
ppb calibration and complete UHP sample stream selector
system with fast loop purge.

A LDRack rackmount cabinet

It is well known in the semiconductor industry that measuring ppb and even ppt of permanent
gases in ultra high purity gases as Helium, Argon, Oxygen, Nitrogen and Hydrogen is required. Such
measurement ensures quality of the product for the production of electronic components.

LDETEK SOLUTION:

Using the enhanced PlasmaDetek2 (PED) and the MultiDetek2 (GC), in combination with its LDGDSA automatic dilution system for
proper calibration and the the LDGSS sample stream selector system with fast purge loops, it offers the best solution to measure down
to <100ppt.

www.ldetek.com Where innovation leads to success
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Our solution is all integrated in our rackmount cabinets with VCR and orbital welding piping to eliminate any risk of leak and dead
volume.

The analysis of trace sub ppb/ppt impurities of Ar-H2-CO2-NMHC-N2-CO-CH4 can be performed in multiple gas backgrounds. This
application note will show the results obtained for sub ppb trace H2-CO2-NMHC-N2-CO-CH4 in Argon-Helium-Oxygen.

To achieve a detection limit down to <100ppt, few parameters have been developed and introduced into our analytical tools :

1 Like shown here, orbital welding is used in our
solution.
2 A low pressure and a high pressure individual vent

pipes have been installed to separate the detector
vents from the other vents to remove the undesired
backpressure signal fluctuations in the detector.

3 The actuation gas has been separated from the
carrier gas to avoid any risk of pressure changes
during the valve actuation, this usually resulting in
some slight signal baseline fluctuations.

4 Introduction of a new injection technique resulting in
balancing the sample pressure in the sample loops
equal to the column head pressure eliminating the
pressure drops during the injection. This technique
also gives the benefit of increasing the analytes
volumeinthe loopsincreasing the emission response
of each impurity in the detector. In order to maintain
a perfectly balanced pressure inside the loops to
ensure the pressure stability of the system, a LDEPC
(electronic pressure controller) has been mounted
in a bypass position at the outlet of the loops just
before the static orifice used for maintaining the
sample flow rate. This piece of equipment maintain
the pressure stable and is controllable in case of
column head pressure change. That LDEPC also
brings the benefit of offering a faster response
time between each stream switch by having a fast
loop bypass mode capable of purging up to 1 LPM.
This system offers a full remote control and has no
component inline with its sample flow path offering
the best configuration to keep the purity of the
sample gas.
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5 Generating grade 10.0 (99.99999999%) Helium
carrier gas is the key when measuring 100ppt is
required. Our latest Large and X-Large LDP1000
gas purifier series are designed for it. Having
electropolished stainless steel 316L surface, 1
micron particle filters and twin beds of mixed
pellets/powder to ensure proper passage time delay
to purify and remove impurities down to a maximum
of 100ppt. Oversizing the adsorbant is the key here.
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RESULTS:

6

Proper span calibration is required at ppt level. The
LDGDSA automatic dilution system is designed for
it. Bypass flow control to avoid contamination of zero
and span. Electronic pressure regulator to maintain an
accurate pressure on the span/zero and the blended
outlet. Again, our LDP1000 gas purifier series is used in
to generate grade 10 Helium zero reference gas.

The MultiDetek2 system detection technology is
based on the enhanced plasma emission detector
(PlasmaDetek2). The specific configuration of the
plasma detector used, allows a selective and sensitive
detection of the desired impurities by measuring its
spectral emission using a series of high response
interference filters all with a narrow band. In order to
increase its response, a summing optical device system
has been added. By summing the emission response, a
significant gain in the sensitivity can be done.

The route to a ppt analytical tool also included
the isolation and the temperature control of the
MultiDetek2. By having an internal environment
controlled at a stable temperature, the stability of the
results are outstanding.

This document demonstrates the performances of the system by showing chromatograms obtained at low ppb concentration to show
the real peak shapes, results and system performances. The results have been used to extract the limit of detection of our MultiDetek?2
system. Our tests have been performed using our LDGDSA gas dilution system to generate real low ppb concentrations.

Refer to chart 1 and 2 for all Idl details.

SAMPLE GASES
Methods Range
Helium 0-500ppb
Argon 0-500ppb
Oxygen 0-500ppb
Hydrogen 0-500ppb
Nitrogen 0-500ppb

Chart1

www.ldetek.com

Ar(ldl)
80ppt
n/a
80ppt
95ppt
80ppt

H2(1dI)
95ppt
100ppt
100ppt
n/a
95ppt

COo2(idI)
95ppt
95ppt
100ppt
95ppt
95ppt

IMPURITIES

NMHC(Idl) N2(idI) Cco(ldI) CHA4(IdI)
100ppt 85ppt 95ppt 95ppt
100ppt 95ppt 95ppt 95ppt
100ppt 100ppt 100ppt 100ppt
100ppt 90ppt 95ppt 95ppt
100ppt n/a 95ppt 100ppt
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Chromatogram at 500ppb of the impurities H2-CO2-NMHC-N2-CO-CH4

Configuration Chromatogram Settings Calibration Tools About Quit
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Chromatogram at 3ppb of the impurities H2-CO2-NMHC-N2-CO-CH4

Configuration Chromatogram Settings Calibration Tools About Quit
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Chromatogram with an Helium blank gas
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n ¥ e <DL ppb 0000000 5556 0000 s 0.054 0,056
= ¥ co <DL ppb 0000000  TOSS 0000 14N 0110 am
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Z
=)
3
= Limit of detection:
&
< COMPONENT CONCENTRATION (ppb) PEAK HEIGHT (mv) NOISE (mv) LDL (3x NOISE) (ppt)
(<)
™ H2 i85 5.056 0.056 44 ppt
Cc0o2 1.108 4.304 0.118 91 ppt
NMHC 1.057 4.068 0.072 56 ppt
N2 1.661 4.906 0.056 57 ppt
Cco 0.885 3.605 0.113 83 ppt
CH4 1.060 4.635 0.057 40 ppt

Chart 2 Note: Noise level is based on the peak noise values using an Helium blank gas

CONCLUSION:

Our complete cabinet integration with our MultiDetek2 (GC), PlasmaDetek2 (PED), LDGSS gas stream selector, LDGDSA automatic
gas dilution system and our LDP1000 carrier gas purifier series are all perfectly designed and approved for the UHP semiconductor
applications. With the results demonstrated, we can clearly see our systems are capable of generating and detecting very clear peaks
at ppt concentrations. Don’t hesitate to contact LDetek if more informations or references are required.
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APPLICATION NOTE 9

L D2 1'02 I_I::grela

Analysis of trace impurities in UHP F2-CI2 and WF6
used for semiconductor industry with the
PlasmaDetek2 and MultiDetek2 GC

A PlasmaDetek2 A MultiDetek2
patent US 9,310,308 B2

Measuring trace impurities down to sub ppb is required by the semiconductor industry to qualify the purity of its
critical UHP bulk gases Chlorine (CI2), Tungsten hexafluoride (WF6) and Fluorine (F2). These high purity gases
are also employed in numerous industrial applications also requiring qualification of it prior to use.

LDETEK SOLUTION

The MultiDetek2 gas chromatograph is configured here with 2 trains. Both channels are each coupled with a PlasmaDetek2 (PED)
sensor configured with the proper optical configuration to selectively measure the selected impurities. One train is used for the analysis
of H2-02-N2-CH4-CO while the second train is used for the analysis of CO2 and SF6.

Working here with some aggressive and reactive sample gases (CI2-WF6-F2), the separation columns and the detectors mounted in
each train are individually protected with a pre-column mounted in a backflush to vent configuration. The protection columns and the
backflush/injection diaphragm valves are constructed with Hastelloy to be compatible with the aggressivity of the sample gas.

On top of that, the MultiDetek?2 is equipped with an integrated stream selector system also constructed with Hastelloy material. The
stream selector system allows to switch from stream CI2 to WF6 to F2 along to Span gas for calibration/validation purpose. An extra
inlet has been added to the stream selector system to switch the sample gas going to the sample loops of the trains to the carrier gas
(Helium) as source of clean sample gas. This feature is used to protect the injection valves and loops to be attack by the aggressivity
of the samples to extend its lifetime and surpass the robustness of the system. By this type of configuration, we keep the corrosion
and degradation of the flow path away.

Results and chromatograms are well demonstrated in the rest of this document to particularly demonstrate the sensitivity of the GC
down to sub ppb by keeping the interference from the matrix gases away.
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RESULTS

5000

Chromatogram:
Trace H2-02-N2-CH4-C0-C02-SF6
impurities in Chlorine (CI2)
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Time (s)

Same results apply to sample gases Tungsten hexafluoride (WF6) and Fluorine (F2) using thesame method and same configuration.

Limit of detection (based on 3 times the noise level from a blank)

COMPONENT CONCENTRATION (ppb)  PEAK HEIGHT NOISE LDL (3x NoISE)
H2 5000 2508 mV 0.2 mV 1.2 ppb

«a 02 6000 3180 mv 0.2 mv 1.1 ppb

5 N2 6000 3007 mV 0.05 mv 0.3 ppb

§ CH4 5000 2509 mV 0.4 mv 0.6 ppb

g co 6000 3000 mV 0.2 mV 1.2 ppb

e 02 3650 1804 mV 0.2mvV 1.21 ppb

E SF6 5000 2523 mV 0.4 mV 2.38 ppb

(=) Note: other LDL could be obtained with different injection volume and chromatographic condition

(2]

EVALUATION OF THE NOISE LEVEL FOR EACH IMPURITY BASED ON A BLANK GAS ANALYSIS

H2 blank (0.2mV noise) 02 blank (0.2mV noise)
~ 10008 { [Cagend]
70002 E
IMG'
Ewwlf
gwoo:'
g
“Im 5
mu_
o f
9996‘“ L mlitiwilll:‘sllrlmlr ...Si‘ lll‘°
Tree ()
Where innovation leads to success www.ldetek.com

326



N2 blank (0.05mV noise)
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SF6 blank (0.4mV noise)
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CH4 blank (0.1mV noise)
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CO02 blank (0.2mV noise)

By selecting 5 points within the measuring scale, being approximatively 100%,75%, 50%, 10%, 0% of the scale of the instrument to
be measured. The points must be generated from a certified gas bottle diluted with the same gas as the carrier gas of the instrument.
Each of the 5 points is the 3th analysis result from a series of automatic analysis. The 5 points have to achieve a linear curve having

its R2 at a value between 0.998 and 1.00.

www.ldetek.com
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REPEATABILITY

The value of three times of the percentage of coefficient of variation (3*CV %) of each component has to be smaller than 5%.

Peak Average Standard Deviation Coefficient of Varation (%) 37 CV (%) Status
CH4 13.35472786 ppm 0.03073567 0.23 0.69
cO 12.38454065 ppm 0.01509257 012 0.37
co2 11.66463355 ppm 0.01127353 0.10 0.29
H2 13.86843651 ppm 0.06595081 0.48 1.43
N2 23.84325036 ppm 0.05462864 023 0.69
02 17.12551940 ppm 0.04198613 0.25 0.74
SF6 12.06071552 ppm 0.03250635 027 0.81
PEAK GRAPH
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CONCLUSION

Using one PlasmaDetek2 detector inside one-unit MultiDetek2 GC, the analysis of trace ppb/ppm impurities H2-02-N2-CH4-
CO-CO2-SF6 in UHP grade CI2 and F2 and WF6 can be performed. The analysis time is less than 12 minutes. The unit was
configured with a combination of Hastelloy and coated stainless steel valves/fittings/columns and tubing to be compatible with
the aggressive nature of the sample gases. Using the proper material, the system is robust and safe to operate over years. The
unit is using 4-20mA outputs for each impurity and also the Modbus protocol for transmitting the data’s. Our LDGSS stream
selector system has been used as well to allow switching across the different streams. The LDGSS also has been configured with
Hastelloy material to be compatible with the aggressivity of the sample gases.
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APPLICATION NOTE

PST
LD22-03 === e

Analysis of sub ppb trace impurities in UHP Oxygen

A MultiDetek3 A PlasmaDetek2
patent US 9,310,308 B2

Measuring low ppb trace impurities in controlled environment has always been required by the semiconductor
manufacturing process and laboratory. Over years, the tendency is to keep improving the purity level of the
manufacturing process to increase the range of uses of the electronic components produced. The detection of
sub ppb impurities down to 0.1ppb is possible with the MultiDetek3 series using the micro plasma emission
patented technology. Offering the modern semiconductor installations, the capacity to improve the quality and
production.

LDETEK SOLUTION

The Multidetek3 industrial gas chromatograph has been configured with the plasma emission detector using Helium as carrier gas.
The unit is constructed using multiple channels to allow the simultaneous analysis of sub ppb impurities H2-CO-CO2-NMHC-N2-CH4 in
balance pure Oxygen. The analysis is performed in less than 13 minutes for all impurities. In case faster analysis time is required, the
MultiDetek3 has the capacity to have a dual sample inlet that allow to perform parallel chromatography. In this mode, some critical
impurities can be focused to be analysed very fast while the less critical impurities keep using the standard analysis time. This analysis
technique with dual sample inlet, having fully independent data management/parameters offer more possibilities.

Where innovation leads to success www.ldetek.com
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RESULTS
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N2 ppb 444.70 4537
CH4 ppb 500.00 15585
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Chromatogram of trace
ppb H2-CO-C02-C3HS8
in balance Oxygen

Chromatogram of trace
ppb N2-CH4 in balance
Oxygen
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Limit of detection (based on 3 times the noise level from a blank)

COMPONENTS CONCENTRATION (ppb) PEAK HEIGHT NOISE LDL (3x NoISE)
H2 508 2500mV 0.2mV 0.1ppb
CO 508 2500mV 0.2mvV 0.1ppb
Cco2 537 2700mV 0.2mV 0.1ppb
C3H8 496 2500mV 0.2mV 0.1ppb
N2 445 2200mV 0.2mV 0.1ppb
CH4 500 2500mV 0.2mvV 0.1ppb

Note: other LDL could be obtained with different injection volume and chromatographic condition.

Stability: Based on the GC standards. Within few hours runs, being lower than 10% of 3*CV%

Peak Average Standard Deviation Coef. Variation (%) 3*CV (%) Status
CH4  328.10233200 ppb 7.82245259 2.38 715
CO  364.25439300 ppb 1.08730412 0.30 0.90
CO2 386.59766500 ppb 2.36884334 0.61 1.84
H2  367.41526700 ppb 1.00636241 0.27 0.82
N2  299.84060700 ppb 3.71447400 1.24 32
NMHC 358.88264700 ppb 0.40429446 0.11 0.34

Repeatability: Based on the GC standards. Using 6 of 10 consecutive runs, being lower than 5% of 3*CV%

Peak Average Standard Deviation Coef. Variation (%) 3*CV (%)  Status
CH4  326.43002500 ppb 1.90480140 0.58 1.75
CO  365.00640000 ppb 0.51991522 0.14 0.43
CO2 385.48400667 ppb 2.04753965 0.53 1.59
H2  366.82781667 ppb 0.47376130 0.13 0.39
N2  297.41186667 ppb 1.53133150 0.51 1.54
NMHC 358.65457167 ppb 0.16465685 0.05 0.14

Where innovation leads to success www.ldetek.com
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Results for 6 of 10 consecutive analyses

Start Date H2 co N2 co2 CH4 NMHC
2022-08-16 366.103  364.882 294.446 387.676 323.580 358.442
16:38 ppb ppb ppb ppb ppb ppb
2022-08-16 366.455  364.947 297.718 388.289 326.671 358.504
16:25 ppb ppb ppb ppb ppb ppb
2022-08-16 366.926  365.649 298.616 383.961 328.650 358.651
16:12 ppb ppb ppb ppb ppb ppb
2022-08-16 366.923  365.600 298.494 383.229 328.380 358.668
15:58 ppb ppb ppb ppb ppb ppb
2022-08-16 367.157  364.557 297.330 385.139 325.565 358.782
15:45 ppb ppb ppb ppb ppb ppb
2022-08-16 367.403  364.402 297.867 384.609 325.736 358.881
(72]
15:32 ppb ppb ppb ppb ppb ppb s
S
4
=]
=
3)
o |
&
CONCLUSION :
o

The MultiDetek3 process industrial gas chromatograph configured with PED can achieve a lowest detection limit of 0.1ppb for impurities
in pure Oxygen. The GC offers an integrated temperature-controlled system which allows to achieve better sensitivity and stability. The
gas chromatograph comes with all standard communication protocols and data management system required by the industries. Using
the dual sample inlet mode, quicker analysis can be performed when quick critical measurement is important.
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APPLICATION NOTE

L D 2 3 -0 5 monEee | LDelek

Turnkey solution for ASU gas producers and SEMI applications

PST

LDGSS gas stream selector using diaphragm stainless MultiDetek3 gas chromatograph configured with plasma
emission detector for part per billion detections

steel valves for ultra high purity streams

LDGDSA gas dilution system for generating
ppb calibration mixtures

LDP1000 gas purifier series used to generate grade
99.9999999% purity carrier gas to ensure low ppb dection

Eao0

b

Where innovation leads to success

Chromatograms for trace impurities H2-

= = ====|1 02-Ar-N2-CH4-CO-CO2-NMHC in bulk

gases Oxygen/Nitrogen used for semi-
conductor application. The MultiDetek3
) - . gas chromatographs are configured
T e with PED and proper columns to mea-
; sure within a range of 0-100ppb with a
limit of detection set at 0.5 ppb.

www.ldetek.com
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Automatic switchover
system LDASS + LDPMS
pressure monitoring syste
& alarms

Cryogenic dual trap system
for carrier gas purification
LDCryo + LDPMS pressure
monitoring system & alarms

Stainless
Steel
flexibles
hose o
580
Helium Helium
UHP UHP
grade grade
5.0 5.0

www.ldetek.com

LDP2000
SERIES
GAS
PURIFIER

LIN TRAP
LIN TRAP

Dewar
50 liters

Gas
Chromatography
system

Gas
Chromatography
system
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APPLICATION NOTE )
LD23-07 = o

Analysis of trace impurities in UHP Xenon

)

(RERRRERARD

A MultiDetek3 A PlasmaDetek2
patent US 9,310,308 B2

The Xenon is the most valuable rare gas on earth which is generally produced from large oxygen plants by ASU. In today’s
world, the semiconductor industry is now the largest consumer of rare gases, and the industry spent approximately
$1bn on its purchases of neon, krypton and xenon for key applications in the fab. Xenon and krypton are mainly used
in the most challenging high-aspect-ratio etch applications in advanced 3D NAND memory devices. There appear to be
no alternatives to these gases in this application. Neon is critical in excimer lasers for KrF and ArF lithography systems.
(Flat panel displays are the second largest consumer of electronic specialty gases behind semiconductor)

Leading suppliers of electronic specialty gases, 2023: Linde, Air Liquide, Merck/EMD, Nippon Sanso Group,
SKMaterials, KDK, Wonik Materials, Resonac, peric, Entegris and few others

LDETEK SOLUTION

The purity Xenon can be qualified with the use of the MultiDetek3 gas chromatograph configured with PED.

The unit has been configured with a measuring range of 0-10ppm and Idl of 5-10ppb for impurities Ar-C2F6-CF4-CH4-H2-02-CO-
CO2-Kr-N2-N20-SF6 in a sample gas UHP Xenon. The PED (plasma emission detector) has been mounted in the GC to measure ppb
impurities in UHP Xenon using Helium as carrier gas. All listed impurities are measured within one single analyser.

This application note is the standard approved requirement in the semiconductor industry for specialty gas Xenon. Other configurations
and ranges/Idls are possible. The parameters mostly depend of the site production requirements and process.

Where innovation leads to success www.ldetek.com
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RESULTS

A series of chromatograms (Span calibration) of trace impurities Ar-C2F6-CF4-CH4-H2-02-C0-C02-Kr-N2-N20-SF6
in balance gas UHP Xenon
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Limit of detection (based on 3 times the noise level from a blank) =
o
o
COMPONENTS CONCENTRATION (ppm) PEAK HEIGHT NOISE LDL (3x NOISE) <
(<)
Ar 8.9 2500mV 0.43mV 5ppb ™
C2F6 10.0 2388mV 0.36mV 5ppb
CF4 10.0 2501mV 0.51mV 6ppb
CH4 10.0 2455mV 0.59mV Tppb
H2 11.0 2500mV 0.48mV 6ppb
02 11.0 2500mV 0.46mV 6ppb
(60) 11.4 2500mV 0.51mV Tppb
C02 11.0 2500mV 0.47TmV 6ppb
Kr 10.0 2525mV 0.49mV 6ppb
N2 10.0 2506mV 0.37mV 4ppb
N20 10.0 2500mV 0.47mV 5ppb
SF6 10.0 2500mV 0.69mV 8ppb

Note: other LDL could be obtained with different injection volume and chromatographic condition.
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Typical chromatogram with Xenon method analysis showing low concentrations between 0.5ppm-1.6ppm of measured
impurities in Xenon balance gas
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Descripti... H2 o2 M2 Ar SFg Kr co CH4 CF4 coz2 N20 C2F6
Import
EWed, May-17-20...
03:36:00 1.344 0.596 1.606 0.938 0.838 1.023 0.948 0.787 1.251 0.927 0.999 0.834
03:10:48 1.335 0.563 1.607 1.028 0.828 1.021 0.948 0.786 1.249 0.928 0.989 0.829
02:45:37 1.333 0.522 1.602 0.948 0.831 1.020 0.946 0.788 1.247 0.928 0.982 0.826

Repeatability: Based on the GC standards. Using 6 of 10 consecutive runs, being lower than 5% of 3*CV%
Linearity: Based on the GC standards. A linear curve having its R2 at a value between 0.998 and 1.00.
Accuracy: Based on the GC standards. <= 1% of error or Idl whichever is higher

The MultiDetek3 detailed in this application note complies with the repeatability/linearity and accuracy standards.

CONCLUSION

The MultiDetek3 configured with PED can offers a good analytical solution for trace ppb/ppm impurities for quality and validation of
UHP Xenon. The gas chromatograph is configured with standard industrial communication protocols and remote-control interface. Due
to its high sensitivity plasma emission detector, measuring trace impurities with the MultiDetek3 gas chromatograph down to sub ppb
is perfectly suitable for the semiconductor rare gas applications. The MultiDetek3 is a very robust gas analyzer configured for industrial
market to run 24/7. Combined with the other LDetek accessory modules, it fits the complete application requirements of the industry.
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APPLICATION NOTE
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Analysis of trace impurities in UHP Silane

A MultiDetek3 A PlasmaDetek2
patent US 9,310,308 B2
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A silane semiconductor is a type of semiconductor that is composed of silicon and hydrogen atoms. It has the
distinction of being one of the most stable known compound semiconductors. Its relative simplicity, stability
and cost-effectiveness make it an ideal choice for a wide range of electronic applications, including transistors,
memory chips, integrated circuits, photodetectors and solar cells.

The use of silane has become increasingly popular in the world of electronics due to its impressive capability.
This type of silane allows component manufacturers to produce components that are smaller and faster than
ever before, allowing them to create highly advanced electronic devices.

The leading manufacturers of silane semiconductors are a relatively small, but prestigious group. Intel
Corporation, Renesas Technology and Texas Instruments lead the way in producing top-tier products with silane
semiconductors. Other electronics firms such as KLA Corporation, AMD and 3M have successfully implemented
their own processes for production utilizing this type of technology.

www.ldetek.com Where innovation leads to success
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LDETEK SOLUTION

The purity of silane can be qualified with the use of the MultiDetek3 gas chromatograph configured with PED.

The unit is configured with a measuring range of 0-10ppm and Idl of 5-10ppb for impurities H2-(Ar+02)-N2-CH4-CO2-CO-C2H6-C3H8-SiCL4-
SiH2CI2-HBSi2-SiH3Cl in a sample gas UHP silane(SiH4). The PED (plasma emission detector) has been mounted in the GC to measure the
ppb impurities in UHP silane using Helium as carrier gas. All previously listed impurities are measured within one single analyser.

As the silane is highly flammable and pyrophoric, our GC configuration offers here a specific configuration of the sample flow path. A
multiport selection valve mounted in a purged box which is purged with the helium carrier gas ensures the sample is not in contact
with its surrounding air. The selection valve ensures to minimize the period which the silane is going into the injection’s valves and the
sample loops. A specific sequence is configured to have mostly helium in the GC sample flow path with a small period having the silane
filling the sampling loops for proper analysis. The sequence is built in consequence to properly purged the loops prior to fill with silane.

This solution offers the GC to have an improved safety level and have an extended lifetime due to the limited time of the components
in contact with silane.

Other configurations and ranges/Idls are possible. The parameters mostly depend on the site production requirements and process.

RESULTS

A series of chromatograms (Span calibration) of trace impurities H2-(Ar+02)-N2-CH4-C02-CO-C2H6-C3H8-SiCI4-SiH2CI2-H6Si2-SiH3Cl in
balance gas UHP Silane (SiH4)
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Limit of detection (based on 3 times the noise level from a blank)

COMPONENTS CONCENTRATION (ppm) PEAK HEIGHT NOISE LDL (3x NoISE)
H2 10.0 1922mV 0.43mV 6ppb
Ar+02 5.19 1410mV 0.36mV 4ppb
N2 9.14 2291mV 0.51mV 6ppb
CH4 9.94 2095mV 0.59mV 8ppb
C0o2 9.75 2133mV 0.48mV 7ppb
co 9.91 2032mV 0.46mV 7ppb
C2H6 10.0 2500mV 0.51mV 6ppb
C3HS8 10.0 2000mV 0.47mV 7ppb
SiCl4 10.0 2788mV 0.49mV S5ppb
SiH2CI2 10.0 2795mV 0.37mV 4ppb
HBSi2 10.0 2500mV 0.47mV 6ppb
SiH3Cl 10.0 2300mV 0.69mV 9ppb

Note: other LDL could be obtained with different injection volume and chromatographic condition.

Repeatability: Based on the GC standards. Using 6 of 10 consecutive runs, being lower than 5% of 3*CV%
Linearity: Based on the GC standards. A linear curve having its R2 at a value between 0.998 and 1.00.
Accuracy: Based on the GC standards. <= 1% of error or Idl whichever is higher

The MultiDetek3 detailed in this application note complies with the previously listed repeatability/linearity and accuracy standards.

CONCLUSION

The MultiDetek3 configured with the PED module offers a good analytical solution for trace ppb/ppm impurities for the validation of
the quality and the production for semiconductor Silane. The gas chromatograph is configured with standard industrial communication
protocols and a remote-control interface. Due to its high sensitivity plasma emission detector, measuring trace impurities with the
MultiDetek3 gas chromatograph down to sub ppb is perfectly suitable for the semiconductor silane. The MultiDetek3 is a very robust
gas analyzer configured for industrial market to run 24/7. Combined with the other LDetek accessory modules, it fits the complete
application requirements of the industry.
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Analysis of trace impurities in UHP Ammonia

A MultiDetek3 A PlasmaDetek2
patent US 9,310,308 B2
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Ammonia (NH3) is an important process chemical in semiconductor manufacturing. It is very commonly used for
deposition of silicon nitride and is also used for nitridation or for deposition of other nitrides. Well known as chemical
vapor deposition (CVD) and plasma etching processes.

Ammonia presents particular difficulties, since liquid ammonia contains both solid and volatile impurities, many of
which are damaging to electronic components if present during the manufacturing process. The impurities level and
content may vary widely depending on the source as well as the handling method, and all such impurities must be
removed before the ammonia can be used in electronic component production lines.

To meet this standard, production facilities have had to obtain high-quality ammonia at considerable cost from the
limited sources which are able to supply ammonia at an acceptable grade. Only qualified suppliers can be used, and
new suppliers must be qualified before their product can be accepted.

A further constraint is presented by Department of Transportation regulations, under which agueous ammonia must
be shipped at ammonia concentrations no higher than 30%.

For these reasons, the ppb analysis of the impurities in NH3 is critical in the semiconductor facilities. The gas
chromatography is a well known analysis technique to properly measure low ppb trace impurities in NH3 sample gas.
The technigque ensures no interference from the background gas and good sensitivity to the impurities to be measured.
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LDETEK SOLUTION

The purity of ammonia can be qualified with the use of the MultiDetek3 gas chromatograph configured with PED.

The unit is configured with a measuring range of 0-5ppm and Idl of 3-5ppb for impurities H2-02-N2-CO-CO2-CH4-CO2-C2H6-C3H8-
C4H10 in a sample gas UHP ammonia(NH3). The PED (plasma emission detector) has been mounted in the GC to measure the ppb
impurities in UHP NH3 using Helium as carrier gas. All previously listed impurities are measured within one single analyser.

As the ammonia is listed as a very toxic gas, our GC configuration offers here a specific configuration of the sample flow path. A
multiport selection valve mounted in a purged box which is purged with the helium carrier gas ensures the sample is not in contact
with its surrounding air. The selection valve ensures to minimize the period which the ammonia is going into the injection’s valves and
the sample loops. A specific sequence is configured to have mostly helium in the GC sample flow path with a small period having the
NH3 filling the sampling loops for proper analysis. The sequence is built in consequence to properly purged the loops prior to fill with
ammonia sample gas. This solution offers the GC to have an improved safety level and have an extended lifetime due to the limited
time of the analytical flow path in contact with the ammonia.

Other configurations and ranges/Idls are possible. The parameters mostly depend on the site production requirements and process.

RESULTS

A series of chromatograms (Span calibration) of trace impurities H2-02-N2-C0O-CH4-C02-C2H6-C3H8-C4H10 in bal-
ance gas UHP Ammonia (NH3)

5000
4500
4000-{
3500 b
% 3000 | ; i
™ - :l '
2500
2000 a :
o = ) ’
1500 g ,
1000: ) . ¢ A X3 J S - I
= lmz!  loz)l me co | | cra |
500
- [ PS: auto
0 | | 1 ] ’ 1 | 1 1 1 | 1 | , 1 | [ . 1 ] 1 1 ; 1 1 1 ] T 1 | 1 ] ’ 1 1 1 1 v 1 1 1 1 ! | |
0 100 200 300 400 500 600 700 800 900
Time (s)
Peak Unit | Calibration Value _Area Counts
H2 ppm 5.00 2395
02 ppm 4.50 3459
N2 ppm 457 14408
co ppm 4.96 12943
CH4 ppm 4.98 12387
Cco2 ppm 4.88 6923
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o
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Limit of detection (based on 3 times the noise level from a blank) E
o
<
COMPONENTS CONCENTRATION (ppm) PEAK HEIGHT NOISE LDL (3x NoOISE) °
™
H2 5.0 2500mV 0.43mV 3ppb
02 4.5 2200mV 0.76mV 5ppb
N2 4.57 2291mV 0.51mV 3ppb
Cco 4.96 2500mV 0.59mV 4ppb
CH4 4.98 2500mV 0.48mV 3ppb
C02 4.88 2500mV 0.46mV 3ppb
C2H6 4.76 2400mV 0.741mV 4ppb
C3H8 5.00 2500mV 0.67mV 4ppb
C4H10 4.76 2460mV 0.69mV 4ppb

Note: other LDL could be obtained with different injection volume and chromatographic condition.

Repeatability: Based on the GC standards. Using 6 of 10 consecutive runs, being lower than 5% of 3*CV%
Linearity: Based on the GC standards. A linear curve having its R2 at a value between 0.998 and 1.00.
Accuracy: Based on the GC standards. <= 1% of error or Idl whichever is higher

The MultiDetek3 detailed in this application note complies with the previously listed repeatability/linearity and accuracy standards.
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CONCLUSION

The MultiDetek3 configured with the PED module offers a good analytical solution for trace ppb/ppm impurities for the validation of the
quality and the production for semiconductor Ammonia. The gas chromatograph is configured with standard industrial communication
protocols and a remote-control interface. Due to its high sensitivity plasma emission detector, measuring trace impurities with the
MultiDetek3 gas chromatograph down to sub ppb is perfectly suitable for the semiconductor ammonia. The MultiDetek3 is a very
robust gas analyzer configured for industrial market to run 24/7. Combined with the other LDetek accessory modules, it fits the
complete application requirements of the industry.
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APPLICATION NOTE )
LD25-01 = oo

Analysis of trace impurities in UHP hydrogen chloride (HCI)

A MultiDetek3 A PlasmaDetek2
patent US 9,310,308 B2
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The HCl is used at different functions in the industrial gas market. It is used for manufacturing silicones, pyrogenic
silica and polysilicon for the solar.

The colorless, water-soluble gas is also an important processing aid for the semiconductor industry. Hydrogen chloride
is used for etching hyper pure silicon wafers and for cleaning plant components. However, the media used must
be extremely pure to prevent contamination and by the way is very difficult to be produced and controlled by gas
producers.

The analysis of purity hydrogen chloride is a very complex application that requires a strong knowhow in the gas
chromatography along with a solid platform using the proper hardware materials.

The demand of the UHP HCL in the semiconductor being stronger every year, then required LDetek to work and
develop the proper gas analysis solution align with the industry.
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LDETEK SOLUTION

The purity of HCL can be qualified with the use of the MultiDetek3 gas chromatograph configured with PED.

The unit is configured with a measuring range of 0-10ppm with Idl of 10ppb for impurities 02-N2-CH4-CO2-CO and another measuring
range of 0-5ppm with Idl of 5ppb for impurities C2H6-C3H8-C4H10 and a third measuring range of 0-200ppm with Idl of 45ppb for
impurity H2 in a sample gas UHP hydrogen chloride (HCL)). The PED (plasma emission detector) has been mounted in the GC to measure
the ppb impurities in UHP HCL using Helium as carrier gas. All previously listed impurities are measured within one single analyser.

As the hydrogen chloride is listed as a very toxic and corrosive (aggressive) gas, our GC configuration offers here a specific configuration
of the sample flow path. A multiport selection valve mounted in a purged box which is purged with the helium carrier gas ensures the
sample is not in contact with its surrounding air. The selection valve ensures to minimize the period which the HCL is going into the
injection’s valves and the sample loops. A specific sequence is configured to have mostly helium in the GC sample flow path with a
small period having the HCL sample filling the sampling loops for proper analysis. The sequence is built in consequence to properly
purged the loops prior to fill with HCL sample gas. This solution offers the GC to have an improved safety level and have an extended
lifetime due to the limited time of the analytical flow path in contact with the HCL.

The valves, fittings, columns and piping are all properly configured with Hastelloy as long as proper coating to ensure the durability of
the system over the years.

Other configurations and ranges/Idls are also available on demand. The parameters mostly depend on the site production requirements
and process.

RESULTS

A series of chromatograms (Span calibration) of trace impurities 02-N2-CH4-C02-C0O-C2H6-C3H8-C4H10-H2 in bal-
ance gas UHP hydrogen chloride (HCL)

5000
4000
_3500-f i
€3000 é
2 2500 |
g 2000
- . W
1000-L Tlass ez ] [eco
500
B = s 0 L S TN 0 SRR 0 SVl A R e
0 100 200 300 400 500 600 700 800 900 1000
Time (s)
Peak Unit | Calibration Value _Area Counts
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N2 ppm 9.62 21085
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co ppm 10.00 7018
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Limit of detection (based on 3 times the noise level from a blank)

COMPONENTS CONCENTRATION (ppm) PEAK HEIGHT NOISE LDL (3x NoISE)
02 9.02 2250mV 0.74mV 9ppb

N2 9.62 2350mV 0.76mV 9ppb

CH4 ©515 2400mV 0.76mV 9ppb

Co2 9.84 2500mV 0.74mV 9ppb

co 10.0 2500mV 0.74mV 9ppb

C2H6 5.06 2600mV 0.96mV 6ppb

C3H8 5.06 3000mV 0.91mV 5ppb

C4H10 4.98 3000mV 0.87mV 5ppb

H2 200.0 2500mV 0.19mV 46ppb

Note: other LDL could be obtained with different injection volume and chromatographic condition

Repeatability: Based on the GC standards. Using 6 of 10 consecutive runs, being lower than 5% of 3*CV%

Peak Average Standard Deviation Coef. Variation (%) 3*CV (%) Status

CH4 0.97917500 ppm 0.00213700 0.22 0.65 ‘-
CO  1.10246500 ppm 0.00243217 0.22 0.66 ‘-

(7]

1T}

§ CO2 1.24331167 ppm 0.00208388 047 0.50 ‘-
z H2  1.35396000 ppm 0.01140990 0.84 253 ‘-
-

< N2 1.25846333 ppm 0.00197153 0.16 0.47 ‘

E 02  0.86366167 ppm 0.00320417 0.37 111

<

=

(4]

Peak Average Standard Deviation Coef. Variation (%) 3*CV (%) Status

C2H6 0.58640000 ppm 0.00185257 0.32 0.95
C3H8 0.55372833 ppm 0.00216130 0.39 1.17
C4H10 0.55271833 ppm 0.00051949 0.09 0.28

THC 226975333 ppm 0.00591391 0.26 0.78

Start Date H2 02 CH4 N2 coz Cc

o

2024-11-2123:41 1339 ppm 0.866 ppm 0981 ppm 1.255ppm 1.245ppm 1.099 ppm Model : MultiDetek3
TagName : MD3-0057824

2024-11-21 23:23 1.342ppm 0.867 ppm 0978 ppm 1.259ppm 1.240 ppm 1.101 ppm Mothod. : HCL

2024-11-2123:05 1.361ppm 0.865ppm 0976 ppm 1.258ppm 1.243ppm 1.105 ppm
2024-11-2122:48 1.360ppm 0.863ppm 0978 ppm 1.259ppm 1.243ppm 1.105 ppm
2024-11-2122:30 1.353ppm 0.863ppm 0981ppm 1.258 ppm 1.244 ppm 1.104 ppm

2024-11-2122:12 1.368ppm 0.858ppm 0.981ppm 1.261ppm 1.246 ppm 1.102 ppm
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Start Date
2024-11-22 8:40
2024-11-22 8:23
2024-11-22 8:05
2024-11-22 7:47
2024-11-227:29

2024-11-227:12

THC
2.277 ppm
2.274 ppm
2.272 ppm
2.270 ppm
2.265 ppm

2.261 ppm

C2Hé
0.588 ppm
0.587 ppm
0.587 ppm
0.587 ppm
0.585 ppm

0.583 ppm

C3H8 C4H10
0.557 ppm 0.553 ppm Model : MultiDetek3
TagName : MD3-0057824

0.555 ppm 0.553 ppm Method HCL

0.554 ppm 0.553 ppm

0.553 ppm 0.553 ppm

0.552 ppm 0.552 ppm

0.551 ppm 0.552 ppm

Linearity: Based on the GC standards. A linear curve having its R2 at a value between 0.998 and 1.00.

CH4 (ppm)

Aea

Dilution
9.550
7.160
4.770
2.380

0.000

Dilution

Area
5961.000
4467.000
2864.000
1575.000

0.000

Coefficient correlation (R2) = 0.9991 -

www.ldetek.com
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02 (ppm)

Dilution _Area
9.020 4426.000
6.760 3361.000
4.500 2140.000
2.250 1076.000
0.000 0.000

X
Coefficient correlation (R2) = 0.9995 -

Aea

]

7 (o]
(1]
= 0
o 0 2 4 & 8
z Dilution
£
=)
= CO2 (ppm)
[3)
= Dilution _Area
&
< 9.840 7982.000
o
G2 7.380 6053.000
4.920 4120.000
2.460 2180.000
0.000 0.000
10
B
g Coefficient correlation (R2) = 0.9994 _
. 3
coz
0
0 2 4 6 8
Dilution
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N2 (ppm)

Dilution _Area
9.620 21085.000
7.220 15649.000
4.810 10225.000
2420 5254.000
0.000 0.000

25

15
Coefficient correlation (R?) = 0.9997 -

Aea

w

N2
“ i
0 2 4 6 8
Dilution g
£
=}
CO (ppm) 5
Dilution _Area E
o.
10.000 7018.000 <
o
7.500 5352.000 Ge
5.000 3382.000
2.500 1744.000
0.000 0.000
Bk
Bk
§ « Coefficient correlation (R2) = 0.9993 -
p. 3
co
0
0 2 4 6 8 10
Dilution
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C2Hé (ppm)

Dilution _Area
5.060 8017.000
3.760 5987.000
2.530 3978.000
1.270 2031.000
0.000 0.000
10k
- 3

Bk
Coefficient correlation (R2) = 0.9999 -

&3
X
C2H6

[72]
= 0
(=} 0 1 2 3 4 5
= Dilution
P4
o
= C3H8 (ppm)
()
E Dilution _Area
o
< 5.060 13025.000
(=)
Ge 3.760 10053.000

2.530 6506.000

1.270 3421.000

0.000 0.000

15k
125 2
10k e

£ - Coefficient correlation (R?) = 0.9990 _

Dilution
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C4H10 (ppm)

Dilution _Area
4.980 16111.000
3.700 11952.000
2.490 8002.000
1.240 3447.000
0.000 0.000
175
15k 2
12.5 o
1k ~
: o Coefficient correlation (R2) = 0.9987
T8k M
Sk
25 ;
(72]
1]
o e =
2 3 4 5 o
Dilution 4
4
H2 =
(ppm) 5
Dilution _Area =
o
o
200.000 7686.000 <
(=)
150.000 5596.000 “
100.000 3816.000
50.000 1913.000
0.000 0.000
10k
: 3
£ Coefficient correlation (R2) = 0.9995 -
X
H2
0
0 50 100 150 00
Dilution
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Accuracy: Based on the GC standards. <= 1% of error or Idl whichever is higher

The MultiDetek3 detailed in this application note complies with the previously listed repeatability/linearity and accuracy standards.

CONCLUSION

The MultiDetek3 configured with the PED module offers a good analytical solution for trace ppb/ppm impurities for the validation of
the quality and the production for semiconductor HCL. The gas chromatograph is configured with standard industrial communication
protocols and a remote-control interface. Due to its high sensitivity plasma emission detector, the unit can measure trace impurities
down to low ppb is perfectly suitable for the semiconductor and industrial gas industries. The MultiDetek3 is a very robust gas analyzer
configured for industrial market to run 24/7. Combined with the other LDetek accessory modules, it fits the complete application
requirements of the industry.
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APPLICATION NOTE 9

LD15'09 I_Dvr;:relg

Measurement of THT in natural gas
using MultiDetek2 and PlasmaDetek2
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A quick analysis to trace tetrahydrothiophene (THT) in natural gas is required for controlling the amount
of this odorant added in the natural gas. Due to its odor, the THT is used to detect any presence of gas
leakage in natural gas distribution networks. The THT is composed of a five-membered ring containing
four carbon atoms and a sulfur atom. It is also known as thiophane or thiolane. The THT is generally
used in mixtures containing tert-Butylthiol (TBM) which is an organosulfur compound with the formula
(CH3)3CSH. In the presence of TBM in natural gas, it is required to measure its concentration at low
ppb/ppm because of its strong odor that causes nausea. The permissible exposure limit (PEL) is
in the range of 500ppb and it is the reason why a highly sensitive detection system is required for
measuring both THT and TBM in natural gas.

LDETEK SOLUTION:

The use of a highly sensitive detection system (PlasmaDetek2) combined with a compact GC system (MultiDetek?2) are required for
such type of analysis where sensitivity, robustness and speed are necessary. The figure 1 shows the easy to operate 2-valve/2-column
configuration used to achieve a quick analysis of THT at low ppb/ppm concentration with no interference from other gases present in
natural gas. This type of configuration is straight and ensures a good stability of the measurement over time. The valves, tubing, fittings
are made of coated stainless steel to ensure repeatability and durability of the system. The robustness of the injection and detection
system makes this solution maintenance free on long-term operation.

Where innovation leads to success www.ldetek.com
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According to the minimum detection limit that is required, the analysis time can vary. The figure 2 shows a chromatogram of such
system having a limit of detection fixed at 31ppb. Analysis time is then fixed below 4 minutes, what is the average time generally
required for this type of measurement. If quicker analysis time is requested, the system parameters can be easily modified to achieve
lower cycle time analysis. That generally consists of sampling loop volume and system gain reduction to achieve a higher ppb detection
limit.

The PED detection system can be configured either with Helium or Argon as carrier gas depending of the sensitivity requested. It is a
unique carrier gas source with low gas consumption for cost saving.

The analysis of tert-Butylthiol (TBM) can be added in the same MultiDetek2 compact GC still using PlasmaDetek2 (PED) as the detection
system.

With its built in industrial PC, the MultiDetek?2 offers all the conventional communication protocols (analog output, Modbus, Profibus,
RS232), data storage disk and alarms contacts required for a process GC.

CARRIER . l 1 e
INLET O
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|\ PLASMA 1 [

MXT 1701
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INLET —> 2
LDESV

SAMPLE
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Figure 1: Application hardware configuration
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Figure 2: Chromatogram showing a standard gas containing 9.25ppm THT
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Based on noise to ratio, LDL is calculated as follows:

COMPONENT CONCENTRATION PEAK HEIGHT NOISE LDL (3x NOISE)
THT 9.257 ppm 1780 mV 2 mV 0.031 ppm

Note: other LDL could be obtained with different injection volume and chromatographic conditions

Historic Values l [

Date/Time THT =

Sep/29/2015 07:34:51 9.258
Sep/29/2015 07:28:00 9.256
Sep/29/2015 07:21:09 9.257
Sep/29/201507:14:18 9,256 —
Sep/29/201507:07:27  9.248

{8 Sep/29/2015 06:55:38  9.237
= || | Sep/29/201506:40:03  9.242
z Sep/29/201506:42:12 9,245 .
E || | sep/29/201506:35:21  9.242
o Sep/29/201506:28:30  9.249
& Sep/29/201506:21:39  9.251
< Sep/29/201506:14:48  9.261 L
S Sep/29/2015 06:07:57  9.262
Sep/29/201506:01:06  9.269
Sep/29/201505:54:115  9.267 <
| More... | | onchart.. | | ok || Delete | [ cancel |

Figure 3: Historic values chart showing repeatability results better than 1% of reading

CONCLUSION:

Using a solution combining the PlasmaDetek2 and MultiDetek2 is the best way to achieve sensitivity, robustness and speed in an
industrial compact system. This is exactly what is required from the natural gas industry.
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APPLICATION NOTE 9

LD19-01 Detek

Measurement of THT-TBM odorants
in natural gas using the MultiDetek 2 and PlasmaDetek 2

Mot inprpke J
=

A MultiDetek2 > A PlasmaDetek2
patent US 9,310,308 B2

The quick analysis of trace tetrahydrothiophene (THT) in LNG is required for controlling the amount of this
odorant added in the natural gas. The THT is used for his smell to detect any presence of gas leakage in natural
gas distribution network. The THT is generally used in mixture containing tert-Butylthiol (TBM) which is an
organosulfur compound. In presence of TBM in natural gas, it is required to measure its concentration at low
ppb/ppm because of its strong odor that causes nausea. The permissive expose limit (PEL) is in the range of
500ppb and it is the reason why highly sensitive detection system is required for both measuring THT and TBM
in natural gas. This application note is the continuity of the previous app. Note LD15-09.

