Reference Manual

V1: 24 MAR 2010

V2: 07 JUN 2010 - DM

Doc.: COM-0017-07 V3 (English): 04 JUL 2010 — BL/DM
V4 : 14 JUN 2011

DM V5: 15 NOV 2011
V6 : 1 DEC 2011

V7: 25 JUL 2013



2 | ProCeas ® Trace Gas Analyzer — Reference Manual
Forewords / Table of Contents

THIS PAGE
INTENTIONNALLY

LEFT BLANK

- AP2E::



NOTICE

The information in this publication is provided for reference only. All information contained in this
publication is believed to be correct and complete. AP2E shall not be liable for errors contained herein nor
for incidental or consequential damages in connection with the furnishing, performance, or use of this
material. All product specifications, as well as the information contained in this publication, are subject to
change without notice.

This publication may contain or reference information and products protected by copyrights or patents and
does not convey any license under the patent rights of AP2E nor the rights of others. AP2E does not assume
any liability arising out of any infringements of patents or other rights of third parties.

This document contains confidential or proprietary information of AP2E. Neither this document nor the
information herein is to be reproduced, distributed, used or disclosed, either in whole or in part, except as
specifically authorized by AP2E, AP2E makes no warranty of any kind with regard to this material including,
but not limited to, the implied warranties of merchantability and fitness for a particular purpose.

Copyright 2010 by AP2E, Aix-en-Provence, France.

Printed in France.

All world rights reserved. No part of this publication may be stored in a retrieval system, transmitted, or
reproduced in any way, including but not limited to, photocopy, photograph, magnetic or other record,
without the prior written permission of AP2E.

Address comments to: AP2E
Parc de la Duranne
Les Méridiens, Bat A
240 Rue Louis de Broglie
13290 Aix en Provence
France
Ph.: +33(0)442612940
Fax: +33(0)442593249

e-mail : info@ap2e.com

Release Date: July 6™, 2010
V1: 24 MAR 2010
V2:07 JUN 2010 - DM
Doc.: COM-0017-07 V3 (English): 04 JUL 2010 - BL/DM
V4 :14 JUN 2011
DM V5:15NOV 2011

V6:1DEC2011
V7:25JUL 2013



4 | ProCeas ® Trace Gas Analyzer — Reference Manual
Forewords / Table of Contents

THIS PAGE
INTENTIONNALLY

LEFT BLANK

- AP2E::



ProCeas ® Trace Gas Analyzer — Reference Manual | 5
Forewords / Table of Contents

GENERAL INFORMATION

TECHNICAL SUPPORT

THE MANUAL

PACKING & UNPACKING

Fundamental technical information describing the use and theory of the use
of an Optical Feedback Cavity Enhanced Absorption Spectrometer (OFCEAS)
in conjunction with a low pressure sampling system for the analysis of
chemicals in gas phase in provided in this document.

This document contains information on:
- Safety (Section 2).
- Quality Assurance on the product (Section 3).
- Principles of operation (Section 4.)
- Installation (section 5) ; start-up (Section 6) ; routine use (Section 7

& 8), and routine maintenance (Section 9).F.A.Q.s are answered in
Section 10.

Additional general technical information can be obtained on the
www.ap2e.com. Response to the most common question can be found at
the end of this document in the Frequently Asked Question section. Lastly,
all customer support and answers to your questions can also be directly
obtained from AP2E by phone at +33 (0) 4 42 61 29 40 and by e-mail at
info@ap2e.com, or from an accredited AP2E representative.

The manual is designed to be informative and easy-to-use regardless of your
experience with OFCEAS and low pressure sampling. It is recommended you
familiarize yourself with the product, the technology, the product
installation and recommended use and maintenance before using it.

AP2E prides itself in designing and manufacturing extremely robust and
rugged analyzers. However, AP2E has no control over shipping and handling
conditions; therefore, upon arrival, first verify the integrity of the packaging
and the shock watches; refuse the shipment if the shock watches have been
tripped and inform AP2E and/or its representative immediately.

Unpack the analyzer. Please check against the packing list that all pieces
have been received and that no pieces are damaged in any manner. If you
observe any damage to the instrument or to any components contained in
the shipment, please inform immediately the carrier and AP2E and/or its
representative.

If the analyzer as a whole or any of its components has been damaged
during shipping and that such damage is not immediately reported for
remediation, AP2E cannot be held responsible for the lack of performance of
a damaged analyzer.

Save all packaging material for future shipment. If required, return must
be done with those packaging for safe shipping (FRAGILE and NON
STACKABLE as mentions).

: AP2E::
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Section 1 — General Information

DESCRIPTION

The ProCeas ® Trace Gas Analyzer is based on the combination of the patented
Optical Feedback Cavity Enhanced Absorption Spectroscopy (OFCEAS) and the
patented Low Pressure Sampling (LPS) technologies.

OFCEAS (French patent W003031949) is a novel technique for laser IR spectroscopy.
It relies on the use of non-fibered DFB lasers (a wide array of which are available for
wavelengths ranging from 600 to 3,300 nm) and an extended cavity or hyper-
reflective cavity enabling pathlengths measured on the kilometric scale.