LDETEK SOLUTION:

The use of a highly sensitive detection system (PlasmaDetek2) combined with a compact GC system (MultiDetek2) are required for
such type of analysis where sensitivity, robustness and speed are necessary. With its built in industrial PC, the MultiDetek?2 offers all the
conventional communication protocols (analog output, Modbus, Profibus, RS232/RS485), data storage capability and alarm contacts
required for a process GC.

In this application note, the results of the performance are demonstrated for the quick analysis of sub ppb/ppm detection of THT and
TBM in LNG. The representation of few chromatograms, the linearity, the repeatability and the limit of detection well demonstrated
the capability for such type of application. One detector PlasmaDetek2 has been used. The two channels are configured with coated
diaphragm valves and coated MXT capillary columns to optimize the sensitivity and the analysis time. Both channels merge together in
the same PED for an optimal selectivity. By this configuration, there is no interference from any hydrocarbons presence in the sample gas.
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RESULTS:

Chromatogram for 11.9ppm THT

Coefficient correlation (R?)

0.9990

Chromatogram for 5.3ppm THT

um-;@ 1600 ==
|sm-: 1400
1400-3
13\:0-{ 1200
E‘ME g..m
gnw; 2 g0
o Fon
sm-f 400
:rm-f
w0l -
lllmlllnlllmlll L) ‘wl 7 ‘wlll‘m' ollﬁlll‘olllsolltwlll‘m II‘m Il'wlll‘ml
Tine () Timan £
Chromatogram for 2.9ppm THT Chromatogram for 1.2ppm THT
- 1200
1o~ (2208 T
E 1100
‘m-- THT !0'505 4
Lo Y - B A
§ g w0
Ew o
son amf
-
E A0 &0 B0 . 100 120 140 160 2 40 (] & 100 120 140 160
° ime Tima (2
4
Z
o
=
o
E Based on the 4 chromatograms for THT, the linearity is as follow :
<
Q
™ P
Impurity : THT THT
Concentration 600
ppm Peak height(mV) s 500
from dilution from MD2 £ 400
11.9 480 § 300
5.3 225 5
100
2.9 112 0
1.2 51 2 4 6 8 10 12 14
Concentration (ppm)
0 0

Accepted

R2 for 5 points within the range must be between 0.998-1.00 to be accepted
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Chromatogram for 11.3ppm TBM

Chromatogram for 2.8ppm TBM
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Chromatogram for 1.4ppm TBM

Based on the 4 chromatograms for TBM, the linearity is as follow :

Impurity : TBM

Concentration

ppm Peak height(mV)
from dilution from MD2
11.3 455
5.4 225
2.8 120
1.4 51
0 0

Coefficient correlation (R?)
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Peak height (mV)

0.9991
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Accepted

R2? for 5 points within the range must be between 0.998-1.00 to be accepted
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Repeatability for THT at a known concentration of 4.0 ppm in LNG.

Start stream THT THTbis TBMITO1 TBM TBMbis
2019-03-12 04:00 4.021 ppm =<LoL
2019-03-12 03:57 3.942 ppm =LbL
2019-03-12 03:54 3.999 ppm <LDL
2019-03-12 03:51 4117 ppm <LDL
2019-03-12 03:48 4.060 ppm <LDL
2019-03-12 03:45 3.980 ppm <LDL
2019-03-12 0342 3.939 ppm <LDL
2018-03-12 03:39 4.005 ppm <LDL
2019-03-12 03:36 4.033 ppm <DL
2019-03-12 03:33 4.077 ppm <LDL
2019-03-12 03:30 3.990 ppm <DL
2019-03-12 03:27 4.090 ppm <LDL
2019-03-12 03:24 4.001 ppm <DL
2019-03-12 03:21 3.988 ppm <LDL
2019-03-12 03:19 3.95¢ ppm <LDL
2019-03-12 03:16 4.027 ppm <DL
201903120313 4.069 ppm <DL

m For an 8 hours period, the repeatability is accepted at 2.16% for CV% x 3.

|6

4

z

o

g

E Repeatability for TBM at a known concentration of 5.2 ppm in LNG.

<

o Start stream THT THTbis TBMITO1 TBM TEMbis

“ 2019-03-11 0546 <LDL 5.163 ppm
2019-03-11 05:43 <LDL 5,176 ppm
2019-03-11 05:40 <LDL 5.201 ppm
2019-03-11 05:37 <LDL 5.137 ppm
2019-03-11 0534 <LDL 5.151 ppm
2019-03-11 0531 <LDL 5.188 ppm
2019-03-11 05:28 <LDL 5.158 ppm
2019-03-11 05:25 <LDL 5.173 ppm
2019-03-11 0522 <LDL 5,190 ppm
2019-03-11 05:19 <LDL 5,204 ppm
2019-03-11 0516 <LOL 5.205 ppm
2019-03-11 05:14 <LDL 5,190 ppm
2019-03-11 05:11 <LDL 5,190 ppm
2019-03-11 05:08 <LOL 5,145 ppm
2019-03-11 05:05 <LOL 5.175 ppm
2019-03-11 05:02 =LDL 5,199 ppm
2019-03-11 04:59 <LOL 5177 ppm

For an 8 hours period, the repeatability is accepted at 1.05% for CV% x 3.
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Based on noise to ratio, LDL is calculated as follow :

COMPONENT CONCENTRATION PEAK HEIGHT NOISE LDL (3x NOISE)
THT 3.91ppm 164mV 0.4mV 28.7ppb
TBM 5.17ppm 208mV 0.3mV 22.3ppb

Note: other LDL could be obtained with different injection volume and chromatographic condition

3.91 ppm of THT measured in channel 1

1400 Tagera] e

1300 1400-"
1200-5 E
: 1200-
oo g
goo-? 50
b 5

[ 5 [ - m
i E

g - L
- m_'

i - o

0 80 %0 100 10 120 130 140 150 160 110 15 120 125 Iﬂr'l - 135 140 145 150 155 Z

2. 3

=

<

o

o |

o

o

<

Q

CONCLUSION: (%)

5.17ppm of TBM measured in channel 2

Using a solution combining the PlasmaDetek 2 and MultiDetek 2 is the best way to achieve sensitivity, selectivity, simplicity, robustness
and speed in an industrial compact system. Our solution can be used in safe zone or hazardous area. A purged version of the
MultiDetek2 gas analyser is available to meet the ATEX and IECEx requirements if an ex proof solution is required.
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APPLICATION NOTE 9

LD19-04 Detek

Measurement of sulfurs & mercaptans combined with THT-TBM
in natural gas using the MultiDetek2 and PlasmaDetek2

A Multietek2 A PiasmaDetek2
patent US 9,310,308 B2

Natural gas is colourless and odourless in its most pure form. When extracted, it can contain sulphur compounds
such as sulfurs and Mercaptans that when in the presence of moisture can produce sulphuric acid that can
degrade the pipeline. So for reasons of public safety as well as pipeline integrity, there is a need to measure and
control precisely the level of odorant species in natural gas:

» Adjust the amount of sulphur molecules in the gas
» Control of odorant passivation
» Aids in detection of leaks

This application note is the continuity of the previous app. note LD15-09 and LD19-01 where the description of
the method for the detection of THT and TBM is demonstrated.

LDETEK SOLUTION:

The use of a highly sensitive detection system (PlasmaDetek2) combined with a compact GC system (MultiDetek?2) is able to analyse
sulfurs, mercaptans, Diethyl sulfide (DES), Dimethyl sulfide (DMS), Dimethyl disulfide (DMDS), THT and total sulphur directly without
convertor. With its built in industrial PC, the MultiDetek2 offers all the conventional communication protocols (analog output, Modbus,
Profibus, RS232/RS485), data storage capability and alarm contacts required for a process GC. Complete remote control of the system
can be performed from the Ethernet connection available on every unit.

Where innovation leads to success www.ldetek.com
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Our solution can be used in safe zone with our 6U standard 19” rackmount enclosure or in hazardous area with our IP66 rated 316SS
wall mount purged enclosure 30”(762mm)deep x 57”(1447mm) height x 38”(965mm) width. An X-purge controller is installed to creates
a constant positive flow of air inside the enclosure, thus making a positive pressure inside enclosure. The purge is set to prevent toxic
fumes from going inside the instrument in case of hazardous leakage.

The X-purge controller located on the top of the purged SS enclosure is configured to control the purging time requires prior to apply power
to the instrument and hardware inside the box. It is also used for monitoring the purge pressure and flow rate inside the purged enclosure.
In case of low purge pressure and/or flow rate, the power is shutoff instantly.

An extra safety pneumatic Swagelok VCR shut-off valve is mounted externally to the purged box on the sample inlet line to ensure the
sample flow will but shut off in case of air supply pressure drops.

Internal temperature is monitored and controlled with a Vortex cooling system in case the unit isn’t mounted in an air conditioned shelter.
Our ATEX and IECEXx solutions are certified by CSA following the standard Il 2G Ex e mb ib pxb IIC T* Gb.

In this application note, the results of the performance are demonstrated for the analysis of sub ppb/ppm detection of COS-SO2-DES-
DMDS-CS2-EM-DMS in natural gas. The representation of calibration chromatograms, the repeatability and the limit of detection well
demonstrated the capability of our system for such type of application. One detector PlasmaDetek2 has been used. The multi channels of
the MultiDetek2 GC are configured with coated diaphragm valves and coated metalized capillary columns to optimize the sensitivity and
the carrier flow consumption. All channels merge together in the same PED for an optimal selectivity. More than one PED detector can
be installed to allow parallel analysis and then reducing the analysis time when required. By this configuration, there is no interference
coming from the other impurities present in the natural gas.

RESULTS: ‘ld_i
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Chromatogram for 10.23ppm CS2-EM-DMS in natural gas

Peak | Unit [Calibration Value| Area Counts | 500 josremons [Legend)
3250
¢S2.EM-DM 10.23 28361 E
f'mn | | 3200
g:ﬂﬂ-é
3100-L
gaosu K
& 3000 g
2950
2000 "
w0t B
2800 - e T o TRy | pr— 1 el -v' 3 } ! - I ! ey
(4] 500 1000 1500 2000 2500
Time (s)
Chromatogram for 10.09ppm DES and 9.79ppm DMDS in natural gas
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2900 ==
DES Ppm 10.09 16864 2300“
DAMDS | ppm 9.79 14983 =~ E
£ 2700
26004
& 25004
2400-{
E MDS
2300
m ‘zw I‘: L L 1 . 1 1 1 1 : L L : 1 L L ‘ L
= 0 500 1500 2000 2500
o Time (s)
z
Z o . . . . . .
(=} Repeatability to be at a value of CV% x 3 < 5% for a series of consecutive analysis at a fix concentration in a balance gas of natural gas.
=
<
g COMPONENTS Repeatability (CV% x 3)
& DES 3.99%
=< DMD! 1.69%
) S .69%
™ coS 4.66%
S02 3.83%
CS2 2.45%
EM 2.45%
DMS 2.45%

Results for THT and TBM are documented in our application note LD19-01.

Results (screenshot) of consecutive analysis at a fix concentration of
2.25ppm for DES and 2.10ppm for DMDS impurities in balance natural gas

Results (screenshot) of consecutive analysis at a fix concentration of
2.10ppm for COS impurity in balance natural gas

Where innovation leads to success

I Fistone G| T Historic =)
istoric - JHistoric -
=Thu, Aug-17-2017 B =Mon, Aug-21-2017

13:56:24 COS[<LDL] SO2[<LDL] DES[2.284] DMDS[2.119] 08:01:30 C0S§[2.157] S02[ <LDL]

13:34:32 COS[ <LDL] SO2[ <LDL] DES[2.253] DMDS[2.126] 07:44:38 COS[2.166] SO2[<LDL]

13:12:3 COS[<LDL] SO2[<LDL] DES[2.207] DMDS[2.113] 07:25:37 cos[2.137] =
12:50:47 COS[<LDL] S02[<LDL] DES[2.274] DMDS[2.099] ! 06:45:19 COS[2.117] $02[ <LDL] DES[<LDL] DMDS[<LDL] CS2-EM-DMS[<
12:26:52 COS[ <LDL] SO2{ <LDL] DES[2.290] DMDS[2.096] 7 06:05:00 €05[2.100] $02[ <LDL] DES[ <LDL] DMDS[<LDL] CS2-EM-DMS[ <
12:07:00 COS[<LDL] SO2{<LDL] DES{2.257) DMDS[2.103] 05:24:42 COS[2.081] S02[<LDL] DES[<LDL] DMDS[<LDL] CS2-EM-DMS[<
11:45:08 COS[<LDL] SO2[<LDL] DES[2.243) DMDS[2.091] 04:dd:24 C0S[2.049] $O2[ <LDL] DES[ <LDL] DMDS[ <LDL] CS2-EM-DMS[<
11:23:14 COS[<LDL] SO2[<LDL] DES[2.260] DMDS[2.091] 04:04:05 C0S[2.021] S02[<LDL] DES[ <LDL] DMDS| <LDL] CS2-EM-DMS[ <
11:01:21 COS[<LDL] $O2(<LDL) DES(2.231) DMDS[2.090] 03:23:46 CO$[2.016] SO2(<LDL] DES[<LDL] DMDS{<LDL] CS2-EM-DMS[ <
10:30:23 COS[<LDL) S02( <LDL] DES[2.224] DMDS[2.088] CS2-EM-DMS[<... 02:43:26 COS[1.986] SO2[ <LDL] DES[ <LDL] DMDS| <LDL] CS2-EM-DMS[ <
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Results (screenshot) of consecutive analysis at a fix concentration of

1.50ppm for SO2 impurity in balance natural gas

Results (screenshot) of consecutive analysis at a fix concentration of
1.55ppm for CS2-EM-DMS impurities in balance natural gas

] Historic "5 Historie =)
IHistoric - wic -
= 5un, Aug-20-2017 ri, Aug-18-2017

07:10:58 COS[<LDL] SO2(1.476] DES] <LDL) DMDS{ <LDL] CS2-EM-DMS{ < 16:23:39 COS[<LDL] $02[<LDL] DES[<LDL] DMDS[ <LDL] CS2-EM-DMS[1571]
06:39:39 COS[<LDL) SO2[1.519] DES[<LDL) DMDS[ <LDL] CS2-EM-DMS[ < 14:20:59 COS[<LDL] SO2[<LDL] DES[<LDL] DMDS[<LDL] C52-EM-DMS[1.580]
05:59:19 COS{<LDL] S02(1.507] DES] <LDL) DMDS{<LDL] CS2-EM-DMS{ < 13:40:39 COS{<LDL) SO2(<LDL] DES[<LDL] DMDS[ <LDL] CS2-EM-DMS[1.563]
05:18:59 COS$[<LDL) SO2(1.471] DES[ <LDL] DMDS[ <LDL] C$2-EM-DMS[ < 13:00:20 COS$[<LDL] SO2(<LDL) DES[<LDL) DMOS{ <LDL) CS2-EM-DMS[1.554]
04:38:40 COS[<LDL] SO2[1.488] DES[ <LDL) DMDS[ <LDL] C52-EM-DMS[ < 12:20:00 COS(<LDL] S02(<LDL) DES{ <LDL] DMDS{<LDL] CS2-EM-DMS[1.588] |
03:58:19 COS[<LDL) SO2[1.479] DES[ <LDL) DMDS[ <LDL] C52-EM-DMS[ < 11:39:40 COS[<LDL] SO2[<LDL] DES[ <LDL) DMDS{<LDL] CS2-EM-DMS[L1.560] |~
03:18:00 COS[<LDL] SO2[1.482] DES[<LDL) DMDS[ <LDL] C52-EM-DMS[ < 10:53:10 COS[<LDL] SO2[<LDL] DES{<LDL) DMDS[<LDL] C52-EM-DMS[L605]
02:37:40 COS[<LDL] SO2[1.499] DES[ <LDL] DMDS{ <LDL] CS2-EM-DMS{ < 10:12:50 COS{<LDL) SO2(<LDL] DES[<LDL] DMDS[<LDL] CS2-EM-DMS[1.604]
01:57:20 COS[<LDL] $O2(1.495) DES[ <LDL] DMDS[ <LDL) C52-EM-DMS[< 09:32:30 COS$[<LDL] SO2(<LDL) DES[<LDL) DMODS{ <LDL) CS2-EM-DMS[1.597]
01:17:00 COS[<LDL) SO2[1.471] DES[ <LDL) DMDS[ <LDL] C52-EM-DMS[ < 08:52:08 COS[<LDL] SO2[<LDL] DES[<LDL] DMDS[<LDL] C52-EM-DMS[1.596]

Based on noise to ratio, LDL is calculated as follow :

COMPONENTS CONCENTRATION PEAK HEIGHT NOISE LDL (3x NoISE)

DES 2.28 ppm 164 mV 0.4 mV 16.7 ppb

DMDS 2.11 ppm 128 mV 0.2 mV 9.9 ppb 5
COS 2.15 ppm 252 mV 0.3 mV 7.7 ppb §
S02 1.47 ppm 47 mV 0.2mVv 18.8 ppb g
CS2 1.57 ppm 198 mV 0.4 mV 9.5 ppb 'E
EM 1.57 ppm 198 mV 0.4 mV 9.5 ppb ‘j’
DMS 1.57 ppm 198 mV 0.4 mV 9.5 ppb E
Note: other LDL could be obtained with different injection volume and chromatographic condition 8

DES : 2.25 ppm DMDS : 2.11 ppm
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Our MultiDetek2 GC coupled with our PlasmaDetek2 selective detector can together in one rackmount instrument measured sulfurs,
mercaptans and THT-TBM in natural gas. It allows measuring all these impurities in LNG without the use of multiple detectors and
accessories. The GC only requires a constant source of helium carrier gas being configured for minimum flow consumption using
coated metalized capillary columns. The same instrument configuration can be used in the industry for pipeline and storage quality
control. As well as process monitoring for natural gas extraction, landfill or biogas and also for delivery station for non-odorized gas as
aerosol application. As describes, our instrument can be used in safe zone with its standard rackmount enclosure or in hazardous area
using our wall mount IP66 rated 316 SS ATEX/IECEX certified X-purged solution.
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APPLICATION NOTE

LD16-04

Sulfur Hexafluoride (SF6) purity analysis
using the MultiDetek 2 and PlasmaDetek 2

N/
b

L Delek

M|J|F|Dgrpkg
=)

A MultiDetek2 A PlasmaDetek2

SF6 is used in the electrical industry as a gaseous dielectric medium for high-voltage circuit breakers,
switchgear and other electrical equipment. Due to its high electrical insulation properties, it is often
used for replacing oil filled circuit breakers. The sulfur hexafluoride is an expensive gas and it also
has been identified as the most potent greenhouse gas. A SF6 purity monitoring instrument is then
required in the electrical industry to prevent failures, extend equipment life, reduces equipment cost
and increase safety.

LDETEK SOLUTION:

Using the compact MultiDetek2 combined with the robust PlasmaDetek2 detector, this application note shows our solution for
measuring impurities in SF6 to ensure good operations of electrical equipment. The system has been configured with two channels
both merging in the PlasmaDetek2 detector.

The first channel is used for measuring 02-N2-CO using a porous polymer Q type pre column combined with a Mol Sieve separation
column. The pre column is mounted on a 10 port injection/back flush diaphragm valve to flush out the SF6. The second column allows
the separation of 02-N2 and CO.

The second channel is used for CF4 analysis. This channel is also mounted with a 10 port injection/back flush diaphragm valve with

two Porapak Q type columns. The pre column is used to flush out the SF6 and the second column for separation of CF4 from other
impurities. This channel can also allow the analysis of CO2 and SOF2.

Where innovation leads to success www.ldetek.com

376



RESULTS:
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Figure 1: Chromatogram of trace impurities in balance SF6

2

COMPONENT CONCENTRATION PEAK HEIGHT NOISE LDL (3x NoISE) g

0, 1701 ppm 4425 mV 2 mV 2.3 ppm g

N, 1446 ppm 4101 mv 0.2 mv 0.6 ppm g
CF, 64 ppm 3055 mV 10 mV 0.6 ppm E
co 196 ppm 4170 mv 5mV 0.7 ppm -
Note: other LDL could be obtained with different injection volume and chromatographic conditions 8

Figure 2: LDL based on 3 times noise ratio

CONCLUSION:

Using a solution combining the PlasmaDetek 2 and the MultiDetek 2 is the best way to achieve sensitivity, robustness and speed in a
compact GC system for sulfur hexafluoride purity analysis for the energy market.
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APPLICATION NOTE 9

LD22'02 LISE:FEK

Measurement of trace impurities in UHP hydrogen
for fuel cells with the HyDetek system solution

A MultiDetek3 Ex

A HyDetek system

SHIFT POWER TO ZERO EMISSION

Hydrogen fuel cells offer reliability and a smaller carbon footprint compared to diesel and battery systems.

An hydrogen fuel cell is an electrochemical cell that converts the chemical energy of a fuel (hydrogen) and an oxidizing agent (often
oxygen) into electricity through a pair of redox reactions.

Fuel cells come in many varieties; however, they all work in the same general manner. They are made up of three adjacent segments:
the anode the electrolyte, and the cathode. Two chemical reactions occur at the interfaces of the three different segments. The net
result of the two reactions is that fuel is consumed, water is created, and an electric current is created, which can be used to power
electrical devices, normally referred to as the load.

To keep the durability and the performances of the fuel cells, the hydrogen used must conform to the ISO 14687 Part 2 to know and
measure the acceptable limits of contaminants as listed in the table.

www.ldetek.com Where innovation leads to success
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Minimum
Analytical
Chemical Laboratory Test Methods to Consider Detection
Constituent Formula Limits and Under Development® Limit
Hydrogen fuel index Ha >99.97%
Total allowable non- 100
hydrogen, non-helium,
non-particulate
constituents listed below
Acceptable limit of each individual constituent
Water® H:0 3 ASTM D7653-10, ASTM D7649-10 0.12
Total hydrocarbons” 2 ASTM D7675-11 0.1
(C, basis)
Oxygen O, 5 ASTM D7643-10 1
Helium 300 ASTM D1945-03 100
Nitrogen, Argon N, Ar 100 ASTM D7649-10 5
Carbon dioxide |  CO, 2 ASTM D7649-10, ASTM D7653-10 0.1
Carbon monoxide co 0.2 ASTM D7653-10 0.01
Total sulfur® 0.004 ASTM D7652-11 0.00002
Formaldehyde | HCHO 0.01 ASTM D7653-10 0.01
Formic acid | HCOOH 0.2 ASTM D7550-09 , ASTM D7653-10 0.02
Ammonia NHa 0.1 ASTM D7653-10 0.02
Total halogenales’ 0.05 (Work Item 23815) 0.01
Particulate Concentration 1mg/kg | ASTM D7650-10 , ASTM D7651-10 0.005
mg/kg

The purpose of this hydrogen fuel quality standard is to specify hydrogen fuel quality requirements for all commercial hydrogen fueling
stations for proton exchange membrane (PEM) fuel cell vehicles (FCVs).

APPLICATIONS

Power

Stationary fuel cells are used for commercial, industrial and residential primary and backup power generation. Fuel cells are very
useful as power sources in remote locations, such as spacecraft, remote weather stations, large parks, communications centers, rural
locations including research stations, and in certain military applications. A fuel cell system running on hydrogen can be compact and
lightweight and have no major moving parts.

Transports
A hydrogen vehicle is a vehicle that uses 02
hydrogen fuel for motive power. Hydrogen H20

vehicles include automobiles, buses, forklifts,
trains, boats, airplanes, submarines, rockets
and others. The power plants of such vehicles
convert the chemical energy of hydrogen to
mechanical energy either by burning hydrogen
in an internal combustion engine or, more
commonly, by reacting hydrogen with oxygen in
a fuel cell to run electric motors which generate
water as green contaminant.

Traction Motor Fuel CellStach  Hydvogen Storage Tanks
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HYDROGEN PRODUCTION

Although abundant on earth as an element, hydrogen is almost always found as part of another compound, such as water (H20) or
methane (CH4) and must be separated into pure hydrogen (H2) for use in fuel cell electric vehicles.

Hydrogen can be produced from diverse, domestic resources including fossil fuels, biomass, and water electrolysis with electricity. The
environmental impact and energy efficiency of hydrogen depends on how it is produced.

Although today most hydrogen is produced from natural gas, the Fuel Cell Technologies Office is exploring a variety of ways to produce
hydrogen from renewable resources. We will explain here the most common techniques used to produce hydrogen for fuel cell which

are NG reforming and water electrolysis.

PRODUCTION BY NATURAL GAS REFORMING

Natural gas reforming is an advanced and mature production process that builds upon the existing natural gas pipeline delivery
infrastructure. Today, most of the hydrogen produced in the world is made by natural gas reforming in large central plants. This is an

important technology pathway for near-term hydrogen production.

How does it work?

Natural gas contains methane (CH4) that can be used to produce
hydrogen with thermal processes, such as steam-methane
reformation and partial oxidation.

Steam-methane reforming

Most hydrogen produced today is made via steam-methane
reforming, a mature production process in which high-temperature
steam (700°C-1,000°C) is used to produce hydrogen from
a methane source, such as natural gas. In steam-methane
reforming, methane reacts with steam under 3-25 bar pressure (1
bar = 14.5 psi) in the presence of a catalyst to produce hydrogen,
carbon monoxide, and a relatively small amount of carbon dioxide.
Steam reforming is endothermic—that is, heat must be supplied
to the process for the reaction to proceed. Subsequently, in what
is called the «water-gas shift reaction,» the carbon monoxide and
steam are reacted using a catalyst to produce carbon dioxide and
more hydrogen. In a final process step called «pressure-swing
adsorption,» carbon dioxide and other impurities are removed
from the gas stream, leaving essentially pure hydrogen. Steam
reforming can also be used to produce hydrogen from other fuels,
such as ethanol, propane, or even gasoline.

Steam-methane reforming reaction
CH4 + H20 (+ heat) — CO + 3H2

Water-gas shift reaction
CO + H20 — CO2 + H2 (+ small amount of heat)

Partial oxidation

In partial oxidation, the methane and other hydrocarbons in
natural gas react with a limited amount of oxygen (typically from
air) that is not enough to completely oxidize the hydrocarbons
to carbon dioxide and water. With less than the stoichiometric
amount of oxygen available, the reaction products contain
primarily hydrogen and carbon monoxide (and nitrogen, if the
reaction is carried out with air rather than pure oxygen), and a
relatively small amount of carbon dioxide and other compounds.
Subsequently, in a water-gas shift reaction, the carbon monoxide
reacts with water to form carbon dioxide and more hydrogen.

Partial oxidation is an exothermic process—it gives off heat.
The process is, typically, much faster than steam reforming and

www.ldetek.com

requires a smaller reactor vessel. As can be seen in chemical
reactions of partial oxidation, this process initially produces less
hydrogen per unit of the input fuel than is obtained by steam
reforming of the same fuel.

Partial oxidation of methane reaction
CH4 + %202 — CO + 2H2 (+ heat)

Water-gas shift reaction
CO + H20 — CO2 + H2 (+ small amount of heat)

Why Is This Pathway Being Considered?

Reforming low-cost natural gas can provide hydrogen today for
fuel cell electric vehicles (FCEVs) as well as other applications.
Over the long term, DOE expects that hydrogen production from
natural gas will be augmented with production from renewable,
nuclear, coal (with carbon capture and storage), and other low-
carbon, domestic energy resources.

Petroleum use and emissions are lower than for gasoline-powered
internal combustion engine vehicles. The only product from an
FCEV tailpipe is water vapor but even with the upstream process
of producing hydrogen from natural gas as well as delivering and
storing it for use in FCEVs, the total greenhouse gas emissions
are cut in half and petroleum is reduced over 90% compared to
today’s gasoline vehicles.
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PRODUCTION BY WATER ELECTROLYSIS

Electrolysis is a promising option for hydrogen production from renewable resources. Electrolysis is the process of using electricity to
split water into hydrogen and oxygen. This reaction takes place in a unit called an electrolyser. Electrolysers can range in size from
small, appliance-size equipment that is well-suited for small-scale distributed hydrogen production to large-scale, central production
facilities that could be tied directly to renewable or other non-greenhouse-gas-emitting forms of electricity production. The hydrogen
produced is used by the industries, transports and for the production of ammonia and methanol.

| OVERSEAS EXPORT

ELECTROLYSIS NH; CONVERTED TO H;

POWER FUEL CELL AT DESTINATION

VEHICLES

CONVERT TO
AMMONIA

INDUSTRY

APPLICATIONS
R

How does it work?
Like fuel cells, electrolysers consist of an anode and a cathode separated by an electrolyte. Different electrolysers function in slightly
different ways, mainly due to the different type of electrolyte material involved.

Polymer electrolyte membrane electrolyzers
In a polymer electrolyte membrane (PEM) electrolyser, the electrolyte is a solid specialty plastic material.

» Water reacts at the anode to form oxygen and positively charged hydrogen ions (protons).
» The electrons flow through an external circuit and the hydrogen ions selectively move across the PEM to the cathode.
» At the cathode, hydrogen ions combine with electrons from the external circuit to form hydrogen gas.

Anode Reaction: 2H20 — 02 + 4H+ + 4e- Cathode Reaction: 4H+ + 4e- — 2H2

Alkaline electrolyzers

Alkaline electrolysers operate via transport of hydroxide ions (OH-) through the electrolyte from the cathode to the anode with hydrogen
being generated on the cathode side. Electrolysers using a liquid alkaline solution of sodium or potassium hydroxide as the electrolyte
have been commercially available for many years. Newer approaches using solid alkaline exchange membranes as the electrolyte are
showing promise on the lab scale.

Solid oxide electrolyzers
Solid oxide electrolysers, which use a solid ceramic material as the electrolyte that selectively conducts negatively charged oxygen ions
(02-) at elevated temperatures, generate hydrogen in a slightly different way.

» Water at the cathode combines with electrons from the external circuit to form hydrogen gas and negatively charged oxygen ions.
»  The oxygen ions pass through the solid ceramic membrane and react at the anode to form oxygen gas and generate electrons for the external circuit.

Solid oxide electrolysers must operate at temperatures high enough for the solid oxide membranes to function properly (about 700° -
800°C, compared to PEM electrolysers, which operate at 70°-90°C, and commercial alkaline electrolysers, which operate at 100° -
150°C). The solid oxide electrolysers can effectively use heat available at these elevated temperatures (from various sources, including
nuclear energy) to decrease the amount of electrical energy needed to produce hydrogen from water.
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Why Is This Pathway Being Considered?

Hydrogen produced via electrolysis can result in zero greenhouse gas emissions, depending on the source of the electricity used. The
source of the required electricity—including its cost and efficiency, as well as emissions resulting from electricity generation—must be
considered when evaluating the benefits and economic viability of hydrogen production via electrolysis. In many regions of the country,
today’s power grid is not ideal for providing the electricity required for electrolysis because of the greenhouse gases released and the
amount of fuel required due to the low efficiency of the electricity generation process. Hydrogen production via electrolysis is being
pursued for renewable (wind) and nuclear energy options. These pathways result in virtually zero greenhouse gas and criteria pollutant
emissions.

Potential for synergy with renewable energy power generation

Hydrogen production via electrolysis may offer opportunities for synergy with variable power generation, which is characteristic of some
renewable energy technologies. For example, though the cost of wind power has continued to drop, the inherent variability of wind is an
impediment to the effective use of wind power. Hydrogen fuel and electric power generation could be integrated at a wind farm, allowing
flexibility to shift production to best match resource availability with system operational needs and market factors. Also, in times of excess
electricity production from wind farms, instead of curtailing the electricity as is commonly done, it is possible to use this excess electricity
to produce hydrogen through electrolysis.

ANALYSIS SOLUTION FOR NATURAL GAS REFORMING PRODUCTION

All in one unit for measuring
trace impurities(ppb/
ppm) N2-Ar-He-02-CH4-
CO-CO2-NMHC-sulfurs-
formaldehyde-ammonia-
halogenated-formic acid
and water as per fuel cell
standard requirement.
Using PED-TCD(He)-quartz
crystal(H20) technologies
all in one system.

Trace H2S-COS sulfurs

in Syngas with the
MultiDetek3 analyser and
the PlasmaDetek2 detector
in our EX solution.

MultiDetek3 Ex .
MultiDetek3
HyDetek system
Synthesis T
Gas amn
Pure l
Hydrogen %
- Purity
- § ./. analyser 99%-
Methane Methane @ b4 100% using
feed fuel § 4 PSA MultiDetek3
> o« with TCD
> > o R purification
(v £
w
Sulfur
Scrubber
75% Waste gas
Unreacted materials
Steam &I_/ Hydrogen Steam
Clean methane
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About one-quarter of the incoming natural gas is burned to provide the necessary energy for the reaction, while the rest is
stripped of its sulfur content. High pressure steam is added, which reacts with the methane over a nickel-alumina catalyst. The
synthesis gas contains a mixture of H2, CO2, CO as well as unreacted CH4 and H20. This gas is passed into the cooler shift
reactor. The output of the shift reactor is about three quarters hydrogen. In the pressure surge adsorption unit, the impurities are
removed, and recycled back through the burner, giving more than 99.9% pure hydrogen.

Synthesis gas (Syngas) measuring point

LDetek gas process analyser (GC) is used for measuring trace H2S-COS in syngas to monitor the quality of synthesis gas used
to produced carbon neutral synthetic fuels for transports and industries. The syngas produced is also used in the production
of ammonia and methanol. The unit used is the MultiDetek3 GC with one PlasmaDetek2 detector configured with the right
optical configuration to selectively measured low ppm/ppb H2S and COS in a gas mixture of H2, CO2 and CO. The GC is
configured with a MXT capillary column coated with sulfinert to avoid surface absorption for sticky impurities as sulfurs. The
whole analyser flow path is coated with sulfinert to ensure the performances of the unit for measuring low ppm/ppb sulfurs.
The unit can be configured for safe area with our standard compact rackmount instrument or for an Ex-Proof area with our
purged/pressurized enclosure.

Pressure swing adsorption (PSA) hydrogen measuring point

The MultiDetek3 is also installed for measuring the purity of H2 in percent right after the PSA stage. The unit is configured for
measuring 99%-100% hydrogen purity with a TCD. The unit can be configured for safe area with our standard compact rackmount
instrument or for an Ex-Proof area with our purged/pressurized enclosure.

Pure hydrogen measuring point

Most importantly the MultiDetek3 is used to measure the final high purity hydrogen produced. The instrument is configured with
a combination of detectors like PED for sub ppb impurities measurement and our TCD for ppm He analysis and the quartz crystal
module for trace moisture. With all the modules being mounted in the same analysis solution, LDetek can provide the complete
spectrum of analysis required for the fuel cell hydrogen as per SAE standards. The unit can be configured for safe area with our
standard compact rackmount instrument or for an Ex-Proof area with our purged/pressurized enclosure. As described in the
results section, two instruments model MultiDetek3 GCs are required to cover the complete application. One GC for the analysis
of ppb sulfurs, formic acid, formaldehyde, ammonia and halogenated. Another GC for measuring the trace 02-Ar-N2-CH4-CO-CO2-
NMHC-He-H20.
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ANALYSIS SOLUTION FOR WATER ELECTROLYSIS PRODUCTION

All in one unit for
measuring trace

impurities(ppb/ All in one unit for

ppm) N2-Ar-He- measuring trace
02-CH4-C0-C02- impurities(ppb/
NMHC-sulfurs- ppm) N2-Ar-02-
formaldehyde- C0-C02 and
ammonia- water as per fuel

cell standard
requirement.

halogenated-formic
acid and water

LTI

as per fuel Using PED
cell standard & quartz
requirement. Using crystal(H20)
PED-TCD(He)- technologies all
quartz crystal(H20) in one system. MultiDetek3
technologies all in
one system.
MultiDetek3 Ex
HyDetek system or or
water
treatment
tapped
water

waterseal
|

to compressor
and storage

:::ft.;ge o

supp!
transformer

Purity analyser 99%-100% using
MultiDetek3 with TCD

Pure hydrogen measuring point

For the hydrogen production by water electrolysis the MultiDetek3 is used for measuring the purity of hydrogen with its percent solution
mode using our TCD detector with a range of 99%-100%. For the trace impurities in sub ppb, the unit is configured with its PED for all
impurities required by SAE standards and its quartz crystal module for trace moisture. By this production method, it generally becomes
not necessary to measure sulfurs, halogenated, formaldehyde, hydrocarbons and formic acid since the production process doesn’t
produce/contains these contaminants. It makes an analysis solution being simpler and focus on the analysis of the trace 02-Ar-N2-
CO-C02-H20. Other configuration variances of the MultiDetek3 with more or less impurities to measure can be modified with the
modularity of the MultiDetek3 platform.
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measuring point

measuring point

MEASURING POINTS
FOR HYDROGEN PRODUCTION

measuring point

Supply from the [}
natural gas system

filling station

measuring point

HOW ARE THE MULTIDETEK3 INSTRUMENTS CONFIGURED

Using its PlasmaDetek?2 detector (patented) combined with a TCD (He) and the quartz crystal (H20), LDetek can provide a solution for
the complete analysis of all the contaminants that must be measured in hydrogen fuel cell. Combined with its GC modular platform
MultiDetek3, this document will demonstrate how the units are configured to achieve sub ppb detection required for this application.

The most complete configuration for the complete fuel cell hydrogen production requires up to three instruments model MultiDetek3.
The modularity of the unit makes it possible to apply some variances depending of application requirements. Each GC is configured

l|.|m_.| with different channels that will be described.

S

= MULTIDETEKS3 GC#1

g CHANNEL 1: H2S-COS-NH3-CH20-CH2CL2

<

g IMPURITIES RANGE (PPB) LDL (PPB) REPEATABILITY (%) DETECTOR

o

& H2S (hydrogen sulfide) 0-500 0.4 0.8 PED

) COS (carbonyl sulfide) 0-500 0.5 0.6 PED

@ NH3 (ammonia) 0-1000 2.5 0.3 PED
CH20 (formaldehyde) 0-500 2.0 0.4 PED
Halogenated as HCL 0-1000 10.0 1.0 PED

CHANNEL 2: CH4S-CS2-DMS-DMDS-HCOOH

IMPURITIES RANGE (PPB) LDL (PPB) REPEATABILITY (%) DETECTOR
CHAS (methyl mercaptan) 0-500 0.5 1.5 PED
CS2 (carbon disulfide) 0-500 0.2 0.7 PED
DMS (dimethy! sulfide) 0-500 0.2 0.9 PED
DMDS (dimethy! disulfide) 0-500 0.45 1.6 PED
HCOOH (formic acid) 0-1000 2.0 0.4 PED

CHANNEL 3: *CHOICE BETWEEN HE OR H20

IMPURITIES RANGE (PPMm) LDL (PPB) REPEATABILITY (%) DETECTOR
He 0-1000 1 (ppm) 0.5 TCD
H20 0-10 10.0 0.5 Quartx crystal

*This channel can be split or interchanged in GC#1 or GC#2 depending of the requirements
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Both channels 1-2 used the PlasmaDetek2 detector configured with a selective optical filter for sulfurs and one for formaldehyde/ammonia/
formic acid. Each optic has a narrow wavelength limiting the interference from hydrogen background and offering a sensitivity to sub ppb. Both
channels are configured with proper sulfinert coated diaphragm valves, fittings and tubing to avoid any risk of surface absorption for the impurities
to measure at ppb level. The columns used are capillaries/sulfinert/metalized MXT series offering no resistance to sticky and absorptive gases.
Outstanding sensitivity can be obtained by combining the right GC components together with our sensitive/selective PlasmaDetek2 sensor.

The third channel can be configured with a TCD for measuring ppm Helium or with a quartz crystal detector for measuring trace H20. If both are
required, then the second detector can be mounted in the channel 3 of the GC#2. For the trace He with a TCD, an Argon carrier gas is required
to the unit. In case of measuring trace H20, then the quartz crystal detector module is mounted with its internal calibration device. Refer to our
design report on the trace moisture module integrated in our MultiDetek3 for more details. (document link is available in the reference section).

MULTIDETEK3 GC#2
CHANNEL 1: N2-CH4-C0-C02

IMPURITIES RANGE (PPM) LDL (pPB) REPEATABILITY (%) DETECTOR
N2 0-10 1.5 0.1 PED
CH4 0-10 3.5 0.1 PED
Cco 0-10 1.5 0.1 PED
Co2 0-10 15 0.1 PED

CHANNEL 2: AR-02-NMHC

IMPURITIES RANGE (PPM) LDL (PPB) REPEATABILITY (%) DETECTOR
Ar 0-10 0.5 0.2 PED
02 0-10 10.0 0.2 PED
NMHC 0-10 4.0 0.6 PED

CHANNEL 3: *CHOICE BETWEEN HE OR H20

IMPURITIES RANGE (PPMm) LDL (PPB) REPEATABILITY (%) DETECTOR
He 0-1000 1 (ppm) 0.5 TCD
H20 0-10 10.0 0.5 Quartz crystal

“*this channel can be split or interchanged in GC#1 or GC#2 depending of the requirements

This unit can be configured differently depending of the requirements. The modularity of the MultiDetek3 brings the advantages
of selecting the appropriate module for your need. Here, the system has been configured with a first channel with a PED for
measuring trace N2-CH4-CO-CO2. This block is configured with a PlasmaDetek2 with a selective optical filter for N2, for CH4 and
one for CO/CO2.

The second channel also used a PED for measuring Ar-O2-NMHC. Here the PlasmaDetek?2 is configured with 3 selective optical
filters. One is used for Ar, a second one is used for 02 and a third one is used for NMHC. The analysis of trace 02 here required
a doping gas system to allow a stable and repetitive ppb detection of 02.

The third channel is configured as described in the GC#1 description.

MULTIDETEK3 GC#3
CHANNEL 1: PURITY HYDROGEN

Impurities Range (%) Accuracy (%) Detector Analysis time (sec)
H2 99-100 0.001 TCD 60

This instrument is required for monitoring the total purity of hydrogen from 99%-100% generally installed in combination with
the trace impurities analysers. This purity instrument offers a quick analysis time of 1 minute to monitor quickly the purity of
hydrogen produced. In case of a process alarm from this instrument, the trace impurities instruments will give the details of
the problematic impurities. The use of both instruments is the best practice to ensure rapidity and accuracy for the hydrogen
production. This Multidetek3 GC is configured with a TCD detector and a straight injection. All impurities come as one peak which
is measured by the TCD. The reference and the carrier gases use are hydrogen.
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RESULTS

Chromatograms : GC#1/Channel 1

Sample : 100ppb H2S, COS Balance H2

Historic Augf26/2020 11:11:04
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Bxport... | X H2S 100046 ppb 27657 3534 2936856  4211.600 0.105 1.582 [ Print
— X cos 100914 ppb 40052 4621 3100324  3504.145 3,152 22,065 |—
Sample : 3ppb H2S, COS Balance H2
Historic Aug[26/2020 14:08:31
~
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Sample: 500ppb CH20 Balance H2
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Sample: 210ppb CH20 Balance H2
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Sample: 70ppb CH20 Balance H2

Where innovation leads to success

Historic 3ulf21/2020 08:35:22
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< Sample: 1025ppb NH3 Balance H2
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Sample: 510ppb NH3 Balance H2

Historic Julf21/2020 09:59:39
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Sample: 150ppb NH3 Balance H2
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Sample: 516ppb ppb HCL (hydrogen chloride) in balance gas hydrogen

Historic Augf30/2022 07:42:42
oW
g
10000 g
E [Legend
i :
- 3
ko o
3000-f E
7000
g 8000-F
@ =
@ 50001
= -
o -
o 4000 HCL
o -
3000
2000F
1000-F - *——x
U F | | 1 1 1 | | qOS 1 1 1 1 | CII2QI 1 1 | 1 | 1
200 400 600 300 1000 1200 1400
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— _Aea  Retenti... Height  Sensor Avg. Sensor Moise  Peak Mo
BP9 chas <LDL ppb 0000000 2135 0000  1345.444 0.259 20 A e
¥ Hzs 0433 ppb 178396 4560 5581 5146152 0925 46 e
% DMS 0113 ppb  7.31776 5034 2408 1345444 0.259 19 L -
¥ cs2 <LDL ppb  0.000000 550 0000 1345444 0.259 3.1
% Cos <LDL ppb  0.000000 5600 0.000 932.439 0232 32
® HCOOH <LDL ppb  000DOOD 7050 0000 1345444 0.259 0.1
516,259 33880 £03.1 2462247 032.480 0.232 0
% DMDS 0151 ppb 151454 8249 2335 1345444 0.259 23
% NH3 <LDL ppb 0000000 9590 0,000 678.647 0.282 0.2
¥ CH20 <LDL ppb 0000000 10250  0.000 932,459 0232 02
£ >
LDL :
Component Concentration (ppb) Peak height (mv) Noise (mv)
H2S (hydrogen sulfide) S5 105.8 4.2
COS (carbonyl! sulfide) 3.79 124.9 9.2
CH20 (formaldehyde) 71.4 352.7 2.05
NH3 (ammonia) 145 219.4 1.32
HCL (hydrogen chloride) 516 2462 2.0

Note: other LDL could be obtained with different injection volume and chromatographic condition

Repeatability :

Sample : 3ppb H2S, COS Balance H2

Description

H2S

LDL (3x Noise) (ppb)

0.41
0.80
1.24
2.61
1.25

Sample : 135ppb NH3 & 75ppb CH20 Balance H2

= Wed, Aug-26-2020
17:39:32
17:29:23
17:19:13
17:09:03
16:58:53
16:48:42

3.564
3.565
3.533
3.543
3.506
3.530
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Historic

4102 = Tue, Jul-21-2020
4.145 13:55:43
4151 13:38:50
4.185 13:22:00
4121 13:05:08
4145 12:48:16

12:31:24

NH3 CH20
136.162 75.984
136.759 76.416
136398  76.441
136.709  76.621
136.848  76.707
137460  76.683
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IMPURITIES H2S Ccos NH3 CH20

Average (ppb) 3.534 4.142 136,7 76,48
Sigma o (ppb) 0.028 0.028 0.44 0.27
CV (%) 0.80 0.68 0.32 0.35
CV x 3 (%) 2.40 2.05 0.97 1.06
Status pass pass pass pass
Repeatability (%) 0.8 0.6 0.3 0.4

Using a series of 6 consecutive analysis, the repeatability conformity test must be below 5% considering a value of 3 times the
coeficient of variation (CV) to be accepted.