The patented feedback phenomenon (which occurs when the resonance frequency
of the extended cavity matches the laser emission frequency) enables self-
stabilization of the spectrometer by means of frequencies mode-locking, and
increases laser purity (reducing the bandwidth of the laser beam injected from 1
MHz to 0.01 MHz), resulting in a single scan (100 ms) peak-to-peak noise of only
4.10™ Absorbance Units and a 4 orders of magnitude (4 OD) linearity of
instrumental response.

Moreover, the non-fibered DFB laser emission wavelength is controlled very
precisely by applying a continuous current ramp to it. This yields a continuous
spectrum of 200 data points with a true optical resolution of 1.12 pm (0.005 cm™) at
1,500 nm (6,666 cm™).

Lastly, a beamsplitter and a secondary photodiode were added on the beam path
immediately after the non-fibered DFB laser, enabling self-stabilization and resulting
in a complete absence of instrumental zero response drift as a function of time.

The LPS (French patent W02010/058107) consists of placing the entire sampling
line, from sampling probe at the control point to the exhaust port of the gas cell at
lowered pressure. The advantages are multiple and include: (1) the lowering of
condensable dew points, thus eliminating the need for sample conditioning; (2) the
absence of gas phase chemical denaturation for a greater accuracy of the
measurement; (3) the acceleration of the sample transfer rate proportionally to the
drop in pressure, allowing to work at very low intake flow rate (3-9 L/hr.) yet
maintain sample transfer times of the order of 2 meters (~ 6 ft) per second and
significantly reduce the probe filters cleaning requirements frequency; and, last but
not least (4) the absence of the need for traced lines in most applications,
significantly reducing infrastructure and maintenance costs.

Strictly configured and pre-calibrated for your application, the ProCeas ® is the next
evolution in both multi-component IR spectrometry and laser IR spectrometry.

Every ProCeas @ is: Pre-calibrated;
Self referencing (no re-zero required);
Self-stabilizing (no zero drift as a function of time);
Interference-free (no cross response);and
Operated without need for sample conditioning.

: AP2E::
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The advantages and benefits of the ProCeas ® are:

NO INTERFERENCE MULTI-COMPONENTS ANALYZER. OFCEAS technology
associated with low pressure sampling provides exceptional selectivity, enabling
simultaneous multi-component measurement without interferences, regardless
of the matrix.

NO SAMPLE CONDITIONING. OFCEAS technology associated with low pressure
sampling enables direct measurement. The low pressure in the sampling system
removes any risk for chemicals adsorption / desorption and/or condensation in
the line.

NO RE-ZERO REQUIRED; NO DRIFT EXPERIENCED. OFCEAS technology
associated with low pressure sampling enables direct measurement. The zero
information is contained in the signal, enabling automated and intrinsic re-zero
of the analyzer.

EASE-OF-USE. The ProCeas ®is pre-calibrated for your CEM’s application. Initially
packaged in a standard 19”rack, it includes a touch screen interface and on-
board PC for local control and real time display of results.

ROBUST ANALYZER. The ProCeas ® contains no optical moving parts and was
designed and built strictly for industrial and on-board mobile applications.

LOW MAINTENANCE; HIGH MTBF COMPONENTS. In addition to containing no
moving optical components, the IR sources (telecom laser) are characterized by
MTBF’s of 5 - 10 years.

LOW MAINTENANCE. REDUCED FOULING OF FILTERS. The low pressure
sampling system enables low flow rates (3-9 L/h - 0.11-0.33 scfh) without
degrading response time. Accumulation of contaminants lines and filters is
greatly reduced; e.g. a 1,000 mg/m?® concentration in particulate matter will only
deposit approximately 25 grams of particulate matter in the filter per year.
EASE-OF-INTEGRATION. Packaged in a standard 19” rack mount with local
control and display capabilities, the ProCeas ® allows digital (Ethernet, RS485,
RS232, ModBus) and analog I/O’s.TDRI/O is also available.

SAFE. ATEX compliant configuration available.

ProCeas ® NH;
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Section 2 — Safety Notices

GENERAL

The ProCeas ®, as any other analyzer or, more generally, electrical apparatus
requires that some precautions be taken when transporting, installing, operating
and maintaining it.

Several CAUTION and WARNING labels can be found on the instrument or on
ancillary equipment during the transport, unpacking, installation, commissioning,
operation and/or maintenance of the ProCeas ©.

A list of the main CAUTION and WARNING labels that can be encountered is, as well
as a series of recommended action is proposed below. This list is not all-inclusive. If
you encounter a CAUTION or a WARNING label that is not listed below, please refer
immediately to the relevant safety documentation pertaining to the CAUTION or
WARNING as may have been provided by the safety officer (or any other person
responsible for operational safety) of your company.

AP2E cannot be held responsible nor liable for any damage, whether voluntary or
involuntary, whether accidental or incidental, caused by non-respect of customary,
necessary, regulatory, and other rulings and behaviors when packing/unpacking,
installing, commissioning, operating, maintaining and servicing the ProCeas ®.
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WARNING
LABELS RISK OF ELECTROCUTION
A RISK ASSOCIATED WITH THE USE OF A LASER
A o
DEADLY (POISONOUS) CHEMICAL
D
A TOXIC CHEMICAL
CAUTION
LABELS
PROTECTIVE EYE REQUIRED
‘ PROTECTIVE FOOTWEAR REQUIRED
‘ PROTECTIVE GLOVES REQUIRED.
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The ProCeas ®, if transported, commissioned, operated and maintained according to
all applicable operating procedures, whether included in this document or
communicated separately by AP2E and/or any of its accredited representative, is
safe.

Nevertheless, AP2E encourages you to develop and implement proper
documentation and training as pertaining to the following:

ELECTRICAL WARNING.

The ProCeas ® power requirements are 100-250 VAC, 50/60Hz (Consult your
packing list . A adequately sized fuse is located on the power connection port of
the instrument to minimize damage to the instrument in case of power failure.
It is highly recommended that you add a surge protector to the instrument.

Never open the instrument to access internal components without first
unplugging the analyzer and taking all customary and necessary precautions.

LASER WARNING

The ProCeas ® contains one or more Class lllb (or less) infrared (IR) lasers.

Protective eyewear should be worn at all time when opening the instrument.
Opening the instrument for servicing should only be done by AP2E and/or AP2E
accredited technical personnel.

Not wearing protective eyewear and accidentally or incidentally looking into the
laser beam may lead to permanent eye injury.

PROTECTIVE FOOTWEAR & GLOVES REQUIRED.

A typical ProCeas ® may weigh up to 25 kg (55 Ibs).

It is highly recommended to not only respect all customary and necessary
requirements for lifting and transporting heavy equipment.

It is also highly recommended to wear protective footwear and protective gloves
when lifting, transporting or moving the ProCeas ®.

MECHANICAL WARNING — COMPRESSED AIR

Some installation / applications for the ProCeas ® may require the use of oil-free
compressed (1-6 bar) air.
You are encouraged to double check that all compressed air lines are properly

fastened and secured to avoid any possible injury if case of catastrophic failure of
the compressed air lines.

> @G> ek b
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SO

¥

SAFETY FIRST.

CHEMICAL WARNINGS

The ProCeas ® is a (Trace) Gas Analyzer.

Some of the gases analyzed may be dangerous, corrosive, toxic, or even deadly,
even at very low concentrations.

All applicable customary and necessary precautions must be taken regarding the
manipulation, analysis and disposal of such gases, whether process gases,
emission gases, gas standards or any other.

In addition to all precautions listed in pertinent documentation (MSDS,
regulatory texts, in-house SOP’s, etc.), It is particularly recommended to ensure
proper disposal of such toxic, poisonous and possibly deadly gases according to
all applicable regulations. It is also recommended to place proper emergency
respiratory equipment and all other first aid and emergency equipment as
required by any applicable regulation or rule in the immediate vicinity of the
analyzer.

ALWAYS OBEY THE RULES.

: AP2E::
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Section 3 — Quality Statement

QUALITY
CERTIFICATIONS

AP2E QUALITY
POLICY STATEMENT

REGULATORY USE OF
THE ProCeas®

The ProCeas ® complies with the following quality certifications:
e SO 9001-2000
e EN 14181:2004
Stationary source emissions. Quality assurance of automated measuring systems.
e EN15267-3

Air quality. Certification of automated measuring systems. Part 3. Performance
specifications and test procedures for automated measuring systems for
monitoring emissions from stationary sources.

The ProCeas ® is a metrological apparatus. AP2E formally engages itself to provide
analytical instrument compliant with the strictest expectation in the field.

More specifically, as your ProCeas ® is custom configured for your application, AP2E
engages itself to do all that is possible to provide you with an analyzer that will meet
your specifications as they were disclosed to us.

Depending on the application and depending on which country, state, region, city or
local the device is operated, the configuration and subsequent use of the ProCeas ® for
regulatory analysis will vary. For instance:

Environmental Applications.

Potentially hazardous chemicals that may be present in ambient and/or atmospheric air
are regulated individually and by each country. E.G., in France and in Germany, the
maximum allowed concentration for NH; is 50 ppm, whereas the same chemical is
limited to 35 ppm in the United Kingdom. Another example is in the United States
where the Environmental Protection Agency (EPA) listed 189 HAP’s, focusing on 20 of
them in the EPA320 ruling. AP2E makes no global guarantee of fitness of the ProCeas ®
for the analysis of any or all atmospheric HAP's; each analytical case must be studied
and metrological performance validated.

Process Applications.

For process analysis, the ProCeas ® is considered an Automated Measurement System
(AMS). European rule EN 14181:2004 (Stationary source emissions. Quality assurance of
automated measuring systems) clearly defines the operational boundaries and
validation and re-certification requirements for this type of device. The ProCeas ® is
compliant with European rule EN 14181:2004.
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WARRANTY TERMS

Emissions Applications.

The ProCeas ® is compliant with European ruling EN15267-3 (Air quality. Certification of
automated measuring systems. Part 3. Performance specifications and test procedures
for automated measuring systems for monitoring emissions from stationary sources).

WARRANTY. AP2E warrants that on the date of shipment to Purchaser the Goods will
be of the kind and quality described herein, merchantable, and free of any defects in
workmanship and material that materially affect the functionality of the Goods.

Except as noted below for upgrades, accessories, and parts, if within one (1) year from
date of initial operation, but not more than eighteen (18) months from date of
shipment by AP2E, of any item of the Goods, Purchaser discovers that such item was
not as warranted above and promptly notifies AP2E in writing thereof, AP2E shall
remedy such defect by, at AP2E’s option, adjustment, repair or replacement of the item
and any effected part of the Goods. Purchaser shall assume all responsibility and
expense for removal, reinstallation, freight and any applicable duties in connection with
the foregoing remedy. The same obligations and conditions shall extend to replacement
items furnished by AP2E hereunder. AP2E shall have the right of disposal of items
replaced by it. Purchaser shall grant AP2E access to the Goods at all reasonable times in
order for AP2E to determine any defect in the Goods. In the event that adjustment,
repair or replacement does not remedy the defect, the AP2E and Purchaser shall
negotiate in good faith an equitable adjustment in the contract price which shall reflect
the age and usage of the Goods.