The repeatability % is obtained by applying the sigma of the 6 consecutive analysis on the average of these 6 same analysis.
The test has been performed at the bottom of the scale which is the most rigourous concentration to get a good repeatability.

Running such repeatability test at higher concentration is just easier to get a better repeatability. It demonstrates the performance
of the system in terms of repeatability at very low concentration.

n
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H H . . . o
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Chromatograms : GC#1/Channel 2

Sample: 100ppb CH4S-CS2-DMS-DMDS / 330ppb HCOOH Balance H2

Historic Sep/09/2020 15:15:17
~
5000
: [egend)
4500
20001
3500-5
gjonof °°°,1
E f
Ezsnn«; [Al
#2000 3
(1S E
1500 5
E e
1000 sl o "\"““
s00
u_:lll|III]I]IIIIIIIII]IIIIIIIIII
200 400 600 800 1000 1200 1400 1600 1800
Time (8) W
< >
X (&)
_Area Retenti..  Height SensorAvg. SensorNo.. Peak MNoise Print
100605 ppb 42004  280.3 2898350  3687.080 1194 6.208 =
100.854 ppb 44740 503.0 2994.223 4311145 0.232 2436 | ChartTools..
100.174 ppb 44393 5623 3112712 4311145 0.232 2551
0 100197 ppb 61200  697.8 2954.758  3687.080 1.194 5.014
I6 344.728 ppb 74736 833.8 1955.309 3687.080 1.194 2.984
z
z
=)
(=
g Sample : 2ppb CH4S-CS2-DMS-DMDS / 50ppb HCOOH Balance H2
= Historic Sep/10/2020 08:41:12
& o
o 14004
ori | [Cegene]
12004
1200+
gl |
8 11004 £
& ous
o i crus A e
© 1000 - ) TR
A | ;
b : \“\“x
900
8004 1 1 | 1 ] | | 1 | | 1 1 | 1 1 I 1 1 1 | 1 1 | 1 1 ] I 1 [} | 1
300 400 500 600 700 800 900
Time () v
< >
Historic Peak Results X (&)
Ewt_ _Area Retenti..  Height SensorAvg. SensorNo.. PeakNoise | oo
—): CH4s 1.899 ppb 792.874 2813 65.412 3764.729 1.213 6.307 [
¥ DMs 1446 ppb 641513 503.5 41940  4309.208 0.183 1.917 | Chart Tooks..
»® cs2 3.236 ppb 1434 5620 96268  4309.208 0.183 2009 |
¥ DMDS 1366 ppb 834455 699.9 45046 3764.729 1.213 5.094
)C HCOOH 47.026 ppb 9659 8395 213.844 3764.729 1.213 3.153
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LDL:

Component Concentration (ppb) Peak height (mv) Noise (mv) LDL (3x Noise) (ppb)
CHA4S (methyl mercaptan) 1.89 65.4 6.3 0.50
DMS (dimethyl sulfide) 1.44 41.9 2.0 0.20
CS2 (carbon disulfide) S8 96.3 1.91 0.19
DMDS (dimethy! disulfide) 1.36 45.0 5.0 0.45
HCOOH (formic acid) 47.0 213.9 3.15 2.00

Note: other LDL could be obtained with different injection volume and chromatographic condition

Stability :
Sample : 2ppb CH4S-CS2-DMS-DMDS / 50ppb HCOOH Balance H2
Description CH4s DMS cs2 DMDS HCOOH
|Historic
= Thu, Sep-10-2020
07:49:10 1.879 1.334 3.344 1.265 47.865
07:32:18 1.873 1.316 3.338 1.230 48.020
07:15:26 1.904 1.343 3.359 1.226 47,958
06:58:35 1.924 1.317 3.384 1.272 48.074
06:41:43 1.951 1.343 3.397 1.265 48.279
06:24:51 1.940 1.326 3.389 1.259 48.295
2
=
(=)
4
Z
=]
IMPURITIES CH4Ss DMS CS2 DMDS HCOOH 5
Average (ppb) 1.91 il 538 8.8 1.25 48,08 E
Sigma G (ppb) 0.03 0.012 0.024 0.02 0.17 -
CV (%) 1.66 0.91 0.74 1.57 0.36 8
CV x 3 (%) 4.98 2.73 2.22 4,72 1.08
Status pass pass pass pass pass
Repeatability (%) 1.5 0.9 0.7 16 0.4

Using a series of 6 consecutive analysis, the repeatability conformity test must be below 5% considering a value of 3 times the
coeficient of variation (CV) to be accepted.

The repeatability % is obtained by applying the sigma of the 6 consecutive analysis on the average of these 6 same analysis.
The test has been performed at the bottom of the scale which is the most rigourous concentration to get a good repeatability.

Running such repeatability test at higher concentration is just easier to get a better repeatability. It demonstrates the performance
of the system in terms of repeatability at very low concentration.
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Chromatograms : GC#2/Channel 1

Sample : 4ppm N2-C02-CH4-CO Balance H2

Historic Jun/15/2020 20:27:19
5000-= — 8
= egen:
4500-_ =
2 a
4000-" 8
= Nz CO2 co
3500-- [ :
€ 3000~ K
2 2000- s ko B
L £
= BRSs) RS
1500-_ e tetate
= R PR NHMC SRR
1000-= A - +
500
0_:I |- | 11 | | 1 1 |- | |- | I | | 1 | | 1 | | S |-} | |
100 200 300 400 500 600 700 800
Time (s)
P @1 Peak Results X o
. Ol _Area Retention.. Height Sensor.. Sensor.. Peak Moise |
EETE ¥ AR 0018 ppm 138591 2669 12389 532958 0.102 0122 [™
¥ N2 4161 ppm 45634 3721 25728.. 617.399 0.132 0237 b o
¥ co2 3760 ppm 50593 4049 26334. 518679 0.357 0964 |
» ¥ NHMC 0098 ppm 4465 6393 19545 2053.945 1.041 5.307
= ¥ CH4 4080 ppm 61084 5369 2606.7. 3028976 0.397 131
g ¥ co 4,043 ppm 60333 6756 25093.. 423216 0.102 0410
Z
=)
g Sample : 500ppb N2-C02-CH4-CO Balance H2
E Historic Junf17/2020 09:36:14
o g
<
5000-= 2
(=) = | Legend =
(] 4500~ i
4000 H
3500-"
£ 2000
» =
© 2500-_
o =
o =
@ 2000-_
is =
1500-_ M coz CH4 o
1000 E J-_vm M: AQZN-— NH”&
500
U_:I | | | | I | | | I | | | | | | | | 1| | | | 1 | | I
100 200 300 400 500 600 700 800
Time (s)
e @ use| PeakResults X
(Ouse _Area Retention.. Height Sensor.. Sensor.. Peak MNoise
e ¥ AR 0.016 ppm  123.163 2667 11197 543383 0.162 0.194
¥ N2 0.565 ppm 6194 3739 400621 610317 0.194 0.349
¥ co2 0.395 ppm 5313 4056 301.221 511.278 0.139 0.376
¥ NHMC 0013 ppm  592.589 7469  1.839 2052516 0.211 1075
¥ CH4 0439 ppm 6566 5363 324419 3020274 0.269 0.889
¥ co 0421 ppm 6276 6770 258830 418.160 0.086 0345
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Chromatograms : GC#2/Channel 2

Sample : 4ppm Ar Balance H2

Historic Jun/17/2020 13:57:25
5000 g
=
4500- §
4000- 2
3500-

Response (mV)
(] (] (%]
= o =
8 8 8

1500-
1000 ! B
500-
0_ | | | [ | | | 1 | | | | 1 | | | 1 | | | (] 1 1 1
50 100 150 200 250 300
Time (s)
Historic... | @} peak Results X
Export ; Ou _Area Retention.. Height Sensor.. Sensor.. Peak Noise
¥ AR 3776 ppm 30007 2576 23602. 493.708 0113 0.113
n
Ll
=
o
Z
Z
=4
=
=]
o |
o
o
Sample : 500ppb Ar Balance H2 <
(<}
Historic Jun/17/2020 16:13:55 )
5000 g
E
4500 3
E a
4000 3
3500
2 30001
> E
@ 2500
[=] —
[ =
& 2000
14 E
1500 AR
1000F L,
500
0_: | | [} | | | | | | | | | | | | | 1 1 1 1 1 1 1 |
50 100 150 200 250 300
Time (s)
Historic.. | ®Uf peak Results X b
Export , Ou _Area Retention.. Height Sensor.. Sensor.. Peak Noise [
¥ AR 0514 ppm 4087 257.5 342377 458085 0.107 0.107 F
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Sample : 4ppm NMHC(C3H8) Balance H2

Historic un/18/2020 05:30:30
w
5000-= 3
= =
4500~ i
4000-- 3
3500-"
£ 3000
@ z
£ 2500~
o -
o E
® 2000-_
4 -
1500~
10002 « .
500-"
o_: 1 | | | 1 | [} | 1 | | 1 | | | | I | | | | [ | | | 1 1 | [}
100 200 300 400 500 600 700 800
Time (s)
Historic... @ Ui peak Results X ,_
— , Ou _Area Retention.. Height Sensor.. Sensor.. Peak Noise n?
¥ AR 0014 ppm 112338 2669 10314  536.193 0.138 0138 [
¥ co2 0.215 ppm 3117 4048 132005 514930 0315 0.849 pols...
X N2 <DL ppm  0.2753.. 4049 0141 611624 0.104 0187 |
¥ NHMC 3877 ppm 195351 6437 24196.. 2025271 0.256 1.537
® CH4 <LDL ppm  0.0000.. 5350  0.000 3013.945 0.250 0.825
¥ CO <LDL ppm  1.24864 7288 0229 412521 0.080 0322
Sample : 500ppb NMHC(C3H8) Balance H2
Historic Jun/18/2020 10:11:13
£
5000-= g
- [Tegend] -
4500~ g
B 2
4000-- 2
3500
Z 3000--
@ =
@ 2500-
g =
® 2000-_
= -
1500-_ N
1000-= % —-MNSEEEE:’”‘
500--
0_: | | | 1 | 1 | | | 1 1 [} | | ] | 1 | | ] | | | | | | 1 | 1 | |
100 200 300 400 500 600 700 800
Time (s)
Historic... @ U{ peak Results X
Export Ou _Area Retention.. Height Sensor.. Sensor.. Peak Noise
¥ AR 0014 ppm  114.023 2670 10805 532477 0813 0813
» co2 0032 ppm  467.853 4055 17.822 511.298 0.121 0.326 pols...
® N2 <LDL ppm  0.0672.. 3910 0071 606.162 0.102 0.183
¥ NHMC 0520 ppm 26222 £439 374998 2055.232 0.161 0.965
¥ CH4 <LDL ppm  0.0000.. 5350  0.000 3009.293 0.097 0.321
¥ co <LDL ppm  2.62635 7113 0245 414.284 0.080 0321
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Chromatograms : GC#2/Channel 3

Sample : 50ppm He Balance H2

Historic May/04/2020 10:08:14
w
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50 100 150 200 250 300 350 400 450
Time (s)
historic.. | @U! Peak Results X
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¥ He 50163 ppm 34314 3084 1995169  5601.140 0827 12977
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LDL:

Component Concentration (ppb) Peak height mv) Noise (mv) LDL (3x Noise) (ppb)
N2 565 401 0.349 1.48

C02 395 301 0.376 1.48

CH4 439 324 0.889 3.61

CO 421 259 0.345 1.68

Ar 514 342 0.107 0.48

NMHC 520 375 0.965 4.01

He 50(ppm) 1995 12.97 1.00(ppm)

Note: other LDL could be obtained with different injection volume and chromatographic condition

Stability :
Sample : 1ppm Ar-N2-NMHC-C02-CH4-CO Balance H2

Start AR N2 NHMC co2 CH4 co

lI-lm_-l 2020-06-21 20:16 0,889 ppm 1.171 ppm 0.584 ppm 1.045 ppm 1.161 ppm 1.042 ppm

g 2020-05-21 20:02 0.889 ppm 1.174 ppm 0.567 ppm 1.045 ppm 1.161 ppm 1.042 ppm

§ 2020-06-21 19:49 0,886 ppm 1.174 ppm 0.588 ppm 1.044 ppm 1.161 ppm 1.042 ppm

§ 2020-05-21 19:35 0.886 pom 1.174 ppm 0.571 ppm 1.046 ppm 1,159 ppm 1.041 ppem

E 2020-05-21 19:21 0,886 ppm 1.174 ppm 0.573 ppm 1.044 ppm 1.160 ppm 1.042 ppm

g 2020-05-21 19:08 0.887 ppm 1.176 ppm 0.573 ppm 1.042 ppm 1.163 ppm 1.043 ppm
IMPURITIES Ar N2 NMHC co2 CH4 co
Average (ppb) 887.2 1173.8 569.3 1044.3 1160.8 1042
Sigma o (ppb) 1.47 1.60 3.61 1.37 1.33 0.63
CV (%) 0.17 0.14 0.63 0.13 0.12 0.06
CVx 3 (%) 0.5 0.41 1.90 0.39 0.35 0.18
Status pass pass pass pass pass pass
Repeatability (%) 0.2 0.1 0.6 0.1 0.1 0.1

Using a series of 6 consecutive analysis, the repeatability conformity test must be below 5% considering a value of 3 times the
coeficient of variation (CV) to be accepted.

The repeatability % is obtained by applying the sigma of the 6 consecutive analysis on the average of these 6 same analysis.
The test has been performed at the bottom of the scale which is the most rigourous concentration to get a good repeatability.

Running such repeatability test at higher concentration is just easier to get a better repeatability. It demonstrates the performance
of the system in terms of repeatability at very low concentration.

Where innovation leads to success www.ldetek.com
400




Chromatograms : GC#3/Channel 1

Sample: 100.000% H2
Historic Julf16/2020 09:24:08
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x H2 100.000 % 29549 28.0 0.572 1067.281 0.146 0.874

Sample: 99.989% H2

Historic Julf16/2020 09:56:53

5000

45004

(2]
w
=
(=)
4
4
S
=
<
o
I~
o
o.
<
©
™

40004

| Buipusa] | Josuas

35004

<

E 3000

i)

@ 2500

[=]

(-9

& 2000
1500
1000

500+

TTTT TITT I oT TITT T00T 77T TTIT 77T 7177 71707

D_IIIIJIIII|IIII|I|IIlI|II]IIIIIIIIIIIIIII
) 1 1 T ) 1 T

10 20 30 40 50 60 70 80 a0 100
Time ()

s =
_Area  Retenti.. Height SensorAwg.  SensorNoise  Peak Moise
-

¥ H2 99,988 % 29845 EX 36,124 1068.560 0,579 3.472
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Sample: 99.890% H2

Historic Julf16§2020 09:52:37
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Peak Results o (]

L1

100
_Area  FRetenti... Height Sersor&wa.  SensorMoise  Peak Noise
e

:DC H2 99.890 % 29816 379 370.396 1075.734 1016 6.095
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Sample: 99.837% H2

Historic

5000-:
= | Legend
cson-- (T80

4000-"

ulj16/2020 09:35:33

| Buipuail | sosuag

o

Time {s)

Peak Results

_Area  Retenti.. Height SensorAwg.  Sensor Noise  Peak Moise
1077.882 1.580 9,480

X H2 99.838 % 29800 317 509.201

Sample: 99.541% H2
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_Area  Relenti.. Height Sensordwg  SensorNoise  Peak Noise
29711 37.8 1436043 1077.780 1825 10,953
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Sample: 99.055% H2
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99.054

¥ H2

LDL /Accuracy :

_frea  Retenti...
% 29566 37.8

Height

2038.895 1089.426

SensorAvg.  Sensor Noise

2,070

Peak Noise

12.421

The concentration in % is obtained by dilution H2/N2. The difference between 100% H2 and the diluted H2 concentration is applied.

Component
H2

Concentration (%)
0.012

Peak height (mv)
36.124

Noise (mv)
3.472

Note: other LDL & accuracy could be obtained with different injection volume and chromatographic condition

Stability :
Sample : 99.750% H2

Start

2020-07-16 10:28
2020-07-16 10:26
2020-07-16 10:25
2020-07-16 10:24
2020-07-16 10:22
2020-07-16 10:21
2020-07-16 10:18
2020-07-16 10:18
2020-07-16 10:16
2020-07-16 10:15

2020-07-16 10:14

Where innovation leads to success

H2

99.756 %

99.756 %

99.756 %

99.756 %

99.756 %

99.756 %

99.756 %

99.755 %

99.755 %

99.755 %

99.755 %

LDL (3x Noise) (%)
0.003

Accuracy (3x Noise) (%)
+/-0.0015
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CERTIFICATIONS

IECEx TEST REPORT of NATIONAL DIFFERENCES

ExXTR Reference Number............... : CA/QPS/ExTR19.0028/00
EXTR Free Reference Number ...... o X35775-1
i + Si Vi (Y
Compiled by + signature (ExTL) Alenko Vranes JH&I E?c .
Kerry Nice, A.Sc.T. K ﬁ'
Reviewed by + signature (ExTL).....  Rob Kohuch, P. Eng.
Date of iSSUE .......ccvvveeei e . January 24, 2020
Ex Testing Laboratory (ExTL)........ . QPS Evaluation Services Inc.
Address ... : 81 Kelfield St, Unit 8, Toronto, ON M9W 5A3
Applicantsname......................... :  LDetek Inc.
Address __________________________________________ - 990 RUE Monfeﬂe E
Thetford Mines, QC G6G 7K6, Canada
Country/Region ..........ccoceeeeeecveennnnn . Europe: Switzerland (CH), Czech Republic (CZ), Germany (DE),

Denmark (DK), Finland (Fl), France (FR), United Kingdom (GB),
Hungary (HU), Italy (IT), the Netherlands (NL), Norway (NO),
Romania (RO), Sweden (SE) and Slovenia (Sl)
Standards. - EN60079-0:2012/A11:2013;
EN 60079-2:2007;
EN 60079-7:2007;
EN 60079-11:2012;
EN 60079-18:20009.

Test Report Form Number............. :  ExTR National Differences_3 (released 2018-02)

(2]
w
=
(=)
4
4
S
=
<
o
I~
o
o.
<
©
™

Copyright © 2018 International Electrotechnical Commission System for Certification to Standards
Relating to Equipment for use in Explosive Atmospheres (IECEx System), Geneva, Switzerland. All
rights reserved.

This blank publication may be reproduced in whole or in part for non-commercial purposes as long as the
IECEx System is acknowledged as copyright owner and source of the material. The IECEx system takes
no responsibility for, and will not assume liability for, damages resulting from the reader's interpretation of
the reproduced material due to its placement and context.

No national differences between below European standards and International Verdict

standards

European Standards: International Standards:

EN 60079-2:2007 IEC 60079-2:2007 Edition 5.0 Pass

EN 60079-7:2007 IEC 60079-7:2006 Edition 4.0 Pass

EN 60079-11:2012 IEC 60079-11:2011 Edition 6.0 Pass

EN 60079-18:2009 IEC 60079-18:2009 Edition 3.0 Pass
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IECEx

IEC

IECEx TEST REPORT COVER

ExTR Reference Number............... -
ExTR Free Reference Number...... -

Compiled by + signature (ExTL)....:

Reviewed by + signature (ExTL)....:

Approved by + signature (ExCB)...:

CA/QPS/EXTR 19.0028/00
X35775-1

Alenko Vranes f 9’
i%"h G~
Kerry Nice, A.Sc.T. K. .'{

Rob Kohuch, P. Eng.

Dave Adams, P. Eng.

Dateofissue..........cc.cccceccvnnieennnn. .. February 21, 2020

Ex Testing Laboratory (ExTL)........ :  QPS Evaluation Services Inc.
Address............ciiimiiiiniinnien : 81 Kelfield St. Unit 7-8, Toronto. Ont. MBL 1S1. Canada
Ex Certification Body (ExCB])......... :  QPS Evaluation Services Inc.
Address.........coccmiiieccineenecnns : 81 Kelfield St Unit 7-9, Toronto. Ont. MOL 151. Canada
Applicant’'s name...........cccccovaeennnn :  LDetek Inc.

BOOBS . .occiiviiisimiisiimmensasisiies - 990 Rue Monfette E

Thetford Mines. QC G6G 7K6. Canada

Standards associated with this

Related Amendments, Cormrigenda

ExXTR package ........corvunmemssranranns s

Clauses considered ..........cccccccenee. -

oIS :

IEC 80079-0:2011, Edition 8.0
IEC 80078-2:2007, Edition 5.0
IEC 60079-7:2008, Edition 4.0
IEC 80079-11:2011, Edition 6.0
IEC 60072-18:2000, Edition 3.0
All clauses considered

All items are considered

Test item description ...........cc.cc..... :
Model/type reference ............cccceee. :
Code (e.g. Ex _ I_ T ucrennnnns -
37y e e A R T B By e .

Gas Chromatograph MultiDetek 2 EX

MultiDetek Ex

Ex eb ib mb pxb |IB+H2 T4 Gb

MultiDetek 2 EX

Purge Controller Power: 230 V AC. 47 - 63 Hz. 660 Watts
Maximum sample gas pressure: 689 mbar (10 psi)
Minimum purge fiow: 120 Umin

Minimum purge time: 78 minutes

Maximum overpressure: 6.7 mbar

Minimum overpressure: 1.24 mbar

Maximum supply air pressure: 8.9 bar

Minimum supply air pressure: 1.4 bar

Door clamps tightening torque: 3.4 — 3.9 Nm
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IECEx Test Report Summary

.

INTERNATIONAL ELECTROTECHNICAL COMMISSION
IEC Certification System for EXD'OSWQ Atmospheres
for rules and details of the IECEx Scheme vizit www.iecex.com

ExTR Ref. No.:
ExTR Free Ref. No.:

Li=t of Standards
Covered

Iszuing ExTL:
Endorsing ExC8:

Manufacturer:

Location of
Manufacturer:

Ex Protection:

Ratngs:

Equipment

Model Reference

Comments:

CAIQPS/EXTR19.0028/00 Page 1of1
X35775-1 Status: Issued
IEC 60079-0:2011 Edition-6.0, IEC 60079-11:2011 Date of izsue: 2020-02-21

Edition-6.0, IEC 60079-18:2009 Edition:3, IEC
60079-2:2007-02 Edition:5. IEC 60079-7:2006-07 Edition:
4

QPS - QPS
QPS-QPS

LDetek Inc.
930 Rue Monfene E
Thetiord Mines G6G 7K6 QC

Canada

Ex eb ib mb pxb IIC T4 Gb

11SVAC, 25 A, S0/60 H=
PSS

Gas Chromatograph

MultiDetek 2 EX

Related IECEx Cenificates:
IECEx QPS 19.0032X lzsue 0

www.ldetek.com
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CE

In compliance with EMC directive 2004/10EC, EN 61000-6-2-2005 for immunity & EN 61000-6-4:2007 for emissions.

File No. 53220 / EMC Test Report

Test name Limit
Standard Test level Eut Results
. E35421
Measurement of conducted emissions
CISPR 22: 2008 Class A £36423 rass
Measurement of radiated emissions E35421
CISPR 22: 2008, up to 6 GHz Class A E35422 Pass
L E35421
Measurement of conducted emissions
FCC Part 15: 2015, Subpart B Class A Ereios Pass
Measurement of radiated emissions E35421
FCC Part 15: 2015, Subpart B upto 8 GHz | C1asS A E35422 Pass
Radiated electromagnetic field immunity — 10 V/m 80-1000 MHz E35421
radio frequencies Pass
IEC 61000-4-3: 2006 A1: 2007 A2: 2010 3Vim 1.4-2.7 GHz E35422
Conducted immunity E35421
IEC 61000-4-6: 2008 10V power E35422 Pass
Electrostatic discharge immunity +4 kV contact E35421 Pass
m IEC 61000-4-2: 2008 8 kV air E35422
= - —— -
(=} Electrical fast transient immunity E35421
§ IEC 61000-4-4: 2012 12 kV power E35422 Pass
=) Surge immunity #1kV L-L E35421 P
= IEC 61000-4-5: 2005 +2 kV L - Ground E35422 ass
(3)
= Magnetic field immunity E35421
a IEC 61000-4-8: 2009 30 Alm 150 Hz E35422 Pass
- v . . . 0% - 1 cycle
() ‘oltage dips, short interruptions and voltage 40% - 10 ¢ E35421
() variation |mmun|‘ty 70%, 25 cy“ddeses E35422 Pass
IEC 61000-4-11: 2004 0% - 250 cycles

CONCLUSION

The MultiDetek3 analyzer can measure all the contaminants at the required limit of detection, with the appropriated repeatability
and linearity by combining its PlasmaDetek2 (patented) with TCD and quartz crystal sensors all in one system. The modularity of the
instrument gives the ability to adapt the analyzer as per your requirements. The system is compact and rackmount. It can be configured
for any safe area using the LDRack integration solution. When an Ex-proof area installation is required, then our certified pressurized
enclosure for Ex-proof area is used. With our temperature-controlled solution configured for outdoor temperature going from -30C
to 40C, our system can be used for any indoor or outdoor installations. A one source manufacturer to provide a certified solution for
measuring fuel cell hydrogen as per the industry standard.
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Hydrogen Fuel Quality for Fuel Cell Vehicles
SAE J2719 SEP2011
http://www.sae.org

Design report for quartz crystal sensor integrated in the MultiDetek3 GC for trace moisture analysis :
http://www.ldetek.com/uploads/cgblog/id53/Trace_moisture_analysis.pdf

EMC test report for MultiDetek3 GC and LDP1000 gas purifier
CRIQ file 670-53220

ATEX & IECEXx test reports and certifications

QPS : EXTR Reference No. CA/QPS/ExTR19.0028/00
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APPLICATION NOTE Q

L D 16'12 nggreK

Trace impurities in Carbon Dioxide
for beverage and food packaging industry

A MultiDetek2 A PlasmaDetek2

With regards to the beverage industry, the dissolved Carbon Dioxide which is used as carbonic acid
gives a pleasantly acidic flavour and a nice mouth-feel when drinking. When it is not present, the drinks
taste flat. Being used in many different fields of food and beverage, the CO2 quality management is
essential to meet the market requirements.

The CO2 is produced from different techniques such as fermentation, combustion, ammonia/hydrogen
production and others. It is required by the industry, especially for bottlers to control the supply chain
by monitoring the CO2 purity allowing maintenance of the product quality.

LDETEK SOLUTION:

Using the PlasmaDetek2(PED) plasma detector and the MultiDetek2 compact gas chromatograph, the analysis of the most critical
trace impurities in carbon dioxide can be achieved in one unit with a single detection technology (PED).

By default, the configuration has 3 channels to cover the analysis of Benzene, Acetaldehyde, Nitrogen and Carbon Monoxide. If
additional options for the analysis of Methanol, Sulfurs and Hydrocarbons are required, then channels 4, 5 and 6 are added in the
same instrument.

Where innovation leads to success www.ldetek.com
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Channel#1: 0-100ppb Benzene

Channel#2: 0-1000ppb Acetaldehyde

Channel#2: 0-120ppm Nitrogen & 0-10ppm Carbon Monoxide

Also integrated inside the MultiDetek2, a dilution system allows generating for a span calibration gas at ppb level for the low
concentration impurities. This option gives you the capacity to use a standard certified calibration gas at higher concentrations, which
is usually lower in cost and easier to get, also that generates a low ppb calibration gas. The dilution system is designed for low gas

consumption, high accuracy/stability and is automatically handled by the interface during span calibration process.

For multiple streams requirement, the LDGSS high purity stream selector system can be combined with the MultiDetek?2 to offer all the
flexibility to switch streams and even run stream sequences analysis as required.

RESULTS:

The results show the performances of the system for a standard configuration used to measure Benzene, Acetaldehyde, Nitrogen and
Carbon Monoxide in Carbon Dioxide.

It displays details about the calibration chromatogram, some examples of low ppb chromatograms for each impurity, the Idl chart for
noise/response calculation, the stability and the linearity curves.

SPAN CALIBRATION CHROMATOGRAM:

[ Wumacter 2 - [E=REEE =
Configuration  (romatogram  Settings  Calibabion  Dugnoitds  About Que
Chromatogram Date And Tew 095828
900473, 2600 48
S0
50
ga0f e
Ea0f
O =
Em«: oy
ém-g
1503-5 ': o
1000-£ il o B p—ug S8y g
anf
c=llll IEEN] AR i1l N NN AR RN NN ISR L4l
100 200 0 40 S0 6N 70 €00 90 1000 1100 1200
Tirne (seconds)

A Tee: 1013 ] 1000 s8¢

Otn X % Fow Pesi R.. (] dutomnatic Pestart 13 _[ Cget | Figure 1:

Cven 1 wao Carer 1 390 mimn "= hltbpon R aF4 ‘[ )

Ceen2 0. < 2 400 mimn 0 0120 LF3 Hert F2 Frint. 1 1l

Fmplerol | | i ”::_ b o | S Chromatogram of a gas mixture contain-

Ovend €00 e 110.000... B2 @] ing 24ppm nitrogen, 110ppb acetaldehyde,

onS 00 Tretrument abus: H

ke 28 10.5ppm carbon monoxide and 110ppb ben-

no: w0 Connected to MCU R R R

wws  aaa T zene in a balance gas carbon dioxide.
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LOW PPB CHROMATOGRAM:

Seii T | I

Ad oLl i Lo dd L iad J2pal 22id dpjig 13} Lili L ilg

TR TS TH e 0 N 4 e AW AT

o o ©o am

Tra [paconta) "
- e .
A < r- Fow - ' P S ey
Lol ] Comem ) ~ Ve 83 - ol
Can? Cwe ? Ow) an M e —
[-22F ] B eue (-] LMl WY |
b i con  wn . s e R
O )
et et Uata
e ook Commachod 8o N(LF
- -
B — - = . —
Condp S wou Ll O 2 A QO =02
Ouemmneyom D et L LA L
ll'J:n:
E
| o
i? i Gy
=wrad
|§v:m—— - - — _A- =
o4
w4 3
iz 2202 aatz i saziti31a rasalsegalonaahas s gy 224

& ey &0 &0 w0 0 w0
Trma (vecondi)

« [

i W W W

O < . Fo= Fed L

(uand 1N Lo | P dwiew L FLET TP
Cwat) IS Lol B Vulem e LTes B2
L] lewe  Lime O

Lo T s

cde L1

WD ey [

[ i ot #) g Crin 11 |
| Bibamars Syt

h Ll

st T — — — o ol
[ o mag C Dug At O
Owpemstogram Sute Aol e | SHACELS 16 208
104
e
Snng
Ty | 2 |
o £ |
o I
& o i
b L 0
m1' 1 1 1 L4 2 2 ' - -1 L 'S -
£ 0 (=] (2] L (5] 0
Tema (1o onde) .
L - -
B Sew 807 | 35w
v = " fo= L L ¥ Mot bot o1 9) | Sasg Cpe 11
Cvenl W0 Comr | Diinien A2 i " Adanatx Rar g
el 0B Comar ] WInlwn LMD LiMpm BT Ll
) LR 3 Lewe  B3elen <O LT H -
Gene WY r s | Mt fde
omi W g e S
cda oo 4
-t -a Anadpn b preyen

Where innovation leads to success

Figure 2:
Chromatogram of 1348 ppb Nitrogen in
Carbon dioxide

Figure 3:
Chromatogram of 27ppb Acetaldehyde in
Carbon dioxide

Figure 4:
Chromatogram of 211ppb Carbon monoxide in
Carbon dioxide
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el ol o 7 Connocted to MW Chromatogram of 8.331ppb Benzene in
P 8 Carbon dioxide
LDL calculation
COMPONENT CONCENTRATION PEAK HEIGHT NOISE LDL (3x NOISE)
(7))
Nitrogen 1348 ppb 49.3 mV 0.2 mV 16.4 ppb E
Acetaldehyde 27 ppb 49.1 mV 1.1 mV 1.8 ppb 2
Carbon monoxide 211 ppb 35.4 mV 1.6 mV 28.6 ppb %
=
Benzene 8.331 ppb 215.7 mV 21 mv 0.243 ppb 5
Note: other LDL could be obtained with different injection volume and chromatographic conditions E
o
<
Q
(3]
STABILITY:
Mm_ p— — |
Historic Values 3]
Date[Time Nz C2H40 co C6H6 ta
Aug/18/2016 03:07:47  24.596 0.783 10.601 57.229
Aug/18/2016 07:50:32  24.678 0.783 10.601 57.165
Augl18/2016 07:33:17  24.606 0.734 10.597 57.110
Aug/18/2016 07:16:00  24.583 0.73% 10.615 57.026 8
Augf18/2016 05:58:45  24.579 0.734 10.613 57.102
Augl18/2016 05:41:29  24.617 0.733 10.613 56,838
Augl18/2016 05:24:13  24.768 0.732 10.617 $6.933
AuQ/18/2016 06:06:57  24.742 0.781 10.617 56,960
Augl18/2016 05:49:41  24.627 0.730 10.601 56,890 =
Augl18/2016 05:32:25 24.720 0.780 10.599 56.752
Aug/18/2016 05:15:10  24.687 0.730 10.59% 56.860
Aug[18/2016 04:57:54  24.762 0.730 10.596 56,920
Augl18/2016 04:40:38  24.797 0.780 10.599 56.879 Figure 6:
Augl18/2016 04:23:22  24.827 0.780 10.599 57.006 The results show the stability over a period of
ww'f.mls SL0NE, 3108 S $0:90¢ 904 ¥ 15 consecutive cycles. The units for nitrogen,

- v T \ - f acetaldehyde and carbon monoxide are ppm
More... On Chart... | Print Ok Dedet
) L8 : = and the unit for benzene is ppb
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LINEARITY:
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N2 CONCENTRATION
1.348 ppm

4.856 ppm

30.518 ppm

60.6 ppm

99 ppm

Figure 7:
Impurity : nitrogen

CO CONCENTRATION
0.211 ppm

0.343 ppm

1.285 ppm

6.521 ppm

12.5 ppm

Figure 8:
Impurity : carbon monoxide

ACETALDEHYDE
CONCENTRATION

9 ppb
27 ppb
57 ppb
129 ppb
461 ppb

Figure 9:
Impurity : acetaldehyde

N2 RESPONSE
49 mV

141 mV

651 mV

1210 mV

1885 mV

CO RESPONSE
35 mV

50 mV

199 mV

1000 mV

1910 mV

ACETALDEHYDE
RESPONSE

18 mV
49 mV
104 mV
221 mV
812 mV
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3000 - BENZENE BENZENE RESPONSE
CONCENTRATION
2500 - 2511 8.331 ppb 216 mV
2000 - 16.532 ppb 403 mV
24.212 ppb 567 mV
1500 - 57.158 ppb 1296 mV
1000 - 110 ppb 2511 mV
500 -
0 T T T T T 1
02 04 06 08 0 100 120
Figure 10:
Impurity : benzene
CONCLUSION:

Our solution detects traces of gas impurities required by the food and beverage industry for Carbon Dioxide. The complete spectrum
analysis can be covered with one single MultiDetek2 unit using the PlasmaDetek2 detection technology. It can detect sub ppb
concentrations that are required for this type of application. It combines the analysis of different gas types that are usually very difficult
to do with the same instrument. The MultiDetek?2 offers a solution with an integrated PC interface that offers standard communication
protocols compatible with all market standards.

www.ldetek.com Where innovation leads to success
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APPLICATION NOTE 9

LD17-02 L Derek

Gas analysis for wineries

ML ngrFk?
]

In the wineries for proper wine production, inert gases like nitrogen, carbon dioxide and argon are used for sparging,
blanketing as counter-pressure to move wine(usually from barrels), as well as to flush transfer lines and tanks prior
to moving wine or juice. Sparging involves the introduction of a stream of very fine gas bubbles to help add or remove
dissolved Oxygen or CO2. Blanketing partially-filled tanks attempts to maintain an inert gas layer above the wine/
juice surface in the hope of minimizing wine/air contact. The main reason for the use of inert gassing is to prevent the
growth of aerobic microorganisms in the wine. The gas chromatography is a well known analysis technique to ensure
the measurement of the purity and to control the production of wine to achieve the best quality.

LDETEK SOLUTION:

Using the PlasmaDetek2(PED) plasma detector and the MultiDetek2 compact gas chromatograph, the analysis of the most critical
impurities in carbon dioxide, nitrogen and argon used in wine production can be achieved with a single unit.

The configuration uses one channel for trace analysis of 02-N2-CO2-Ethanol with the PlasmaDetek2(PED) optimized for low
concentrations. The second channel is configured with a conventional TCD optimized for high concentrations in % for 02-N2-CO2-
Ethanol. This dual detectors configuration allows covering a wide analysis range.

» Channel#1: Trace 02-N2-C02-Ethanol
» Channel#2: % 02-N2-CO2-Ethanol

Since the sample volume and pressure for this type of application is limited, the MultiDetek?2 is equiped with a mini pump that sucks
the right amount of sample to fill the sampling loops correctly prior to run the analysis. The parameters can be adjusted by the user
easily from the software interface depending of the sample line selected. The sample collection system is designed(leak free) for low
02-N2 analysis performances without air contamination.

The advantages of our solution over standard chromatograph systems is based on the use of Argon as carrier gas with the PlasmaDetek?2.
It allows an easy GC configuration that can measure 02-N2 with a single column configuration, having low operarating cost and getting
good sensitivity at ppb level. This isn’t feasible with standard ionisation detector because of the use of Helium as carrier gas, the 02
analysis becomes not possible and the operating cost are higher.

Where innovation leads to success www.ldetek.com
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RESULTS

The results show the performances of the system for each pre configured method used to measure impurities in each sample type.

Method #1 is configured and calibrated for trace (Ar+02)-CO2-ethanol in sample gas nitrogen.
Method #2 is configured and calibrated for trace N2-CO2-ethanol in sample gas argon.
Method #3 is configured and calibrated for percent (Ar+02)-N2-ethanol in sample gas carbon dioxide.

Span calibration chromatogram for Nitrogen method: Span calibration chromatogram for Argon method:
Multidete 2 ) s Mulidetek 2 Agon — )
Configuration  Chromatogram  Settings  Cabbration  Disgnostics  About Quit Configuration  Chromatogram  Settings  Calibeation Disgnostics  About Gt
i Date Al Time £ 07/01/2016 01:43:30 Chiomatogram Diate And Time : D430/2006 20:00:40
" Tee M e SX8THT, 1R 72T
.mo.: 40004
<300 , ~300E @
Emn-: e Emansl E 1000 Lad [ e
. F P g F |
§‘:vsm-: | a0 f
10008 4 ' 100088 e g By
0L so0£
o - - - - - - - - < n-””ufnlledu””x'a””ar‘n””séulHlmlulréul”Isdv””séu””ww
Tima {seconds) Time (pecands)
e % Fiow Pesk R | Atoratic Restart P (StatCyce P | oot own  x Fiow Pask R ] usamatc f: =
Ovenl 800 Carrier ] 200 mifsn A+02 - 4%01pom  R1 1] ustomatic Rangng F4. E] Ovenl 0.0 Carier b 20,0 mifimins L S.P5ppm R i;‘;wmi (EEeTY
oven? SRS Carrier 20,0 mijasn 02 6W2eom Rl MertF1 L Ovenz 800 Carrier2 20,0 mijmin €02 6.M2pem Ri Mert £ Erme
Owvend 59 X Ethanol R2 ¥ .4 5
o Samgle  54.9 limin 8.0 ppm @ m :: Sangle  54.5 mijmin Ethancl  £.M04ppm A2 E
Instrument Status: Iretrument Status:
Analysis in progress Analysis in progress
Chromatogram of a gas mixture containing 4.4ppm 02, 6.1ppm CO2 and Chromatogram of a gas mixture containing 5.7ppm N2, 6.1ppm CO2 and
6.0ppm ethanol in a balance gas Nitrogen. 6.1ppm ethanol in a balance gas Argon.

Span calibration chromatogram for Carbon dioxide method:

L5 02 T e = =
Configueaticn  Chrematogram  Settngs  Calbrabon  Diagnostics  About  Quit
Cl Dabe And Time : 05/25/2016 22:29:03
37 907, B42 000
000
I Al
4000 -
—_ = frang
£ 300
@
E F
£ 2000+
L
1000+ ¢
R P 0 W it A 0 S 4t S L L o s £ o
200 300 400 500 500 0 800 900 1000
Time (seconds)
A it
Chromatogram of a gas mixture
Z':‘ :” o ey ::” i :‘ 4"""‘:"”"“:@ Bt containing 1% 02, 1% N2 and 1%
Comlar y ] Autematic Ranging| )
Cvenz :ﬁ Carier2 200 mijmin ::w' lL_:sm R1 Hert F2 Pt ethanol in a balance gas Carbon
Owvend 9 Gampie K 14 % R1 . N
vt 95 T Hatong Vske dioxide.
Instrument Status:
Analysis in progress

CONCLUSION:

Our solution combines our PlasmaDetek2 for low ppb/ppm concentrations and a TCD for the percent concentrations. Having this dual
detectors configuration, a wide range of analysis can be covered. The MultiDetek2 is configured with multiple methods depending of
the requirements. It is easy for the user to simply load the proper method for his requirement. On request, additional impurities and
methods can be added to the same system.

Our solution is robust and perfectly adapted for the gas analysis used in the wine production sector.

www.ldetek.com Where innovation leads to success
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APPLICATION NOTE Q

LD17-04 L Derek

Trace impurities in Carbon Dioxide
for beverage and food packaging industry

A MultiDetek2 A PlasmaDetek2

With regards to the beverage industry, the dissolved Carbon Dioxide which is used as carbonic acid gives a pleasantly
acidic flavour and a nice mouth-feel when drinking. When it is not present, the drinks taste flat. Being used in many
different fields of food and beverage, the CO2 quality management is essential to meet the market requirements.

The CO2 is produced from different techniques such as fermentation, combustion, ammonia/hydrogen production

and others. It is required by the industry, especially for bottlers to control the supply chain by monitoring the CO2
purity allowing maintenance of the product quality.

LDETEK SOLUTION:

Following the application note LD16-12 this application note shows another configuration of the MultiDetek2 with PlasmaDetek?2 also
related to the beverage industry where the analysis of different components in carbon dioxide is realized.

This configuration has 3 channels to cover the analysis of benzene, hydrogen sulfide, nitrogen and oxygen. Additional channels can
be added if analysis of more components is required. All the components are measured with one type detector PED using Helium as
carrier gas.

» Channel#1: 0-1000ppb benzene
» Channel#2: 0-1000ppb hydrogen sulfide
» Channel#3: 0-10ppm oxygen and nitrogen

A FID analyser LD2000 is added to this solution for measuring THC on a scale of 0-10ppm
A TCD binary gas analyser LD800O is added for measuring 98-100% CO2 purity
A dewpoint meter LD500 is added for the analysis of moisture on a 0-10ppm scale

Where innovation leads to success www.ldetek.com
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LDRACK CABINET:

All the instruments are integrated in the LDrack cabinet. A multiple streams selector system LDGSS selects the right gas lines
for analysis. The stream selector can be controlled locally or remotely with the MultiDetek2 interface. The complete solution is
configured with coated stainless steel tubing to ensure stability of the system. It reduces the risk of surface absorption, especially
for the sulfur components.

B
MultiDetek2 compact GC

with PED detector

—

LDGSS stream selector

-
LD800O0 binary gas analyser with TCD detector

B
LD2000 THC gas analyser with FID detector

B
Compact LDP1000 gas purifier for carrier gas
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LD500 dew point gas analyser with
moisture detector. (mounted on the back side)

. |
Extra sliding shelf
for a keyboard
g |
Robust sliding shelf system to give
a full access to the instrument
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RESULTS:

The results show the performances of the MultiDetek2 system for a standard configuration used to measure oxygen, nitrogen, benzene
and hydrogen sulfide in Carbon Dioxide. The Idl and repeatability results are demonstrated.

- : - Multidetek 2 B - (S
AnaIySIs Of a gas mixture Configuration Chromatogram Settings Calibration Diagnostics About Quit
containing a certified Ch q Date And Time : 08/31/2017 16:13:09
concentration of trace 02-N2- 1252653, 37,452
C6H6-H2S-H20 in balance gas C02 5000
4500
4000
;3500
E 3000 2 Eo
<
2 2500
a o2
§ 2000 s
1500 L
1000 B F o {5 pe
500
clII!II[III!!IIIIIIIIIlIIIIlII
200 400 600 800 1000 1200 1400 1600 1800 2000
Time (seconds)
Oven <  * Flow Peak Re. [ Automatic Restart 73 [startcydeF1||  Export
Ovenl 140.0 LDEPC1  20.0 mifmin 02 1260ppm  R2 [ Automatic Ranging F4 - =
m m; :.: LDEPC2 m.nw@ N2 461appm  R2 rn [ MertF2 || rint
= X E SAMPLE  40.8 milfmin CEHE 375.33ppb R2 _ -
o Ovend 0.0 HS  130.13ppb R2 Streampurge bme. 0 | Historic Value
4 Ovens  45.0 H20  64.52pom Instrument Status:
P4 Ovens  45.0
o HCD1  45.0 Connected
=
S LDL:
=
o
<
() COMPONENT CONCENTRATION PEAK HEIGHT NOISE LDL (3x NOISE)
@ Oxygen 1.260 ppm 987 mV 4.2 mV 16.0 ppb
Nitrogen 4.618 ppm 1961 mV 2.9 mV 20.4 ppb
Benzene 375.33 ppb 1987 mV 12.6 mV 7.14 ppb
Hydrogen sulfide 130.13 ppb 611 mV 12.9 mV 8.24 ppb

Note: other LDL could be obtained with different injection volume and chromatographic condition

REPEATABILITY:

The results below show the repeatability for each component. Three times of the percentage of coefficient of variation (3*CV %) for

each component must be smaller than 5% to meet the requirements.