The warranty period for upgrades, accessories and parts shall cover a period of ninety
(90) days from the date of shipment. Software licensed by the AP2E to the Purchaser is
warranted for a period of one (1) year from date of delivery. During this one year
period, all bugs documented to AP2E by the Purchaser will be fixed, free of charge, to
the best of AP2E’s ability.

AP2E’s responsibility does not extend to any item of the Goods which has not been
manufactured and sold by the AP2E. Such item shall be covered only by the express
warranty, if any, of the manufacturer thereof. The AP2E and its suppliers shall also have
no responsibility if the Goods have been improperly stored, handled or installed, if the
Goods have not been operated or maintained according to their ratings or according to
instructions in AP2E or supplier-furnished manuals, or if unauthorized repairs or
modification have been made to the Goods.

THIS WARRANTY IS EXPRESSLY IN LIEU OF ALL OTHER WARRANTIES (EXCEPT TITLE),
INCLUDING BUT NOT LIMITED TO IMPLIED WARRANTIES OF MERCHANTIBILITY AND
FITNESS, AND CONSTITUTES THE ONLY WARRANTY OF AP2E WITH RESPECT TO THE
GOODS.

The foregoing states Purchaser’s exclusive remedy against AP2E and its suppliers for any
defect in the Goods or for failure of the Goods to be as warranted, whether Purchaser’s
remedy is based on contract, warranty, failure of such remedy to achieve its essential
purpose, tort (including negligence), strict liability, indemnity or any other legal theory,
and whether arising out of warranties, representations, instructions, installations or
defects from any cause.

PATENT INFRINGEMENT. AP2E shall at its expense and its option either defend or
arrange for the defense of any suit or proceeding brought against Customer to the
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extent that it is based upon a claim that the Equipment infringes upon a valid patent of
the country in which the Equipment is to be initially installed, and AP2E shall pay all
costs and damages therein awarded against Customer, provided in all instances that
Customer promptly notifies AP2E in writing of such claim, suit or proceeding and gives
AP2E full authority, information and assistance for the defense of such suit or
proceeding. In the event that, in AP2E’s opinion, the Equipment appears to infringe
valid claims of such patent, AP2E shall at its expense and at its option do one or more of
the following: (1) procure for Customer the right to continue using such Equipment; (2)
replace same with non-infringing equipment; (3) modify the Equipment so that it
becomes non-infringing; (4) remove the Equipment and refund to Customer the
Contract Price, less depreciation. The foregoing states AP2E’s entire liability for patent
infringement of the Equipment. AP2E shall have the right to settle any claim referred to
in this paragraph but shall have no obligation to pay any sum in settlement of such
claims if such settlement is made without its consent. The foregoing shall not apply to,
and AP2E shall have no responsibility respecting, infringement: (a) by the use of the
Equipment in a manner or purpose other than that specified in the Proposal and
Contract, or as later may be approved by AP2E in writing, or (b) by the use of the
Equipment in a system not designed by AP2E, or (c) by the use of the Equipment for the
practice of a method not designed by AP2E, or (d) by any Equipment manufactured to a
design specified by the Customer.

If any action or claim is asserted or brought against the AP2E based on a claim that the
Goods provided by AP2E in compliance with the Purchaser’s specifications, or that any
modification or any combination or any application of the Goods by persons other than
AP2E, directly infringe any patent or proprietary rights of a third party then the defense
and indemnity obligation stated above with respect to AP2E in the first paragraph of
this article shall reciprocally apply with respect to Purchaser.

THE FOREGOING STATES THE SOLE AND EXCLUSIVE LIABILITY OF THE PARTIES HERETO
FOR INFRINGEMENT OR THE LIKE OF PATENTS, TRADEMARKS, COPYRIGHTS AND OTHER
PROPRIETARY RIGHTS WHETHER DIRECT OR CONTRIBUTORY, AND IS IN LIEU OF ALL
WARRANTIES, EXPRESS, IMPLIED OR STATUTORY IN REGARD THERETO, INCLUDING,
WITHOUT LIMITATION, THE WARRANTY AGAINST INFRINGEMENT SPECIFIED IN THE
UNIFORM COMMERCIAL CODE.

SOFTWARE PROGRAMS LICENSE. When used in this article, the terms described below
shall have the following meaning:

e Equipment. The item(s) of hardware delivered hereunder, including but not limited
to controllers, controls, interface units, and spare and repair parts.

e Programs. Instructions (included in the Goods and delivered hereunder), in
whatever form, for controlling the internal processing of the Equipment delivered
hereunder including subsequent revisions, improvements or updates thereto
listings, manuals, logic diagrams and flow charts provided by AP2E, but excluding
those delivered under separate end user or other license agreement.

¢ Use. When the program package contains a separate end user or other license
agreement, the right to use is determined by that agreement. Otherwise, “Use”
means a non-transferable and non-exclusive license to use the Programs solely with
the Equipment purchased and designated hereunder to which the Programs are
applicable, all in accordance with the terms of this License as stated above.