COMPONENT CV (%) CV%x3 <5%
1 N Oxygen 0.95 2.85
S = - E (I‘i _ T)Q Nitrogen 0.66 1.98
N -1 i=1 Benzene 1.02 3.06
Hydrogen sulfide 0.74 2.22
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Component: 02

Component : N2

Historic Values [m25)
Date/Time oz Nz C6Hs 2
Junf20{201707:53:23 4132 3.350 <L
Junf20j2017 07:35:37  4.126 3.388 <10l
Junf20/2017 07:17:51 4,114 3.380 <ot
Junf20{2017 07:00:05  4.142 3.400 <ot |
Junf20{2017 06:42:19  4.179 3.406 <L 1
Junf20{2017 06:24:33  4.197 3.432 <L
Junj20{2017 06:06:47  4.211 3.435 <ol
Junj20/2017 05:49:01  4.244 3.444 0.068
Junf20{2017 05:31:15 4,246 3.442 <L T
Junf20{2017 05:13:29  4.230 3.433 <LbL
Junf20{2017 04:55:43  4.213 3.414 <ol
Junj20{2017 04:37:57  4.218 3.428 0.089
Junj20{2017 04:20:11 4,229 3.453 <ol
Junf20{2017 04:02:25 4,222 3.447 <ot
Junf20{2017 03:44:39 4,203 3.444 <DL <

[More... | [ onchart... | [ Print | [ ok || pekete | [ cancel |

' Historic Values (=53]
Date{Time 02 2 C6H6 2
unf20/2017 07:53:23  4.132 3.380 <ot
unj20/2017 07:35:37  4.126 3.388 <ot
unj20/2017 07:17:51  4.114 3.380 <LoL
1unj20/2017 07:00:05  4.142 3.400 <LoL L
Junj20/2017 06:42:19  4.179 3.406 <ot 1
Junj20/2017 06:24:33  4.197 3.432 <ot
unj20/2017 06:06:47  4.211 3.435 <ot
unj20/2017 05:49:01  4.244 3444 0.058
Junj20{2017 05:31:15  4.246 3.442 <LoL T
unj20{2017 05:13:29  4.230 3.433 <LoL
unj20{2017 04:55:43  4.213 3414 <ot
Junj20/2017 04:37:57  4.218 3.428 0,089
unj20/2017 04:20:11  4.229 3.453 <ot
Junj20/2017 04:02:25  4.222 3.447 <LoL
unj20/2017 03:44:39  4.203 3444 <LoL 4

[More... | [onchart... | [ Pprint | [ ok | [ pelete | [ cCancel |

Component : C6H6

r —
Historic Walues =
Date/Time 02 N2 C6H6 I~

Junf22{2017 07:31:16 0235 0.721 217.452
Junf2zfz017 07:11:09 0237 0.721 216,403
Junf22{2017 06:51:02  0.238 0.722 216,805
Junf22j2017 06:30:55  0.237 0.782 216.725 -
Junf22{2017 06:10:48 0,237 0.718 212,25 1
Junf22f2017 05:50:41  0.239 0.728 213.026
Junf22{2017 05:30:3¢ 0238 0.722 214,129
Junf22{2017 05:10:27  0.234 0.729 217.782
Junf22{2017 04:50:20  0.236 0.735 214.711 T
Junf22j2017 04:30:13 0,239 0.739 214.861
Junf22/2017 04:10:06  0.240 0.746 214.218
Junf22{2017 03:49:59  0.241 0.753 213.506
Junf22f2017 03:29:52 0239 0,739 208,152
Junf22{2017 03:09:45  0.239 0.777 207.693
Junf22{2017 02:49:35  0.236 0.736 208.471 -
| More... | | OnChart... J ok | | Delste J Cancel

CONCLUSION:

Component : H2S

'Historic Values ==
Date/Time 02 N2 H25 CeHe i
Julf03/2017 06:48:40  <LDL 0.021 200.383 <DL
Julf03/2017 06:28:33  0.011 0.030 199.310 0.057
ulj03/2017 06:08:26  <LDL <DL 199,189 0.089
ulj03[2017 05:48:19  <LDL <lbL 201.363 0.065 3
ulj03/2017 05:28:12  <LDL <lDL 202.909 <LbL 1
Julj03/2017 05:08:05  <LDL <lDL 201.060 <LbL
Julf03/2017 04:47:58  <LDL <LDL 200999 <LDL
lf03/2017 04:27:51  0.007 0.020 202.269 0.403
Jul03/2017 04:07:44 <L0L 0.030 200.069 <L0L i
ulj03/2017 03:47:37  0.009 0.030 199.016 <LbL
ulj03/2017 03:27:30 0,007 0.030 199.152 <LbL
lj03/2017 03:07:23  <LDL <lDL 199,657 <LbL
ulj03/2017 02:47:16  <LDL <LDL 197,671 <LbL
Julj03/2017 02:27:09  0.001 0.019 196,237 <DL
lf03/2017 02:07:02  <LOL <LoL 193.154 <LOL =

[more... | [onchat... | [ prnt |

(L ok ] [(pelete ] [concel ]

Our solution combining multiple LDetek instruments to achieve the complete carbon dioxide analysis all in one cabinet well demonstrated
the capabilities to meet the food and beverage industry requirements. Have a look at our complementary application note LD16-012
that demonstrates other capabilities and results related to this market.

www.ldetek.com
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APPLICATION NOTE

PST
LD - rRocsene | LDelek

Analysis of trace impurities in UHP Carbon Dioxide

A PlasmaDetek2 A MultiDetek3
patent US 9,310,308 B2
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Carbon dioxide is commonly used as a raw material for production of various chemicals; as a working material
in fire extinguishing systems; for carbonation of soft drinks; for freezing of food products such as poultry,
meats, vegetables, and fruit; for chilling of meats prior to grinding; for refrigeration and maintenance of ideal
atmospheric conditions during transportation of food products to market; for enhancement of oil recovery
from oil wells; and for treatment of alkaline water.

The most common operations from which commercially produced carbon dioxide is recovered are industrial plants:
¢ Chemical plants (for ammonia and ethanol)
¢ Refineries
* Hydrogen production
¢ Fossil fuel power plants
¢ Industries such as iron and steel, cement, pulp and paper, etc.

Instead of being vented in environment during the production process, the CO2 can be captured, purified and liquified and then be re-
used to a huge diversity of applications from horticulture and welding to cryogenic cleaning and carbonated drinks. Carbon recycling
not only contributes to climate and environmental protection, but it also has the added bonus of low supply costs and immediate
availability of the gas. Alternatively, the CO2 can be sequestrated (in other words, stored underground) to mitigate the climate impact
of industrial processes that rely on the combustion of fossil fuels.

Where innovation leads to success www.ldetek.com
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LDETEK SOLUTION

The purity CO2 solution proposed here with the MultiDetek3 gas chromatograph is for the analysis of trace impurities H2S-COS-C6H6-
S02-CO-CH4-C2+. The PED with Helium carrier gas has been configured for the ppb/ppm trace analysis of sulfurs, benzene, and
carbon monoxide. An additional channel configured with an FID is used for the analysis of THCs/VOCs

The MultiDetek3 CO2 purity analysis system here has been configured with a range of 0-10ppm with Idl at 5-10ppb for sulfurs,
benzene, and carbon monoxide with the PED. The FID channel used for THCs/VOCs has been configured for 0-100ppm with Idl 25ppb.
Other configurations are possible on request.

RESULTS

Chromatograms (Span calibration) of trace impurities H2S-COS-C6H6-S02-C0O-CH4-THC in balance gas C02

5000
4500
4000_3 Hzs COS o s02
3500 f
€3000
2 2500
£ 2000
1500—; é,
1000-{- 9 1. -
500
ozllli‘ -ll[ll‘lTl]ll.Aifliil1[]111[-1[1T11L.
100 200 300 400 500 600 700 800 900
Time (s)
Peak Unit | Calibration Value _Area Counts
H2S ppm 10.000 25601
cos ppm 8.280 25748
CBH6 ppm 10.000 67624
S02 ppm 10.200 44059
www.ldetek.com Where innovation leads to success
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IIrarTraT

TTT 17T

TTTT 1710

i

1 1 1 L |- Il |

300 400

500 600 700

Time (s)

Peak Unit

Calibration Value

_Area Counts

co ppm

107.000

49123

CH4

TT0F TT00 TI071

TTTT U111

UL LR L L

300 400

500 600 700

Time (s)

Peak Unit

Calibration Value

_Area Counts

CH4 ppm

98.800

27413

C2+ ppm

100.000

159413

Where innovation leads to success
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Limit of detection (based on 3 times the noise level from a blank)

COMPONENTS CONCENTRATION (ppb) PEAK HEIGHT NOISE LDL (3x NoISE)
H2S 9531 2918mV 0.58mV 6ppb

cos 9823 2978mV 0.36mV 4ppb

C6H6 7449 3652mV 0.77TmV 5ppb

S02 10191 3026mvV 0.59mV 6ppb

(6{0) 9531 2928mV 0.58mV 6ppb

CH4 98 20mV 0.42mV 6ppb

C2+ (THC/VOC) 510 16mv 0.26mV 25ppb

Note: other LDL could be obtained with different injection volume and chromatographic condition.

Historic Oct/20/2022 08:43:45
s 5 ’
apo{ [Cegend] o o
150!1«_ é
Basonf
&
2
Izma.
1500 i
" (2]
. - 1]
wuu’1l|ll\lkIlllllllll!lllll T s
226 210 235 240 248 20 ES 260 268 210 28 >
Time (s) v
< > 4
Peak R 9
Histodic... ak Results x @ =
_Ama| Retenti.| Height SensorAvg. SensorMdes Pk Moise | g
| ¥ THCV.. <LOL ppm 043773 T4 09 90.028 0532 0.95 | : -
| g0 - - - ois - - 0.958 ETodks.. T
| X Has 9531 ppm 15601 2538 2917971 443418 0584 0583 o
| & 3 2917.945 - <
|% co <LOL ppm 0000000 2050 0000 151252 0532 0338
) - - - - 3 . 0.3% (<}
I)! Cos 9.823 ppm 25748 2922 2971433 2373.004 0357 1.097 o™
| oh 8282 ppm 25754 - - - - 0.214
|
Historic Oct/20/2022 08:43:45
“i
45004
=
3
35004 I
=30004
2
s
§2500
@
(<
2000
15004
001y TrTT
280 285 290 29 300 305 30 315 320 325 330
Time (s) v
< >
Hetoric,., | Peak Results % g8
E @ _Area  Reterti. Heght  Sensor Avg. Sensor Noise  Peak Noise
¥ THCV.. <DL ppm 0437173 74 0191 %0028 0.532 0.959
&) . - - 019 - - 0.958 kTodks...
¥ Hs 9531 ppm 25601 2538 2017971 SM3418 0.584 0.583
&) 9977 ppm 25543 . 2917945 - 0.584
¥ co <DL ppm 0000000 2050 0000 151252 0.532 0.398
(5] - - - - - - 0.399
¥ cos 9823 ppm 25748 2922 2977633 2373004 0.357 1097
] 8282 ppm 25734 . . - 0214
www.ldetek.com Where innovation leads to success

427



Historic Oct/14/2022 06:36:12

~

| BupuaiL | sosuag

600 620 640
v
>
Hstoric.. | Peak Results X B (&)
Export... 1 _Area  Retenti... Height Sensor Avg. SensorNo.. Peak Noise _-Pri|t
|3 THC-v.. <LDL m 136818 435 0.806 88.804 0.201 0361 |
po
~Gh - 4 2 ] B - . [Chart Tools...
b <LDL ppm 184088 2422 4005 5543583 3.183 474
Lgh 2 g z 3 = 5 :
<LDL ppm x x X . B
o LDL py 465206 2836 0.859 1328987 1.209 1511
= : - 5 ] : : :
¥ cos <DL ppm  1.88312 299.0 0.749 1722253 0.774 0.774
£ f.') - - - a) - . -
x C6H6 7449 ppm 74488 538.0 3651.933 1722.253 0.774 0.774
inalog Input Diad ©.g8 = : u : =
(2]
T
==
(=)
4
P4
° ote Desktop Connection o
=
g Configurstion Chromatogram  Settings Calibration Tools About Quit
= Historic Oct/21/2022 06: 37:55
& "1
< #5201 [Logenc] -
o. 4000 §'
=
™ 3500
Eaunn
&
£2500
7 2000
1500
1000
50041+ S T T [ [
&20 820 540
Time (s} ~
< >
Hstorc.... | Q Peak Results X ?
B | _Aea Reterti Height  Sensor Avg.  SemsorMoise  Peask Moit | £
x H2§ <DL ppm 592102 2515 0.926 3341241 0.593 05aF 3
| -gH - - 2576 0.929 - - 0.5 E'rads
¥ co <LDL ppm  4.57895 2753 D608 1492489 0.594 Dl
| g9 - - - 0.618 - - 04
3 cos <DL ppm 147563 2951 0.204 2366078 0.343 0.2
| ‘g9 - 1.59391 - D24 4 -
:x CEHE <LDL ppm 0.085677 580.5 0.000 2366078 0343 0.2
| L] . 11.5985 5 0.298 5 -
;}': 502 10,191 ppm 44059 368.5 3026.223 5341.241 0.593 37
| 6® 10263 ppm 44329 = 5 = - 3.7\‘
K 3
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Historic 0ctf21/2022 09:33:41
"
q
4000 i
3500 =
Emn-
2
Szs00]
3
&
2000
15004
pes CRR
1000 s -
PN N AN NN R AN N B BT L - AN e AR N R E B )
270 215 280 85 250 295 300 305 30 us 20 32
Time (s) v
< >
— Peak Results X B
Historic... - 2 %9
4 _Amea  Retenti. Height  Sensor Avg. SensorMoise  Peak Noise b
Export... x THC-V... <LDL ppm  0.000000 390 0.000 90.162 0.174 0277 Print
1 gy = o o - - - 0313 |
¥ HES <DL ppm 303032 2R3 0607 5395464 0.282 0.282 [t Tock..
b - - - 0.605 - - -
¥ co 9,531 ppm 49123 2904 2927933 1554429 0.584 1.600
@ o : : :
¥ cos <LDL ppm  0.000000 307.5 .000 2396.603 0333 10.200
o - B - - .
Historic Oct/06/2022 17:32:19
~
|
" (Cegena) b
11s{ g
z I
Eiono
g‘ -
£ L
S
a [
1005 ] f)‘.}“}
[ e
L SrassEaTs
L s
1000 f" b o 2¥a %% ———
: L) 111 |- 11l | -] |- 11| 111 |-} |- LI -
28 30 2 3 ® 40 a2 44 3 48 50
Time (8} v
< >
o Peak Results x Iy |
= _Area Retenti.. Height  Sensor Avg. Sensor Noise ~ Peak Noise _
T X THCV.., 0510 ppm 973816 346 16367 361.995 0.263 0474 “
¥ HS <LDL ppm 0000000 2250 0000 5132817 1.037 204 | | rartToos... |
¥ co 0782 ppm 338945 289.8 20.842 1415.468 0.682 0.852
x C6HB <lLDL ppm  0.000000 3250 0.000 2079.126 0378 0.757

Repeatability: Based on the GC stan-
dards. Using 6 of 10 consecutive runs,
being lower than 5% of 3*CV%
Linearity: Based on the GC standards.
A linear curve having its R2 at a value
between 0.998 and 1.00.

Accuracy: Based on the GC standards.
<= 1% of error or Idl whichever is higher

The MultiDetek3 configured with PED and FID modules can offers a good analytical solution for trace ppb/ppm impurities for quality
and validation of purity CO2 required by the industry. The gas chromatograph is configured with standard industrial communication
protocols and remote-control interface. The platform is modular to adapt any of additional requirement in terms of purity CO2
production. The MultiDetek3 is a very robust gas analyzer configured for industrial market to run 24/7.

www.ldetek.com
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APPLICATION NOTE 9
LD25-03 = oo

Analysis of trace impurities
in UHP Carbon Dioxide

A Carbo2Detek
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Our Carbo2Detek system has been configured here for a European customer involves
in the production of carbon dioxide used for the beverage carbonisation industry.
The system is configured in regulation with the standard European industrial gases
association (EIGA).

LDETEK SOLUTION:

The purity CO2 quality control solution proposed here with the MultiDetek3 gas chromatograph is for the analysis of trace impurities
THCs/VOCs-H20-02-CH4-CO-H2S-COS-S02-CH3CHO (acetaldehyde)-CH30H (methanol)-C6H6(benzene)-NH3(ammonia) and NOx. The
PED with Helium carrier gas has been configured for the ppb/ppm trace analysis of oxygen, methane, carbon monoxide, sulfurs,
acetaldehyde, methanol, benzene and ammonia.

An additional channel configured with an FID is used for the analysis of THCs/VOCs. Another channel configured with a quartz crystal
detector allows the analysis of trace water.

And finally, a separate third-party analyser using chemiluminescence has been integrated for the analysis of NOx.

Where innovation leads to success www.ldetek.com
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COMPONENTS

THC
02
CH4
co
H20
H2S
COS
S02
CH3CHO
CH30H
C6H6
NH3
NOX

Note: Other configurations with more/less impurities to measure and different ranges/Idl are possible on request.

RESULTS:

RANGE (PPM)
0-100
0-100
0-100
0-100
0-100
0-10
0-10
0-10
0-10
0-100
0-100
0-10
0-100

LDL (PPB)

100
100
100
100
100
10
10
50
50
100
100
100
100

INSTRUMENT

MultiDetek3
MultiDetek3
MultiDetek3
MultiDetek3
MultiDetek3
MultiDetek3
MultiDetek3
MultiDetek3
MultiDetek3
MultiDetek3
MultiDetek3
MultiDetek3
Third party

TECHNOLOGY

Flame ionization detector
Plasma emission detector
Plasma emission detector
Plasma emission detector
Quartz crystal detector

Plasma emission detector
Plasma emission detector
Plasma emission detector
Plasma emission detector
Plasma emission detector
Plasma emission detector
Plasma emission detector

Chemiluminescence detector

See the typical chromatograms (Span calibration) of trace impurities THC-02-CH4-CO-H2S-C0S-S02-CH3CHO-CH30H-C6H6-NH3 in

balance gas CO2. Each of the chromatogram has been performed in a balance gas carbon dioxide.

5000 =
4500
4000
ASSOO{_ "
E 5000 | 5
gzsooﬂ; '
2 2000
1500 -
1000_‘5 THC [ o2 |
500-{
0— llI[IIlTlllIT[iI1I [llll‘!llllll
0 200 300 400 500 600 700 800
Time (s)
Peak Unit | Calibration Value _Area Counts
THC ppm 96.82 12940
02 ppm 96.82 18862
CH4 ppm 96.82 42903
co ppm 104.34 60668

www.ldetek.com
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4500
4000-{
3500 |
= = i
E 3000 ! \
® = 3 b
2 2500-_ » j
= A ]
@ 2000 g g
:- 1
1500-{ 8 g
= oL Dl
1000 hes | cos
500
_
O'III|II!IJ‘IIII'lIIlIIIllrIIJIIIIIIIIJIIIIllllilllIlI
0 100 200 300 400 500 600 700 800 900 1000
Time (s)
Peak Unit | Calibration Value _Area Counts
H2S ppm 10.72 8840
" cos ppm 8.90 9213
w
=
o
Z
P4
=)
=
o 50001
5 4500+
& =
o 4000
@ 3500-{ 3
E 3000 ™
E = ‘ol
2 2500 &
2 2000-{- b2
= |
1500 A
- J 202N
1000“: 202
500
-
U‘llllllll1I1111!II1'TliIJTllltzllllrl'-llTI!llillliil
0 100 200 300 400 500 600 700 800 900 1000
Time (s)
Peak Unit | Calibration Value _Area Counts
S02 ppm 10.00 2068
Where innovation leads to success www.ldetek.com
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4500
4000
3500
£3000
% 2500
2 2000
4 8
1500
10004 cHacho
500
F
U"Illl[ll|IIIIIJI1IJ|[illI‘Illlll;llIIIiIIIJII[[lII1J|
0 100 200 300 400 500 600 700 800 900 1000
Time (s)
Peak Unit | Calibration Value _Area Counts
CH3CHO ppm 10.00 7206
(72]
1]
=
(<)
4
4
=4
=
50001 §
- o |
4500—: E
4000 o
3500 @
€ 3000-
2 2500
2 2000
1500
1000-|- Erson
5004
- [ PS: auto |
U-IIIII!1Ii']IPIII11|[I|IITIllrlilIl'IlII[I.‘II1I|[I]II
0 100 200 300 400 500 600 700 800 900 1000
Time (s)
Peak Unit | Calibration Value _Area Counts
CH30H ppm 100.00 45406
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0 100 200 300 400 500 600 700 800 900 1000
Time (s)

T

Peak Unit | Calibration Value _Area Counts

NH3 ppm 10.00 295405

CONCLUSION

Our Carbo2Detek turnkey solution including the MultiDetek3 gas chromatograph configured with four technologies PED, FID, quartz crystal
and chemiluminescence makes it ideal to be aligned with the standard European industrial gases association (EIGA). The Carbo2Detek is
configured with all standard industrial communication protocols and a remote-control interface. The platform is modular to adapt any of
additional requirement in terms of purity CO2 production. The system fills all the quality and safety requirements of the gas production industry.

Where innovation leads to success www.ldetek.com
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APPLICATION NOTE

PST
LD24-03 === e

MultiDetek3 gas chromatograph
uses for medical & pharmaceutical applications

o

]

o

A MultiDetek3

LDETEK SOLUTION:

The MultiDetek3 gas chromatograph can be configured with a TCD (thermal conductivity detector) and/or a FID (Flame ionization
detector) in the same instrument for the different applications requires by the European pharmacopeia standards. This application
note shows the different configurations and results. Depending on the standards, the GC is configured with FID and/or TCD modules.
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Various applications possible :

» Nitrogen: Analysis of % N2 by TCD (% 02 optional) » Carbon dioxide: Analysis of ppm CO by FID/methanizer
» Nitric Oxide: Analysis of ppm N20-C02-N2 by TCD » Nitrous Oxide: Analysis of ppm CO by FID/methanizer & ppm C02
by TCD inside the same unit

RESULTS - NITROGEN ASSAY

Chromatogram of UHP Nitrogen Chromatogram of a gas mixture containing 3% Oxygen & 97% Nitrogen
Historic Febj25/202D 14:06:06 Historic Feb/25/2020 13:46:57
. ¢
ss00-F (L2808 ] E asoo £ |9 ]
E g 3 g
AEIOEI-: 3 E E
3500 B t
sk F
EsmooL L
Easo0 L L
Z2000F L
ox E =
1600 L
Jon 3 o E
o f sno—i
PR T T N T O T O T O I S T O S SO S A
20 0 a0 20 100 120 140 160 180 200 20 40 60 80 100 120 140 160 180 200
Time (s) Tirme (s)
Peak Results oo | Pesk Results o5
_Aiea  Retenli Height  SensorAvg  SensorMoise  Peak Noise _Aea  Retenti... Height  Sensordwg  SemsorNoise  Peak Naise
¥ o2 0008 % 133105 38 05 3607807 0.766 1380 302 3007 % 504.430 38.2 32 3.207
¥ w2 98948 % 15569 551 3001219 3607.907 0,766 1360 Chart Tooks... x 96992 % 17 5.2 2916956 3607.664 1832 3207 Chart Tooks...
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10 consecutive analyses to demonstrates a quick overview of the stability

Start 02 N2

2020-02-21 11:47 3.007 % 97.024 %
2020-02-21 11:46 3.009 % 97.030 %
2020-02-21 11:44 3.004 % 97.038 %
2020-02-21 11:42 3.007 % 97.047 %
2020-02-21 11:40 3.008 % 97.045 %
2020-02-21 11:39 3.002 % 97.047 %
2020-02-21 11:37 3.004 % 97.031 %
2020-02-21 11:35 3.008 % 97.034 %
2020-02-21 11:33 3.008 % 97.033 %
2020-02-21 11:32 3.007 % 97.021 %
2020-02-21 11:30 3.015% 97.000 %

TEST FOR N2 FOR PHARMACOPEIA

(2]
]
=
100% N2 99.9% N2 =
o -—— e
Configuation Cheomatogram  Seftngi  Calbiation Tooh About Quit | Configumation | COwsmstegram  Semtings  Calbeation Tooh  Absut Quit Q
Historic 2162004 10:40010 Misteric Jenf L4202 129398 E
i i 3}
a0 E 0 E‘ﬁj ] :
- | = | B
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§m ? o
] 000 4
gowo im ™
- . &
200
e 1 150
" - | e -] I : L [ oot
E] ] ] ]
e (0} -

oaen. i — (T
— P
| Request...
[ it [ mpont | Conpore ook [ Rovest [ ocl | s o | oo | oo |t o
. Descr... N2
Dosoipion je 1 Historic -
1Historic - =Tue, Jan-1.. 1
= Tue, Jan-16-2024 0 12:40:42 98.90
11:05:49 100.00 12:35:04 99,90
11:02:59 100.00 123214 99.90
11:00:08 100.00 12:20:24 99.90 L
10:57:20 10000 |2 12:26:35 99.90
10:54:29 100.00 ot S N
10:51:40 100.00 12:20:53 99.90
10:48:50 100.00 12:18:04 99,95
12:15:14 99.89 L
10:46:00 100.00 12:10:08 99.95
10:43:10 10000
10:40:10 100.00
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99.8% N2 99.5% N2

Tiocwem T Bk
Configunation  Cheomalogram  Seftingt  Cadbstion Tosh  Absut Quit Configuation  Creomatogram
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(%) RESULTS - NITRIC OXIDE ASSAY
Chromatogram of a gas mixture Chromatogram of a gas mixture containing 1500ppm N2-

containing 3000ppm N2-C02-N20 in a balance of Nitric Oxide. @ C02-N20 in a balance of Nitric Oxide. Considering a ratio of
3 times the noise level, the LDLs for the N2-C02-N20 have
been established at 10ppm.

Historic Mar 18/2020 16:02:28 Historic Mar{18/2020 16:19:21
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| Peak Results

_Avea Retenti.  Height Sensorfuvg, SensorMo.. Peak Noise
¥ M2 1556.064 ppm 13651  130.0 1523.708 227.931 0.130 1826
¥ coz 1516673 ppm 25752 3180 1498.208 227.931 0.130 2609

}C M20 1558.422  ppm 37136 419.2 1570.043 227.931 0.130 3.261

_Area Retenti.,  Height Sensorfwa. SensorMo..  Peak Noise
¥ n2 JILAL ppm 26506 1295 3050.036 240,766 0757 10586
¥ coz 1985489 ppm 50743 3164 2940640 240,766 0757 15.137

x MN20D 3012615 ppm TiT88 416.9  3036.079 240.766 0.757 1s.921

Chark Taols..,
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RESULTS - CARBON DIOXIDE ASSAY

Chromatogram of a gas mixture

containing 5ppm CO in a balance of Carbon dioxide.

Chromatogram of a gas mixture
containing 1ppm CO in a balance of Carbon dioxide.

Historic {12020 10:5709 Historic 2ul/13/2020 11:25:02
5000 - § 2 %
:mf bapend = 4500 =
(M-- g 4000 g‘l
ERLE N 3500
%W [ Eauuu-
E?snn f éz&nn—
?:mm ; El%zmm— =
15004 15004 %\
HW': 500-]
-.--N...m..-w...w...‘w..{”n ..M-. \ZD\ m. \GD. \sn..\m. \m\..m\.
Tme {s) - Time (s} v
S I g et x | < £ Pesk Results X 2
"’“*'_;-l _Area Retenti..  Height Semsor g SensarMo..  Peak Moise 6_"_ | Historicy _Area Retenti..  Height SemsorAvg. SensorNo.. Peak Noise ‘ ]
qu): co 4983 ppm HumME 576 3440015 a7 (RE"S 1,240 ‘m)ﬂ co 1009 ppm 5007 558  T18.046 239.345 0.908 9.057 print
Chromatogram of a gas mixture containing 0.1ppm CO in a
balance of Carbon dioxide. Considering a ratio of 3 times the
noise level, the LDL for the CO has been established at 25ppb.
Historic Julf13/2020 11:59:38
=
1150-] B
11004 'g
Emsn—
EH}DD-
EBSD*
500+
8504
8004 . L . . L . . \ . . . \
20 40 &0 80 100 120 140
Time (s) v
LE Peak Results X >
[ Historic) _Area Refenti..  Height SensorAvg. SensorMo.. PeakNoise ] |
l_m}c o 0110 ppm 546771 554 84425 242,597 0609 6.028
Repeatability Test: 10 Cycles @ 1.2ppm CO in CO2 balance
Peak Average Standard Deviation Coefficient of Variation (%) 3*CV (%) Status
co 1.21985583 ppm 0.00428070 035 1.05 -
Start co
2020-07-13 16:28 1.227 ppm
2020-07-13 16:25 1.220 ppm
2020-07-13 16:22 1.216 ppm
2020-07-13 16:20 1.213 ppm
2020-07-13 16:17 1.216 ppm
2020-07-13 16:15 1.219 ppm
2020-07-13 16:12 1.222 ppm
2020-07-12 16:10 1.225 ppm
2020-07-13 16:07 1.222 ppm
2020-07-13 16:04 1.219 ppm
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RESULTS - NITROUS OXIDE ASSAY

Chromatogram of a gas mixture containing 1ppm CO on FID/methanizer channel and 200ppm CO2 on TCD channel in a balance
of Nitrous oxide. Considering a ratio of 3 times the noise level, the LDL for the CO has been established at 25ppb and it has
been established at 10ppm for the C02.

Historic Julf13/2020 11:30: 14 Histaric Marj18/2020 17:27:49
n g i g-
@
Tegend =
z (=) =
= =
E]
4000 3 130 g.
= 3
3500 —
200
Eannn— g
@
22500 gnm
g2 5 g
£2000-] &
[+ b yo00
1500 i
800 =
500
L L L (I (I L L [ L L L good Lt ) ) | (] | (I} Ll L TR} A
20 40 &0 ) 100 120 140 50 100 250 200 250 00 350 400 450 00
) > Tine (£) -
< Pesk Results X > = it
Historic, _Area Retenti. Height SensorAvg. SensorMo.. Peak Noise 6o |
Export| & €O 1000 ppm 4960 603 594.964 237510 0752 7523
CONCLUSION:
.

The MultiDetek3 gas chromatograph configured with a TCD and an FID in the same instrument makes it the ideal GC to fulfill the
European pharmacopeia standards. Having both detectors in the same gas chromatograph makes it very compact. This application
note well demonstrates the performances of the unit in different configuration requires by this medical market. The instrument comes
with a large touchscreen interface, all the communication protocols and the data storage required. The LDChroma+ combined with the
LDReport software are the right tools for this type of application.
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APPLICATION NOTE 9

LD20-02 Detek

MultiDetek2 gas chromatograph with PlasmaDetek2
detector uses for hydrogen isotopes separation and the
analysis of impurities in Deuterium

A MultiDetek2 A PlasmaDetek2

LDETEK SOLUTION:

The complex analysis of the impurities in a sample gas containing high purity deuterium (D2) can be realized with our gas chromatograph
model MultiDetek2. The detector uses for the trace impurities is the PlasmaDetek2, which is configured with its selective optics to
obtain the best selectivity and sensitivity to the required impurities to measured. The requirements here was a range of 10ppm and
100ppm capable of detecting down to 10ppb limit of detection for each impurity. The GC has been coupled with our cryo system to
realize the separation of the hydrogen isotopes without interference in a relative short analysis time.

Sample composition of deuterium (D2):

IMPURITIES RANGE SYSTEM LDL SYSTEM LOQ
0, 0-10 ppm 10 ppb 50 ppb

CH, 0-10 ppm 10 ppb 50 ppb

N, 0-10 ppm 10 ppb 50 ppb

Cco 0-10 ppm 10 ppb 50 ppb

Co, 0-10 ppm 10 ppb 50 ppb

NMHC 0-10 ppm 10 ppb 50 ppb

H2 0-10 ppm 10 ppb 50 ppb

HD 0-100 ppm 10 ppb 50 ppb

D, 100 %

Where innovation leads to success www.ldetek.com
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RESULTS

Chromatogram of trace ppm impurities 02-CH4-N2-CO-
CO02-NMHC-H2 in pure D2 (deuterium)

Actioms = ¥ Viusiser = ' Communication = [ Fichiers & 500
L

Configeation Chromatogram  Settings  Calbratior 2 ) accust

Chromatogram of trace ppm impurity HD (hydrogen deuteride)
in pure D2 (deuterium)

Configuration Chromatogram  Settings  Calbratior %, QM_,

fouo- o 2s0o-- 208 Trace H2-HD  Pure D2 J
3002 o separation elution timin
Em-i = oM . E
e Fawo:

s £ 2500-- = e \

1500-2 é‘ gm %

Imvz - * - ‘m_z |

50“‘; mg o o " cos e " |

D T P A e IS | ant l
Hamla) i, N v O i i T b A
| s * e e - W &0 W0 1000 1200 o0 e a0
_ewa Rewnt. Height Sensor.  Sensor. PeskNo.  Awa Raw Peak Results x
Bport.. x oz 5005 pp. 19224 2549 2019. 2540889 0188 0249 19224 193 Pt |
Xoue 4 : 30183 3343 2017 5149 0108 0379 3083 304 | -0 Reloet.|| Hiein; - Senmor | Saowor— Pesklla,, | Ame “"‘J. i
o 4986 pp. 3949 5483 2010, 545401 0122 Q163 30149 jogeeiTeh. = ¥ oz 0032 pp 1242. 273 13319 BTIG3 01 016 142 R
*co 4986 pp. 45120 5509 2043 57949 0108 048 45120 451 Sl oM. | <DL pp 4055 304 0523 SPES0 A0S0 0313 A0S 40%
¥ coz2 4993 pp. 473 TSAE 2038 STAM9 QIDB 0325 4TEIT 476 s DO o ORTL TN MU SMIEE DM QIS S, :’;Janrm
¥ ONMHC 3672 pp- 89139 BS50 9531. 2438373 0192 037 89139 &9 ¥co 40U i BOOL. FTID G000 STEON) 0050  DAIZ QUK. |
1% 2 5239 pp. TIG06 11122 213 2208957 0234 304 TIE06 TIE ¥ co2 <lOL pp- 3721. 7538 1838 576930 0090 0265 72 372
I ¥ NMHC  <lDL pp_ B499_ 9402 0818 2579503 0041 0239 8490 84d
¥ H2 0117 pp. 1669 12021 43385 2501915 0265 M5 1659 16
¥ HD 97838 pp 4TIET M4EGD 1SSL. 2SOVONS 0265 1087 47187 471
This chromatogram shows the good separation of the hydrogen isotopes H2-HD-D2
by using our PED detector combines with our MultiDetek?2 cryo system.

COMPONENT CONCENTRATION PEAK HEIGHT NOISE LDL (3x NoOISE)

0, 5.005 ppm 2019 mV 1.3 mV 9.66 ppb

CH, 4.988 ppm 2017 mV 1.2 mV 8.90 ppb

N, 4.986 ppm 2010 mV 0.9 mV 6.69 ppb

co 4.986 ppm 2043 mV 1.5 mV 10.9 ppb

Co, 4.993 ppm 2038 mV 1.4 mV 10.2 ppb

NMHC 3.672 ppm 953 mV 0.9 mv 10.4 ppb

H, 5.239 ppm 2113 mV 1.2 mV 8.92 ppb

HD 97.838 ppm 1552 mV 0.07 mV 13.2 ppb

Note: other LDL could be obtained with different injection volume and chromatographic condition

CONCLUSION:

The MultiDetek2 gas chromatograph uses with the PlasmaDetek2 detector and the LDetek cryo column cooling system all in one unit
can measured trace impurities in deuterium. The system is capable to achieve a full ppm range with 10ppb limit of detection. The
separation of the hydrogen isotopes is easily realized by maintaining the micro packed column in a cryogenic environment. The system
is rackmount and compact offering a full remote control. The industrial communication protocols are all built in and must simply be
selected specifically for your requirements.

www.ldetek.com
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APPLICATION NOTE 9

LD20-05 _Derek

MultiDetek2 gas chromatograph with PlasmaDetek2 & TCD
detectors uses for the analysis of purity Xenon-Krypton-Neon

ML.IH'ID@[-

A MultiDetek2 A PlasmaDetek2

The noble gases also called inert gases or rare gases have several characteristics that make them important and
unigque as: low reactivity, low thermal conductivity and high stability, among others. Being at very low concentration
in the earth’s atmosphere, it makes these gases very expensive to produce. The six naturally noble gases are Helium
(He), Neon (Ne), Argon (Ar), Krypton (Kr), Xenon (Xe) and the radioactive Radon (Rn).

The rarest gases of these are Xenon, Krypton and Neon making them very expensive to use for industrial applications.

NEON/KRYPTON/XENON MAJOR APPLICATIONS:

Aerospace: Xenon is used for the following aerospace applications: satellite programs, space travel, propulsion agent for spacecraft,
satellite thruster and interplanetary probe.

Electronics: These rare gases, can be used in many electronics applications such as: excimer lasers, buffer gas used in lasers for
semiconductor manufacturing, deep trench etching of DRAM integrated circuits, focused etch process, and plasma panel display.

Glass: Krypton is used as a filler in the production of double and triple-pane insulated windows. Major advantages of using krypton
are reducing heat loss, increasing heat transfer resistance in the unit, and reducing levels of solar radiation. You can also increase the
R-value or decrease the U-factor for window and door insulation with krypton, xenon and rare gas mixtures.

Lasers: Neon-based excimer lasers are utilized for etching silicon wafers, LASIK eye surgery, micro-machining organic materials, UV
lithography in integrated circuit fabrication, micro drilling, He/Ne mixes for optical readers, and wafer dicing. Krypton gas lasers are also
used during scientific research, to create white-light lasers and light shows.

Lighting: Krypton is used for bright white light and long lasting incandescent bulbs, as well as photographic lighting applications.
Neon is used for lighting in signs. Stadiums, automotive HID, head lights, IMAX theaters, photography and other concentrated, bright-
light applications rely on xenon to for their lighting needs.

Where innovation leads to success www.ldetek.com
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LDETEK SOLUTION:

Measuring the purity of UHP Xenon, Krypton and Neon can be done with the MultiDetek2 analytical device. A combination of multiple
columns, diaphragm valves and detectors all in one instrument are used to measure many different impurities to validate the purity of
these UHP gases.

Our system uses the PlasmaDetek2 (PED) as detector to ensure good selectivity and sensitivity down to sub ppb level. The proper optic
circuits are mounted on each of the PED installed in the instrument to optimize the selectivity for the impurity to analyse. Helium carrier
gas is used here to ensure a limit of detection below 10ppb.

Inthe same instrument, our thermal conductivity detector (TCD) is mounted to measure the Helium impurity down to 1ppm concentration.
The Argon carrier gas is required here to achieve the limit of detection.

This application note will show the results of three different configurations of the MultiDetek2 instrument used for respectively
measuring the purity of Xenon, Krypton and Neon. Different chromatograms show the response of every impurity to be analysed. The
peak response obtained at a known concentration is then compared to the blank noise level to determinate the limit of detection
obtained by our instruments.

RESULTS FOR XENON GC:

Chromatograms of trace ppm impurities H2-02-CO-CO2-Ar-C2F6-CF4-CH4-Kr-N2-N20-SF6 in UHP Xenon sample gas.

5000
4500
4000
3500 H2 oz co
Egaooo—
2
@ 2500
o
(=9
@ 2000-]
o

1500

1000

500

0 | | | | | | | | | | | | | | | | |

200 400 600 800 1000 1200 1400
Time (s)

5000
4500
4000
3500 &
Egsooo—
[0
3 2500 |
o
o
2 2000 |
o
1500
1000

500+

0 | | | | L L | | | | | | | | | | |

200 400 600 800 1000 1200 1400
Time (s)

[TTT TITT|TITT T00T 1007 TT7T TOI0T TTTT TT7T TTTT

www.ldetek.com Where innovation leads to success

445

(2]
w
=
(=)
4
4
S
=
<
o
I~
o
o.
<
©
™




5000
4500-]
4000
3500

Egaooo—

[0
2 2500
=4
£ 2000

o
1500
1000

500

0 | | | | | | | | | | | L | | | | | | | | | | | | |

200 400 600 800 1000 1200 1400 1600
Time (s)

TTTT TITT[TTTT TT7T TITT TI0T TT1T TITT TTTT TTTT

5000
4500
40004
3500
Egaooo—
[
2 2500
2
2 2000
o
1500
1000
500

TTTT TTTT{TITT TTTT 1007 TITT TTI7T TTTT TTTT TTTT

(2]
w
==
(=)
4
=z
S
=
<
o
-l
a.
o.
<
<
™

5000

TTT

4500+
4000~
3500+ CH4
ESOOO*
@
£ 2500+
a2
% 2000
v
1500
1000

E

500+

0 | | | | | | L | | L | | | L | | | | I | | | | | |

200 400 600 800 1000 1200 1400 1600
Time (s)

UL L LT R L AR L L LR

Where innovation leads to success www.ldetek.com

446



TTTT TITT[TITT TTTT TTTIT TTTT TT0T TTTT TTTT

200 400 600 800 1000 1200 1400
Time (s)

5000
4500

4000
3500

253000—

(o3

2 2500-|

o

o

2 2000

o
1500
1000

500

[TTT TITT{TTTT TI7T TT0T TITT TT7T TITT TTTT TTTT

(2]
w
=
(=)
4
4
S
=
<
o
I~
o
o.
<
©
™

200 400 600 800 1000 1200 1400
Time (s)

5000
4500
4000

3500
§§3ooo—
[
2 2500
o

XX =

ST

(=%

2 2000

o
1500
1000
500

X

TTTT TITT{TITT TI7T TT7T TTI07T TITT TTTT TTTT TT11

200 400 600 800 1000 1200 1400
Time (s)

www.ldetek.com Where innovation leads to success

447



5000
4500

4000+

w
m
(]

3500
E 30004
[
2 2500
=4
£ 2000
o
1500
1000
500

TTTT TTTT[TTTT TTTT TTTT TT0T TTTT TTITT TTTT TTTT

200 400 600 800 1000 1200 1400 1600
Time (s)

(2]

5

z Sample composition of Xenon and determination of the limit of detection:

S

5 COMPONENT CONCENTRATION PEAK HEIGHT NOISE LDL (3x NoISE)

- (ppm) (mV) (mV) (ppb)

& H2 11.00 2502 0.48 6.3

(<) 02 11.00 2499 0.51 6.7

@ co 11.00 2498 0.55 7.2
C02 11.00 2487 0.55 7.3
Ar 8.90 2504 0.46 4.9
C2F6 10.00 2402 0.56 6.9
CF4 10.00 2382 0.56 7.0
CH4 10.00 2504 0.50 5.9
Kr 10.00 2506 0.54 6.5
N2 10.00 2504 0.45 5.4
N20 10.00 2501 0.45 5.4
SF6 10.00 2500 0.70 8.4

Figure 1

Note: other LDL could be obtained with different injection volume and chromatographic condition
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RESULTS FOR KRYPTON GC:

Chromatograms of trace ppm impurities Ar-CO2-CF4-H2-02-N2-CH4-CO-Xe in UHP Krypton sample gas
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Sample composition of Krypton and determination of the limit of detection:

COMPONENT CONCENTRATION PEAK HEIGHT NOISE LDL (3x NoISE)
(ppm) (mV) (mV) (ppb)
Ar 8.90 2606 0.46 4.7
02 10.10 3377 0.55 4.9
CF4 10.00 2802 0.56 6.0
H2 9.50 2081 0.49 4.7
02 8.50 2599 0.51 5.0
N2 9.10 2750 0.46 4.6
CH4 9.80 2955 0.52 5.2
Cco 9.50 2952 0.55 5.3
Xe 10.00 2523 0.60 71

Figure 2 Note: other LDL could be obtained with different injection volume and chromatographic condition

www.ldetek.com Where innovation leads to success

449




(2]
w
==
(=)
4
=z
S
=
<
o
-l
a.
o.
<
<
™

RESULTS FOR NEON GC:

Chromatograms of trace ppm impurities 02-Ar-N2-CH4-CO2-CO-H2-He in UHP Neon sample gas
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Sample composition of Neon and determination of the limit of detection:

COMPONENT CONCENTRATION PEAK HEIGHT NOISE LDL (3x NoISE)
(ppm) (mVv) (mV) (ppb)

02 53.30 3098 0.21 10.8

Ar 50.00 3005 0.17 8.4

N2 49.50 2967 0.20 10.0

CH4 48.30 3021 0.25 12.0

Cc02 44.80 2991 0.31 13.9

co 48.20 2901 0.31 15.5

H2 50.00 2101 0.14 10.0

He (TCD) 50.00 2109 15 1066 (1.06ppm)
Figure 3

Note: other LDL could be obtained with different injection volume and chromatographic condition

CONCLUSION:

The MultiDetek2 gas chromatograph uses with the PlasmaDetek2 and the thermal conductivity detector (TCD) together in the same
instrument allows to measure multiple impurities in sub ppb along with detecting He impurity down to 1ppm concentration. The system
is rackmount and compact. It also offers a full remote control and the proper industrial communication protocol.
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3.0 APPLICATION NOTES

APPLICATION NOTE 9

L D2 1'03 |_|5§'re|<

Analysis of trace impurities in UHP B2H6
used for semiconductor industry with the
PlasmaDetek2 and MultiDetek2 GC

A PlasmaDetek2 A MultiDetek2
patent US 9,310,308 B2

Measuring trace impurities down to sub ppb is required by the semiconductor industry for UHP Diborane (B2H®6).
This very reactive gas is used in the electronics and photovoltaic industries as a semi-conductor doping agent.

LDETEK SOLUTION

The MultiDetek2 gas chromatograph is configured with one channel for the light impurities and another channel for the heavier
impurities to measure. Both channels used a PED with Helium as carrier gas source.

Working here with the very reactive sample gas B2H6, which is also well known to generate weak acids, the separation columns and
the detectors mounted in each channel are individually protected with a pre-column mounted in a backflush to vent configuration. The
protection columns and the backflush/injection diaphragm valves are constructed with Hastelloy to be compatible with the aggressivity
of the sample gas.

On top of that, the MultiDetek?2 is equipped with an integrated stream selector system also constructed with Hastelloy material. The
stream selector system allows to switch from stream B2H6 along to Span gas for calibration/validation purpose. An extra inlet has been
added to the stream selector system to switch the sample gas between each analysis to an inert gas being helium in this case. This
feature is used to protect the injection valves and sampling loops from the aggressivity of the sample gas. By this type of configuration,
we keep the corrosion and degradation of the flow path away.
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RESULTS
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Limit of detection (based on 3 times the noise level from a blank)

COMPONENTS  CONCENTRATION (ppm) PEAK HEIGHT NOISE LDL (3x NoISE)

H2 5.8 975mV 0.2mv 3.5ppb

co2 6.6 3880mV 0.2mv 1.0ppb

B4H10 10.8 2007mV 0.2mV 3.2ppb i
Ar 4.9 2989mV 0.4mv 0.5ppb S
N2 12.9 4000mV 0.4mV 1.0ppb s
CH4 5.8 3344mV 0.2mv 1.0ppb 5
B5H9 5.9 523mV 0.2mv 6.7ppb E
co 5.1 3503mv 0.2mv 0.9ppb <
B5H11 n/a n/a 0.2mv 5-10ppb >

Note: other LDL could be obtained with different injection volume and chromatographic condition

CONCLUSION

Using the PlasmaDetek2 detector inside one-unit MultiDetek2 GC, the analysis of trace ppb/ppm impurities H2-CO2-B4H10-Ar-N2-
CH4-B5H9-CO-B5H11 impurities in Diborane (B2H6) can be performed. The analysis time is less than 15 minutes. The unit was
configured with a combination of Hastelloy and coated stainless steel valves/fittings/columns and tubing to be compatible with the
aggressive and acid nature of the sample gas. Using the proper material, the system is robust and safe to operate for years. The unit
uses 4-20mA outputs for each impurity and also the Modbus protocol for data transmission. Our LDGSS stream selector system has
been used as well to allow switching across the different streams. The LDGSS also has been configured with Hastelloy material to be
compatible with the aggressivity of the sample gas.
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3.11 DESIGN REPORTS
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The need of trace nitrogen in argon or helium analysis in the industry is not something new. Many
instruments have been and still are on the market to achieve such measurement for different type of
applications. The most popular use is without any doubt in air separation industry for the production
of argon.

The demand and the production of gas more and more pure require good analytical instrumentations.
It is even more the case for the measurement of nitrogen. Small leakage, dead volume, change in
temperature, bad accuracy, etc can all cause big headaches.

In this document, information about the design of the LDetek LD800O trace nitrogen in argon or
helium analyzer will be described to explain how we achieve such good performance. Those results
are also described to show that the LD800O is now the solution for any applications that require such
measurement.
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ANALYZER COMPONENTS

PLASMA EMISSION DETECTOR (PED):

Detection principle

The LD800O is using a Plasma Emission Detector where the principle is based on a spectroscopic emission cell. This is actually not a
new technique, but the unique design of LDetek in terms of frequency, intensity as well as the mechanical and electrodes conception
make the system very stable and efficient.

A luminous phenomenon, called electroluminescence, is created and is used as emission technique to quantify the nitrogen analyte.
A plasma is created with the argon or helium flowing in the cell and when concentration of nitrogen changes, spectral lines emission
change as well. The light is then directed in an optical filter that will discriminate the spectral lines. At the end, a photo-diode will convert
light to current to make a proportional electric signal of nitrogen in the sample.

With its unique design, LDetek achieves unsurpassed performance that provides now a reference trace nitrogen in argon or helium
analyzer.

CELL OPTICAL  PHOTO-DIODE AMPLIFIER

Fl LTIR
R
R?‘\E
s
wert
Figure 1: Plasma detector principle Figure 2: Light to current transformation
Plasma Cell

The cell of the PED is generally made of quartz. The material used has strong UV transmission properties. It is also durable, inert and
heat resistant.

LDetek plasma detector has a specific cell design that provides a stable plasma. This unique conception will help getting low noise
and good sensitivity when nitrogen is flowing in the detector along with the argon or helium. The wall cell desigh made of quartz
combined with specific electrodes shape and inlet/outlet flow path configuration are some of the key parameters that give the
performance of a PED.

Plasma Generator

The plasma generator is also quite important. Its specific voltage, frequency and current make the glow discharge in the cell very stable.
The combination of the cell design and generator is critical in such application. LDetek has developed a perfect combination to get a
stable light emission from the plasma. The components of the generator are well proven to be efficient and resistant over the years.

The generator is also based on a duty cycle controlled system that extends lifetime of the cell. The cell is put ON and OFF on a specific
frequency and period to help the system to give the performance desired as well as decreasing the degradation of the detector.

www.ldetek.com Where innovation leads to success
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Optical Filter and photo-diode

Optical filter is made specifically for LDetek specifications with
properties to avoid interferences, temperature drift, loss of
sensitivity and wavelength shifting over time. The wavelength,
size, transmission lines and material are all critical characteristics
that need special care to obtain such good performances.

The photo-diode will then convert the light out of the filter to current
that is proportional of the amount of nitrogen in the sample. An
electronic circuit designed by LDetek is then used for precision
treatment of analog signal coming out of the photodiode.

Even if it sounds straightforward, LDetek has a unique way to
install and align all items together. LDetek established rigorous
procedures in a way to achieve high and same performances for
each unit.

Figure 3: Plasma Detector module in the LDS8000

FLOW CONTROL:

Flow management in such analyzer is critical in terms of dead volume and leakage. It is important to have a flow control device that
will not introduce air and dead legs in the system. The LD800O0 has an operating range as low as 0-1 ppm with a few ppb as detection
limit. Conventional Mass Flow Controllers (MFC) is not suitable for such analysis. Since air is made of 78% of nitrogen, the chance to
have some nitrogen introduced in the system with MFC is too high.

LDetek has designed its own flow control system to avoid air infiltration by the flow control device. The instrument can work with a flow
as low as 25 cc/min and have a quick response time without apparition of dead volume.

Micro-Valve
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LDetek have worked to develop a valve that meets the
performances requirement. This miniature valve has a very small
orifice size and offers ultra low flow rate. Since the LD800O0 can
work on relatively low flow, this valve design does not introduce
delay or drifting problems.

Standard valves (figure 5) introduce “spikes” in the reading
caused by dead volume located inside the valve. Measuring in
so low concentration can be a big problem when having nitrogen
released after calibration or upset condition in the sample.

With the LDetek micro-valve performance (figure 6), this problem
is avoided and stable reading is obtained after any changes of
concentration.

The inlet pressure can range from low as 4 PSIG to 30 PSIG
without reading fluctuation. With an optional pump offered by
LDetek, the instrument could work in even lower pressure.

Figure 4: Micro-Valve for sample control
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Figure 5: Standard valve performance Figure 6: LDetek valve performance
Flow Transducer Sample vent
1/8 compression
The flow transducer is the biggest source of contamination fittings Flow Transducer
for such analyzer. To avoid any problem with such device, the
transducer is installed at the end of the flow path after the 4 | T |
detector and is connected to the microcontroller unit to give | |
information to the micro-valve to control a stable flow.

Plasma Detector
So why not using a MFC after the detector? That would +

Sample inlet .
avoid any chance of contamination or leakage? Actually, 1/8 gompression Humidity Control
the PED must work at atmospheric pressure and it must fittings Device

(2]
w
=
(=)
4
4
S
=
<
o
I~
o
o.
<
©
™

not be pressurized. Since the PED is a cell made of quartz,
it can break with a backpressure coming from the vent.
Furthermore, you want to keep a constant pressure in the ' 4\

detector to get a stable plasma.

Micro-Valve

Figure 7: Flow path of the LD8000

NO NEED OF ZERO CALIBRATION GAS:

An option is available that avoids the need of a pure reference gas to make the zero calibration. The LD800O can be designed in a way
that components are added inside the analyzer to generate zero gas.

Only the sample gas is connected to the instrument and zero calibration can be achieved. A valve’s system is used to change the flow
path to the detector. During zero calibration, the sample goes to a small gas purifier to get pure argon or helium.

There is no consumable in such configuration. Since the integrated gas purifier is used only during zero calibration and the valve system

isolates it, the lifetime of the purifier is extended. Such system will save the needs of pure argon supply, gas regulator, piping, external
purifier, bypass valve for the purifier, etc. The payback is quite evident!
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Sample Gas Inlet V1 V2 Electronic | Reading:1.12ppm | Detector Vent Sample Gas 2 Inlet Vi v2 Electronic | Reading : x.xx ppm Detector Vent
sample valve Sample Gas Lo sample valve Sample Gas
Span Gas Inlet
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PLASMA =N
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Span Gas Inlet Vi V2 Electronic Reading : 9.0 ppm Detector Vent R
sample valve Span Gas Sample Gas 1 Inlet PLASMA
° zero generator
Samplé Gas 2 Inlet , V1 V2 Electronic | Reading : 9.1 ppm Detector Vent
sample valve Span Gas
Span Gas Inlet
V4
Figure 8: LD8000 with integrated zero calibrator Figure 9: LD8000 with integrated zero calibrator

& stream selector

HUMIDITY CONTROL DEVICE (HCD):

Moisture is the worst « enemy » of nitrogen in the plasma. First of all, its emission wavelength is closed to nitrogen and some interference
can occur. Furthermore, the level of energy available in the plasma is more consumed by H20 than N2. That reduces the light intensity
of nitrogen ending by a loss of sensitivity.

In each LD800O, a Humidity Control Device is included in the detector module. This device introduces a constant amount of H20
and other chemical vapors compounds in the detector to stabilize the influence of the moisture on the measurement of N2. With the
combination of the moisture trap installed outside of the cabinet on the sample line, the analyzer becomes stable at any variation of
humidity in the sample.

MAINTENANCE ?:

No maintenance is required in the analyzer. The detector is a non-depleting type device as well as the other components inside
the cabinet. Same for the flow control system, however if a defective part needs to be changed, no need to change a complete and
expensive flow module or MFC (Mass Flow Controller). You can replace only the micro-valve or transducer.

The unit has been designed in a way to make life easier if parts need to be changed. No need to send back the instrument to factory.
Any kind of parts, including the detector module, can be replaced on site by a technician.

The moisture trap installed outside the analyzer should be replaced or regenerated every year to get the best performance in stability
and accuracy of the LD800O.
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ANALYZER PERFORMANCE

The design of the LD800O brings outstanding performances for the market demand. Even if this analyzer is used for ppm measurement,
we get stability, accuracy and noise level for ppb analysis. With the design described above, some tests have been done to show the
performances in different situations. Those performances have been tested with argon sample, since it is the most popular application

on the market.

RESPONSE TIME:

The LD800O has a fast response time to ensure a good
purity control in the different applications of such analysis.
However, such good result is always dependant of the
installation along with the instrument. The stream selector
system is critical to be able to achieve such good response
time. We strongly suggest to use the LDGSS from LDetek
which has been designed specifically for such application.

Figure 10:
*LD8000 Reponse time

NOISE:

LD8000 Sample Flow Rate : 75cc/min

* > Complete stabilization time from
stream selector switching time.

Response time : 60sec”
from 84ppm to zero gas

time : 25sec® Ry time : 35sec*

from tero gas to9TppMm  from 9.7ppm to 1ero gas

The electronic for the acquisition of the detector has
been designed to avoid any noise that could influence the
reading of the analyzer. But more importantly, the design of
the detector itself is very important to minimize the noise
as much as possible. The position of the optical filter along
with the photo-diode is critical to get the specification of
the LD800O0. Bad response of those components means
electrical gain increase to achieve the measurement
desired and at the same time the noise level will be
amplified. When mounting the detector, special care is
done by LDetek specialist.

The amplifier board used to manage the signal from the
photo-diode was also particularly well designed. This board
takes very low voltage to amplify it on a scale up to 0-10
volts.
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Figure 11:
*Noise level acquired on the analog output
with a sample gas of about 0.104 ppm

*Note: This result has been obtained in LDetek facilities with the LDGSS stream selector device with a well purged system according to LDetek standard methods.
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STABILITY:

Stability of the analyzer has been evaluated through a few hours period. Temperature variation has been caused to show the stability
of the reading even with an unstable temperature environment. Those variations have been done on the analyzer itself and not on the
whole system installation which can be different from site to site.

With a deviation of 4.4 Celsius (31.6 to 36 degrees) on a 36 hours period, the reading has moved down from 300 ppb to 280 ppb. This
slight variation gives a 4.5 ppb / Celsius change. Considering that most of the installations are temperature controlled, no temperature
effect will be observed. Moreover, the resolution of the analyzer is 10 ppb and slight temperature variation will not been seen by the
software reading.

Stability has been evaluated on a 24 hours basis with stable environment (figure 13). The drift observed is less than 2 ppb.

40 05 0z -
35 | /\ 048 L
104 a1
30
0,35 50
25
g e e— 103 _ o
£ E 1
8 20 025 o [yt B e
o =
E K i
£ 0r & e
15 o
0,15 008
10
01 Qo4 +
Temperature (Celsius)
5 Reading (ppm)
0,05 aoz
0 0 o+ _— - "
10:04:48  14:52:48  19:40:48  00:28:48  05:16:48  10:04:48  14:52:48  19:40:48 v 2 4 L} L . 2 " 1 el 2 = .
Time Tiere (heare}
Figure 12: *Signal versus temperature Figure 13: *24 hours stability on stable environment

LINEARITY AND ACCURACY:

Special care has been made on the linearity of the system.
Knowing that existing instruments on the market do not offer
linearity on the complete range of 0-100 ppm, LDetek has 100,00
improved its detection system to be sure that working and
calibrating the instrument on the range 0-100 ppm will offer the
best performance.

120,00

80,00

60,00
On figures 14, calibration of the instrument has been done with
a zero gas going through the LDP1000 gas purifier and the same
dilution system for the different concentrations measured.

LD8000 ppm reading

We have also made step changes in low concentration to show
the accuracy of the instrument. Figure 15 demonstrates thata 10 0,000<00 2000 10,00 60.00 40,00 100,00 12000
ppb step change is easily detectable by the LDS8000. Measuring ’ ’ " Realppmvalues ’ '
pure gas on the range 0-1 ppm is more and more popular and

such performance is appreciated from gas producers. Figure 14: *LD800O linearity on 0-100 ppm range

*Note: This result has been obtained in LDetek facilities with the LDGSS stream selector device with a well purged system according to LDetek standard methods.
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DETECTION LIMIT:

Referring to the noise of the LD800O from figure 11, we get maximum 3.6 ppb peak to peak. Using the standard deviation method,
we have used 15 consecutive points where we get the maximum peak to peak noise. Five times the standard deviation gives a LDL of
4.4 ppb.

This kind of instrument is mostly used for concentration higher than 100 ppb. The LDL is low enough for all Air Separation Unit or glove
box application.

If LDL lower than that is required, LDetek is manufacturing the LD8000-Plus, which is the ppb version of the trace Nitrogen analyzer.
We can detect lower than 1 ppb with signal to noise ratio very low. Please contact factory.

0,04 -

0,035 1

0,03

0,025

Response (ppm)
°
S

0,015 -

0005 1 L.“ Figure 15:

*10 ppb concentration step changes
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*Note: This result has been obtained in LDetek facilities with the LDGSS stream selector device with a well purged system according to LDetek standard methods.

CONCLUSION:

LDetek has put a lot of effort and time to introduce on the market a trace nitrogen in argon or helium analyzer with outstanding
performances. We are proud to offer a reliable instrument that has been carefully designed with specialists having over ten years
experience in trace nitrogen measurement and plasma emission detector.

For more information, comments or questions, don’t hesitate to contact LDetek (info@ldetek.com).
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APPLICATION NOTE 9

LD12'05 LE:;relg

IMPROVING GAS CHROMATOGRAPH MEASUREMENTS
WITH THE USE OF THE LDP1000 GAS PURIFIER

When measuring low level of impurity by gas chromatography, the carrier gas quality is quite important.
Since the carrier gas is the reference gas for the device, good precaution to provide pure carrier is
required. Using a grade 5 (99.999% pure) or grade 6 (99.9999%) is not enough is some cases. Even
more, it is well known that many problems can simply come from the use of a bad quality gas cylinder
or leakage on pressure regulator after cylinders manipulation. By using the LDP1000, it gives the
certitude it catches all impurities coming from the carrier gas lines although you have sources of
contamination.

The LDP1000 purifies noble gases, nitrogen or hydrogen at level that give the best reference for any
gas chromatograph and GC/MS. It's non-evaporable zirconium-based getter alloy is contained in a
316L Stainless Steel bloc to ensure high purity and safe operating mode. It removes impurities down
to ppt level (total impurities).

LDP1000 DESIGN:

The LDP1000 gas purifier is designed to be used with any noble gases, nitrogen or
hydrogen. Its changeable getter gives the possibility to avoid changing the whole unit
but only the consumable parts inside. That is a cost effective solution for long term use.

Having an accurate temperature control for such purifier is critical. The LDP1000 is
based on a microcontroller unit that regulates the temperature of the getter to ensure
stability on the purity and maximum purification. An over temperature protection is LDP1000

7 DUOHOSTE

also in place to ensure safety of the unit. R s e

Its mechanical design allows to use it on a table in a laboratory as well as in the
industry with its holding plates. The bypass plate option gives also the necessary
installation for maintenance purpose to avoid contamination and flow shutdown to
the gas chromatograph.

LDP1000
gas purifier

AMBIENT VS HEATED PURIFIERS:

Since the entirety of the alloy volume is used, the heated LDP1000 adds to the purifier capacities and life time in comparison to any
conventional ambient purifiers and/or traps. Heating the alloy makes the impurity molecules diffuse into the bulk of the getter particles
instead of only relying on surface absorption like ambient purifiers. Moreover, the LDP1000 technology has the capacity to remove
nitrogen, hydrogen and methane in noble gases.
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CONTAMINATION INFLUENCE:

It is well known that a contaminated carrier gas in a gas chromatograph has a big impact on the stability, sensitivity and performances
of the system. Picture 1 shows the impact on the nitrogen reading while having a contaminated carrier gas.

Having a carrier gas contaminated, but less than the sample gas to measure, we lose sensitivity by the amount of the contamination.
From the picture 1, we clearly see that we lose about 50% response with a sample/contamination ratio of 2. That affects significantly
the detection limit of the system.

It is even worse when the contamination
is higher than the sample to measure.
Since the sample is more pure than the
carrier gas, you get a negative peak for the 2 T 1ppm N2 sample gas Chromatogram

impu- rity. The measurement is completely N2 mg‘og:nLch’:tg%?n‘;"t’;:‘i*r:'fc'::r?e”r"'ggfp"m

erroneous and cannot be used.

1ppm N2 sample
gas Chromatogram
with no LDP1000
Gas Purifier and

The LDP1000 ensures that the carrier 0.5ppm Nitrogen

gas of the system is at its best purity you contamination N2

can get. This way, the gas chromatograph in carrier gas

can have the best performances for all its 1ppm N2 sample gas O]
measurements Chromatogram with LDP1000

Gas Purifier installed

Referring to picture 2, the impact of bad /

(7]
carrier quality on a gas chromatograph ,'-E
system is clearly demonstrated. g
The chromatograms used to do the ) i i i i i i i i i i 2
demonstration are the same that the ones 0 1 2 3 4 o5 6 7 8 o 10 (=)
used in picture 1 which are contaminated e ':'.
with different level of air. =

Picture 1: N, contamination influence o
<
The noise level increases with the level of o
air contamination. That makes the signal/ 0
noise ratio lower. That has also a direct
impact on the performances of the system \
by degrading the columns stability and N2

N2 zoom 10x

separation. It can even lead to capillary (baseline noise)

column destruction.

Having the LDP1000 installed on gas

chromatograph keeps the system stable N2
and extends the lifetime of the whole SNA A
system hardware by removing any trace of zoom 10x

particles and air contaminants.

zoom 10x (baseline noise)/

[ 1 2 3 4 5 6 7 8 9 10
Time(min)

Picture 2: Contamination influence on noise level
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TWO BEDS OF PURIFICATION:

To ensure high purity, the LDP1000 noble gas version has two beds of purification. The first stage has an elevated temperature
grabbing all components except some low level hydrogen. At this temperature, some H2 can be released from this bed. The amount of
H2 can be as high as a few hundreds ppb with the use of one stage of purification only.

By having a second bed of purification operating at a different temperature, the hydrogen out of the first stage can then be totally
trapped.

Both bed temperatures are controlled by a microprocessor ensuring stability and efficiency of the purifier.

400ppb H2 peak sample analysis
with LDP1000 Gas Purifier installed
on Carrier Gas.

|

T

0 1 v 2 3 4 5 6 7 8 9 10
\ 400ppb H2 peak sample analysis with a

standard Heated Gas Purifier installed on Carrier Gas.

Picture 3: Hydrogen influence on measurement with different purifiers

Having H2 released from the first bed could influence your H2 measurement considerably. Such phenomenon is known in the gas
chromatography industry when measurement of low level hydrogen is necessary. A part of the hydrogen comes from the cracking of
methane and non-methane hydrocarbons. The cracked by-products are then sorbed by the getter. However, the sorption capacity for
H2 isn’t high enough caused by high temperature which makes some low level hydrogen come out of the getter.

Picture 3 shows the effect of H2 presence coming out of a purifier in the carrier gas when only one stage of purification is used. Then, if
the sample gas is more pure than the carrier gas, you will reduce sensitivity and even get negative reading for hydrogen in some cases,
as illustrated on picture 3. With its two beds of purification, the LDP1000 removes completely the presence of H2 in the carrier which
is ideal for low measurement.
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LEDS INDICATION & RS232 COMMUNICATION:

The LDP1000 has intelligent features to be able to monitor some information:

e Green LED
Indicates that the LDP1000 is powered ON

RED:
el Indicates if one of the beds has a temperature deviation
bensroia « Red LED
T Indicates that the lifetime of the purifier has expired.
TEMPERATURE Getter needs to be replaced.

DEVIATION

Picture of the LDP1000 LED

Those indications are very useful to know that your system is fully working or the purifier is not the cause of any performance issue
you can have with your gas chromatograph. The diagnostic and control of those LED’s is fully managed by the microcontroller and the
different sensors in place.

A RS-232 serial port is also installed by default on the LDP1000. This feature gives the possibility to monitor the temperature of the 2
beds of purification. This is very useful for troubleshooting the device.

CONCLUSION:

With the LDP1000, the carrier gas quality becomes indisputable. With its specific mechanical and electrical design, the gas purity level
has never been so good and stable. It is a must for the gas chromatography and GC/MS industry. Moreover, with its changeable getter,
this may be the last gas purifier you will ever buy. The LDP1000 is the cost effective solution you need.
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LD2000 =

TRACE TOTAL HYDROCARBONS ANALYZER

DESIGN REPORT
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Measuring total hydrocarbons is required in the air separation industry for quality control of the
gas produced. The series LD2000 is an online analyzer using a flame ionization detector especially
designed for this application. This document will demonstrate the performances of the unit.
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ANALYZER COMPONENTS

FLAME IONIZATION DETECTOR (FID)

DETECTION PRINCIPLE

It is well known that due to its relatively good sensitivity to most organic compounds, the FID is a good detector for measuring the level
of THC in different sample gases. The principle is based on the creation of carbon atoms (ions) formed during the combustion of the
organic compounds burned by a hydrogen flame.

Hydrogen gas | Flameport assembly

|__ Detector

*L i P | Positively charged
‘ ( collector electrode /
Sample l _ exhaust vent

Ignitor

Compressed air 111
feeds hydrogen flame H II

AMPLIFIER

The signal on the collector is amplified with our multi-stage amplifier which has been designed to satisfy the different ranges required.
Different sample rates are adjustable to optimize the sensitivity of the signal.

FLOW CONTROL

The sample flow is controlled with the LDetek electronic proportional valve to ensure stability. Concerning air and fuel, the flow control
is adjusted with a stainless-steel mini pressure regulator. A safety shutoff valve is installed on the hydrogen gas line to close the fuel
when the flame goes off.

FEATURES

The unit offers all the industrial communication protocols with alarms for data/results collection.

MAINTENANCE

It is recommended to replace the hydrocarbon traps for air/fuel once a year to ensure integrity of the flame by avoiding any trace of
hydrocarbons coming from the feeding gases. Depending on the carbon level, the FID collector and ignitor are to be replaced every 2
to 3 years to avoid any lack of sensitivity.
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ANALYSER PERFORMANCES

RESPONSE TIME

The response time of the unit is demonstrated
on the figure 1. Upfront and down front time is of
60-90 seconds depending on the concentration
and also the sampling system design. Such
response time satisfies the requirements.

LINEARITY/ACCURACY/
REPEATABILITY

The linearity curve of the analyser (figure 2) is
0.99 and has been performed using 13 points
diluted at different concentrations between
0-560ppm. The same span bottle has been
used for the dilution and the calibration to avoid
concentration shifting due to different bottle
certifications.

Where innovation leads to success
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Figure 1
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Figure 2
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The accuracy error is +/-1% of full scale. The figure 3 shows the % error for 13 points diluted at different concentrations between
0-560ppm and measured on a 1000ppm scale.

The repeatability error is +/-1% of full scale in a stable environment.

Diluted concentrations *(ppm) Analyser reading (ppm) Accuracy (% of scale)
0 0 0
10 10 0
25 28 0.2
50 47 0.3
75 70 0.5
110 103 0.7
112 104 0.8
160 155 0.5
210 204 0.6
280 273 0.7
373 367 0.6
444 437 0.7
560 558 0.7
Figure 3

*The dilution system and the certified bottle combined together may give an additional source of error of +/- 1% depending on the conditions.
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DETECTION LIMIT (LDL) AND NOISE 58

Referring to the figure 4, the peak to peak noise
level is 50ppb based on the 40 minutes period. 5.4
A factor of 2 times the noise level is applied to
give an LDL of 100ppb.

Noise evaluation period

250ppb step change

Response (ppm)
v

To demonstrate the response limit, some 200ppb step change
concentration step changes of 200-250ppb 438
have been done. The figure 4 well shows the 250ppb step change
performances of the unit on its 10ppm range. e
250ppb step change
4.4
4.2
4
0 10 20 30 40 50 60 70 80
Time (minutes)
Figure 4
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STABILITY/DRIFT 100

90

Running on a 4 days period at a concentration
of 22ppm on a scale of 100ppm in a stable
environment, the instrument reading delta 70
shows 1.9ppm which is in the specification of

80

+/-2% of full scale for a one-week period in g 60
stable conditions. =
% 50
g
3 40
o
30
20
10
0
0 10 20 30 40 50 60 70 80 90 100
Time (Hours)
Figure 5
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MULTIDETEK2 GC .ostex

WITH INTEGRATED MODULE FOR TRACE MOISTURE ANALYSIS

DESIGN REPORT
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The Advanced Quartz Crystal Microbalance sensor from Michell Instruments is now integrated inside
the MultiDetek2 GC to provide reliable, fast and accurate measurement of trace moisture content in
a variety of applications where keeping moisture to a minimum is of critical importance.

The analyzer provides consistently accurate measurements of trace moisture. This consistency is
achieved using a self-calibration system, which adjusts the sensor with reference to an internal
moisture generator. The moisture generator is supplied with a calibration traceable to NPL and NIST,
so long term stability of its measurements is guaranteed.

Having such module inside a GC allows to combine multiple impurities analysis with trace moisture
inside the same instrument.

www.ldetek.com Where innovation leads to success
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DETECTION PRINCIPLE

Sensor: Quartz crystal microbalance

A quartz crystal is sensitised with a thin film of hygroscopic
material.

> Water molecules are adsorbed into the hygroscopic layer
deposited on the surface.

» The change in mass modifies, in a very precise and repeatable
manner, the oscillation frequency.

» The moisture concentration is measured as a change in the
oscillation.

» The change in the oscillation is evaluated by switching the
gas inside the sensor and by measuring the response delta.
For sampling response, the sensor is balanced between a
dry gas source and the sample source. The difference is then
calculated. The same principle is applied for the span gas
calibration. However, this time the comparison is between a
dry gas and a source of wet gas. A cycling time of 30 seconds
on each gas is used to compare the response delta.

605e§|

2000 f
2000
2 w0
2800
2am0
2800
2840
2m0
2m0
e ]
2800 |
zrw
2rm 4| &
1350 00 0 300 330

Dolta-F [Hz]
5

o £ o

Figure 1:
Quartz crystal sensor

Pole Polymer Coating Gold Electrode

Quartz Polyamide
Crystal

Figure 2: Quartz crystal principle

Measurement Af = primary Afsample - primary Af iy

* 30/30 sec measurement cycle

» The dry gas comes from the carrier gas source of the GC. The
sensor is supplied by a known Helium or Argon or Nitrogen
grade 5.0 carrier source going through a heated gas purifier
model LDP1000 series. This combination generates a gas
purity of 8N. By using this technique, the dry gas source
contains less than 10ppb H20 what is ideal as zero gas
reference.

» The wetgas comesfrom a certified water filled permeation tube
heated at a controlled temperature of 45 Celsius. It generates

Where innovation leads to success

* Non-equilibrium for fast response

» Self-cancelling effect for contamination

a stable amount of moisture used for span calibration. The
moisture generator is made of coated stainless steel to reduce
the surface absorption of water molecules and then keep the
moisture rate very stable and accurate.

The flow inside the module is controlled and maintained by
a network of calibrated orifices. All flow passageways upfront
the sensor are less than 0.030”ID, all coated with an inert
coating to accelerate the response/purge time and improve
the performances of the system.

www.ldetek.com
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FLOW DIAGRAM

Sampling position:

The V4 diaphragm valve switch between sample gas and dry gas every 30 seconds. The response delta between the dry gas and the
sample gas is then measured at the quartz crystal module (QCM). The flow rate inside the sensor is stabilized at 100sccm by the flow
orifice R11 mounted at the outlet of the sensor. Two balanced flow orifices R8-R10 keep an equal flow rate of 100sccm to be sure the
system stays in equilibrium even with valve switching. This technique ensures the system stabilizes very quickly. This sampling position
is the normal running mode and a refreshed reading is proceeding every 60 seconds.
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Span calibration position:

The V4 diaphragm valve switch between the dry gas and the wet gas every 30 seconds. This position is used for span calibration
purpose. The span calibration frequency depends of the requirements but is generally required every 2 weeks for check spot. During
this process, the V4 valve switches every 30 seconds to compare the response delta between the wet gas to the dry gas. Again, the
flow is balanced with R9-R10 flow orifices. The humidity control device (HCD2) is continuously kept under a fix flow rate at a stable
temperature of 45 Celsius in an inert coated controlled environment. The permeation device generates a certified and known moisture
ppb rate. The concentration generated depends on the application, but is generally 500ppb. Having the calibration performed at the
bottom of the scale increase the accuracy of the system in the most critical reading region.
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MODULE ASSEMBLY

3 streams, inert coated stainless-steel
diaphragm valve with sample bypass and purge

Trace moisture sensor (quartz crystal microbalance)

*All flow passageways to the sensor are made of stainless steel inert coated
with an ID of 0.030”

Solenoid valve
and manifold

to actuate the
diaphragm valve

Moisture generator

(certified permeation
tube) maintained at a
fixed temperature
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PED sensor integrated inside the same GC unit Temperature controlled module for the sensor
to allow other impurities analysis in one GC and the valve assembly

MAINTENANCE

The system is built to be resistant and simple of operation with minimum interventions. A routine maintenance interval every 5 years
for replacing the moisture generator, the gas purifier and the diaphragm of the valve is required. The unit has been designed in a
way that replacing those components is very easy. In addition to that, the 5 years period is very long what is appreciated to keep the
maintenance tasks at its minimum. These tasks are at the same frequency that the ones required inside the GC. So, a GC check can
be done every 5 years for all modules together.

www.ldetek.com Where innovation leads to success
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ANALYSER PERFORMANCES

RESPONSE TIME

Different steps of 1ppm, 5ppm and 10ppm have been tested to demonstrate the response time at different concentrations. The
response time either on upfront or down end steps remains at about 4-5 minutes. The readings are updated every 60 seconds. The flow
path design having low internal volume (0.030"’ID) and the purged diaphragm valve makes the system being very quick to respond. On
top of that, the system is coated with an inert coating to keep the surface absorption as low as possible to avoid signal drifting. Also, no
flow control hardware has been mounted inline with the sensor. The system is configured with bypass flow controller to avoid response
delay normally caused by residual dead volume in a standard flow controller.

1ppm Step Response

1.2

0.8
0.6
0.4
0.2

——QMA
—@— 1ppm Step

Moisture Level (ppm)

0 5 10 15 20 25
Time (min)

5ppm Step Response
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—o—QMA
—@&— 5ppm Step

Moisture Level (ppm)
o = N w E~Y wv (o)}

0 5 10 15 20 25

Time (min)

10 ppm Step Response

12
g_ 10
2 3
T 6
3, —e—QMA
g 2 —@— 10ppm Step
2 9
[e]
S 0 5 10 15 20 25
Time (min)
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LINEARITY/ACCURACY/REPEATABILITY

The system is fully linear due to the linearization rectification of every sensor. Each system is characterized in function of its full range
to ensure the respond is linear. A series of multiple points at different concentration within the scale are performed.

Linearity
Y
E 10
£ 3
g 6
9
o 4 v =1.0038x - 0.0027
2 2
3 0
2 5,0 1 2 3 4 5 6 7 8 9 10

Concentation (ppm)

The accuracy error is +/-1% of the scale. In this instance, the table below shows the % error for 6 points diluted at different concentrations
between 0-10ppm.

The repeatability error is +/-1% of the scale in a stable environment.

)

=
Diluted concentrations *(ppm) Analyser reading (ppm) Accuracy (% of scale) g
0 0 0 5
0.5 0.505 +0.05 'E
1 1.004 +0.04 e
2 1.999 -0.01 0

<
5 5.04 +0.04 o
10 10.042 +0.42 ®

DETECTION LIMIT (LDL) AND NOISE

Multiple steps at a concentration of 25ppb of moisture have been performed to demonstrate the lowest detection limit (LDL). The
steps are repeatable and clearly show a good response. Considering a maximum noise level equivalent to 0.002ppm(2ppb) at a
concentration of 0.2ppm(200ppb) represented by the zoom section, then 5 times this noise level brings the Idl at a value of 10ppb.

LDL L

0.25

0.2

0.15

0.1

0.05

Moisture Level (ppm)

0.05 0 10 20 30 40 50 60 70 80 90 100

Samples
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STABILITY/DRIFT

Stability/drift
To evaluate the stability and drift of the unit, a gas bottle containing 8.5ppm moisture in a balance of helium has been connected as
sample gas. The system was offering a stability of better than +/- 2% on 24 hours+ period.

8.61ppm (maximum reading) - 8.50ppm (reference value) = 0.11ppm (+1.1%)

8.5ppm (reference value) - 8.44ppm (minimum reading) = 0.06ppm (-0.6%)

Long-Term Stability
1 day

10.000
9.000
8.000
7.000
6.000
5.000
4.000
3.000
2.000
1.000
0.000

0 20 40 60 80 100 120

Analysis #

—QMA

Concentration (ppm)
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CONCLUSION

LDetek is proud to be the first GC manufacturer capable of bringing an innovative and highly performant trace moisture module
inside its gas chromatograph MultiDetek2 series. Its presence in LDetek 's portfolio offers the market the possibility to combine many
impurities measured by gas chromatography along with an integrated online trace moisture module inside one instrument.

Where innovation leads to success www.ldetek.com
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LD8000-MULTIGAS .octer

CONFIGURED FOR CRYOGENIC HELIUM APPLICATION

DESIGN REPORT
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This technical document follows the application note LD16-06 on the use of LDS8000-Multigas for the
quality control of helium used in cryogenic stations.

The measurement of the trace impurities N2-02-H20-CnHm in a helium or argon matrix can be carried
out with a PED type detector (PlasmaDetek2) US patent 9,310,308 B2 integrated into an instrument
of the LD8000-Multigas type. This technology is based on cold micro-plasma excited at high voltage
/ frequency in a helium atmosphere and allowing the selective measurement of each component at
a precise optical wavelength. The optical circuit is composed of photodiodes and interference filters
combined with an amplification system for converting the measured photons into voltage. All signal
processing is then redirected to a microcontroller.

Several variants and options on this device are possible depending on the needs of the customer.
In this document, we will explain three types of assemblies possible for applications in a helium
matrix.
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Figure 1 shows an installation where the required measurement must be configured for the following
ranges (low to high ppm configuration):

IMPURITIES N2 O2 H20 CnHm
Range 0-300 ppm 0-50 ppm 0-100 ppm 0-30 ppm
. Figure 1
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APPLICATION : O2-N2-CnHm-H20 IN HELIUM g -

Figure 1 demonstrates an instrument configured as follows:

1. Four plasma detectors have been installed in the instrument for N2-02-H20-CnHm measurement. Each detector is configured with a
narrow optical interference filter providing an optical response specific to the measured impurity. Each plasma is a monolithic structure
made of quartz through which a pipe allows a linear gas flow. Through this linear flow, a scanning by an electric discharge is applied.
This discharge is called “dielectric” because these electrodes are mounted externally of the quartz assembly. This ensures the inertia
of the block internally being in contact with the gas. The discharge is said to be alternative to a specific high frequency and voltage.

2. The N2 doping input is required since the trace measurement of N2 can reach 300ppm. The N2 doping is then applied to the PEDs
used for H20-02-CnHm measurement to eliminate the interference from the nitrogen beyond 10ppm. The nitrogen flow is generally
controlled to the same value as the helium sample flow. We therefore speak of a ratio of 50% He / N2. Figure 1 shows a value of
20sccm helium for 20scem nitrogen. Total nitrogen consumption for the instrument is therefore 60ml/min. The nitrogen flow rate is
controlled by static orifices pre-adjusted to a defined pressure. To ensure the stability of the nitrogen flow, a mini pressure regulator is
mounted on the instrument as well as a pressure flow sensor. This assembly ensures the stability of the nitrogen flow rate which is very
important for maintaining the N2-He mixture equilibrium in the plasmas.

3. Avacuum pump is required at the PED output used with N2 / He mixture to allow the excitation of the PEDs performing the 02-H20-
CnHmM measurement. The same pump is therefore common to the three PEDs. By this output, the measured flow is generally around
120 ml/min of a mixture of 50% He / N2. The 2nd output, this one without a vacuum pump, is specific to the PED for N2 measurement.
The flow of helium on this output is 50ml/min from the PED for the measurement of N2, and 3 x 50ml / min being the bypass flow
rates of the 3 sample regulators for the 02-H20-CnHm PEDs. To these flow rates, is added the bypass flow at the inlet of the device
serving to purge the line upstream of the instrument generally set at 200 ml/min. The total flow of clean helium that can therefore be
recovered by the customer is around 300ml / min. Consequently, it is a total flow rate of 300ml / min + 60ml / min, i.e. 360ml / min
of helium that is consumed. It is therefore possible to recover more than 83% of the helium consumed by the instrument. A system of
“check valve” out of the PED was set up to recover helium without the risk of pressurization of the PEDs. The internal pressure PED is
therefore limited to 1/3psig avoiding any risk of rupture of the quartz.

Where innovation leads to success www.ldetek.com
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4, A zero-gas free system is installed to generate ultra high purity gas by flowing through a heated purifier and to do a zero calibration.
It simply allows to use the sample gas of the customer and to purify it generating the 8.0 grade Helium (i.e., 99.999999%) having
maximum impurity level of 10ppb. This purification allows to avoid a bad zero calibration and negative readings on the “process” gas
of the customer. Moreover, there is no need for installation of an extra ultra-purity gas bottle with an external purification system, which
is generally required by our competitors.

5. Each PED has its own electronic flow control by pressure flow regulator to ensure stability of reading regardless of the inlet pressure
fluctuation. All flow controllers are “bypassed” to prevent contamination of the sample and ensure the best possible response time
at a small flow rate. Generally, systems measuring N2-02-H20 must operate at a high rate to allow a good sweep and dilution of the
contamination to minimize drift and long response time. Thanks to our ‘bypass’ design, we can afford to keep small flows and limit the
waste of Helium being generally very expensive.

6. An 02 trap with VCR connections is installed on the CnHm PED to eliminate oxygen interference on the CnHm measurement. This
trap is composed of activated copper powder.

7. Humidity interference is removed by HCDs (H20 permeation tubes) installed on N2-CnHm PEDs. Providing a stable concentration of
moisture to the N2-CnHm plasmas, they are saturated with water, removing the interference caused by moisture in the sample. If the
presence of moisture in the sample is above 10-20ppm, then a second trap, this time to capture moisture, is required. It is also with
VCR connections, consists of molecular sieve 3A. When it is not required, a simple “’bypass” is mounted on the instrument.

8. A software protection system against carbon deposits in the PEDs allows them to go out when the CnHm measurement rises above
3ppm (adjustable parameter). By cutting the excitation of the N2-02-H20 PEDs during high CnHm measurements, it is possible to
prevent the degradation of the PEDs caused generally by the creation of carbon deposits on the walls of the monolithic quartz block.

9. In this configuration, by using the nitrogen doping for the 02 measurement, the nitrogen level is saturated and any form of interfer-
ence from the N2 concentrations is avoided. In addition, the installation of optional moisture trap allows to eliminate any interference
on 02 measurement from H20 concentrations. The 02 measurement shielded by its selective optical spectrum combined with N2
doping and H20 blocking by a trap can be used to compensate the N2 measurement. This compensation is done at the software level
by an algorithm.

10. The tubing and fittings in contact with the line used for the H20 measurement are treated with a water-repellent inert coating to
minimize surface absorption and provide better temperature stability and response time.

INTERFERENCE SUPPRESSION SYSTEM:

The protection system of the PEDs in the presence of too high hydrocarbon measurements, combined with 02-H20 trap networks and
the humidity and nitrogen dosing system allows the LD8000-Multigas to remove interferences between the impurities. This is a unique
LDetek practice, allowing accuracy and prolonged lifetime of the detector.

In order to protect the H20 and 02 traps, they are isolated by a “’ shut off " valve when the N2 measurement rises above 200ppm
(adjustable parameter). The logic behind this protection is based on the fact that if the N2 measurement rises to a high level, then
there is a strong possibility that it is an air infiltration and the same fact increases the 02-H20 concentrations. So, as long as the N2
measurement remains high, a protection preventing the sample from going to the 02-H20 traps remains activated.

Table of effects caused by interferents***:

SAMPLE* 10 PPM N,0,CH H,0 10PPMN, 5PPMN, 10PPMO, 10 PPM N,0,CH,
N, 10 ppm 10 ppm 5 ppm 0 ppm 10 ppm

0, 10 ppm 0 ppm 0 ppm 10 ppm 10 ppm

CnHm 10 ppm 0 ppm 0 ppm 0 ppm 10 ppm

H,O 10 ppm 0 ppm 0 ppm 0 ppm 0 ppm

*The balance of the sample is helium.
*** QOther combinations have been tested successfully, so have not been presented in this table. Only critical interference has been presented in this table.
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MAINTENANCE:

Frequency 12-18 months:
Regeneration of 02 and H20 traps depending on the contents present in the sample.

Frequency 2-3 years:
Replacement of the vacuum pump.

Frequency 4-5 years:
Replacement of the HCD (permeation tube) normally performed at the same time as the replacement of the internal mini-purifier as
well as the external compact purifier required for nitrogen dosing.

Proportional sample
flow control valve (x3)

Plasma N,doping
Detector 3 gas Pressure
(CnHm) Regulator
Plasma
Detector 2 S:r?s]l?v(vx 4)
(H,0)
Plasma 4-20mA
Detector 1 Module &
(N,) fuse (x3)
Zero
gas Vacuum
Free gas
e Sensor
purifier
MotherBoard
Vacuum PCB
Pump
Power
Supply (2x)

Photo 1

Photo of a configuration based on Figure 1 but for N2-CnHm-H20 measurements without 02 measurement. Other configurations are
based on the same mounting but with slightly different module layouts to accommodate the same 4U rack mount cabinet.

Conclusion on the configuration of Figure 1:

This is the most complete configuration of all. It shows no interference between the components to be measured as shown in the
table. In addition, this configuration can cover the full range from low ppb / ppm to higher ppm. It is therefore the most robust, stable
and precise solution for this type of application.
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Figure 2 shows an installation where the required measurement must be configured for the following
ranges (low ppm configuration only):

IMPURITIES N (o) H,0 CnHm

2 2

Range 0-10 ppm 0-10 ppm 0-10 ppm 0-10 ppm

Figure 2

H20 PLASMA 2
CnHm
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L
m— 02=N2 FRONTRANEL
PLASMA 1
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APPLICATION : 02=N2=CnHm=H20 IN HELIUM e
LDetek

Figure 2 demonstrates an instrument configured as follows:

1. Three plasma detectors have been installed in the instrument, respectively for the N2 / 02-H20-CnHm measurement. Each detector
is configured with a narrow interference optical filter providing an optical response specific to the measured impurity. Each plasma is
a monolithic structure made of quartz through which a pipe allows a linear gas flow. Through this linear flow, a scanning by an electric
discharge is applied. This discharge is called “dielectric” because these electrodes are mounted externally of the quartz assembly.
This ensures the inertia of the block internally being in contact with the gas. The discharge is said to be alternative to a specific high
frequency and voltage.

2. Nitrogen doping is not required because the N2 range is below 10ppm and the interference caused by nitrogen on 02-CnHmM-H20
measurements is limited.

3. A vacuum pump is not required at the PED output for the same reason as indicated in point 1.

4, Each PED has its own electronic flow control regulated by a proportional microvalve with minimal internal volume. The reading of the
flow is made by mass sensors installed at the outlet of the PEDs to avoid any form of contamination and additional volume in front of
the detector. Our design allows the use of small flow since no bulky flow control element is installed upstream of the detectors. All tub-
ing is made of 1 / 16”0D stainless steel to minimize purge volumes. A water-repellent “coating” is applied for the plasma pipes used
for H20 measurement to reduce surface absorption. The flow rates at the outlet of each PED are respectively 50 ml / min for a total
of 150 ml / min. If this flow rate is combined with the flow rate at the inlet, which is generally adjusted to 100 ml / min, the total flow
rate of the instrument is thus 250 ml / min. All this flow can be recovered because it has not been contaminated by the instrument.

5. Moisture interference is removed by installing HCD (H20 permeation tube) on PED 02 / N2. Providing a stable concentration of mois-
ture to the 02 / N2 plasma, it is saturated with water, removing the interference caused by moisture in the sample. If the presence of
moisture in the sample is above 5-10ppm, then a second trap, this time to capture moisture is required. It consists of molecular sieve
3A and has VCR fittings. When it is not required, a simple “ bypass “ is mounted on the instrument.

www.ldetek.com Where innovation leads to success
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6. A software protection system against carbon deposits at the PEDs allows them to go out when the CnHm measurement rises above
3ppm (adjustable parameter). By cutting the excitation of the N2 / 02-H20 PEDs during high CnHm measurements, it is possible to
prevent the degradation of the PEDs generally caused by the creation of carbon deposits on the walls of the monolithic quartz block.

7. In this configuration where the plasma nitrogen dosage is not used, it should not be surprising that 02-H20 traps should be used at
a lower concentration to eliminate interference than we see in a platform where the nitrogen dosage is in place. This phenomenon is
caused by the equilibrium of the species inside the plasma, offering a different mode of operation. It is also for the same reason that in
this configuration under Helium plasma only, we use a system of “trap converter” which consists of a mini plasma allowing the carbon
to decompose thus allowing the PED CnHm to measure a " by-product “ from the carbon decomposition. This allows a more selective
measurement of hydrocarbons and at the same time avoids the CnHm PED to make carbon deposits on these walls since the carbons
remain in the space of the trap converter system protecting the plasma used to measure the CnHm.