¢ Modify the right of the Purchaser to develop or have developed by third parties for
Purchaser’s internal use other application software programs which include any
portion of a Program in any identifiable form.
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AP2E hereby grants to Purchaser non-transferable and non-exclusive license (the
“License”) to the Programs (as defined below) to (1) Use; and (2) Modify application
software provided by the AP2E in its Proposal (if any) for Use with the Goods, all under
the following terms and conditions.

Programs are provided under this License for installation and Use on the controller,
control interface unit or other Equipment identified by model and location in AP2E’s
packing memo included with shipment of the Goods.

Purchaser agrees not to provide or otherwise make available the Programs or copies
thereof to anyone.

Purchaser’s rights to copy Programs for its own use shall be limited to three (3) copies
for archival purposes only. Copies in whatever form shall include all Licenser’s copyright
and proprietary notices. In the event Purchaser wishes to Use Programs on equipment
other than that listed above. AP2E shall (to the extent it then has sufficient rights and
authority) grant Purchaser such as a license upon the same terms and conditions
contained in this License and upon payment to AP2E of the then applicable fees (if any)
and the giving of written notice to AP2E describing the additional equipment by model
and serial number. Purchaser will not decompile, disassemble, or reverse engineer
works based on any Program in whole or in part.

The license granted herein is effective until Purchaser’s possession of the Equipment
delivered hereunder to which the Programs are applicable ceases or until the License is
otherwise terminated as provided herein. This license will automatically terminate: (a)
upon any breach or default by the Purchaser in the performance of its obligations
hereunder; or (b) if the Purchaser assigns, transfers, or attempts to assign or transfer
this License or any of its rights or obligations hereunder without the prior written
consent of the AP2E; or (c) in the event there is filed by or against the Purchaser and
petition in bankruptcy or reorganization; or (d) the Purchaser assigns this License for
the benefit of Purchaser’s creditors.

Immediately upon termination Purchaser will, at AP2E’s sole discretion, either return
the Programs and all copies, modifications and updates of any kind to the AP2E or
destroy the Programs together with all copies, modifications and updates and certify in
writing to AP2E that the Programs and all copies, modifications and updates have been
destroyed.

Title to each of the Programs and that portion of the modified programs (if any)
containing identifiable portions of the Programs shall at all times remain with AP2E.
Purchaser has no rights to sell, lease, sublicense or otherwise transfer Programs in
whole, in part, or as part of modified versions, except as provided in this License. The
Programs are confidential and proprietary to AP2E and AP2E’s Licensor(s) (where
applicable). Purchaser shall, during the term of this License and after any termination of
the rights hereunder, maintain the Programs in confidence and shall secure and protect
them from disclosure and shall take action as are necessary to satisfy Purchaser’s
obligations hereunder. Purchaser may disclose the Programs to its employees to the
extent such disclosure is necessary to enable Purchaser to Use the Programs within the
scope of this License. In the event Purchaser designates a third party to Modify any of
the Programs for which a right to Modify is granted, Purchaser shall contractually in
writing bind its third part designee to observe Purchaser’s obligations under the terms
of their License, including confidentiality and protection of AP2E’s proprietary rights.
Modified copies in whatever form shall include AP2E’s and/or AP2E’s licensors copyright
and proprietary notices. Purchaser shall not remove, modify, or obliterate any patent,
copyright or other proprietary rights notice contained on or in the Programs.
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Purchaser agrees to disclose promptly to AP2E and grants to AP2E a non-exclusive,
perpetual and royalty-free license to use, distribute, and modify any modifications or
improvements in the Programs which are conceived by it or any third party designee
pursuant to this License. Purchaser agrees to Use the licensed Programs and that
portion of the modified programs containing identifiable portions of the Programs only
as provided herein and only during the term of the License granted herein. Purchaser
agrees that it will take appropriate action by instruction, written agreement or
otherwise with its employees permitted access to licensed Programs or such modified
programs to notify its employees, and to require their observance, of the obligations
with respect to Use, reproduction and protection of Programs and AP2E’s proprietary
rights.

AP2E warrants that at the time of delivery, AP2E has sufficient rights to grant the
foregoing license set forth herein. EXCEPT FOR THE EXPRESS WARRANTY STATED IN THE
IMMEDIATELY PRECEDING SENTENCE, AP2E DISCLAIMS ALL CONDITIONS OR
WARRANTIES WHETHER EXPRESS OR IMPLIED WITH REGARD TO THE PROGRAMS
LICENSED HEREUNDER (INCLUDING THOSE WHICH ARE ROM RESIDENT) INCLUDING ALL
IMPLIED CONDITIONS OR WARRANTIES OF MERCHANTIBILITY AND FITNESS FOR A
PARTICULAR PURPOSE. All Programs are provided on an AS IS basis.

PERFORMANCE: DELAYS. Timely performance by AP2E is contingent upon Purchaser’s
supplying to AP2E, when needed, all required technical information and data, including
drawing approvals, and all required commercial documentation.

If AP2E suffers delay in performance due to any cause beyond its reasonable control
including but not limited to act of God, act or failure to act of government, act or
omission of Purchaser, war, fire, flood, strike or labor trouble, sabotage, or delay in
obtaining from others suitable services, materials, components, equipment or
transportation the time for AP2E’s performance shall be extended a period of time
equal to the period of the delay and its consequences. AP2E will give to Purchaser
notice in writing within a reasonable time after AP2E becomes aware of any such delay.