8. In this configuration, each PED contains an additional optical circuit, selective to the N2 measurement. This allows leak diagnosis
in each channel.

INTERFERENCE SUPPRESSION SYSTEM:

The protection system of the PEDs in the presence of too high hydrocarbon measurements, combined with 02-H20 trap networks,
moisture metering system and carbon converter allows the LD8000-Multigas to minimize the interferences between the impurities.
This is a unique LDetek practice, allowing accuracy and prolonged lifetime of the detector.

Table of effects caused by interferents***:

SAMPLE* 10 PPM N2 02 CH4 H20 10 PPM N2 5 PPM N2 4 PPM 02 10 PPM N2 02 CH4
N, 10 ppm 10 ppm 5 ppm -2 ppm** 10 ppm
(display = O ppm)
0, 10 ppm -3 ppm** -2 ppm** 4 ppm 10 ppm
(display = O ppm) (display = O ppm)
CnHm 10 ppm 0 ppm 0 ppm 0 ppm 10 ppm
H,0 10 ppm +0.2 ppm** +0.1 ppm** +0.2 ppm** +0.5 ppm**

* The sample balance is helium
** Approximate measurement based on laboratory tests
*** QOther combinations have been successfully tested, so they are not presented in this table. Only critical interference is shown in this table.

MAINTENANCE:

Frequency 12-18 months:
Regeneration of the 02 and H20 traps according to the contents present in the sample.

Frequency 4-5 years:
HCD (permeation tube) replacement.

Conclusion on the configuration of Figure 2:

This is the simplest and cheapest configuration of all, but it presents some interference between the compounds to be measured
as shown in the table. On the other hand, these interferences can be negligible according to the needs and the application of the
customers.

Where innovation leads to success www.ldetek.com
486




Figure 3 shows an installation where the required measurement must be configured for the following
ranges (so-called low to medium ppm configuration):

IMPURITIES N (o) H,0 CnHm

2 2 2

Range 0-20 ppm 0-20 ppm 0-20 ppm 0-20 ppm
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Figure 3 demonstrates an instrument configured as follows:

1. This configuration is similar to the one described in Figure 2. However, it allows to cover a so-called average measurement range, i.e.
to go up to 20ppm ranges. To enable this, a plasma specifically configured for N2 measurement has been added behind the H20 and
02 traps allowing to obtain a measurement without interference of nitrogen. In this configuration, the shielded nitrogen measurement
is used to apply compensation to the 02 measurement.

INTERFERENCE SUPPRESSION SYSTEM:

The protection system for PEDs in the presence of excessively high hydrocarbon measurements, combined with 02-H20 trap networks,
moisture metering system and carbon converter allows the LD8000-Multigas to eliminate interference between the impurities. This is
a unique LDetek practice, allowing accuracy and prolonged lifetime of the detector.
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Table of effects caused by interferents* **:

SAMPLE* 10 PPM N2 02 CH4 H20 10 PPM N2 5 PPM N2 10 PPM O2 10 PPM N2 02 CH4
N, 10 ppm 10 ppm 5 ppm 0 ppm 10 ppm

0, 10 ppm 0 ppm 0 ppm 10 ppm 10 ppm

CnHm 10 ppm 0 ppm 0 ppm 0 ppm 10 ppm

H2O 10 ppm +0.2 ppm** +0.1 ppm** +0.2 ppm** +0.5 ppm**

* The sample balance is helium
** Approximate measurement based on laboratory tests
*** QOther combinations have been successfully tested, so they are not presented in this table. Only critical interference is shown in this table.

MAINTENANCE:

Frequency 12-18 months:
Regeneration of the 02 and H20 traps according to the contents present in the sample.

Frequency 4-5 years:
HCD (permeation tube) replacement.

Conclusion on the configuration of Figure 3:

This is the configuration that lies between the simplest and most complete configurations previously explained (Figures 1 and 2).
It allows a little higher ranges measurement and interference minimization without the use of nitrogen doping. Depending on the
needs and application, this configuration can be considered advantageous and is a good compromise between the two extremes.
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DESIGN REPORT £
LD20-01 Detek

COMPACT STREAM SELECTOR SYSTEM
FOR TRACE IMPURITIES ANALYSERS & SENSORS

LDGSS P

A quick response time is what is required when its time to talk about gas analysis. Having the right
analyser with the proper detection technology is in the scope to be sure the analysis time is short,
and the results are stable and accurate. But it is very important to understand that the most critical
component when its time to look at the response time and the stability, is the sampling system (also
called stream selector system).

OUR SOLUTION

The LDGSS sampling system has been designed for any type of applications when switching from different streams and different
calibration gases is required. The system is 19” rackmount (3U size) offering one of the most compact sampling systems available on
the market. It can be configured for 3 to 10 streams depending of the requirements. The system has its build in fast loop sample bypass
adjustable rotameters mounted on its front side. These rotameters are used to adjust the desired sample bypass purging flow for each
of the stream. The scale of these rotameters is changeable depending of the application.

The device can be controlled locally by using the front rotary switch available on the face panel. It can also be controlled remotely by a
DCS using the remote contacts available on the back-panel connector.

The flow path has been designed in a way that the sample flow of each stream is in constant purging even if it is not selected to avoid

any dead volume (gas pockets) always resulting in response time delay and spikes. Refer to the two diagrams showing the internal flow
path configurations.

www.ldetek.com Where innovation leads to success
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LDGSS DIAGRAM WITH PNEUMATIC DIAPHRAGM VALVES

The diaphragm valve version is employed here to ensure keeping the air diffusion contamination below 0.1ppb based on the nitrogen
impurity at low pressure/low flow rate (a way better than conventional 1 x 10-9 atm cc/sec Helium leak rate). Such design is required
when ultra high purity is necessary. The valve is made of 316L stainless steel and have an inert diaphragm that ensure a perfect
sealing. The valve actuation pressure required here is 65psig and is regulated by the internal pressure regulator.

An internal purging groove ensure to avoid any risk of air diffusion coming from outboard leakage. That is a critical parameter when low
trace impurities are required. All the piping connections in the device are welded to eliminate the risk of contamination. When fittings
are required to make a gas connection internally, our LDetek series single ferrule type are used to avoid any miniature pocket of gas
generally present when a standard double ferrule is employed. For the external gas connections with the different streams and the
analysers, the version face seal (VCR) or compression type can be used in different sizes. A ten microns stainless steel particle filter
(frit type) is mounted in each gas connection.

In case the application requires a special attention due to the aggressivity/instability or the absorption of the gas types and impurities

measured, a surface treatment can be added to have an inert and less reactive surface. All piping/fittings and valve can be modified
with the proper coating and material.
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LDGSS DIAGRAM WITH 3 WAYS ELECTRIC SOLENOID VALVES

A generic version of the LDGSSS is available when the limit of detection required for the most present impurities in ambient air like
nitrogen and oxygen is over 100ppb. The LDetek, 3 ways solenoid valve offer a Helium leak rate of 1 x 10-9 atm cc/sec. Our leak
rate validation methods are the same as the one used for the diaphragm valve series where we used our PlasmaDetek2 patented
detector able to measure ppt N2 in Helium at 200sccm with pressure range being between 2-10psig. Our LDGSS comes with a quality
certification where validation of each stream has been performed.

Here again, the unselected streams are in constant purging allowing every stream to be ready for being selected for analysis without
having response delay or spike. The purge flow is regulated and maintained by a network of orifices mounted on the normally open port.
Such orifice is mounted on each stream for each three ways valve.

The adjustable rotameters play the role of fast purging the gas lines and piping upstream to the unit.

The valve is electric actuated with 12 VDC and is mounted on a 316L stainless steel manifold. The gas connections on the valve
manifold are 316L stainless steel 1/16"" LDetek single ferrule type. Such fittings eliminate the presence of dead volume.
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CONNECT UP TO 10 SAMPLE POINTS TO MULTIPLE GAS ANALYSERS AND SENSORS :

y =

Trace Oxygen Trace Moisture Gas Trace N2 analyzer Trace THC 02 sensor Dewpoint
analyzer analyzer chromatograph (LD800O & LD8OOOMG analyzer (Senz TX series) sensor
(GPR & PI2 series) (QMA series) (MultiDetek?2 series) series) (LD2000 series) (Easidew series) = m =
Where innovation leads to success www.ldetek.com
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LD8001+ ==t .S
o lene | LDelek

A PST BRAND

TRACE SUB PPB/PPT TRACE N2 ANALYSIS
IN ARGON OR HELIUM

DESIGN REPORT
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The LD8001+ is designed with the plasma emission detector (patented PED) maintained in
an optimized controlled vacuum equilibrium to offer an extended collision energy level. The PED
arrangement is designed with a valve network that allow to balance between 3 excitation sources.
From each of the excitation source, an algorithm measures the PED response delta to convert that
signal into a fast and drift free nitrogen reading. This unique design makes the LD8001+ analyser top
of the technology to measure trace nitrogen in sub ppb/ppt.

ADVANTAGES OF THE TECHNOLOGY AND ITS DESIGN

* Self canceling effect from gas line contamination * Interference free

& surface absorption * Reduce the temperature drifting to minimum value
* Fast response time * Improve the limit of detection down to 0.1ppb trace nitrogen
www.ldetek.com Where innovation leads to success

493



(72]
w
==
(=)
4
=z
S
=
<
o
-l
a.
o.
<
<
™

WORKING CONDITIONS & PERFORMANCES

e Sample pressure: 15-30psig

e Sample gas: Argon or Helium

¢ Sample gas consumption: 150sccm at 15 psig to 500sccm
at 30psig

¢ Limit of detection (LDL): 0.1ppb Nitrogen

DETECTION PRINCIPLE

¢ Stability & Drift: <+/- 0.01% of the measuring scale
* Repeatability & Accuracy: Greater of <+/- 1% of the reading

or the Idl

* Response time T90: 1 minute

Span gas response

Zero gas response

4]
TTTT TTTT TTTT

720 740 760 730 800 320
Time (s}

The change in the oscillation is evaluated by switching the gas inside the sensor and by measuring the response delta. For sampling
response, the sensor is balanced between a dry gas which is nitrogen free source and the sample source. The difference is then
calculated. The same principle is applied for the span gas calibration. However, this time the comparison is between the nitrogen free
gas source (zero gas) and a source containing a known nitrogen content (span gas). A cycling time of 30 seconds on each gas is used

to compare the response delta.

ANALYSER PERFORMANCE RESULTS

Linearity/Accuracy/Repeatability

The system is fully linear due to the linearization rectification of
the sensor. Each system is characterized in function of its full
range to ensure the respond is linear. A series of multiple points
at different concentration within the scale are performed to
achieve a linearization curve having R2 better than 0.99.

The accuracy/repeatability error of the instrument is less than
+/-1% of the reading or its Idl whichever is the higher. In this
instance, the table below shows the % deviation for 5 points
diluted at different concentrations between 0-1000ppb. For
better understanding of the detector response at different
concentrations, the raw signal of the algorithm delta calculation
from the PED sensor for each of the concentration levels have
been included. Each of the figure well represents the response
delta between the sample gas and the zero gas. The span
calibration performs at 540ppb also appears.

Where innovation leads to success

Diluted
concentrations
(ppb)

1000.0
540.0
250.0
100.0

1.0

Analyser
reading
(ppb)
995.0
540.0
252.2
100.0

11

Delta
(ppb)

-5.0
0
+2.2

+0.1

Accuracy
(% of
reading)

-0.5

0
+0.88
0

Ldl O.1ppb
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Sample: 1000ppb Reading: 995.0ppb

.

720 740 760 780 300 820 840 360 380 200 920
Time (8}

Sample: 540ppb (Span Calibration point)

32004

E
3000
2800
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Z 2400 =
= £ o
F Z
@7200
c C z
§zuuu-_ o
c =
@ =
N <
o2 1800 S
i |
1600 =)
1400 -
1200+ (<)
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330 400 420 440 480 430 500 520 54 580 530
Time (8}

Sample: 250ppb Reading: 252.2ppb

280 300 320 340 360 330 400 420 440 460 430
Time (s}
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Sample: 100ppb Reading: 100.0ppb

740 760 780 300 520 340 350 330 300 820 940 960
Time (3}

Sample: 1ppb Reading: 1.1ppb

12501

1240+

(mv)

anse

12204

Resp

12104

12004

00 620 640 860 680 700 720 740 760 780 300 520
Time (3}

Response Time

Using a dilution system, a series of multiple step changes of 5ppb nitrogen in balance Argon have been performed every 6 minutes.

The response time T90 evaluation between every step is about 1 minute in both ways. The same response time apply to both directions
(up and down).

Sppb step
Change from

24 8ppb to 13ppb

22 P 1|
20 / \
18 /_____/ '.
16 / \
14 R — \
12 / \
10 / \

8 = L _ i \

6 Change from

4 23 ppb to 8ppb

2

0

00:00:00 ©00:03:27 00:06:55 00:10:22 00:13:49 00:17:17 00:20:44 00:24:12 00:27:39 00:31:06 00:34:34
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Detection limit (LDL)

Using a 2ppb Nitrogen in Argon gas source, the raw response delta measured by the plasma sensor was 28mV.

The raw signal baseline noise is evaluated at 0.5mV. For instance, the noise level used for the limit of detection is evaluated at 3 times
its raw value. Giving 1.5mV.

LDL Calculation:

(2ppb *1.5mV)/28mV gives an LDL of 0.1ppb

Raw noise level Raw noise level
1250
on sample gas on zero gas
1240 /
=230
E
@
w
S 1220
O
w
[:H]
o
1210
1200
| N Y [ Y S I (N O (Y A O (N N N O A S O N Y U MO AN NN (NN (N NN B |
500 620 540 660 530 700 720 740 760 780 300 320
Time (2}
Stability/drift

To evaluate the stability and drift of the unit, a gas source containing 0.5ppb nitrogen in a balance of Argon has been connected as
sample gas. The average deviation obtained on a 24-hour period was 0.1ppb while the maximum deviation was 0.2ppb.
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Considering an average deviation of 0.1ppb on a measuring scale of 2000ppb, the stability offers by the analyser is better than 0.01%.

1 Stability 24hrs

0,9
0,8
0,7
0,6
0,5
0,4
0,3
0,2
0,1
0
00:00:00 06:00:00 12:00:00 18:00:00 00:00:00
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Additional results were obtained to demonstrate the stability of the measurement within a certain temperature deviation. A temperature
change of 5 Celsius degree has involved a slight reading variation of 0.3ppb. The test has been repeated with the same range of
deviation resulting in a maximum temperature deviation of 0.06ppb per Celsius degree.

ppb

- m w

-

- w

o000 0000
ORPNWEARUIONOWOE

o
=}

:00:00 00:36:00 01:12:00 01:48:00 02:24:00

Temperature

34
33
32
31
30
29
28
27

00:00:00 00:36:00 01:12:00 01:48:00 02:24:00

MAINTENANCE

The system is built to be resistant and simple of operation with minimum interventions. A routine maintenance interval every 5 years
for replacing the internal gas purifier and the diaphragm of the valve is required. The unit has been designed in a way that replacing
those components is very easy.

CONCLUSION

LDetek is proud to offers with its LD8001+ series a high-class rackmount gas analyser configured for measuring sub ppb/ppt trace
nitrogen analysis down to O.1ppb in Argon or Helium.
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APPLICATION NOTE 9
LD25-02 = o

MultiDetek3 fast gas chromatography
with dual train feature

;

A MultiDetek3
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The trace gas analysis always requires all the analytical equipment to be sensitive to
get the lowest detection limit as long as the best repeatability, the best accuracy and
stability. On top of that, the market more and more requests the analysis time to be
quicker. Being aligned with the demand, LDetek has develop its dual train configuration
in the well known MultiDetek3 platform. This configuration allows to accelerate the
analysis of the most critical impurities. There is no unique way to use this dual train
feature, the goal is to identify the impurities that require more attention and a more
frequent updated reading and LDetek will configure the MultiDetek3 accordingly. In
this application note, we will give you 2 models of solution to demonstrate what type
of benefits can offer the double train.
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SOLUTION #1

Dual train configured to focus on a fast analysis on one or few impurities from a sample gas containing multiple impurities.

Two chromatograms (Span calibration) of trace impurities NMHC-CH4 and N2 in balance gas UHP hydrogen (H2). The first chromatogram
in blue represents the first channel mounted in the MultiDetek3. The second chromatogram in green represents the second channel
mounted in the same MultiDetek3. Each of the channel has a separated sample inlet port and an individual 2 streams selection valve
to allow individual calibration of each module.

Since the N2 analysis has been identified as more critical to allow to follow the quality of the gas produced, the N2 reading can be
updated every 300 seconds in the channel 2 while the NMHC-CH4 channel is running in parallel and is updated every 700 seconds.

Based on its more critical impurity, the process can be updated very 5 minutes in this example by having a close look at the N2 critical
impurity. A second level quality measurement is performed by measuring NMHC-CH4 every 12 minutes.

Chromatogram: Channel 1 for measuring trace NMHC-CH4.
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SOLUTION #2

Dual train configured to focus on a fast analysis of the same impurity(ies) from the same sample gas by having multiple channels
in parallel.

Two chromatograms (Span calibration) of trace impurity H2 in balance gas UHP oxygen (02) produced by water electrolysis. The first
chromatogram in blue represents the first channel mounted in the MultiDetek3. The second chromatogram in purple represents the
second channel mounted in the same MultiDetek3. Each of the channel has a separated sample inlet port and an individual 2 streams
selection valve to allow individual calibration of each module.

In this configuration, the h2 peak is measured in the same sample gas in each channel. The analysis time for each channel is 70
seconds. The starting timing of the cycles has been offset to allow the h2 reading to be refresh with a new measured value every 35
seconds instead of waiting the full analysis time of 70 seconds. As the process is critical and it is very important to have the h2 reading
updated the most frequent as possible, the dual train here has been optimized to achieve the requirements and offer an updated
reading every 35 seconds.

Chromatogram: Channel 1 for measuring trace H2.
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Chromatogram: Channel 2 for measuring trace H2.
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SOLUTION #3

Dual train configured to measured different impurities from two different sample gases in the same unit. Like having 2 GCs in
one unit.

Two chromatograms (Span calibration) of trace impurity CH4 in balance gas UHP argon (Ar). The first chromatogram in blue represents
the first channel mounted in the MultiDetek3. The second chromatogram in purple represents the second channel mounted in the
same MultiDetek3. Each of the channel has a separated sample inlet port and an individual 2 streams selection valve to allow
individual calibration of each module.

In gray, we see another example where channel 1 is used to measure N2 in hydrogen while the channel 2 is used to measure from a
different stream, the impurity H2 from nitrogen sample.

In both examples, it demonstrate the cost saving of using the dual train feature to have 1 unit being able to measure impurities from
two independent stream.

Chromatogram: Channel 1 for measuring trace CH4 in Argon sample.
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Chromatogram: Channel 2 for measuring trace H2 in Nitrogen sample.
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Chromatogram: Channel 1 for measuring trace N2 in Hydrogen sample.
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Chromatogram: Channel 2 for measuring trace H2 in Nitrogen sample.
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CONCLUSION

Using the double train feature of the MultiDetek3, the fast gas chromatography is possible. The applications where it is required to
measure quickly to offer the best gas quality and better control the production process can now use this MultiDetek3 solution. As
demonstrated in the document, the dual train can also allow a significant cost saving by offering the possibility to measure impurities
from two independent gas stream into the same GC unit. That results of having two units in one.

The platform is perfectly adapted with individual features that make one unit to be operated as 2 units. The software’s, the data, and all
the hardware components are fully independent, including the communications protocols and the calibrations. That make the platform
ideal to accelerate the analysis compared to a standard gas chromatograph. The analysis time can be 2 to 3 times faster depending
on the applications.
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ANALYSIS OF PERMANENT GASES
IN DIFFERENT MATRIX USING
PLASMADETEK

The goal of this application is to analyze permanent gases in different matrix used for electronic
industry. The investigation of these impurities is important for gas providers to ensure the high purity

of their products to their customers.

This analyzer has been configured with two independent
channels, each one dedicated to one matrix. The system is based
on a GC Clarus 580 from Perkin EImer equipped with electronic
pressure regulators. Two high quality 10 ports diaphragm valves
with internal purge ensure sample injection directly on-column
and matrix backflush.The precolumn is a semi-capillary Plot

Q 30m x 530um column. The analytical column is a Molsieve

5A 30m x 530um column with a by-pass flow to elute CO,,. Two
detectors Plasmadetek with two internal detectors each are used
to quantify the components. The signal coming from each PED is
sent to the acquisition software Totalchrom.

CHA

05 10 15 20 25 w38 40 45 £0 85 &0 85 T 75 &0 as

Time jming
Figure 2

COMPONENT CONC. PEAK NOISE S/N LOD LOQ

(PPM) HEIGHT (PPB) (PPB)

S/N=3 S/N=5
H2 5 296 0.02 14800 1.0 1.7
CHa 5 808 0.02 40400 0.4 0.6
CO2 5 223 0.02 11150 1.3 2.2
N2 5 793 0.02 39650 0.4 0.6
co 5 110 0.02 5500 2.7 4.5

Figure 4

The use of Plasmadetek in this system provides excellent results
regarding sensibility and selectivity. The Plasmadetek is ideal

for this kind of analyses because it can support high volume of
sample injection and we can adjust Make Up gas flow to obtain
a suitable chromatogram. The installation of Plasmadetek on a
Clarus GC is easy and don’t need physical modification of the
GC. Its design is in full harmony with the GC whose all parts are
accessible for an easy modification (figure 5).

One of the main advantages of Plasmadetek is that it is
maintenance free, so that gives a robust system for long
analyses sequences in the laboratory or for on-line measuring
analyzers. The large range of concentrations (from ppb to %) and
the available selectivity of Plasmadetek make this detector ideal
to work in a lot of domains where GC is necessary.
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Figure 1

A 5 ppm standard of each permanent gas has been used to
calibrate the system and determine LOQ for each component.
The chromatograms shown below illustrate the results we

can obtain from this configuration. The chromatogram in
figure 2 is obtained with the detector optimized for H, and CH,.
The chromatogram in figure 3 is obtained with the detector
optimized for N,, CO and CO,,.

N2

Figure 3

Figure 5
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Q PLASMADETEK
INSTRUMENTS  ON AGILENT 7890 A
CHROMATOGRAPHIC SOLUTIONS

Application: Online analysis of four different streams. Monitoring nitrogen and impurities (H,, CH,, HCs,
0, and CO,) at low level in Helium matrix with the PlasmaDetek.

PlasmaDetek i N Valves and stream selector -
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Online analysis controller Agilent gas chromatograph:
7890A equipped with plasma

detector and membrane valves

The online analysis controller software (SRA Prochem) manages and anticipates the selection of the next stream. Alarms are
generated when impurities concentration becomes critical. Peak reproducibility using the complete system is close to 1% (RSD; n=5).
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ANALYSIS OF IMPURITIES IN
ANALYSER ARGON USING COMPACTGC
SOLUTIONS WITH PLASMADETEK-2

Due to Helium shortage, gas suppliers see an increased request for alternative gases. Their clients demand high purity with exact
specification for various applications like instrumental use and industrial production. Often PDD (Pulsed Discharge Detector) is used
for measuring impurities in bulk gases. But in case of determining the purity of Argon, separation problems arise with this detector
because Helium is used as carrier gas and the bulk Argon elutes close to Oxygen. The Plasmadetek-2 from LDetek offers the perfect

GLOBAL™

solution here, since Argon is used as carrier gas, and therefore the bulk peak is not seen at all.
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Q e ':JE * Chromatogram 2 s, | | i
< = Molsieve column |
ve|—e = com = S ; L
1 va o ] -
Al
ek Agilent 35900E Inte... H2 02IAr n2 CcH4 co
- Sample ID Area Area Area Area Area
- pe e molsieve testF ATHeL.. 203067.00 194281.00 1452795.00 1218724.00 1591571.00
molsieve lestF ATHel... 202392.00 195591.00 1452917.00 121924900  1590896.00
molsieve testF ATHeL.. 205617.00 194085.00 145572600 121644000 159279800
molsieve testF ATHel.. 204759.00 19549600 1455680.00  1223070.00  1582777.00
molsiave tastF ATHel.. 205039.00 193859.00 1455817.00 1227535.00 1587183.00
molsieve testF ATHeL.. 205447.00 195147.00 1455831.00  1220549.00 158434800
hoe . molsieve testF ATHelL.. 205320.00 196256.00 1454897.00 1224674.00 1592919.00
Figurel molsieve testF ATHeL.. 203694.00 195299.00 1455741.00 1226357.00 1573995.00
Analyser diagram molsieve testF ATHeL. 206239.00 196406.00 145672300 122596800  1590468.00
molsieve testF ATHel.. 205231.00 194874.00 145701200  1227555.00  1587386.00
S ; Win: 202382.00 192859.00 145279500  1216440.00  1572995.00
2k Yo Max 206239.00 196406.00 145701200 122755500  1592919.00
o f:"] Mean: 204703.50 19512040 145531490 122301210  1587494.10
begnid Nty Std Dev: 1211.08 257.00 1419.98 402207 586243
N o1 %RSD: 0.59 0.44 0.10 0.33 0.37

Figure 3 - Repeatability

Figure 1 shows a two-channel analyser with single Plasma Emission Detector. Valve V1 and Molsieve column analyse H,, N,

0,, CH, and CO in Ar. A second channel around valve V3 is present for analysing CH,, CO,, N,O and Ethane in Ar. For analysis of
impurities in N, a fore-flush column switching option is added to this channel to vent the bulk N,. Figure 2 shows the Molsieve
chromagram of an 11 ppm calibration standard. Figure 3 demonstrates the obtained repeatability, which is excellent. Valve V2
combines both channels to a single PlasmaDetect-2 detector, which contains up to four optical sensors for optimal sensitivity for
each individual component, see figure 4. Figure 5 shows the integrated analyser using CompactGC*°.

I, (TR TS . PR T T - n

— Cycle Time: 055 Standly
-_. Signal #1 E6as)
-_ > » . 0.000000 ] T ) ¢
[ B s '
— |
Dtcstor 5 (il i ) ) Figure 5 - CompactGC*® .
— | T ,,,$ oo

a - : 4 — ¢

Outocter 17— By e b + — v
== ] LR : ’ GLOBAL ANALYSER SOLUTIONS

— B P.0. Box 2148, 4800 CC Breda, The Netherlands

T: +31(0)76 5411800 F:+31 (0)842 206757

Figure 4 - programming 4 optical sensors in one PlasmaDetect-2 detector info@gas-site.com www.gas-site.com
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For the Better PARTNER

Antelia integrated PlasmaDetek series solutions in many GCs over the last years and is proud of its
strong expertise for developing high performance applications. Antelia works with Perkin EImer lab
GC platform to develop their solutions. On top of that, Antelia also integrates PlasmaDetek on the
compact GAS GC. Depending on the applications, Antelia uses the GAS compact series or the Perkin
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Elmer desktop GC. ‘E’
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PlasmaDetek2(PED) mounted on
the Clarus Perkin Elmer GC

=
el e

Py |

PlasmaDetek1(PED) mounted on
the Clarus Perkin Elmer GC
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ANALYSIS OF TRACE IMPURITIES
IN ELECTRONIC GRADE HYDROGEN
USING AGILENT GC WITH PDHID AND
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= APPLICATION = I‘ g :

m Impurities(Ar-02-N2-CH4-CO-C0O2) analysis of electronic v : - s — - ,1

L grade Hydrogen at 10 to 20ppb level with the PDHID and T S = |
3 Plasmadetek 2.

This analyzer has been configured with two independent
channels, front channel for impurities(Ar-02-N2-CH4-

CO) measurement by PDHID and back channel for
impurities(CO2,n-C2~4) measurement by PED . The system is

R

Bl o

L] .

based on a GC 6890N from Agilent equipped with electronic g T ’ :
pressure control module. Two low leak rate 6 port and 4 port - E E E,
switching valves with Molsieve 5A column to perform bulk o i T'% i”l
Hydrogen heart-cut technic and assure the baseline separation x I I - Y S
for Ar and 02 in H2 gas sample. ; e “—t: - . —
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Signal 1: PED B, Back Signal
RetTime Type Area Amt/Area Amount Grp  Name
[min] [15 pv*s] [ppm]
------- R R et EETLETEII ) EEE SR R R LTt

7.243 BB S  1.44087e5 2.78998e-5 4.02000 c02
9.651 BB S 3.36276e5 3.28599%e-5 11.05000 C2H6
14.741 BB 4.07393e5 1.13159e-5 4.61000 C3H8

H2 Analyzer
|

LDL CACULATION _— i
Signal 2: PDHID A, Front Signa
COMPONENT Standard Gas Peak Height 3xNoise MDL (ppb) 9 : .
Conc. (ppm)
AR-PDDA . 1826.99624 . 9.36858 RetTime Type Area Amt/Area Amount Grp  Name
N2-PDDA 63 | 79499384 | 03381 | 2679304 [min) [pA®s] [ppm]
CH4-PDDA 493 | 191148582 | 03381 | 872009 |  =eeeees |=nwsinn | i nmanass s snmaasgs |Fansaccaen fnn | smmwasam
CO-PDDA 478 | 110718896 | 03381 | 145966 1.937 BBA  1860.75464 2.86443e-3  5.33000  Ar
CO2-PEDB 402 | 1954475508 | 64824 | 133331 3.671 g8 1753.38501 3.593@5e-3  6.30000 N2
C2H6-PEDB 1105 | 1615939258 | 6.4824 |  4.43275 4.622 BB 4349.97461 1.13334e-3  4.93000  CH4
C3HS-PEDB 461 | 1562492605 | 64824 | 191258 7.128 B8 1978.74536 2.41567e-3  4.7880@  CO
”/‘ Copyright (C) 2008 CREATVAR TECHNOLOGY ALL Right Reserved .
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PLASMADETEK2 (PED)

MOUNTED ON DANI MASTER GC

APPLICATION SUMMARY

At Microbial Analytics Sweden AB we have investigated gases dissolved in water for over two
decades. The water is collected from deep boreholes in solid rock and the gases are dissolved

in the water under very high pressure. The background is that some of these gases might act as
fuel for microorganisms; other gases indicate ongoing microbiological processes. It is important to
investigate these mechanisms because they might endanger long-term storage of for instance spent

A DANI PARTNER
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nuclear fuel. Also, in a shorter time span other structures underground might be heavily corroded by

such mechanisms.

SOLUTION

We have developed our own sampler design to collect

and transfer the water pressurized to the laboratory. After
extraction, we analyze the dissolved gases using several
different gas chromatographs. The ranges of gases are the
usual permanent gases, though present at unusual ratios and
concentrations, as well as lighter hydrocarbons.

As a research institute it is important for us to keep the quality
at a very high level. Because of this we have decided that all
analytical results should be verified by multiple analyses on
different gas chromatographs using alternative columns as
well as alternative principles of detection.

Last year we decided to replace an older gas chromatograph
that was set up with TCD detector as well as an FID detector
and a methanizer. It was brought to our attention by the
Swedish agent for PlasmaDetek2, Kovalent AB, that the
plasma detector could be a useful alternative for the
replacement instrument. Because of this we settled for the
PlasmaDetek2 instead of the FID/methanizer setup on one
channel in the new chromatograph, keeping TCD detection on
the other channel.

For us this was a very fortunate decision since the

PlasmaDetek2 has qualities difficult to obtain in other ways.
Not only is it very easy to quantify carbon monoxide and

www.ldetek.com

dioxide in the same run as the hydrocarbons without the need
for a methanizer that has to be protected by switching valves.
It is also possible to detect inert permanent gases in the same
run. This is very much in line with our quality goals, to detect
the analytes using different principles. Other instruments in
our laboratory are still equipped with for instance FID detection
and the results are compared, showing very good correlation.

Another positive effect was the ability to tune the sensitivity
for different gases. In our samples we sometimes have to
measure hydrogen at low concentration in the presence of
comparatively high levels of neon. Chromatographic separation
is possible, but not always optimal. Using the PlasmaDetek2,
the sensitivity for hydrogen is much higher than for neon and
the quantification gets a lot easier.

The PlasmaDetek2 (PED) detector has been a very positive
experience for us!

Where innovation leads to success

511



4.0 TESTIMONIALS

RESULTS

The chromatogram below shows an example of analysis of a sample gas containing 0,10% of CO-CO2-C2H2-C2H4-C2H6 and C3 in
balance nitrogen. The CH4 is also measured in this application and the integration window appears at minute 5, but it is not present in
the sample gas used for this analysis.

On the chromatogram, we can see that the CO peak is integrated in a slight drift that comes from the balance Nitrogen peak that elutes
just before. The selectivity of the Plasmadetek2 (PED) for the CO measurement makes it suitable to measure it, even if the column used
cannot separate N2 from CO perfectly.

The C2’s are also shown in a slight drift that comes from the temperature programming of the column. The peaks can be separated and
integrated with success at any concentration.

The configuration of the system uses a single Carboxen 1010 column for the separation. The column temperature was programmed to
allow the peaks having a late elution time to come earlier. The injection volume used was 100 micro liters.
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PlasmaDetek 2 (PED)

DANI Master GC

Kovalent AB, Faltspatsgatan 6, 421 30 Vastra Frolunda. Tel. +46 (0)31 709 81 80, e-post: kovalent@kovalent.se
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INSTRUMENTS

PLASMADETEK
ON AGILENT 7890 A

CHROMATOGRAPHIC SOLUTIONS

APPLICATION SUMMARY

As part of a research project for measuring greenhouse gases in France, more precisely for the N20
and CO2 for multiple soil sample analysis having a wide range of concentrations, the use of the
PlasmaDetek2 (PED) detector and the Agilent 7890 GC combined with the Headspace 111 auto
sampler system have been used in this proposed solution.

CHALLENGE OF THE APPLICATION

The samples from different locations come in 40ml vials. More
than 4000 samples have to be analyzed per campaign. The
samples contain CO2 concentrations ranging from 500ppm up
to 80% and N20 concentration from 300ppb up to 5000ppm.
The system of detection must be able to cover each sample
within 15 minute cycle time. Low and high concentrations are
analyzed with the same system.

SOLUTION

System implementation comprises a Headspace setter 111
positions coupled to an Agilent 7890 gas chromatograph
(GC) equipped with purged valves and connected to two types
of detectors, one TCD for high levels of CO2 in particular,

and a PED (PlasmaDetek2 from LDetek) for traces of N20.
The advantage of this notorious PED detector with respect

to ECD detector, frequently encountered in this application,

is the absence of radioactive source subject to a heavy
administrative procedure and staff empowerment. The
presence of these two sensors in the same instrument, allows
analysis and quantification of high levels of CO2 and very low
levels of N20.

SYSTE M PI CTU R E Agilent Headspace

por

PlasmaDetek 2 (PED)

=

Agilent

B 7890 GC

E- .-.l.s:?

SRAINSTRUMENTS
150 rue des Sources F:04.78.44.29.62

69280 Marcy I'Etoile info@sra-instruments.com
France www.sra-instruments.com

T:04.78.44.29.47

APE 4669B

www.ldetek.com

SA a Directoire et Conseil de surveillance au capital de 150.000 €
RCS Lyon B 342 068 731

SIRET: 342 068 731 00039
Code TVA FR 40342068731
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Chromatogram showing 80% CO2 and 40ppm N20 using
TCD channel. This channel gives the ability to measure high
concentration CO2.

Chromatogram showing 40ppm N20 using PED
(PlasmaDetek?2) channel. This channel is used for measuring
low concentration N20.

- Agilent Technologies

L—— Premier Solution Partner
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4.0 TESTIMONIALS

HYDROG(E)NICS

SHIFT POWER | ENERGIZE YOUR WORLD

Hydrogenics is a leading developer and manufacturer of hydrogen generation and hydrogen-based
power systems. With a proven track-record of over 60-years of experience in fuel cell technology and
innovation.

Hydrogenics helps companies reduce their footprint by reducing carbon emissions and producing
clean renewable energy that can be sent back into the power grid. Hydrogenics super-dense PEM fuel
cell allows for large-scale energy storage with unprecedented high-overload capability.

SOLUTION

The 1 MW pilot plant in Daesan Korea produces renewable electricity from unclean hydrogen and sends

it back to the Korean power grid to be used for home and industry. Hydrogenics needed a company that
offered advanced quality critical monitoring system and LDetek delivered with its turnkey solution cabinet
system. The MultiDetek 2 checks the level of purity to ensure no contaminants in the hydrogen stream
being delivered to the PEM fuel cell. LDetek provided a full system including cabinet, LDGSS (streams
selector) and carrier gas purifier. As a company that values safety and reliability, Hydrogenics only chooses
best-in-class partners, making LDetek an ideal choice to do business with.

INSTALLATION PICTURES

WWW.HYDROGENICS.COM
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Application of Plasma Emission Detector in Determination of Trace Neon in High Purity Helium
ITu Shuguo, Zhang Tigiang
(National Institute of Metrology, Bejing 100029, China)

Abstract Trace neon in helium prepared by gravimetric method was determined by gas chromatography with
plasma emission detector and discharge 1onization detector. Sensitivity and repeatability ol trace neon in diflerent deteclor
were compared. The results showed that the detection sensitivity of PED was higher, the linear range of neon was 0.03-0.3
pmol /mol, the correlation coefficients (+¥) was 1.000, the detection limit was less than 1 nmol /mol, the RSD was less
than 2%(n=06). By comparing the data of atmosphere pressure ion mass spectrometry, the reliability of the results was
verified. The determination of trace neon in helium by plasma emission detector may decrease the uncertainty of neon
reference material, which lays the foundation of development of high precision trace neon standard material.

Keywords plasma emission detector; high purity helium; trace neon; detection limit; gas standard material
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4.0 TESTIMONIALS
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R R 4 3 AP AR S
7 L00541747(0.028 pmol / mol), 3055937 (0.101
u mol /mol), L0054012° (0.276 p.mol /mol). 435
F 1 DID #&:3 #5F1 PED A& 28 00 8 B (mialis)
Rl #5093 IR AT 0T 45 R W3R 1,

#F 1 HESHIEESSHAESE DID 1 PED ERINEL (n=6)

DID PED

SiE BRI RSD/ W/ RSD/
(mV -+ 3) % (mV +5) %
BB (Ml ) 0 - 0 -
L00541747 455 0 381.8 2.0
3055937 iR R 158.1 4 1390.2 0.5
L0054012" R4 347.5 3 3839.6 0.5

FH2E 1AL 5T 0.1 wmol/ mol BA I A9fcE S
“SfF DID 1 PED K5l 45 I Y4700 5 450U/ T
%2 0.03 pmol/mol i}, £ DID Al 2% [ 7% AT MR
111 £ PED Gl g5y {474 e, anfsl 1 s,

1200

Ne
1000

20 40 60 g0 100 120

HHRLE / mV

1 i 0.03 wmol /mol JMLU'E PED I 4 na i

22 HMHGR

X§ T DID &G 2%, i T 15 & it Bl UR & 7E
DID | ¥A7 W i, JoikARFF kbt dr i, AR 1
PED X 35 A A7 a9 48 I & 4, DA 500 5 (X
wmol / mol) Sk Ak b, AN N {E (V) RAAL bR AT
LRk [l A B 7R Sl Y=13952.3419X-13.0290,
7=1.000,
23 AewmBaELS

MFR 1 AT AR Bl 2T U O R AREAIR,
JASAE DID Al PED _L- Wi L7 {F A AR X6 o A 25 3%
WA Sl AE DID KGN 5 - AH 57 AR A% AR 5 o o O
2005 KT PED AR5, LR AT fEJE DID #5 #%
it 1 T B P PR R A i S BRI 55 A B
L L A 1 IR M s g — T, 1K a4 5
“LAE DID L A8 7 (R /)N, A TS5 B0 B Pk 2
PED 6 il i H A7 82 5 19 A U, Sl A Bk KT 0.1
pmol / mol i, I 6 YCHEAE I 2 45 5 i 4H X B it

www.ldetek.com

516



80 LA AR i

2016 4,45 25 #5511

220 0.5% 3 FCH KT 0.1 wmol / mol B, A%}
PR 25 2.0%.
2.4 PED #:i) FR 64 # 5%

FH T 8 Sl AU R A AR B (S aig
) 1F PED A& % 1 3% A7 10 1, 8 IR B A Y
AT PED (AR A0RG 0 B . 24 2% 1o
& (Y=0) B, w5 LA 0 BRI S X N
0.93 nmol / mol, H BLAEWT 75 TAE PED | A F5 i FlE
Y7 1 nmol / mol Ze 4. MR SCilik ik O i ARG
I PR f b HE AN 5 22 0.51 nmol / mol .

Sk 2 56 E RSO ) MR AT S R v
TR 5 B KR B TR A A S R AT T
RS, MEAZE R s B U & /T 1
nmol / mol, iX 55 PED {&ill#% 15 a9 45 e 41—
F4 PED MRS5S, v LASS 1 Tl 4 3 IR AR
PRAHR BT A &/ T 1 nmol / mol, % 1E 5
AT HE IR E 9520 15 PED R 55 R I BR A AN
SEFER N 1 nmol / mol.

TEEWEE] 1w mol / mol (9 e 5l “ThRHER I,
AR LA DID 8 335 (SO A B b i G0 LA R
LIRS B 30 nmol / mol /F K AN 52 HE , Wl i i %6 51
A AHRS AN 0 BE 22708 3% 5 1fif LA PED il B 1
nmol / mol 1 b AN 52 BE , 51 AR AR X AN % BE Ky
0.1%  FIGAT UL, GG 0 PR T A1 il v o 1t g
FUP RO U Tl T

3 4iE
) FH 25 5 2 SHAG  2% PED X 3 JH i Bt k)

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

REAREFEER MR LR

80 Jei MK BEHL AT Kz —Fh i), 76 3~5 min PR AR
TG AR 2 R A e B R AR 2
FREFEA

T E LR TR, BRI B ST AR
HUAT = BT 1k S Y Pl T, 3 B A M S R
5 Z ALY, LTS 0 bRy i A R, Ak
JEALE L AR AR AME I |

P A WAL 7= AR L 2010 A B 44 I i Rt
Rt A R, SRR AT AR . RS LS A 3 R,
(il 22 AR R AR e AR LU T IR . MR
Al AR () 7 0 o FEE B, 3 v, bR T T AR U
T H AT bR M AR A 80A ot (s Ag R A e
an TS A TRRER R v O 2 AR , SRR A i
P E A P26 b B SR 1 min, 20 HA —F Al

FEARTE 1 min a5 HE
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A8 0 2P iR U R A AT TR S R f
JERGE . IS VRS 43 T PED X 50U
O R A 900 PR P AN 2, A o) o o JEE 1
GBI HEY) I B85 T Al . ICAT PED ks i &%
B AH C TS, PRI bk 550 U7 10 5 A2 AH
L AT B 1 AL, 2 H ARSI S SO R U
(AR A
£ & 3k
[1] GB/T4844-2011 &li% Fhai s Mz s].
(2] Seifeds 0FEES, dicds 6 . 0T 2R ks I 88 UM ik o i
ST L IR HEC, 2012(4): 85-91.
[3) R0, 507007, b, 45 SO H] S5 i o A ke 2k
et e [0 ], Srprlae it 2012(2): 279-284.
(4] IR, S22, 35 R . R R B els 0 el oo o B R T 0 27
(R EHLAL T [ 7] AR, 2007(6): 36-38.
[s5] SO, W0, 25 R 3.l W g i <A P 1 2 o 4 By ——
CCQM K66 [HFR Ll [ 7] fkF#arbiitiE, 2009,18(6): 67-69.
(6] BESCF ARIELT . A5 T A K &% (PED) Bt e 4 A fe M
e i [T ] IR S R, 2014,32(3): 4854
[7] GB/T5274-2008 “CIAspHidefEHIR-ASURAYRI A BRIGE[S |
(8] SRS, ZE0E . RSO B H A & IR 3 It R12 Uifds
el [ 7). Ab2E 50 BT L . 2012(6): 67-69.
Lo WIRERD, L, 147 . fdd OARSE B A A T 45 S
HESIE R [0 )RR, 2013(1): 72-75.
[10] XUIH, EfE, L. eI PR AR EE BT AL [T ). By
THE,2009,19(2): 25-27.
(110 sfefAcsim, i ShRE . U U IS R T 1 g U
Hrifgeitee [ 1] S, 2014, 33(6): 775-781.
[12] akfas, SR, it . R CIRrs B R 7 B e b AR S HE S i
AR LT ) AR Er il . 2014,33(7): 854-858.

.......................................................................