DELAYED SHIPMENT: STORAGE. Any item of the Goods on which manufacture or
shipment is delayed by Purchaser or by causes which affect Purchaser’s ability to
receive the Goods may be placed in storage by AP2E for Purchaser’s account and risk,
and Purchaser shall pay all charges for storage, trucking and other incidental expenses
incurred by AP2E. In the event of delayed shipment, AP2E may invoice Purchaser upon
completion of manufacture or upon date the Goods would have been ready for
shipment.

SHIPMENT, SUBSTITUTION, TITLE AND RISK OF LOSS. The term shipment means
delivery to the first carrier in accordance with the delivery terms of this order. AP2E
may make partial shipments. AP2E shall select method of transportation and route,
unless terms are f.o0.b. point of shipment and Purchaser specifies the method and route
and is to pay the freight costs in addition to the price. When terms are f.o.b. destination
or freight allowed to destination, destination means common carrier delivery point
(within the continental United States, excluding Alaska) nearest the destination.

AP2E reserves the right to substitute equipment of comparable quality or upgrades for
Goods supplied hereunder.

Title to the Goods (excepting title to the Programs) and risk of loss or damage shall pass
to the Purchaser at the f.o.b. point. AP2E shall not be responsible for damage to the
Goods after having received in good order receipts from the carrier. All claims for loss,
damage and delay in transit are to be handled by Purchaser directly with the carrier.
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Claims for shortages or incorrect items must be made in writing to AP2E within thirty
days after receipt of shipment. Failure to give such notice shall constitute an unqualified
acceptance and waiver by Purchaser of all claims for such shortages or incorrect items.

TAXES. Any applicable duties or sales, use, excise, value-added or similar taxes will be
added to the price and invoiced separately (unless an exemption certificate acceptable
to AP2E is furnished).

TERMS OF PAYMENT. Unless otherwise stated, terms of payment are net thirty (30)
days. Payments shall be made in United States dollars, unless otherwise agreed, and a
pro rata payment shall become due as each shipment is made. If shipment is delayed by
Purchaser, date of notice of readiness for shipment shall be deemed to be date of
shipment for payment purposes.

On late payments, the contract price shall, without prejudice to AP2E’s right to
immediate payment be increased by 1 1/2% per month on the unpaid balance, but not
to exceed the maximum permitted by law. All collection and enforcement costs of
whatever nature, including attorney’s fees incurred by AP2E, shall be borne by
Purchaser. If at any time in AP2E’s judgment Purchaser is unable or unwilling to meet
the terms specified, AP2E may require satisfactory assurance or full or partial payment
as a condition to commencing or continuing manufacture or making shipment, and
may, if shipment has been made, recover the Goods from the carrier, pending receipt of
such assurances.

NONCANCELLATION. Purchaser may not cancel or terminate for convenience, or direct
suspension of manufacture, or delivery except with AP2E’s written consent and then
only upon terms that will compensate AP2E for its engineering, fabrication, storage,
purchasing and handling charges and any other costs relating to such cancellation,
termination or suspension, plus a reasonable amount for profit.

GOODS RETURNING FOR CREDIT. AP2E will not accept Goods for return unless an
authorization for such return has been issued by AP2E in writing. Only Goods currently
manufactured by AP2E and invoiced within the preceding twelve month period will be
considered for return. If AP2E’s permission to return any Goods is granted, the amount
of credit will be governed by the facts in each case. Credit issued for any item not
returned in its original crate or carton will be subject to a deduction to compensate for
crate or carton replacement. Special Goods fabricated to order are not returnable
under any conditions.

LIMITATION OF LIABILITY. NEITHER AP2E, NOR ITS SUPPLIERS, SHALL BE LIABLE,
WHETHER IN CONTRACT, WARRANTY, FAILURE OF A REMEDY TO ACHIEVE ITS
ESSENTIAL PURPOSE, TORT (INCLUDING NEGLIGENCE), STRICT LIABILITY, INDEMNITY OR
ANY OTHER LEGAL THEORY, FOR LOSS OF USE REVENUE OR PROFIT, OR FOR COST OF
CAPITAL OR OF SUBSTITUTE USE OR PERFORMANCE, OR FOR INDIRECT, SPECIAL,
LIQUIDATED, INCIDENTAL OR CONSEQUENTIAL DAMAGES, OR FOR ANY OTHER LOSS OR
COST OF A SIMILAR TYPE, OR FOR CLAIMS BY PURCHASER FOR SUCH DAMAGES
RESULTING TO ANY THIRD PARTY.

COMPLIANCE WITH LAWS. AP2E will comply with all laws applicable to AP2E during
manufacture and sale of Goods. Purchaser will comply with all laws applicable to
Purchaser in the purchase, operation or use of the Goods and Purchaser shall be
responsible for securing and paying for any necessary registration, Licenses, permits or
other requirements of any governmental bodies for Goods provided hereunder.
Purchaser will comply with all applicable laws and regulations governing the export or
re-export of any Goods, software or technical data including the obtaining of licenses,
permits, and letters of assurance.
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GOVERNING LAW AND ASSIGNMENT. The laws of France shall govern the validity,
interpretation and enforcement of this contract. Assignment may be made only with
written consent of both parties. Any attempted assignment or transfer of any of the
rights, duties, or obligations of this contract without the prior written consent of AP2E
shall be void. This Agreement shall inure to the benefit of and be binding upon the
parties hereto and their respective successors and assigns and permitted assigns,
provided however that this Agreement may not be assigned by any party hereto
without the prior written consent of the other party hereto.

SEVERABILITY. Each provision of these terms shall be deemed severable and, in the
event that any part hereof is unenforceable in any action or proceeding, the parties
direct that the balance be considered separate and distinct and enforceable as such.

SERVICES. Unless otherwise specified, Services to be provided by AP2E, including
without limitation programming and training, must be requested by Purchaser to be
performed by AP2E within one year of delivery of Goods. Failure by Purchaser to
request the AP2E to perform the Services within such one year period shall relieve AP2E
of its obligation to do so.

ENTIRE AGREEMENT. This agreement constitutes the entire agreement among the
parties hereto with respect to the subject matter hereof and supersedes all prior
agreements, understandings, representations or warranties, negotiations and
discussions, whether oral or written among the parties hereto with respect thereto. No
supplement, modification, waiver, qualification or termination of the Agreement shall
be binding unless executed in writing by the parties to be bound thereby.
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Section 4 - Principle of Operation

INTRODUCTION

The ProCeas ® is the most recent evolution of laser IR spectroscopy.

A rapid positioning when compared to other laser IR spectrometry methods is:

TDLAS CRDS WS-CRDS OFCEAS
- Medium (metric High
Sensitivity . .
pathlength) (kilometric Pathlength)
p2p noise (1 scan) 10" to 10° AU 410" AU
No Cross
Cross Response Some cross response
response
) o ppb to 100%
Dynamic Range limited ] )
4 OD Linearity
Multi-component no no no YES
Self-Referencing
no no YES YES
(no re-zero)
Self-Stabilizing . ) )
] drifts drifts Drifts NO DRIFT
(no drift)
Safn.ple. required required required NONE
conditioning

In that regard, OFCEAS as integrated in the ProCeas ® product line position itself as
the most evolved laser IR spectrometer on the market.

Additionally and because of its multi-components analysis capabilities, the ProCeas ®
also positions itself as a valid alternative to other measurement techniques such as
Fourier Transform Infrared (FTIR) spectrometry, Gas Chromatography and Gas
Chromatography — Mass Spectrometry.

When compared to these other techniques, the ProCeas ® can offer similar multi-
components analytical capabilities, while also providing improved sensitivity,
complete lack of cross response, ease of implementation and use (no sample
conditioning), stability (no re-zero required; no drift experienced) while requiring no
consumable (carrier gases, etc.)
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SPECTROSCOPY

Spectroscopy techniques consist of the study of how light (electromagnetic
radiations) is altered when interacting with matter (molecules). From that
information, chemical information pertaining to the composition of the sample is
derived. This information can be both qualitative and quantitative.

A story about energy

Whenever a molecule is impinged with light (an electromagnetic radiation with an
energy defined by its wavelength), it absorbs this energy and undergoes a quantum
transition from one energy state (Einiar) to another (Eina).

The frequency (V) of that incident radiation and the energy of transition (E = Eg,a -
Einiviat) are related to each each by Planck’s Law:

E = Efinai - Einitiat = h.V

If the expression above is true, then the radiation is absorbed.

The frequency (wavelength) of the electromagnetic radiation(s) absorbed provides
us with chemical structure information, eventually leading to molecules
identification.

The amount of electromagnetic radiation absorbed at that (these) frequency(ies) is a
qguantifiable amount, eventually leading to molecules quantification.

Spectral Ranges

The frequency of the incident electromagnetic radiations can vary from 10° to 10%°
Hz.

Radio Television ~ Microwave Infrared I %E{ X-rays Gamma rays
T T T T [ R I
10° 10° 10" /10‘5 10" 107
4x10" 8x10"

Frequency (cycles/sec.)

Types of Spectroscopy

Different frequencies are associated to different levels of energy. These levels of
energy can be grouped in several families (e.g. microwave, infrared, UV-visible, etc
...) based upon the type of transitions they induce in molecules.

Selection of a type of spectroscopy essentially consists of selecting the type of
transitions that we wish to observe.

More specifically, if we wish to observe transitions ...

from one rotational energy level to another, then we must select radiation
sources and detectors that will operate in the microwave range of the
electromagnetic spectrum (~ 10" — 10" Hz). The technique is called “Microwave
Spectroscopy.”

from one vibrational energy level to another, then we must select radiation
sources and detectors that will operate in the infrared range of the
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electromagnetic spectrum (~ 10" — 10™ Hz). The technique is called “Infrared
Spectroscopy.”

resulting from the alteration of the configuration of the valence electrons in the
molecule, then we must select radiation sources and detectors that will operate
in the ultra-violet and visible range of the electromagnetic spectrum (~ 10" Hz).
The technique is called “UV-Vis Spectroscopy” or “Electronic Absorption
Spectroscopy.”

IR SPECTROSCOPY Infrared spectroscopy is the technique that relies upon the observation and study of
vibrational energy transitions in molecules.