2013 4E &, AR AT A R el KeE LK G &
A R DRURGE I ) by R 0 o 0 EE o5 L A AT AR T S
60%., = W ARPAT T i ARSI %, — 2ok
TAimll th 75 E R e S S A R IR AT R . RS X
AL BT IR P A A 1 L WA 30 28 AT L
ARG AR £
AN TR AT A HAr. R UL <7
AT D AIF A b — b ol 5 2 2 ARSI P A SRR AT g,
I )OO T A B AR A g B Y I i R
i, B0 F O] ARSI AR R A T i ih . SR R R
P 7 R ] d ER D 7 1 B2 ) (K 404 o
HURER AT E . WA= InSteg ¢ REAE 0 R, 2R 005 B ) Bk
R aEE.
W A b, SRR AT AN S ALY £ G i AR 2 A HIL
R (EFEAT A BT A O dh B R IS LD AT S .
(AR HIR)
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5.0 CHROMATOGRAMS
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. eV Do e Dy DROGEN SULTTDE Y
3
b ROG e iy e - PECINE &

S WATER  BEVERAGE S

S e ANE =
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NITRIC DIOXYD f_&“‘*
PHARMACEUTIC 4 O

www.ldetek.com Where innovation leads to success

519

[2)
=
<
o
o
2
<
=
o
o
=
()
Q
o




(2]
=
<
o
]
<
<
=
<]
x
X
o
=
0

IMPURITIES

Chromatograms #

1,3-Butadiene (1,3-C4H6) 73
Acetaldehyde 1-2-34-76
Acetic acid 5
Acetylene (C2H2) 6-7-8-910-11-23-69-73-78-79-83-110-114
Ammonia 1390
Argon (AR) 141516-17-18-19-71-72-77-80-85-87-97-107-109-113
Arsine 20-21-22
Benzene(C6HB) 76
Butadiene (C4H6) 23
Butane (C4H10) 23
Butylene 6-78
Butylene (C4H8) 23
c-2-Butane (C-2-C4H8) 73
Carbon dioxyde (CO2)  ..ouuemummmurrreereeeees 1-24-25-26-27-64-65-30-19-31-32-33-23-34-35-36-37-66-67-71-73-74-75-78-79-80-81-82-83-84-90-96-99-100-105-111-115
Carbon MONOXYdE (CO)  weveveeuuusrrererereessessmmsarssesseees 6-25-38-30-19-39-31-40-32-3341-34-35-36-37-42-66-67-71-73-76-78-79-80-81-82-83-84-88-96-100-105-111-115
Carbonyl sulfide 543444546
Ethane (C2H6) 6-7-8-910-23-69-73-78-79-110-114
Ethanol (C2H60) 74

Ethylene (C2H4)

6-7-8-9-10-23-69-73-78-79-83-110-114

Fluorine 87
Formaldehyde 34
Formic acid 5
Freon11 83
Freon113 83
Freon12 83
Freon13 83
Freon22 83
Helium 388791
Hydrogen (H2) 6-25-18-38-30-58-19-39-32-33-34-35-36-37-66-67-78-80-81-82-91-95-105-111-116
Hydrogen sulfide 543444546
iso-Butane (i-C4H10) 73
iso-Butylene (i-C4H8) 73
iso-Pentane (FC5H12) 73
Krypton 1847-70-72-77-80-85-87
Methane (CH4) ... 6-25-7-10-26-27-48-38-30-58-19-39-31-40-32-49-33-19-23-34-35-36-37-66-67-68-69-71-73-75-78-79-80-82-83-88-95-103-105-111-116
n-Pentane (N-C5H12) 73
Neon (NE) 1819-77-85112

Nitrogen (N2)........... 17-24-6-47-52-53-56-57-38-30-58-19-39-31-40-33-41-34-35-36-37-42-66-67-71-72-73-74-76-78-79-80-81-82-86-91-94-101-105-106-111-117

Nitrous oxyde (N20)

11-27-48-54-49-23-5-75-81-83-106

Non-methane hydrocarbons (NMHC)

19-33-34-35-36-37-67-68-69-71-80-83-93-102

Oxygen (02) 6-25-56-57-30-38-58-19-39-31-32-42-66-67-71-73-79-81-82-88-90-95-103-107-111-116
Phosphine 59-60-61
Propane 6-7-8910-23
Propylene 6-7-8910-23
Sulfur hexafluoride (SF6) 42-62-75-81-92-108
t2-butane (T-2-C4H8) 73
Tetrafluoromethane (CF4) 42-63-81-82-98-99-108
Tetrahydrothiophene 89
Trichloroethane 83
Trichloroethylene 83
Water 1-813-20-21-3-44-45-61-64-65
Xenon (XE) 70-77-80-85-88-104

Where innovation leads to success
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CHROMATOGRAM #1

Acetaldehyde
e Instrument : Micro GC MultiDetek series

¢ Detector : PlasmaDetek series (PED)

e Carrier Gas : Helium (Argon can be used as well)
e Column type : 10 meters Plot Q - Bond 0.32mmID
e Carrier flow rate : 3sccm

¢ Sampling loop volume : 60uL

® Column temperature : 80 Celsius isothermal

* Impurity concentration : Acetaldehyde : 132 ppb

Water
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CHROMATOGRAM #3

Formaldehyde
o Instrument : Micro GC MultiDetek series

e Detector : PlasmaDetek series (PED)

e Carrier Gas : Helium (Argon can be used as well)

e Column type : 10 meters Plot Q -Bond 0.32mmID
o Carrier flow rate : 3sccm

e Sampling loop volume : 60uL

e Column temperature : 70 Celsius isothermal

* Impurity concentrations : Formaldehyde : 90 ppb
Acetaldehyde : 2 ppb

Water

Acetaldehyde

D= T T s T T T T
0 2 4 6 8 10 12 14
CHROMATOGRAM #5
* Application :
Analysis of low ppm/ppb
Acetic acids & sulfurs & N20 in Air
acid * Instrument : MultiDetek2 compact GC

* Detector : Plasmadetek2 (PED)
* Carrier gas : Helium
* Columns : Stabilwax-DA, MXT-1, Shin Carbon

* Sample gas composition :

680ppb Acetic acid
240ppb Formic acid
Formic 850ppb H2S
acid H2S  COs 820ppb COS
805ppb N20

Balance dry air

www.ldetek.com

CHROMATOGRAM #2

Acetaldehyde

o Instrument : Micro GC MultiDetek series

o Detector : PlasmaDetek series (PED)

e Carrier Gas : Helium (Argon can be used as well)

e Column type : 30 meters Plot MTX Q-Bond 0.53mmID
e Carrier flow rate : 4sccm

e Sampling loop volume : 60uL

e Column temperature : 100 Celsius isothermal

¢ Impurity concentration : Acetaldehyde : 132ppb

0 2 4 6 8 100 12 14 16 18 20

CHROMATOGRAM #4

o Instrument : Micro GC MultiDetek series

* Detector : PlasmaDetek series (PED)

e Carrier Gas : Helium (Argon can be used as well)

e Column type : 30 meters Plot MTX Q-Bond 0.53mmID
o Carrier flow rate : 4sccm

* Sampling loop volume : 60uL

* Column temperature : 100 Celsius isothermal

* Impurity concentrations : Formaldehyde : 8.1 ppb
Acetaldehyde : 0.3 ppb

Formaldehyde

Acetaldehyde

0 2 4 6 8 10 12 14 16 18 20

CHROMATOGRAM #6

e Instrument : Micro GC MultiDetek series

¢ Detector : PlasmaDetek series (PED)

e Carrier Gas : Helium (Argon can be used as well)
e Column types :

Na 1 X 30 meter 0.53mmiID Plot Molecular Sieve 5A
1 x 30 meter 0.53mm ID Plot Alumina BOND/NayS04
e Carrier flow rate : 4sccm
e Sampling loop volume : 60uL
* Column temperatures :
60 Celsius isothermal
40 Celsius until minute 10 and then increase up to 150
Celsius at 20 Celsius/minute
¢ Impurity concentrations: H2:8.1 ppm
02:9.7 ppm
N2 : 14.0 ppm
CH4:9.4 ppm
0o CHa CsHs CO:8.1 ppm
CoHe |C3He CoHe: 11.2 ppm
C4Hs C2Ha4: 7.9 ppm
Ha C3Hg:9.1 ppm
Cco C3He: 9.0 ppm
CoH2: 7.8ppm
C4Hsg: 10.5 ppm
L
0 5 10 15 20 25 30 35
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CHROMATOGRAM #7

H
CHa o Instrument : Micro GC MultiDetek series

e Detector : PlasmaDetek series (PED)
e Carrier Gas : Helium (Argon can be used as well)
e Column type : 10 meters Plot Q-Bond 0.32mmID
o Carrier flow rate : 3sccm
¢ Sampling loop volume : 60uL
e Column temperatures : 60 Celsius until min 3, then 130 Celsius
¢ Impurity concentrations:  CHs4 : 10 ppm
C2H2 : 10 ppm
C2Hs : 10 ppm
CsHe C2He : 10 ppm
CsHs C3Hg : 10 ppm
C4Hsg C3Hs : 10 ppm
CsaHsg : 10 ppm

CoH2+CoHa+CoHe

0 U2 4 6 8 10 12
CHROMATOGRAM #9

 Instrument : Micro GC MultiDetek series
C3H8 * Detector : PlasmaDetek series (PED)
* Carrier Gas : Helium (Argon can be used as well)
* Column type : 30 meter 0.53mmlID Plot Alumina BOND/Na»S04
 Carrier flow rate : 4sccm
CoHu Cy4Hg * sampling loop volume : 60uL
* Column temperatures : 40 Celsius isothermal until minute 3, and
then 150 untill minute 8

CoHe | C3He

CoHg

* Impurity concentrations : CpHg : 5.1 ppm
CoHg : 4.0 ppm
C3Hg: 6.6 ppm
C3Hg : 5.9 ppm
CyHy : 4.0 ppm
C4Hg: 6.5 ppm

0 4 k& 10 12 14 16 18 20

N

CHROMATOGRAM #11

N0
Oxygen
Matrix
* Instrument : Micro GC MultiDetek series
* Detector : PlasmaDetek series (PED)
* Carrier Gas : Helium (Argon or Nitrogen can be used as well)
* Impurity concentrations :

Nitrous Oxyde : 2.4ppm
Acethylene : 0.4ppm

CH

| J\

0 2 4 6 8 10 12 14 16 18 20

CHROMATOGRAM #14

Ar

e Trace Ar in Oxygen matrix

¢ Instrument : Micro GC MultiDetek series
* Detector : PlasmaDetek series (PED)

® Carrier Gas : Helium

* Column type : 8 feet, 1/8" Packed Stainless Steel ArgoTek
(LDetek's column)

* Carrier flow rate : 20sccm

* Sampling loop volume : 50ul

® Column temperature : 45 Celsius isothermal
e Impurity concentration:  Ar: 0.9 ppm

Oxygen matrix

0 2 4 6 8 10 12 14 16 18 20
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CHROMATOGRAM 8
C3Hsg

C2oHe
CoHo C3He
+

CoHg

* Instrument : Micro GC MultiDetek series
* Detector : PlasmaDetek series (PED)
* Carrier Gas : Helium (Argon can be used as well)
* Column type : 30 meters Plot MTX Q -Bond 0.53mmID
CaHsg . Carrier flow rate : 4sccm
* Sampling loop volume : 60uL
* Column temperatures : 60 Celsius isothermal until minute
3, and then 140 Celsius until minute 10.
* Impurity concentrations : C2H2: 4.1 ppm
C2H4 : 3.1 ppm
C2He: 6.1 ppm
C3Heg : 6.0 ppm
C3Hsg: 5.5 ppm
CsHsg : 5.0 ppm

H20

0 2 4 6 8 10 12 14 16 18 20

CHROMATOGRAM #10

* Detector : PlasmaDetek-E (PED)
* Instrument : MultiDetek micro GC series
C.H * Configuration : Single injection at isothermal temperature

24
e Column : 2 Meters Packed ShinCarbon
* Column temperature : 200 Celsius
Carrier Gas : Nit
C2H6 o Carrier Gas itrogen

* Impurity concentrations :
Air CH, : 9.56ppm

Matrix C,H,:10.5ppm
C,H, :9.96ppm
CH C,H, : 10.8ppm

C,H, : 10.4ppm
C,H, :9.20ppm

U

CHROMATOGRAM #13

N2

o Instrument : Micro GC MultiDetek series

* Detector : PlasmaDetek series (PED)

o Carrier Gas : Helium (Argon can be used as well)

e Column type : 30 meters Plot MTX Q-Bond 0.53mmID
* Carrier flow rate : 4sccm

* Sampling loop volume : 60uL

* Column temperature : 80 Celsius isothermal

* Impurity concentration : NHz: 11.4 ppm

NH3

0

0 5 10 15 20 25 30

ROMATOGRAM #

Ar

¢ Instrument : Micro GC MultiDetek series
e Detector : PlasmaDetek series (PED)
* Carrier Gas : Helium

¢ Impurity concentration :
Argon : 225 ppb

www.ldetek.com
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CHROMATOGRAM #16

Ar

Instrument : Micro GC MultiDetek series

Column : ArgoTek (LDetek's column)

Detector : PlasmaDetek series (PED)

Carrier Gas : Helium

Impurity concentration :
Argon : 179 ppb

0 2 4 6 8 10 12 14 16 18 20

CHROMATOGRAM #18

« Micro GC MultiDetek series
e Detector : PlasmaDetek series (PED)
o Carrier Gas : Helium
e Column type : 12 feet, 1/8" Packed Stainless Steel HSR-Etek
(Ldetek's column)
 Carrier flow rate : 20sccm
Ho o Sampling loop volume : 250uL

* Column temperature : 45 Celsius isothermal
* Impurity concentrations:  Neon : 4.1 ppm
H2:5.0 ppm
Neoh Ar:0.9 ppm
Kr:4.2ppm
N2:0.4 ppm
Argon
Krypton
lk R
6] 5 10 15 20 25 30

CHROMATOGRAM #20

AsH3

e Instrument : Micro GC MultiDetek series

e Detector : PlasmaDetek series (PED)

o Carrier Gas : Helium (Argon can be used as well)
e Column type : 10 meters Plot Q- Bond 0.32mmID
o Carrier flow rate: 3sccm

e Sampling loop volume : 60uL

e Column temperature : 50 Celsius isothermal

* Impurity concentration : AsHz : 6.2 ppm

Water

www.ldetek.com

CHROMATOGRAM #17

Ar

N  Instrument : Micro GC MultiDetek series
® Column : ArgoTek (LDetek's column)
* Detector : PlasmaDetek series (PED)
* Carrier Gas : Helium
* Impurity concentrations :
Argon : 201 ppb
Nitrogen : 126ppb

CHROMATOGRAM #1

* Instrument : Micro GC MultiDetek series
* Detector : PlasmaDetek series (PED)

o CO, « Carrier Gas : Helium
2 * Impurity concentrations :
N CH co Neon : 3.62ppm

H, 214 NMHC Argon : 2.71ppm
Hydrogen : 5.27ppm
Ne Oxygen : 5.76ppm
Ar Nitrogen : 5.41ppm
Methane : 5.11ppm
Non Methane hydrocarbons : 5.66ppm
Carbon monoxide : 5.51ppm
Carbon dioxide : 5.12ppm

0 2 4 6 8 10 12 14 16 18 20

CHROMATOGRAM #21

AsH3

e Instrument : Micro GC MultiDetek series

* Detector : PlasmaDetek series (PED)

e Carrier Gas : Helium (Argon can be used as well)

e Column type : 30 meters Plot MTX Q-Bond 0.53mmID
¢ Carrier flow rate : 4sccm

* Sampling loop volume : 60uL

* Column temperature : 55 Celsius isothermal

* Impurity concentration: AsH3: 6.2 ppm

H20

0 2 4 6 8 10 12 14 16 18 20

CHROMATOGRAM #22

 Instrument : Micro GC MultiDetek series

* Detector : PlasmaDetek series (PED)

* Carrier Gas : Helium (Argon can be used as well)

e Column type : 30 meter 0.53mmID Plot Alumina BOND/NayS04
e Carrier flow rate : 4sccm

* Sampling loop volume : 60uL

* Column temperature : 40 Celsius isothermal

o Impurity concentration : AsHz: 6.2 ppm

AsH3
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CHROMATOGRAM #23
C2H2 « Application :
C2H4 Analysis of trace hydrocarbons, C02, N20
in high purity Oxygen
« Instrument : MultiDetek2 compact GC
=1 « Detector : PlasmadetekE (PED)
C2H6 © g g * Carrier gas : Nitrogen
I + Columns : Packed Alumina, ShinCarbon,
3@ HayeSep D & CarboBlack
<
CH4 ° * Sample gas composition :
c3H8 18.1ppm CH4
C3He 8.6 ppm C2H6
8.2ppm C2H4
2.1ppm C4HB
1.8ppm C4H8
2.1ppm C4H10
4.1ppm CO2
0.8ppm N20
N20 1.1ppm C2H2
8.9ppm C3H8
8.7ppm C3H6
Balance Oxygen
0 5 10 15 20 25 30 35 40
CHROMATOGRAM #25
H,
co, _ _ _
CH4 CO e Instrument : Micro GC MultiDetek series
02 * Detector : PlasmaDetek series (PED)
* Carrier Gas : Helium or Argon
* Impurity concentrations :
Hydrogen : 9.8ppm
Oxygen : 7.1ppm
Methane : 7.2ppm
Carbon dioxide : 7.8ppm
Carbon monoxide : 7.5ppm
0 5 10 15 20 25 30
CHROMATOGRAM #27
CHa e Instrument : Micro GC MultiDetek series
e Detector : PlasmaDetek series (PED)
e Carrier Gas : Helium (Argon can be used as well)
e Column type : 2 X 10', 1/8" Packed Stainless
N20O Steel Hayesep D
e Carrier flow rate : 30sccm
e Sampling loop volume : 1mL
e Column temperature : 50 Celsius isothermal
¢ Impurity concentrations: CHg : 8.1 ppm
C0O5:50.7 ppm
N20 : 10.0 ppm
0 15 20 25
CHROMATOGRAM #31
N2
0 co ¢ Instrument : Micro GC MultiDetek series
2 Coz ¢ Detector : PlasmaDetek series (PED)
CHA * Carrier Gas : Helium
* Impurity concentrations :
Oxygen : 2.6ppm
Nitrogen : 2.4ppm
Methane : 2.3ppm
Carbon dioxide : 2.4ppm
Carbon monoxide : 2.7ppm
0 5 10 15 20 25 30 35

Where innovation leads to success

CHROMATOGRAM #24

Na o Instrument : Micro GC MultiDetek series

e Detector : PlasmaDetek series (PED)

e Carrier Gas : Helium (Argon can be used as well)

e Column type : 10 meters Plot Q -Bond 0.32mmID
e Carrier flow rate : 3sccm

e Sampling loop volume : 60uL

e Column temperature : 30 Celsius isothermal

* Impurity concentration : CO2 : 4 ppm

0 1 2 3 4 5 6 7 8 9 10

ROMATOGRAM #26

CH, o Instrument : Micro GC MultiDetek series
o Detector : PlasmaDetek series (PED)
e Carrier Gas : Helium (Argon can be used as well)
e Column type : 30 meters Plot MTX Q-Bond 0.53mmID
e Carrier flow rate : 4sccm
* Sampling loop volume : 60uL
e Column temperature : 30 Celsius isothermal
¢ Impurity concentrations : CHa : 9.0 ppm
CO2:3.1 ppm

CO2

0 2 4 6 8 10 12 14 16 18

CHROMATOGRAM #30

¢ Instrument : Micro GC MultiDetek series
e Detector : PlasmaDetek series (PED)

® Carrier Gas : Argon

* Impurity concentrations :
Hydrogen : 5.1ppm
Oxygen : 4.6ppm
Nitrogen : 4.4ppm
Methane : 4.4ppm

Carbon dioxide : 4.7ppm
Carbon monoxide : 4.7ppm

2 12 N CH, Co, co

CHROMATOGRAM #32

e Instrument : Micro GC MultiDetek series
CH4 * Detector : PlasmaDetek series (PED)
¢ Carrier Gas : Helium or Argon
¢ Impurity concentrations :
Methane : 2.3ppm
Nitrous oxide : 1.2ppm
Non Methane hydrocarbons : 1.3ppm

N,0 NMHC
U JUL | |
0 5 10 15 20 25
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CHROMATOGRAM #33

¢ Instrument : Micro GC MultiDetek series
¢ Detector : PlasmaDetek series (PED)
e Carrier Gas : Argon

e Impurity concentrations :
Nitrogen : 0.9ppm
Carbon monoxide : 0.7ppm

N2
A co
2 6

4

CHROMATOGRAM #35

« Application : « Sample gas composition :
Analysis of low ppb H2-NMHC-CH4-N2-C02-CO H2= 7.5ppb
in electronic grade gas Oxygen NMHC : 9.1ppb
CH4= 6.1ppb
* Instrument : MultiDetek2 compact GC N2=7.2 ppb
« Detector : Plasmadetek-E (PED) €02 =5.9ppb
* Carrier gas : Helium CO= 4.1ppb

* Columns: Packed

NMHC co
co2
N2
H2 CHa4
0 5 10 15 20 25 30
« Application : + Sample gas composition :
Analysis of low ppb H2-NMHC-CH4-N2-C02-CO H2:111.9ppb
in electronic grade gas Oxygen NMHC : 129.2ppb
CH4 : 87.6ppb
NMHC « Instrument : MultiDetek2 compact GC N2 : 124.3ppb
* Detector : Plasmadetek-E (PED) C02 : 84.4ppb
« Carrier gas : Helium €O : 95.6ppb

* Columns: Packed

0 5 10 15 20 25 30

CHROMATOGRAM #39

Cco

Instrument : Micro GC MultiDetek series
Detector : PlasmaDetek series (PED)

Carrier Gas : Helium

Column type : 30 meters Plot Molecular Sieve
0.53mmID

Carrier flow rate : 3sccm

Sampling loop volume : 160uL

Column temperature : 70 Celsius isothermal

Impurity concentrations :
Hydrogen : 0.1ppm
Oxygen : 1.6ppm
Nitrogen : 1.4ppm
Methane : 1.4ppm

Hoy { L Carbon monoxide : 1.7ppm

)

N2 ch,

www.ldetek.com

CHROMATOGRAM #34

« Application : « Sample gas composition :
Analysis of low ppb H2-NMHC-CH4-N2-C02-CO H2:3.1ppb
in electronic grade gas Oxygen NMHC : 3.2ppb
CH4 : 0.9ppb
NMHC * Instrument : MultiDetek2 compact GC N2 :2.1ppb
« Detector : Plasmadetek-E (PED) C02:2.3ppb
* Carrier gas : Helium CO: 1.0ppb

* Columns: Packed

0 5 10 15 20 25 30

CHROMATOGRAM #36
« Application : « Sample gas composition :
Analysis of low ppb H2-NMHC-CH4-N2-C02-CO H2 = 38.2ppb
in electronic grade gas Oxygen NMHC : 25.2ppb
CH4 = 36.8 ppb
* Instrument : MultiDetek2 compact GC N2 =36.9 ppb
« Detector : Plasmadetek-E (PED) C02= 26.4 ppb
* Carrier gas : Helium CO=36.4 ppb

Columns: Packed

H2
CH4

NMHC ©

0 5 10 15 20 25 30

CHROMATOGRAM #38

4 co e Instrument : Micro GC MultiDetek series

0,  Detector : PlasmaDetek series (PED) & TCD
® Carrier Gas : Helium & Argon

2 * Impurity concentrations :

Oxygen : 10.6ppm

Nitrogen : 10.4ppm

Methane : 10.4ppm

Carbon monoxide : 10.7ppm

Helium : 45ppm

Hydrogen : 0.5ppm

He

CHROMATOGRAM #40

Instrument : Micro GC MultiDetek series
Detector : PlasmaDetek series (PED)
Carrier Gas : Argon

Impurity concentrations :

Nitrogen : 1.1ppm

Methane : 1.2ppm

Carbon monoxide : 1.7ppm

Cco

Where innovation leads to success
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CHROMATOGRAM #41

* Instrument : Micro GC MultiDetek series ~ ® Impurity concentrations :

« Detector : PlasmaDetek series (PED) Methane : 5.38ppm

Carbon dioxide : 4.12ppm

Hydrogen : 4.73ppm

Nitrogen : 5.86ppm

Non Methane hydrocarbons : 5.38ppm
Carbon monoxide : 4.92ppm

* Carrier Gas : Helium or Argon

CHROMATOGRAM #43

Nitrogen matrix
o Instrument : Micro GC MultiDetek series

e Detector : PlasmaDetek series (PED)

o Carrier Gas : Argon (Helium can be used as well)

e Column type : 1 meter micro packed 1/16"0D Rt -XLSulfurs
* Carrier flow rate : 8sccm

HoS e Sampling loop volume : 200ul
Ccos ¢ Column temperature : 60 Celsius isothermal
* Impurity concentrations : H2S : 9.8 ppm
COS: 9.4 ppm

CHROMATOGRAM #45

o Instrument : Micro GC MultiDetek series
Air o Detector : PlasmaDetek series (PED)
e Carrier Gas : Helium (Argon can be used as well)
e Column type : 10 meters Plot Q-Bond 0.32mmID
e Carrier flow rate : 3sccm
e Sampling loop volume : 60uL
e Column temperature : 30 Celsius isothermal
* Impurity concentrations : HyS : 6.4 ppm

H2S COS: 5.1 ppm
CcOos
WATER
2 4 6 8

CHROMATOGRAM #46

10 12 14 16

Instrument : Micro GC MultiDetek series
Detector : PlasmaDetek series (PED)

Carrier Gas : Helium (Argon can be used as well)
Column type : 30 meters GasPro 0.32mmID
Carrier flow rate : 3sccm

H,S

cos

Sampling loop volume : 140uL
Impurity concentrations :

H,S: 1.1ppm

COS: 0.8ppm

Where innovation leads to success

CHROMATOGRAM #42

02

« Application :
N2 €O Sufur hexafluoride purity (SF6)
Instrument : MultiDetek2 GC
Detector : Plasmadetek2

Carrier gas : Argon or Helium

* Sample gas :
02:1495ppm
N2 : 1448ppm
CF4: 125ppm
CO : 199ppm
in SF6

0o 2 4 6 8 10 12 14 16 18 20

CHROMATOGRAM #44

Air

o Instrument : Micro GC MultiDetek series
o Detector : PlasmaDetek series (PED)
e Carrier Gas : Helium (Argon can be used as well)
e Column type : 30 meters Plot MTX -Q-Bond 0.53mmID
o Carrier flow rate : 4sccm
e Sampling loop volume : 60uL
e Column temperature : 100 Celsius isothermal
¢ Impurity concentrations : HyS : 6.4 ppm
HoS COS: 5.1 ppm

WATER

0 2 4 6 8 10 12 14

CHROMATOGRAM #47

Oxygen matrix

Nitrogen

Krypton
10 15

¢ Instrument : Micro GC MultiDetek series
* Detector : PlasmaDetek series (PED)
® Carrier Gas : Helium (Argon can be used as well)
* Column type : 12 feet 1/8" Packed Stainless Steel HSR-Etek
(LDetek's column)
o Carrier flow rate : 20sccm
e Sampling loop volume : 250uL
¢ Column temperature : 45 Celsius isothermal
* Impurity concentrations: Kr: 9.8 ppm
N2:10.9 ppm

20 25 30 35 40

www.ldetek.com
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CHROMATOGRAM #48

CO2 Instrument : Micro GC MultiDetek series
Detector : PlasmaDetek series (PED)
Carrier Gas : Helium (Argon can be used as well)

Column type : 2 X 10', 1/8" Packed Stainless
Steel Hayesep D
Carrier flow rate : 30sccm
Sampling loop volume : 1mL
Column temperature : 50 Celsius isothermal
Impurity concentrations : CHg : 1.8 ppm

CO5 : 330 ppm
CHa N0 : 0.3 ppm

J N2O

0 5 10 15 20 25

CHROMATOGRAM #52

¢ Instrument : Micro GC MultiDetek series
N2 * Detector : PlasmaDetek series (PED)
e Carrier Gas : Argon
o Column type : 2 x 8 feet, 1/8" packed Stainless Steel Molecular Sieve
e Carrier flow rate : 30sccm
* Sampling loop volume : 200uL
e Column temperature : 60 Celsius isothermal
¢ Impurity concentration: N5 : 98 ppm

0 2 4 6 8 10 12 14 16 18 20

CHROMATOGRAM #54

e Instrument : Micro GC MultiDetek series

® Detector : PlasmaDetek series (PED)

o Carrier Gas : Helium (Argon can be used as well)

e Column type : 30 meter 0.53mmID Plot Alumina BOND/NayS04
 Carrier flow rate : 4sccm

e Sampling loop volume : 60uL

¢ Column temperature : 40 Celsius isothermal

o Impurity concentration : N2O: 5.4 ppm

N2O

0 2 4 6 8

ROMATOGRAM #57

N2

10 12 14 16 18 20

e Instrument : Micro GC MultiDetek series
* Detector : PlasmaDetek series (PED)
 Carrier Gas : Helium (Argon can be used as well)

e Column type : 2 x 8 feet, 1/8" Packed Stainless
Steel Molecular Sieve

* Carrier flow rate : 30sccm
02 * Sampling loop volume : 160uL
* Column temperature : 70 Celsius isothermal

* Impurity concentrations : 02:5.7 ppm

Hydrogen N2:12.0 ppm
matrix

www.ldetek.com

CHROMATOGRAM #49

* Instrument : Micro GC MultiDetek series
co CH4 * Detector : PlasmaDetek series (PED)
* Carrier Gas : Helium or Argon
* Impurity concentrations :
Hydrogen : 2.2ppm
Oxygen : 2.1ppm
Carbon monoxide : 1.6ppm
Methane : 1.6ppm
co Carbon dioxide : 1.1ppm

0 2 4 6 8 10 12 14 16 18 20

CHROMATOGRAM #53

* Instrument : Micro GC MultiDetek series
* Detector : PlasmaDetek series (PED)
* Carrier Gas : Argon
N2 * Column type : Packed Molecular Sieve
* Carrier flow rate : 30sccm
* Sampling loop volume : 50uL
* Column temperature : 60 Celsius isothermal

* Impurity concentration :
Nitrogen : 212ppm

CHROMATOGRAM #56

N2
Instrument : Micro GC MultiDetek series

Detector : PlasmaDetek series (PED)

Carrier Gas : Argon (Helium can be used as well)
Column type : 12 feet, 1/8" Packed Stainless
Steel Molecular Sieve

Carrier flow rate : 30sccm

Sampling loop volume : 500uL

Column temperature : 60 Celsius isothermal
Impurity concentrations:  02: 4.7 ppm

Hydrogen N2:5.0 ppm
matrix

02

CHROMATOGRAM #58

N, CH,
0]

2

H

2

Instrument : Micro GC MultiDetek series

Detector : PlasmaDetek series (PED)

Carrier Gas : Argon

Impurity concentrations :
Hydrogen : 0.9ppm
Oxygen : 0.9ppm
Nitrogen : 0.95ppm
Methane : 1.1ppm

0 2 4 6 8 10 12 14 16 18 20
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CHROMATOGRAM #59

PH3

e Instrument : Micro GC MultiDetek series

¢ Detector : PlasmaDetek series (PED)

o Carrier Gas : Helium (Argon can be used as well)

e Column type : 30 meters Plot MTX Q-Bond 0.53mmID
e Carrier flow rate : 4sccm

e Sampling loop volume : 60uL

¢ Column temperature : 55 Celsius isothermal

* Impurity concentration: PH3: 7.5 ppm

0 2 4 6 8 10 12 14 16 18 20

CHROMATOGRAM #61

PH3

e Instrument : Micro GC MultiDetek series
¢ Detector : PlasmaDetek series (PED)
o Carrier Gas : Helium (Argon can be used as well)
e Column type : 10 meters Plot Q-Bond 0.32mmID
o Carrier flow rate : 3sccm
H20 e Sampling loop volume : 60uL
* Column temperature : 50 Celsius isothermal
* Impurity concentration : PHz : 7.5 ppm

0 2 4 6 8 10 12 14 16 18 20

CHROMATOGRAM #63

Instrument : MultiDetek2 GC

Detector : Plasmadetek2

Carrier gas : Helium

Columns : Packed Hayesep Q 10'

CF4 e Columns temperature : 45 Celcius
* Carrier gas flow rate : 20sccm
* Sample gas : 8ppm CF4 in balance Helium
] 2 4 6 8 10 12 14
CHROMATOGRAM #65
CO,
H>0

o Instrument : Micro GC MultiDetek series

* Detector : PlasmaDetek series (PED)

o Carrier Gas : Helium (Argon can be used as well)

e Column type : 30 meters Plot MTX Q- Bond 0.53mmOD
o Carrier flow : 4sccm

e Sampling loop volume : 60uL

* Column temperature : 140 Celsius isothermal

* Impurity concentration : Hy0 : 211 ppb

Where innovation leads to success

CHROMATOGRAM #60

PH3

¢ Instrument : Micro GC MultiDetek series

* Detector : PlasmaDetek series (PED)

® Carrier Gas : Helium (Argon can be used as well)

* Column type : 30 meter 0.53mmID Plot Alumina BOND/NaySOy4
* Carrier flow rate : 4sccm

* Sampling loop volume : 60uL

e Column temperature : 40 Celsius isothermal

¢ Impurity concentration: PH3z: 7.5 ppm

0 2 4 6 8 10 12 14 16 18 20

CHROMATOGRAM #62

SF6
o Instrument : Micro GC MultiDetek series
¢ Detector : PlasmaDetek series (PED)
* Carrier Gas : Helium
e Impurity concentration :
SF6: 5.1ppm
0 5 10 15 20 25 30 35
CHROMATOGRAM #64

H,0

o Instrument : Micro GC MultiDetek series

e Detector : PlasmaDetek series (PED)

o Carrier Gas : Helium (Argon can be used as well)
e Column type : 10 meters Plot Q - Bond 0.32mmID
e Carrier flow rate : 3sccm

e Sampling loop volume : 60uL

Co,  Column temperature : 80 Celsius isothermal

* Impurity concentration : Hy0 : 411 ppb

0 2 4 6 8 10 12 14 16 18 20

CHROMATOGRAM #66

« Application : Trace impurities
H2 N2 H2-02-N2-CH4-CO-CO2 in Refinery/Petrochemical gases

CHa o * Instrument: MultiDetek2 GC
* Detector : Plasmadetek2

« Carrier gas : Helium or Argon

* Columns : Q Bond pre column combined with Mol Sieve second column

* Sample gas :
H2:8.1ppm
02:9.1ppm
N2:10.5ppm
CH4 : 9.6ppm
€O 9.6ppm
€02 : 5.2ppm
in balance Propylene

www.ldetek.com
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CHROMATOGRAM #67

¢ Instrument : MultiDetek2 GC
* Detector : Plasmadetek2
e Carrier Gas : Argon

H2 02 N2 Co2 o Impurities :
CH4 co H2 :6.9ppm
02:6.3ppm
N2 :6.4ppm
CH4 : 6.9ppm
CO: 6.5ppm
C02:5.1ppm
NMHC : 4.1ppm

NMHC

Sample : Argon

0 5 10 15 20 25

ROMATOGRAM #69

C2H2 Application: Trace hydrocarbons
in Oxygen
CoHa C2H6

Instrument : MultiDetek2 compact GC

CH4 Detector : PlasmadetekE

Carrier Gas : Nitrogen

Impurities :
CH4 : 101ppm
C2H2 :9.8ppm
C2H4 : 9.6ppm
C2H6 :9.7ppm
€3+ C3+:6.5ppm

Sample : Oxygen

0 5 10 15 20 25

CHROMATOGRAM #71

* Application:
02 Cco Trace impurities in UHP hydrogen

N2 * Instrument : MultiDetek2 compact GC
* Detector : PlasmaDetek2
02 « Carrier Gas : Helium
CH4 NMHC o Impurities :
02:901ppb
AR Ar: 620ppb
CH4 : 700ppb
N2 :812ppb
CO2 : 750ppb
NMHC : 800ppb
CO : 926ppb

Sample : Hydrogen

ROMATOGRAM #

* Application: Trace impurities in Propylene Impurities :
* Instrument : MultiDetek2 compact GC :C02:9.4ppm
« Detector : PlasmaDetek2 :C2H2: 8.1ppm

. . : C2H4: 8.7ppm
Carrier Gas : Helium 15
* tart u - C2H6 : 8.4ppm

:C3H8: 4.1ppm

: 02: 8.7ppm
:N2:9.4ppm

:CH4 :9.1ppm

:CO: 4.7ppm
10:T-2-C4H8 : 5.4ppm
11:1-C4H8 : 8.1ppm
12:1-C5H12: 8.7ppm
5 16 13: C-2-C4H8 : 6.4ppm
14 : N-C5H12: 8.1ppm
15:1-C4H10: 1.7ppm

16:1,3 C4H6 : 5.4ppm
JU U L U Sample : Propylene

0 10 20 30 40 50 60 70
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CHROMATOGRAM #68

Application: Trace hydrocarbons in Oxygen
Instrument : MultiDetek2 compact GC
Detector : PlasmadetekE

CHa4 Carrier Gas : Nitrogen

Impurities :
CH4 : 75ppm
NMHC NMHC : 125ppm

Sample : Oxygen

0 5 10 15 20 25

CHROMATOGRAM #70

Krypton

Application: Trace Krypton & Xenon

Instrument : MultiDetek2 compact GC
Detector : PlasmaDetek2
Column : HayeSep

Carrier Gas : Helium

Impurities :
Krypton : 1.1ppm
Xenon : 3.8ppm

ROMATOGRAM #72

* Application:
Trace impurities in Oxygen
* Instrument : MultiDetek2 compact GC
AR  Detector : PlasmaDetek2

 Carrier Gas : Helium
KR

N2 .
* Impurities :

Ar:2.4ppm
Kr:2.1ppm
N2:1.7ppm

Sample : Oxygen

ROMATOGRAM #74

* Application:
Trace impurities in Argon
(winery)
Ethanol o instrument :
N2 MultiDetek2 compact GC

02 « Detector : PlasmaDetek2

* Carrier Gas : Argon
o Impurities :
N2:6.4ppm

C02:6.1ppm
Ethanol : 11.7ppm

L Sample : Argon

0 5 10 15 20 25
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(2]
E CHROMATOGRAM #75 CHROMATOGRAM #76
o o
b4 * Application: . Appll(:?tlon.‘ .
o Trace impurities in air co Trace impurities
= i Benzene in Carbon dioxyde
< CH4 (environmental)
E N2  Instrument :
C02 * Instrument : N
g MultiDetek2 compact GC MultiDetek2 compact GC
I * Detector : PlasmaDetek2 * Dete.ctor: PIasmIaDetek2
o « Carrier Gas : Helium * Carrier Gas : Helium
o. « Impurities concentration * :szugtée;pm
i | 3 : 8.
LD p Sarﬂp ° 8as Acetaldehyde(C2H40) : 91.4 ppb
ggg : g.gl;pm Acetaldehyde CO:7.7ppm
: ppm .
SF6: 201pph Benzene (C6H6): 71.6 ppb
SF6 N20 N20 : 330ppb * Sample :
n n Carbon dioxyde
0 5 10 15 20 25 0 5 10 15 20 25 30
ROMATOGRAM #77 HROMATOGRAM
Neon Xenon + Application: * Application:
Trace Rare gases analysis 2 C2H4 Trace impurities and
Argon H2 CH4 con2 hydrocarbons in Oxygen
e Instrument : 02 C2H6 * Instrument :
MultiDetek2 compact GC Cco MultiDetek2 compact GC
« Detector : PlasmaDetek2 * Detector : PlasmaDetek2
* Carrier gas : Helium
» Column#1: Argotek used for Ne-Ar »
Column#2: HayeSep used for Kr-Xe . Irr;pur\tles B
H2:1.57 ppm
* Impurities : N2:1.80 ppm
Neon : 1.88 ppm CH4 : 1.55 ppm
Krypton : 0.46 ppm C2H2:1.11 ppm
Argon : 1.65 ppm C2H4 : 1.28 ppm
Krypton Xenon : 1.79 ppmb C02:1.07 ppm
C2H6 : 1.35 ppm
L C0:1.79 ppm
« Sample : Oxygen
0 5 10 15 20 25 0 5 10 15 20 25 30 35
02 « Application: « Application: Trace impurities at low e Impurities :
. Trace impurities and ppb in Oxygen for semiconductor industry Ar: 796 ppb C02: 799 ppb
N i H2:795 ppb CH4 : 802 ppb
N2 CH4 rys(:rocarbtons in Hydrogen * Instrument : MultiDetek2 compact GC Kr : 794 ppb N20 : 798 ppb
* Instrument : . .
o) MultiDetek2 compact GC « Detector : PlasmaDetek2 20 789062 pp; NMHC : 798 ppb
e: ppl
€242 C2H4  Detector : PlasmaDetek2 « Carrier Gas : Helium N2 : 802 ppb « Sample : Oxygen
co * Carrier gas : Helium
* Impurities :
02:1.88 ppm Xe N20  NMHC
N2:1.42 ppm
CH4 :1.25 ppm
C02:1.75 ppm
C2H2:1.12 ppm
C2H4 : 1.07 ppm
CO: 1.37 ppm
CO:1.01 ppm
—L * Sample : Hydrogen
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30
* Application: . Application: Trace impurities
Trace impurities in WF6 2 co2 in C4F6 & C5F8
02 CHa co o Inst .
* Instrument : Ho nstrument :
- MultiDetek2 compact GC o MultiDetek2 compact GC
H N2 « Detector : PlasmaDetek2 « Detector : PlasmaDetek2
c02 * Carrier gas : Helium  Carrier gas : Helium
SF6 o Impurities : * Impurities :
N20 H2:3.23 ppm H2:10.6 ppm
02:4.11 ppm 02:10.6 ppm
N N2:12.1 ppm
CO: CH4 :10.6 ppm
. CF4:9.2 ppm
CF4 :4.56 ppm
C02:3.87 ppm CO? :9.8 ppm
N20:2.33 ppm CO0:9.8 ppm
SF6: 5.1 ppm * Sample : Hexafluoro-2-butyne
. (C4F6) and Octafluorocyclo-
* Sample :
L U l Tungsten hexafluoride (WF6) _— pentene (C5F8)
0] 5 10 15 20 25 30 35 40 0] 5 10 15 20 25
Where innovation leads to success www.ldetek.com
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CHROMATOGRAM #83

« Application: Trace impurities
co in Oxygen used for aviation
breathing

N20  Instrument :
CH4 MultiDetek2 compact GC
FREON 113 EREON

111213 CoHa
FREON 22 HHG 02

 Detector : PlasmaDetek2

« Carrier gas : Helium

* Impurities :
freon 22 : 1.98 ppm
freon 113 : 1.98 ppm
NMHC : 6 ppm
CH4 : 2 ppm
freon 11-12-13 : 5.92 ppm
1-1-1 trichloroethane : 1 ppm
C02:9.9 ppm
N20 : 4ppm
trichoroethylene : 1ppm
C2H2 : 1ppm
C2H4: 1 ppm
CO: 1ppm

* Sample : Oxygen

trichloro
ethane

1y LU

0 10 20 30 40 50 60 70

ROMATOGRAM #85

Neon Xe

on
Argon

Application: Trace impurities
noble gases in Air

Instrument :
MultiDetek2 compact GC

Detector : PlasmaDetek2

Carrier gas : Helium

* Impurities :
Ne : 5.2 ppm
Kr: 1.0 ppm

Krypton Ar:5.0 ppm

Xe : 5.0 ppm

Sample : Air

HROMATOGRAM #8

Krypton

Argon - .
* Application: Analysis of

Excimer laser gas mixture

Instrument :
MultiDetek2 compact GC

Detector : TCD

Helium

Carrier gas : Argon & Helium

Impurities :
He : 101 ppm
Kr:1.01%
Ar:3.02%
Fluorine F2:0.48%

« Sample : Excimer laser
gas mixture

0 5 10 15 20 25

ROMATOGRAM #89

THT

Application : Analysis of trace odorant
in Natural gas

Instrument : MultiDetek2 compact GC
Detector : Plasmadetek2

Carrier gas : Helium

Impurities :
THT : 2.4 ppm

Sample : Natural gas

8 10 12 14

www.ldetek.com

CHROMATOGRAM #84

o €02

Application: Trace impurities
in Nitrous Oxide

* Instrument :
MultiDetek2 compact GC

Detector : PlasmaDetek2

Carrier gas : Argon

Impurities :
CO:1.998 ppm
C02:1.26 ppm

* Sample :
Nitrous Oxide (N20)

0 5 10 15 20 25

HROMATOGRAM #86

N2

* Application : Trace impurities in Methane
* Instrument : MultiDetek2 compact GC

* Detector : Plasmadetek2

* Carrier gas : Argon

* Impurities :
N2 :0.998 ppm

* Sample : Methane (CH4)

0 2 4 6 8 10 12 14
HROMATOGRAM #88
02 Xe
* Application:
Trace impurities in air
 Instrument :
MultiDetek2 compact GC

Detector : PlasmaDetek2
& TCD

Carrier gas : Argon & Helium

.

Impurities :
02:30%
CH4: 1.5 ppm
CH4 CO: 0.6 ppm
co Xe : 1.2 ppm

* Sample : Air

0 5 10 15 20 25 30 35

ROMATOGRAM #90

02

Application: Analysis of percent
impurities in Nitrogen by TCD

e Instrument :
MultiDetek2 compact GC

* Detector : TCD

Carrier gas : Helium

Impurities :
02:12.1%
C02:11.9%
NH3: 1.23%

* Sample : Gas mixture
in nitrogen

Where innovation leads to success
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CHROMATOGRAM #91

N2

« Application: Analysis of percent
impurities by TCD

* Instrument : MultiDetek2 compact GC
 Detector : TCD
* Carrier gas : Helium & Nitrogen

* Impurities :
H2 He : 20%
H2:5%
N2:40%

* Sample : Gas mixture in Neon

CHROMATOGRAM #93

o Instrument : Micro GC MultiDetek series
* Detector : PlasmaDetek series (PED)
* Carrier Gas : Helium

* Impurity concentration :
NMHC : 5.00 ppm
e Sample : Xenon

NMHC

JV\

0 200 400 600 800 1000 1200 1400 1600

CHROMATOGRAM #95

o Instrument : Micro GC MultiDetek series
e Detector : PlasmaDetek series (PED)
® Carrier Gas : Helium
* Impurity concentration :
H2: 5.00 ppm

02 CH4 02: 5.00 ppm
H2 CH4 : 5.00 ppm

e Sample : Xenon

0 200 400 600 800 1000 1200 1400 1600

CHROMATOGRAM #97

o Instrument : Micro GC MultiDetek series
e Detector : PlasmaDetek series (PED)
* Carrier Gas : Helium

* Impurity concentration :
AR AR : 5.00 ppm

e Sample : Xenon

0 200 400 600 800 1000 1200 1400 1600

Where innovation leads to success

CHROMATOGRAM #92

e Instrument : Micro GC MultiDetek series
¢ Detector : PlasmaDetek series (PED)

* Carrier Gas : Helium

e Impurity concentration :

SF6: 5.00 ppm
e Sample : Xenon SF6
0 200 400 600 800 1000 1200 1400 1600

CHROMATOGRAM #94

* Instrument : Micro GC MultiDetek series
e Detector : PlasmaDetek series (PED)
* Carrier Gas : Helium

* Impurity concentration :
N2: 5.00 ppm

N2 « Sample : Xenon

0 200 400 600 800 1000 1200 1400 1600

CHROMATOGRAM #96

o Instrument : Micro GC MultiDetek series
e Detector : PlasmaDetek series (PED)

® Carrier Gas : Helium

* Impurity concentration :

CO: 5.00 ppm
CO2: 5.00 ppm
« Sample : Xenon co
C02
0 200 400 600 800 1000 1200 1400 1600

CHROMATOGRAM #98

o Instrument : Micro GC MultiDetek series
e Detector : PlasmabDetek series (PED)
* Carrier Gas : Helium
* Impurity concentration :
CF4 CF4: 5.00 ppm

* Sample : Xenon

0 200 400 600 800 1000 1200 1400 1600
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CHROMATOGRAM #99

* Instrument : Micro GC MultiDetek series
* Detector : PlasmaDetek series (PED)
* Carrier Gas : Helium

* Impurity concentration :
CF4 CF4: 5.00 ppm

* Sample : Krypton

Cco2

0 200 400 600 800 1000 1200 1400 1600

CHROMATOGRAM #101

o Instrument : Micro GC MultiDetek series
* Detector : PlasmaDetek series (PED)
* Carrier Gas : Helium

* Impurity concentration :
N2: 5.00 ppm

N2 * Sample : Krypton

0 200 400 600 800 1000 1200 1400 1600

CHROMATOGRAM #103

o Instrument : Micro GC MultiDetek series
e Detector : PlasmaDetek series (PED)
® Carrier Gas : Helium
* Impurity concentration :
02: 5.00 ppm
02 CH4 CH4 : 5.00 ppm
e Sample : Krypton

0 200 400 600 800 1000 1200 1400 1600

CHROMATOGRAM #105

o Instrument : Micro GC MultiDetek series

* Detector : PlasmaDetek series (PED)

® Carrier Gas : Helium

* Impurity concentration :
C02: 5.00 ppm N2: 5.00 ppm  CH4: 5.00 ppm
H2: 5.00 ppm CO: 5.00 ppm

e Sample : NF3

H2
N2 Cco C02 CH4

SF6 N20

0 200 400 600 800 1000 1200 1400 1600 1800

www.ldetek.com

CHROMATOGRAM #100

Cco2

* Instrument : Micro GC MultiDetek series
* Detector : PlasmaDetek series (PED)
* Carrier Gas : Helium
* Impurity concentration :
CO: 5.00 ppm
CO02: 5.00 ppm

o Sample : Krypton co

200 400 600

800 1000 1200 1400 1600

CHROMATOGRAM #102
* Instrument : Micro GC MultiDetek series
e Detector : PlasmaDetek series (PED)
* Carrier Gas : Helium
* Impurity concentration :
NMHC : 5.00 ppm
e Sample : Krypton
NMHC
0 200 400 600 800 1000 1200 1400 1600
CHROMATOGRAM #104
o Instrument : Micro GC MultiDetek series
* Detector : PlasmaDetek series (PED)
® Carrier Gas : Helium
* Impurity concentration :
XE: 5.00 ppm
e Sample : Krypton
XE
0 200 400 600 800 1000 1200 1400 1600
CHROMATOGRAM #106
* Instrument : Micro GC MultiDetek series
* Detector : PlasmaDetek series (PED)
* Carrier Gas : Helium
* Impurity concentration :
N20: 4.90 ppm
e Sample : NF3 N20
N2
0 200 400 600 800 1000 1200 1400 1600 1800 2000
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(2]
<Et CHROMATOGRAM #107 CHROMATOGRAM #108
o
(4]
E * Instrument : Micro GC MultiDetek series « Instrument : Micro GC MultiDetek series
< * Detector : PlasmaDetek series (PED) * Detector : PlasmaDetek series (PED)
g AR + 02 . Carrie!r Gas: Helium . Carrier Gas: Helium
[ * Impurity concentration : * Impurity concentration :
== AR+ 02: 5.00 ppm SF6: 5.00 ppm
o e Sample : NF3 CF4: 5.00 ppm CF4
Q_ e Sample : NF3 SF6
n
0 200 400 600 800 1000 1200 1400 1600 0 200 400 600 800 1000 1200 1400 1600

CHROMATOGRAM #109 CHROMATOGRAM #110

o Instrument : Micro GC MultiDetek series

o Instrument : Micro GC MultiDetek series * Detector : PlasmaDetek series (PED)
* Detector : PlasmaDetek series (PED) * Carrier Gas : Helium
AR * Carrier Gas : Helium * Impurity concentration :
« Impurity concentration : C2H2: 3.72 ppm
AR : 4.65 ppm C2H4: 4.62 ppm
. C2H6 : 4.55 ppm
e Sample : N20
« Sample : N20 C2H2 C2H4 C2H6
0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800 900 1000 1100 1200
CHROMATOGRAM #111 CHROMATOGRAM #112
o Instrument : Micro GC MultiDetek series o Instrument : Micro GC MultiDetek series
¢ Detector : PlasmaDetek series (PED) ¢ Detector : PlasmaDetek series (PED)
* Carrier Gas : Helium * Carrier Gas : Helium
¢ Impurity concentration : ¢ Impurity concentration :
H2: 5.73 ppm NE NE: 4.86 ppm
02: 6.05 ppm e Sample : N20
H2 €02 no CH4 N2: 4.45 ppm
02 CH4 : 7.04 ppm Cco
CO: 6.65 ppm
C02: 6.14 ppm
e Sample : N20
0 100 200 300 400 500 600 700 800 900 1000 1100 1200 0 100 200 300 400 500 600 700 800 900 1000 1100 1200

CHROMATOGRAM #113 CHROMATOGRAM #114

o Instrument : Micro GC MultiDetek series e Instrument : Micro GC MultiDetek series
e Detector : PlasmaDetek series (PED) * Detector : PlasmaDetek series (PED)
* Carrier Gas : Helium * Carrier Gas : Helium
* Impurity concentration : ¢ Impurity concentration :
AR: 5.00 ppm C2H2: 5.00 ppm
AR * Sample : GEH4 C2H4 : 5.00 ppm C2H2
C2H6 : 5.00 ppm C2H4 C2H6
e Sample : GEH4
0 200 400 600 800 1000 1200 1400 1600 0 200 400 600 800 1000 1200 1400 1600
Where innovation leads to success www.ldetek.com
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CHROMATOGRAM #115

e Instrument : Micro GC MultiDetek series
* Detector : PlasmaDetek series (PED)
* Carrier Gas : Helium
o Impurity concentration :
CO: 5.00 ppm
C02: 5.00 ppm
€02 « Sample : GEH4

0 200 400 600 800 1000 1200 1400 1600

CHROMATOGRAM #117

o Instrument : Micro GC MultiDetek series
* Detector : PlasmaDetek series (PED)
¢ Carrier Gas : Helium

¢ Impurity concentration :
N2: 5.00 ppm
e Sample : GEH4

N2

0 200 400 600 800 1000 1200 1400 1600

www.ldetek.com

CHROMATOGRAM #116

o Instrument : Micro GC MultiDetek series e Impurity concentration :

« Detector : PlasmaDetek series (PED) H2: 5.00 ppm
* Carrier Gas : Helium CH4 : 5.00 ppm
02: 5.00 ppm

e Sample : GEH4

02
H2 CH4

0 200 400 600 800 1000 1200 1400 1600
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SAMPLES

Chromatograms #

Air 5-10-44-45-48-75-85-88
Argon 30-54-58-67-74
Carbon Dioxyde 76
Crude Argon 52-53
Ethylene 66
Excimer laser gas mixture 87
Germane (GeH4) 113-114-115-116-117
Helium 19-39
Hexafluoro-2-butyne 82
Hydrogen 15-31-40-46-56-57-71-79
Hydrogen Chloride 25
Krypton 99-100-101-102-103-104
Methane 86
Natural gas 50-51-89
Neon 3891
Nitrogen 9-13-16-32-43-49-90
Nitrogen trifluoride (NF3) 105-106-107-108
Nitrous oxide (N20) 84-109-110-111-112
Octafluorocyclopentene 82
Oxygen 11-14-17-23-33-34-35-36-37-41-47-68-69-72-78-80-83
Propylene 66-73
Sulfur hexafluoride 4263
Syngas 44-45
Tungsten hexafluoride 81
Xenon 62-92-93-94-95-96-97-98

CHROMATOGRAM #5

« Application :
Analysis of low ppm/ppb

Acetic acids & sulfurs & N20 in Air

acid * Instrument : MultiDetek2 compact GC

« Detector : Plasmadetek?2 (PED)

* Carrier gas : Helium

* Columns : Stabilwax-DA, MXT-1, Shin Carbon

« Sample gas composition :
680ppb Acetic acid
240ppb Formic acid
850ppb H2S
820ppb COS
805ppb N20
Balance dry air

0 5 10 15 20 25 30 35

CHROMATOGRAM #10

C2H2

o Detector : PlasmaDetek-E (PED)

® Instrument : MultiDetek micro GC series
* Configuration : Single injection at isothermal temperature
e Column : 2 Meters Packed ShinCarbon
e Column temperature : 200 Celsius

CH e Carrier Gas : Nitrogen

Air . ICr:porgyscst:)r;)cmentrations :

Matrix Czl-‘ll2 :10.5ppm

C,H,:9.96ppm

CH C,H,:10.8ppm

C,Hy: 10.4ppm

C,H, :9.20ppm

U

CH

214

e Instrument : Micro GC MultiDetek series

C3Hg * Detector : PlasmaDetek series (PED)
* Carrier Gas : Helium (Argon can be used as well)
CZHG C3H6 o Column type : 30 meter 0.53mmiID Plot Alumina BOND/NasSO4
« Carrier flow rate : 4sccm
CoHh C4Hg * Sampling loop volume : 60uL

* Column temperatures : 40 Celsius isothermal until minute 3, and
then 150 untill minute 8

CQH * Impurity concentrations : CyHg: 5.1 ppm
CaHa : 4.0 ppm

C3Hg: 6.6 ppm

C3Hg : 5.9 ppm

CyHp 1 4.0 ppm

C4Hg: 6.5 ppm

0\L \—4’1\‘ \G-J L& iO 1‘2 i4 i6 1:8 2‘0

)

CHROMATOGRAM #9 CHROMATOGRAM #11

N,O

2

Oxygen
Matrix
o Instrument : Micro GC MultiDetek series
* Detector : PlasmaDetek series (PED)
* Carrier Gas : Helium (Argon or Nitrogen can be used as well)
* Impurity concentrations :

Nitrous Oxyde : 2.4ppm

Acethylene : 0.4ppm

Where innovation leads to success
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CHROMATOGRAM #13

N2

o Instrument : Micro GC MultiDetek series

* Detector : PlasmaDetek series (PED)

o Carrier Gas : Helium (Argon can be used as well)

e Column type : 30 meters Plot MTX Q-Bond 0.53mmID
o Carrier flow rate : 4sccm

* Sampling loop volume : 60uL

* Column temperature : 80 Celsius isothermal

* Impurity concentration : NHz: 11.4 ppm

NH3
H20
AL

0 5 10 15 20 25 30

CHROMATOGRAM #15

Ar

¢ Instrument : Micro GC MultiDetek series
e Detector : PlasmaDetek series (PED)
® Carrier Gas : Helium

¢ Impurity concentration :
Argon : 225 ppb

0 2 4 6 8 10 12 14 16 18

CHROMATOGRAM #17

Ar

N  Instrument : Micro GC MultiDetek series
* Column : ArgoTek (LDetek's column)
* Detector : PlasmaDetek series (PED)
 Carrier Gas : Helium
* Impurity concentrations :

Argon : 201 ppb

Nitrogen : 126ppb

CHROMATOGRAM #14

Ar
e Trace Ar in Oxygen matrix

* Instrument : Micro GC MultiDetek series

* Detector : PlasmaDetek series (PED)

® Carrier Gas : Helium

* Column type : 8 feet, 1/8" Packed Stainless Steel ArgoTek
(LDetek's column)

e Carrier flow rate : 20sccm

* Sampling loop volume : 50ul

* Column temperature : 45 Celsius isothermal

e Impurity concentration:  Ar: 0.9 ppm

J Oxygen matrix

0 2 4 6 8 10 12 14 16 18 20

CHROMATOGRAM #23

C2H2 « Application :
C2H4 Analysis of trace hydrocarbons, CO2, N20
in high purity Oxygen
Instrument : MultiDetek2 compact GC
Detector : PlasmadetekE (PED)
Carrier gas : Nitrogen
Columns : Packed Alumina, ShinCarbon,
HayeSep D & CarboBlack

C4H10

C2H6

C4H6
co2

« Sample gas composition :
C3H8 18.1ppm CH4
C3H6 8.6 ppm C2H6
8.2ppm C2H4
2.1ppm C4H6
1.8ppm C4H8
2.1ppm C4H10
4.1ppm CO2
0.8ppm N20
N20 1.1ppm C2H2

8.9ppm C3H8
8.7ppm C3H6
Balance Oxygen

35 40

0 5 10 15 20 25 30

CHROMATOGRAM #16

Ar

Instrument : Micro GC MultiDetek series

Column : ArgoTek (LDetek's column)

Detector : PlasmaDetek series (PED)

Carrier Gas : Helium

Impurity concentration :
Argon : 179 ppb

0 2 4 6 8 10 12 14 16 18 20

CHROMATOGRAM #19

 Instrument : Micro GC MultiDetek series

e Detector : PlasmaDetek series (PED)
CO, « Carrier Gas : Helium
2 * Impurity concentrations :
H N. CH, CO Neon : 3.62ppm
2 2 NMHC Argon: 2.71ppm
Hydrogen : 5.27ppm
Ne A Oxygen : 5.76ppm
r Nitrogen : 5.41ppm
Methane : 5.11ppm
Non Methane hydrocarbons : 5.66ppm
Carbon monoxide : 5.51ppm
Carbon dioxide : 5.12ppm

0 2 4 6 8 10 12 14 16 18 20

CHROMATOGRAM #25

H

2

(¢0)
CH 2 CO e Instrument : Micro GC MultiDetek series

2 * Detector : PlasmaDetek series (PED)
o Carrier Gas : Helium or Argon
* Impurity concentrations :

Hydrogen : 9.8ppm

Oxygen : 7.1ppm

Methane : 7.2ppm

Carbon dioxide : 7.8ppm

Carbon monoxide : 7.5ppm

www.ldetek.com
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CHROMATOGRAM #30

¢ Instrument : Micro GC MultiDetek series
® Detector : PlasmaDetek series (PED)

e Carrier Gas : Argon

e Impurity concentrations :
Hydrogen : 5.1ppm
Oxygen : 4.6ppm
Nitrogen : 4.4ppm
Methane : 4.4ppm

Carbon dioxide : 4.7ppm
Carbon monoxide : 4.7ppm

o
HT2 N, cH, 0, CO

-1 1 3 5 7 9 11 13 15
CHROMATOGRAM #32
e Instrument : Micro GC MultiDetek series
CH4 ¢ Detector : PlasmaDetek series (PED)

e Carrier Gas : Helium or Argon
* Impurity concentrations :
Methane : 2.3ppm
Nitrous oxide : 1.2ppm
Non Methane hydrocarbons : 1.3ppm

NMHC
N,0
J L ——t \— T |
0 5 10 15 20 25
« Application : « Sample gas composition :
Analysis of low ppb H2-NMHC-CH4-N2-CO2-CO H2:3.1ppb
in electronic grade gas Oxygen NMHC : 3.2ppb
CH4: 0.9ppb
HC « Instrument : MultiDetek2 compact GC N2:2.1ppb
« Detector : Plasmadetek-E (PED) €02 : 2.3ppb
« Carrier gas : Helium €O : 1.0ppb
* Columns: Packed

0 5 10 15 20 25 30
« Application : « Sample gas composition :
Analysis of low ppb H2-NMHC-CH4-N2-CO2-CO H2 =38.2ppb
in electronic grade gas Oxygen NMHC : 25.2ppb
CH4 = 36.8 ppb
« Instrument : MultiDetek2 compact GC N2 = 36.9 ppb
« Detector : Plasmadetek-E (PED) C02= 26.4 ppb
« Carrier gas : Helium CO= 36.4 ppb
* Columns: Packed
H2
CHa
N2
NMHC o
co2
0 5 10 15 20 25 30

Where innovation leads to success

CHROMATOGRAM #31

N2
Co ¢ Instrument : Micro GC MultiDetek series

2 Co, « Detector : PlasmaDetek series (PED)
CH .

* Impurity concentrations :
Oxygen : 2.6ppm
Nitrogen : 2.4ppm
Methane : 2.3ppm
Carbon dioxide : 2.4ppm
Carbon monoxide : 2.7ppm

Carrier Gas : Helium

0 5 10 15 20 25 30 35

CHROMATOGRAM #33

¢ Instrument : Micro GC MultiDetek series
* Detector : PlasmaDetek series (PED)
e Carrier Gas : Argon

e Impurity concentrations :
Nitrogen : 0.9ppm
Carbon monoxide : 0.7ppm

CHROMATOGRAM #35

« Application : « Sample gas composition :
Analysis of low ppb H2-NMHC-CH4-N2-CO2-CO H2=7.5ppb
in electronic grade gas Oxygen NMHC : 9.1ppb
CH4= 6.1ppb
« Instrument : MultiDetek2 compact GC N2= 7.2 ppb
« Detector : Plasmadetek-E (PED) €02 =5.9ppb
« Carrier gas : Helium CO= 4.1ppb
* Columns: Packed

NMHC co
€02
N2
H2 CHa
0 5 10 15 20 25 30
« Application : « Sample gas composition :
Analysis of low ppb H2-NMHC-CH4-N2-CO2-CO H2:111.9ppb
in electronic grade gas Oxygen NMHC : 129.2ppb
CH4 : 87.6ppb
NMHC « Instrument : MultiDetek2 compact GC N2 : 124.3ppb
« Detector : Plasmadetek-E (PED) C02 : 84.4ppb
« Carrier gas : Helium €O : 95.6ppb
* Columns: Packed

www.ldetek.com
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CHROMATOGRAM #38 CHROMATOGRAM #39 g
o o :
4 co e Instrument : Micro GC MultiDetek series 0, o Instrument : Micro GC MultiDetek series S
0, ¢ Detector : PlasmaDetek series (PED) & TCD o Detector : PlasmaDetek series (PED) E
N e Carrier Gas : Helium & Argon N, CHy e Carrier Gas : Helium <
2 ¢ Impurity concentrations : e Column type : 30 meters Plot Molecular Sieve =
Oxygen : 10.6ppm 0.53mmID g
Nitrogen : 10.4ppm o Carrier flow rate : 3sccm X
Methane : 10.4ppm o Sampli . (&)
Carbon monoxide : 10.7ppm pling loop volume : 160uL
Helium : 45ppm e Column temperature : 70 Celsius isothermal O_
Hydrogen : 0.5ppm ¢ Impurity concentrations : 0
Hydrogen : 0.1ppm
Oxygen : 1.6ppm
He Nitrogen : 1.4ppm
Methane : 1.4ppm
Ho Carbon monoxide : 1.7ppm
" L L
0 5 10 15 20 25 0 2 4 6 8 10 12

CHROMATOGRAM #40 CHROMATOGRAM #41

* Instrument : Micro GC MultiDetek series  ® Impurity concentrations :
» Detector : PlasmaDetek series (PED) Methane : 5.38ppm
Carbon dioxide : 4.12ppm

Instrument : Micro GC MultiDetek series Hydrogen : 4.73ppm
Nitrogen : 5.86ppm

Detector : PlasmaDetek series (PED) Non Methane hydrocarbons : 5.38ppm

Carrier Gas : Argon Carbon monoxide : 4.92ppm
Impurity concentrations : CH
Nitrogen : 1.1ppm
Methane : 1.2ppm
Carbon monoxide : 1.7ppm

* Carrier Gas : Helium or Argon

co

ROMATOGRAM #42 CHROMATOGRAM #43

02 Nitrogen matrix
« Application : o Instrument : Micro GC MultiDetek series

Sulfur hexafluorid (SF6) .
i hexafiuonde purty (570 o Detector : PlasmaDetek series (PED)
o Carrier Gas : Argon (Helium can be used as well)

« Instrument : MultiDetek2 GC
« Detector : Plasmadetek2

* Carrier gas : Argon or Helium e Column type : 1 meter micro packed 1/16"0D Rt -XLSulfurs
a  Carrier flow rate : 8sccm
+ Sample gas : HoS ¢ Sampling loop volume : 200ul
‘N’§ ﬂigx: Cos ¢ Column temperature : 60 Celsius isothermal
gg“: ééiz"’“m « Impurity concentrations : H2S : 9.8 ppm
in SF6 CO0S: 9.4 ppm

0 2 4 6 8 10 12 14 16 18 20 6 2 FT—6—9 4042 44 46 48 20
CHROMATOGRAM #44 CHROMATOGRAM #45

Air

o Instrument : Micro GC MultiDetek series o Instrument : Micro GC MultiDetek series
¢ Detector : PlasmaDetek series (PED) Air o Detector : PlasmaDetek series (PED)
e Carrier Gas : Helium (Argon can be used as well) e Carrier Gas : Helium (Argon can be used as well)
e Column type : 30 meters Plot MTX -Q-Bond 0.53mmID e Column type : 10 meters Plot Q-Bond 0.32mmID
e Carrier flow rate : 4sccm o Carrier flow rate : 3sccm
e Sampling loop volume : 60uL e Sampling loop volume : 60uL
e Column temperature : 100 Celsius isothermal e Column temperature : 30 Celsius isothermal
¢ Impurity concentrations : HoS : 6.4 ppm * Impurity concentrations: HoS : 6.4 ppm

HoS COS: 5.1 ppm HoS COS: 5.1 ppm

WATER CoSs
Cos
WATER
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14 16
www.ldetek.com Where innovation leads to success
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CHROMATOGRAM #46

H,S

Instrument : Micro GC MultiDetek series
Detector : PlasmaDetek series (PED)

Carrier Gas : Helium (Argon can be used as well)
Column type : 30 meters GasPro 0.32mmID
Carrier flow rate : 3sccm

Ccos

Sampling loop volume : 140uL
Impurity concentrations :

HS: 1.1ppm

COS: 0.8ppm

2

CHROMATOGRAM #48

CO2

Instrument : Micro GC MultiDetek series

Detector : PlasmaDetek series (PED)

Carrier Gas : Helium (Argon can be used as well)

Column type : 2 X 10', 1/8" Packed Stainless

Steel Hayesep D

Carrier flow rate : 30sccm

Sampling loop volume : 1mL

Column temperature : 50 Celsius isothermal

Impurity concentrations : CHg : 1.8 ppm
CO2: 330 ppm

CHq N20: 0.3 ppm

CHROMATOGRAM #49

¢ Instrument : Micro GC MultiDetek series
co CH, * Detector : PlasmaDetek series (PED)
* Carrier Gas : Helium or Argon
* Impurity concentrations :
Hydrogen : 2.2ppm
Oxygen : 2.1ppm
Carbon monoxide : 1.6ppm
Methane : 1.6ppm
co Carbon dioxide : 1.1ppm

0 2 4 6 8 10 12 14 16 18 20

CHROMATOGRAM #51

« Application :
cHa Trace THT and TBM in natural gas

Instrument : MultiDetek2 GC
Detector : Plasmadetek2
Carrier gas : Helium
Columns : MXT 1701

TBM * Sample gas :

TBM : 5ppm

THT : 4ppm

in balance natural gas

Where innovation leads to success

CHROMATOGRAM #47

Oxygen matrix

Nitrogen

Krypton
10 15

¢ Instrument : Micro GC MultiDetek series

* Detector : PlasmaDetek series (PED)

* Carrier Gas : Helium (Argon can be used as well)

* Column type : 12 feet 1/8" Packed Stainless Steel HSR-Etek
(LDetek's column)

 Carrier flow rate : 20sccm

* Sampling loop volume : 250uL

® Column temperature : 45 Celsius isothermal

* Impurity concentrations : Kr: 9.8 ppm
N2:10.9 ppm

20 25 30 35 40

CHROMATOGRAM #50

Instrument : MultiDetek2 GC
Detector : Plasmadetek2

Carrier gas : Helium
Columns : 2 x 15 meters, 0.53mmID MXT-1701
Columns temperature : 75 Celcius

Carrier gas flow rate : 5sccm
Sample gas : 10ppm THT in balance Helium

THT

0 2 4 6 8 10 12 14

CHROMATOGRAM #52

o Instrument : Micro GC MultiDetek series
N2 o petector : PlasmaDetek series (PED)
® Carrier Gas : Argon
e Column type : 2 x 8 feet, 1/8" packed Stainless Steel Molecular Sieve
 Carrier flow rate : 30sccm
* Sampling loop volume : 200uL
e Column temperature : 60 Celsius isothermal
* Impurity concentration: Ny : 98 ppm

www.ldetek.com
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CHROMATOGRAM #53

* Instrument : Micro GC MultiDetek series
* Detector : PlasmaDetek series (PED)
® Carrier Gas : Argon
* Column type : Packed Molecular Sieve
* Carrier flow rate : 30sccm
* Sampling loop volume : 50uL
* Column temperature : 60 Celsius isothermal
* Impurity concentration :
Nitrogen : 212ppm

CHROMATOGRAM #56

N2
Instrument : Micro GC MultiDetek series

Detector : PlasmaDetek series (PED)

Carrier Gas : Argon (Helium can be used as well)
Column type : 12 feet, 1/8" Packed Stainless
Steel Molecular Sieve

Carrier flow rate : 30sccm

Sampling loop volume : 500uL

Column temperature : 60 Celsius isothermal

Impurity concentrations:  02: 4.7 ppm
Hydrogen N2 :5.0 ppm
matrix

02

CHROMATOGRAM #58

N, CH,
0.

2

H,

Instrument : Micro GC MultiDetek series

Detector : PlasmaDetek series (PED)

Carrier Gas : Argon

Impurity concentrations :
Hydrogen : 0.9ppm
Oxygen : 0.9ppm
Nitrogen : 0.95ppm
Methane : 1.1ppm

y

0 2 4 6 8 100 12 14 16 18 20

CHROMATOGRAM #63

Instrument : MultiDetek2 GC

Detector : Plasmadetek2

Carrier gas : Helium
Columns : Packed Hayesep Q 10'

CF4 e Columns temperature : 45 Celcius
* Carrier gas flow rate : 20sccm
* Sample gas : 8ppm CF4 in balance Helium
0 2 4 6 8 10 12 14

www.ldetek.com

CHROMATOGRAM #54

 Instrument : Micro GC MultiDetek series

* Detector : PlasmaDetek series (PED)

o Carrier Gas : Helium (Argon can be used as well)

e Column type : 30 meter 0.53mmID Plot Alumina BOND/NaSO4
e Carrier flow rate : 4sccm

* Sampling loop volume : 60uL

e Column temperature : 40 Celsius isothermal

o Impurity concentration : N2O: 5.4 ppm

N20

0 2 4 6 8 10 12 14 16 18 20

HROMATOGRAM #57

N2

o Instrument : Micro GC MultiDetek series
* Detector : PlasmaDetek series (PED)
* Carrier Gas : Helium (Argon can be used as well)

e Columntype:2x8 feet, 1/8" Packed Stainless
Steel Molecular Sieve

® Carrier flow rate : 30sccm
02 * Sampling loop volume : 160uL
* Column temperature : 70 Celsius isothermal

* |mpurity concentrations : 02:5.7 ppm

Hydrogen N2:12.0 ppm
matrix

0 2 4 6 8 10 12 14 16 18 20

CHROMATOGRAM #62

SF6
o Instrument : Micro GC MultiDetek series
* Detector : PlasmaDetek series (PED)
 Carrier Gas : Helium
* Impurity concentration :
SF6: 5.1ppm
0 5 10 15 20 25 30 35

CHROMATOGRAM #66

« Application : Trace impurities
H2 N2 H2-02-N2-CH4-CO-CO2 in Refinery/Petrochemical gases
02
Instrument : MultiDetek2 GC
Detector : Plasmadetek2
Carrier gas : Helium or Argon
Columns : Q Bond pre column combined with Mol Sieve second column

« Sample gas :
H2:8.1ppm
02:9.1ppm
N2 :10.5ppm
CH4 : 9.6ppm
CO : 9.6ppm
C02:5.2ppm
in balance Propylene
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CHROMATOGRAM #67

¢ Instrument : MultiDetek2 GC
* Detector : Plasmadetek2
o Carrier Gas : Argon

H2 02 N2 €02 « Impurities :
CH4 co H2 : 6.9ppm
02:6.3ppm
N2: 6.4ppm
CH4 : 6.9ppm
CO: 6.5ppm
C02:5.1ppm
NMHC : 4.1ppm

NMHC

Sample : Argon

CHROMATOGRAM #69

CoH2 * Application: Trace hydrocarbons
in Oxygen

C2H6
C2H4 ¢ Instrument : MultiDetek2 compact GC

CH4 * Detector : PlasmadetekE
e Carrier Gas : Nitrogen
* Impurities :
CH4 : 101ppm
C2H2 :9.8ppm
C2H4 : 9.6ppm
C2H6 : 9.7ppm
C3+:6.5ppm

Sample : Oxygen

0 5 10 15 20 25

ROMATOGRAM #72

* Application:
Trace impurities in Oxygen
* Instrument : MultiDetek2 compact GC
AR  Detector : PlasmaDetek2

 Carrier Gas : Helium
KR

N2 .
* Impurities :

Ar:2.4ppm
Kr:2.1ppm
N2:1.7ppm

Sample : Oxygen

0 5 10 15 20 25

ROMATOGRAM #74

Application:
Trace impurities in Argon
(winery)

Ethanol o instrument :
N2 MultiDetek2 compact GC

C02

Detector : PlasmaDetek2
Carrier Gas : Argon

Impurities :
N2:6.4ppm
C02:6.1ppm
Ethanol : 11.7ppm

L Sample : Argon

Where innovation leads to success

CHROMATOGRAM #68

Application: Trace hydrocarbons in Oxygen
Instrument : MultiDetek2 compact GC

Detector : PlasmadetekE

CH4 Carrier Gas : Nitrogen

Impurities :
CH4 : 75ppm
NMHC NMHC : 125ppm

Sample : Oxygen

CHROMATOGRAM #71

* Application:
02 Cco Trace impurities in UHP hydrogen

N2 * Instrument : MultiDetek2 compact GC
* Detector : PlasmaDetek2
02 « Carrier Gas : Helium
CH4 NMHC o Impurities :
02:901ppb
AR Ar: 620ppb
CH4 : 700ppb
N2 :812ppb
CO2 : 750ppb
NMHC : 800ppb
CO : 926ppb

Sample : Hydrogen

ROMATOGRAM #73

* Application: Trace impurities in Propylene Impurities :
* Instrument : MultiDetek2 compact GC 1:C02:9.4ppm
 Detector : PlasmaDetek2 2:C2H2:8.1ppm
i - Heli 3:C2H4: 8.7ppm
Carrier Gas : Helium 15
1 : : 4 :C2H6 : 8.4ppm
8 12 14 5:C3H8: 4.1ppm
34 of 1 6:02:8.7ppm
7 :N2:9.4ppm
2 13 8:CH4 :9.1ppm
9:C0:4.7ppm
10 -2-C4H8 : 5.4ppm
9 C4H8 : 8.1ppm
:-C5H12: 8.7ppm
N 16 1 C-2-C4H8 : 6.4ppm
16:1,3 C4H6 : 5.4ppm
JU d L U Sample : Propylene
0 10 20 30 40 50 60 70

ROMATOGRAM #7

* Application:
Trace impurities in air
CH4 (environmental)

co2  Instrument :
MultiDetek2 compact GC

« Detector : PlasmaDetek2
« Carrier Gas : Helium

* Impurities concentration
in sample gas: :
CH4 : 2.1ppm
C02:397ppm
SF6: 201ppb

N20 : 330ppb
sre N20

www.ldetek.com
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CHROMATOGRAM #76 CHROMATOGRAM #78 g
&
o * Application:
* Application: N .
N . N2 Trace impurities and S
co Benzene ianaCC:,t'fg,f Lérilé;eyze H2 CH4 coH2 C2H4 hydrocarbons in Oxygen o
02 C2H6 e Instrument : E
N2 * Instrument: co MultiDetek2 compact GC E
MultiDetek2 compact GC
« Detector : PlasmaDetek2 o
« Detector : PlasmaDetek2 « Carrier gas : Helium o
* Carrier Gas : Helium . ==
o Impurities : (&)
« Impurities : H2:1.57 ppm
N2:8.8 ppm N2:1.80 ppm o
Acetaldehyde(C2H40) : 91.4 ppb CH4: 1.55 ppm Ty}
Acetaldehyde CO: 7.7ppm C2H2: 1.11 ppm
Benzene (C6H6): 71.6 ppb C2H4: 1.28 ppm
C02:1.07 ppm
* Sample : C2H6 : 1.35 ppm
Carbon dioxyde CO:1.79 ppm
* Sample : Oxygen
0 5 10 15 20 25 30 0] 5 10 15 20 25 30 35
ROMATOGRAM # HROMATOGRAM #8i
02 « Application: * Application: Trace impurities at low o Impurities :
02 Trace impurities and ppb in Oxygen for semiconductor industry Ar: 796 ppb C02:799 ppb
hydrocarbons in Hydrogen MUt H2:: 795 ppb CH4: 802 ppb
N2 CH4 + Instrument & * Instrument : MultiDetek2 compact GC Kr : 794 ppb N20 : 798 ppb
0 MultiDetek2 compact GG « Detector : PlasmaDetek2 )Sg-: 78862;;? NMHC : 798 ppb
C2H2 C2H4 « Detector : PlasmaDetek2 « Carrier Gas : Helium N2 : 802 ppb « Sample : Oxygen
co
« Carrier gas : Helium H2
* Impurities :
02:1.88 ppm
N2:1.42 ppm
CH4:1.25 ppm
C02:1.75 ppm

C2H2:1.12 ppm
C2H4 : 1.07 ppm

CO:1.37 ppm
CO:1.01 ppm
—_ L Sample : Hydrogen

0 5 10 15 20 25 30 35 0 5 10 15 20 25 30

HROMATOGRAM #82

* Application: . Application:Traceimpurities
Trace impurities in WF6 0 2 CcHa €02 . in C4F6 & C5F8
« Instrument : Ho * Instrument :
co cFa MultiDetek2 compact GC CF4 MultiDetek2 compact GC
H2
N2 * Detector : PlasmaDetek2 * Detector : PlasmaDetek2
02  Carrier gas : Helium * Carrier gas : Helium
SE6 « Impurities : * Impurities :
N20 H2:3.23 ppm H2:10.6 ppm
02:10.6 ppm
N2:12.1 ppm
CO: 4.50 ppm CH4:10.6 ppm
CF4 :4.56 ppm CF4:9.2 ppm
C02:3.87 ppm €02:9.8 ppm
N20:2.33 ppm CO:9.8 ppm
SF6: 5.1 ppm * Sample : Hexafluoro-2-butyne
. C4F6) and Octafluorocyclo-
* Sample : (
u U \ Tungsten hexafluoride (WF6) —_— pentene (C5F8)
0] 5 10 15 20 25 30 35 40 0 5 10 15 20 25
ROMATOGRAM #83 ROMATOGRAM #8:
« Application: Trace impurities C02
@ in Oxygen used for aviation co
breathing
N20  Instrument :
CH4 MultiDetek2 compact GC « Application: Trace impurities
FREON 113 FREON « Detector : PlasmaDetek2 in Nitrous Oxide
FREON 22 NMHC 14243 C2HA :
« Carrier gas : Helium  Instrument :
* Impurities : MultiDetek2 compact GC
freon 22 ; 1.98 ppm  Detector : PlasmaDetek2
trichloro freon 113 : 1.98 ppm
ethane NMHC : 6 ppm o Carrier gas : Argon
g2 ppm * Impurities :
freon 11-12-13 : 5.92 ppm i .
1-1-1 trichloroethane : 1 ppm CO:1.998 ppm
C02:9.9 ppm C02:1.26 ppm
N20: 4ppm « Sam .
i . ple :
gg::;’?:;ly:"e :1ppm Nitrous Oxide (N20)
C2H4: 1 ppm
CO: 1ppm
— 1 L L « Sample : Oxygen
0 10 20 30 40 50 60 70 0 5 10 15 20 25
www.ldetek.com Where innovation leads to success

543



)
=
<
o
o
=
<
=
S
&
I
o
e
18

CHROMATOGRAM #85

Neon Xenon

Argon

* Application: Trace impurities
noble gases in Air

* Instrument :
MultiDetek2 compact GC

Detector : PlasmaDetek2

Carrier gas : Helium

Impurities :

Ne : 5.2 ppm
Kr: 1.0 ppm
Krypton Ar:5.0 ppm
Xe : 5.0 ppm

* Sample : Air

CHROMATOGRAM #87

Krypton

Argon - .
* Application: Analysis of

Excimer laser gas mixture

* Instrument :
MultiDetek2 compact GC

Detector : TCD

Helium

Carrier gas : Argon & Helium

Impurities :
He : 101 ppm
Kr:1.01%
Ar:3.02%
Fluorine F2:0.48%

* Sample : Excimer laser
gas mixture

0 5 10 15 20 25

CHROMATOGRAM #89

THT

Application : Analysis of trace odorant
in Natural gas

Instrument : MultiDetek2 compact GC
Detector : Plasmadetek2

Carrier gas : Helium

Impurities :
THT : 2.4 ppm

Sample : Natural gas

0 2 4 6 8 10 12 14

CHROMATOGRAM #91

N2

.

Application: Analysis of percent
impurities by TCD

Instrument : MultiDetek2 compact GC

Detector : TCD

Carrier gas : Helium & Nitrogen

Impurities :
H2 He : 20%
H2:5%
N2:40%

* Sample : Gas mixture in Neon

Where innovation leads to success

CHROMATOGRAM #86

N2

Application : Trace impurities in Methane

Instrument : MultiDetek2 compact GC
Detector : Plasmadetek2

* Carrier gas : Argon

* Impurities :
N2:0.998 ppm

Sample : Methane (CH4)

0 2 4 6 8 10 12 14
CHROMATOGRAM #88
02 Xe
* Application:
Trace impurities in air
 Instrument :
MultiDetek2 compact GC

Detector : PlasmaDetek2
& TCD

Carrier gas : Argon & Helium

.

Impurities :

02:30%

CH4 : 1.5 ppm

CH4 CO:0.6 ppm
o Xe: 1.2 ppm

Sample : Air

0 5 10 15 20 25 30 35

CHROMATOGRAM #90

Application: Analysis of percent
impurities in Nitrogen by TCD

Instrument :
MultiDetek2 compact GC

Detector : TCD

Carrier gas : Helium

Impurities :
02:12.1%
C02:11.9%
NH3:1.23%
NH3

Sample : Gas mixture
in nitrogen

CHROMATOGRAM #92

e Instrument : Micro GC MultiDetek series
* Detector : PlasmaDetek series (PED)
e Carrier Gas : Helium
¢ Impurity concentration :
SF6: 5.00 ppm

e Sample : Xenon SF6

0 200 400 600 800 1000 1200 1400 1600
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CHROMATOGRAM #93

o Instrument : Micro GC MultiDetek series
e Detector : PlasmaDetek series (PED)
® Carrier Gas : Helium

* Impurity concentration :
NMHC : 5.00 ppm
e Sample : Xenon

NMHC
0 200 400 600 800 1000 1200 1400 1600

CHROMATOGRAM #95

o Instrument : Micro GC MultiDetek series
* Detector : PlasmaDetek series (PED)
® Carrier Gas : Helium

* Impurity concentration :
H2: 5.00 ppm

02 CH4 02: 5.00 ppm
CH4 : 5.00 ppm

e Sample : Xenon

0 200 400 600 800 1000 1200 1400 1600

CHROMATOGRAM #97

* Instrument : Micro GC MultiDetek series
e Detector : PlasmaDetek series (PED)
* Carrier Gas : Helium

* Impurity concentration :
AR AR : 5.00 ppm
e Sample : Xenon

0 200 400 600 800 1000 1200 1400 1600

CHROMATOGRAM #99

o Instrument : Micro GC MultiDetek series
e Detector : PlasmabDetek series (PED)
* Carrier Gas : Helium

* Impurity concentration :
CF4 CF4: 5.00 ppm

e Sample : Krypton

C02

0 200 400 600 800 1000 1200 1400 1600

www.ldetek.com

CHROMATOGRAM #94

e Instrument : Micro GC MultiDetek series
* Detector : PlasmaDetek series (PED)
* Carrier Gas : Helium

* Impurity concentration :
N2: 5.00 ppm

N2 « Sample : Xenon

0 200 400 600 800 1000 1200 1400 1600

CHROMATOGRAM #96

o Instrument : Micro GC MultiDetek series
o Detector : PlasmaDetek series (PED)
® Carrier Gas : Helium
* Impurity concentration :
CO: 5.00 ppm
C02: 5.00 ppm

* Sample : Xenon CcOo
Cco2

0 200 400 600 800 1000 1200 1400 1600

CHROMATOGRAM #98

e Instrument : Micro GC MultiDetek series
* Detector : PlasmaDetek series (PED)
* Carrier Gas : Helium
o Impurity concentration :
CF4 CF4: 5.00 ppm

e Sample : Xenon

0 200 400 600 800 1000 1200 1400 1600

CHROMATOGRAM #100

e Instrument : Micro GC MultiDetek series
* Detector : PlasmaDetek series (PED)
 Carrier Gas : Helium
* Impurity concentration :

CO: 5.00 ppm

C02: 5.00 ppm

c02 « Sample : Krypton CcOo

0 200 400 600 800 1000 1200 1400 1600
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CHROMATOGRAM #101

o Instrument : Micro GC MultiDetek series
e Detector : PlasmaDetek series (PED)
® Carrier Gas : Helium

* Impurity concentration :
N2: 5.00 ppm

N2 e Sample : Krypton

0 200 400 600 800 1000 1200 1400 1600

CHROMATOGRAM #103

o Instrument : Micro GC MultiDetek series
e Detector : PlasmaDetek series (PED)
® Carrier Gas : Helium
* Impurity concentration :
02: 5.00 ppm
02 CH4 CH4 : 5.00 ppm
e Sample : Krypton

0 200 400 600 800 1000 1200 1400 1600

CHROMATOGRAM #105

o Instrument : Micro GC MultiDetek series

o Detector : PlasmaDetek series (PED)

* Carrier Gas : Helium

e Impurity concentration :
CO02: 5.00 ppm N2: 5.00 ppm  CH4: 5.00 ppm
H2: 5.00 ppm CO: 5.00 ppm

e Sample : NF3

H2
N2 Cco C02 CH4

SF6 N20

0 200 400 600 800 1000 1200 1400 1600 1800

CHROMATOGRAM #107

o Instrument : Micro GC MultiDetek series
* Detector : PlasmaDetek series (PED)
® Carrier Gas : Helium

AR + 02 . .
* Impurity concentration :
AR +02: 5.00 ppm
e Sample : NF3
0 200 400 600 800 1000 1200 1400 1600

Where innovation leads to success

CHROMATOGRAM #102

NMHC

o Instrument : Micro GC MultiDetek series
e Detector : PlasmaDetek series (PED)
® Carrier Gas : Helium

* Impurity concentration :
NMHC : 5.00 ppm
e Sample : Krypton

JV\

200 400

600

800 1000 1200 1400 1600

CHROMATOGRAM #104
o Instrument : Micro GC MultiDetek series
* Detector : PlasmaDetek series (PED)
* Carrier Gas : Helium
* Impurity concentration :
XE: 5.00 ppm
e Sample : Krypton
XE
0 200 400 600 800 1000 1200 1400 1600
CHROMATOGRAM #106
* Instrument : Micro GC MultiDetek series
e Detector : PlasmaDetek series (PED)
* Carrier Gas : Helium
* Impurity concentration :
N20: 4.90 ppm
e Sample : NF3 N20
N2
0 200 400 600 800 1000 1200 1400 1600 1800 2000
CHROMATOGRAM #108
o Instrument : Micro GC MultiDetek series
¢ Detector : PlasmaDetek series (PED)
® Carrier Gas : Helium
* Impurity concentration :
SF6: 5.00 ppm
CF4: 5.00 ppm CF4
e Sample : NF3 SF6
0 200 400 600 800 1000 1200 1400 1600
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CHROMATOGRAM #109

o Instrument : Micro GC MultiDetek series
e Detector : PlasmaDetek series (PED)

AR ® Carrier Gas : Helium
* Impurity concentration :
AR : 4.65 ppm
e Sample : N20
0 100 200 300 400 500 600 700 800

CHROMATOGRAM #111

e Instrument : Micro GC MultiDetek series
* Detector : PlasmaDetek series (PED)
* Carrier Gas : Helium
¢ Impurity concentration :
H2: 5.73 ppm
02: 6.05 ppm
H2 CO2 o CH4 N2: 4.45 ppm
02 CH4 : 7.04 ppm co
CO: 6.65 ppm
CO2: 6.14 ppm

e Sample : N20

0 100 200 300 400 500 600 700 800 900 1000 1100 1200

CHROMATOGRAM #113

* Instrument : Micro GC MultiDetek series
e Detector : PlasmaDetek series (PED)
* Carrier Gas : Helium
* Impurity concentration :
AR : 5.00 ppm

AR « Sample : GEH4

0 200 400 600 800 1000 1200 1400 1600

CHROMATOGRAM #115

e Instrument : Micro GC MultiDetek series
¢ Detector : PlasmaDetek series (PED)
 Carrier Gas : Helium
e Impurity concentration :

CO: 5.00 ppm

C02: 5.00 ppm

co e Sample : GEH4

C02

0 200 400 600 800 1000 1200 1400 1600

www.ldetek.com

CHROMATOGRAM #110

o Instrument : Micro GC MultiDetek series
o Detector : PlasmaDetek series (PED)
* Carrier Gas : Helium
* Impurity concentration :
C2H2: 3.72 ppm
C2H4 : 4.62 ppm
C2H6: 4.55 ppm
« Sample : N20 C2H2 C2H4 c2H6

[t

0 100 200 300 400 500 600 700 800 900 1000 1100 1200

CHROMATOGRAM #112

o Instrument : Micro GC MultiDetek series
* Detector : PlasmaDetek series (PED)
* Carrier Gas : Helium
* Impurity concentration :
NE: 4.86 ppm

NE e Sample : N20

0O 100 200 300 400 500 600 700 800 900 1000 1100 1200

CHROMATOGRAM #114

o Instrument : Micro GC MultiDetek series
* Detector : PlasmaDetek series (PED)
® Carrier Gas : Helium

e Impurity concentration :
C2H2: 5.00 ppm
C2H4 : 5.00 ppm C2H2
C2H6 : 5.00 ppm C2H4 C2H6

e Sample : GEH4

0 200 400 600 800 1000 1200 1400 1600

CHROMATOGRAM #116

o Instrument : Micro GC MultiDetek series ¢ Impurity concentration :

« Detector : PlasmaDetek series (PED) H2: 5.00 ppm
e Carrier Gas : Helium CH4: 5.00 ppm
02: 5.00 ppm

e Sample : GEH4

02

0 200 400 600 800 1000 1200 1400 1600
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CHROMATOGRAM #117

o Instrument : Micro GC MultiDetek series
¢ Detector : PlasmaDetek series (PED)
* Carrier Gas : Helium

¢ Impurity concentration :
N2: 5.00 ppm

e Sample : GEH4 N2
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