Infrared radiations (i.e. radiations carrying energies capable of inducing vibrational
transitions in molecules) are defined as radiations with ...

wavelengths ranging from 0.8 to 1,000 um.
wavenumbers ranging from 12,500 to 10 cm™
frequencies ranging from 4.0¥10" to 3.2*10™ Hz

Far-, Mid- and Near IR

The infrared region of the electromagnetic spectrum is further divided into three
parts:

e Far-Infrared (400 — 10 cm™; 25 — 1,000 pum)
The FIR region covers the range of molecular rotation energies. As these

energies are extremely weak, rendering sampling very difficult, this technique is
typically confined to the laboratory.

e Mid-Infrared (4,000 — 400 cm™; 2.5 - 25 pum)
The MIR region covers the range of fundamental energies of molecular
vibrations. This is the spectral of choice for analytical chemistry by infrared
spectroscopy; the molecular compositional information is abundant and clearly
resolved. So distinctive is this information that this region is often called the

fingerprint of the infrared spectrum. This region is particularly useful for gas
phase analysis.

e Near-Infrared (12,500 — 4,000 cm™; 0.8 — 2.5 pum)

The NIR region covers the range of overtones and recombinations of the
fundamental vibration energies observed in the MIR. This region is very
information intensive and often requires complex mathematical treatment to
access to the molecular compositional information of the sample analyzed.
However, NIR spectroscopy has often been the method of choice for many
industrial applications of IR spectroscopy due to the intensity of these
radiations’ energy which allows beam penetration on a millimetric to
centimetric scale, thus simplifying considerably spectroscopic sampling
engineering solutions for process type applications.
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IR Absorbing Molecules

The fact that a molecule vibrates does not insure that the molecule will exhibit an IR
spectrum.

Only molecules with a vibrational motion producing a change in the dipole moment
of the molecule will exhibit an IR spectrum.

E.G.:

e Ammonia has a clear dipole moment and presents several IR absorbing features
corresponding to the changes in dipole moments when stretching, wagging, and
scissoring of the N-H single bonds occur.

e Molecular Nitrogen, despite naturally occurring stretching of the N=N double
bond, has no dipole moment when this stretching occurs and therefore exhibits
no IR absorbing features.

e Carbon dioxide, a planar molecule with no permanent dipole moment, still
exhibits strong IR absorbing features because of the creation of non-zero dipole
moments during naturally occurring bending of the 0O=C=0 bonds.

Specificity of IR

The wavelength of the radiation absorbed by an IR active molecule is extremely
specific to the atomic composition.
A molecule exhibits an infrared absorption only when the above-referenced

equation Egnar - Einiiar = h. V is true. In a diatomic functional group A-B, The actual
value of Egpn, depends mostly of 2 parameters:

e the force constant for the bond between A and B; and
e the respective masses of atoms A and B.

Whenever the nature of A and B, changes, so do the force constant for the bond
(main contributor) and the atomic masses involved. Egny is different for each A-B
functional group.

If (Efinat - Einitial) changes, h being a constant value, v, the frequency of the incident
radiation causing the IR activity must change in order to maintain the equality of
terms.

Each molecular functional group or molecule therefore exhibits IR activity(ies) at
unique wavelengths. For instance:

H-F H-CI H-Br H-I

IR Absorption @ 3,958 cm™ 2,885 cm™ 2,559 cm™ 2,230 cm™
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Types of vibrations

Several types of vibrations inducing changes t — Eu

in dipole moments (and therefore making the /0\

molecular bond infrared active) can be y b H _ Sy
observed, including  asymmetric  and s;,mmetric S Eona
symmetric stretching (for di-atomic bond

structures), bending (for tri-atomic bond o E—

structures.) H/ " £ 1650 cm’
Each type of vibrational transition occurs with "

. - . Asymmetric Stretch
when a different level of radiation energy is Y

absorbed. This means that a single molecular system (e.g. H-O-H) will present
several absorption bands at wavelengths

(frequencies) corresponding to the radiation 0

. . 7\ — 600-300
with the level of energy for which the H H E ot
equation E = Egpna - Einitial = h. V is true. g —— €L

In the case of the water molecule, three absorption bands are observed in the MIR:

Discovery; Intrinsic Advantages

OFCEAS was developed by Dr. Daniele Romanini @ one of the original discoverers of

the phenomenon of Cavity Ring Down (CRD.) After experimenting with Continuous
Wave Cavity Ring Down Spectroscopy (CW-CRDS) using distributed feedback tunable
diode laser (DFB-TDL) *?, Dr. Romanini and his colleagues from the Université Joseph
Fourier, Grenoble, France discovered and patented ®) the spectroscopic advantages
of feeding back the laser signal into itself, enabling mode locking of the hyper-
reflective cavity (gas cell) and the laser source. The metrological advantages of this

new technique are multiple

Improved sensitivity.

The use of a resonating
cavity — a multipath gas cell

using hyper-reflective —>
mirrors — enables pathlength Multipass gas cell. Pathlength = 1-10 m

up to 10 km (Fig. 1). Internal

volume of the gas cell is ca. — ais -

20 mL, enabling T90 (time —-‘ < . ) ‘——
required to achieve carry- o T

over efficiency of 90%) of a Hyper-Reflective Gas Cell (Mirrors Reflectivity ~ 99.999%).
few seconds, depending of Pathlength =1 -10 km

gas sample flow rate.

Figure 1 multipath gas cell vs. hyperreflective gas cell.
Pathlengths comparison
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Increased Signal Intensity,
Reduced Signal Noise and

Improved Linearity of ;

Instrumental Response. / \

The feedback phenomenon === —INO — =
discovered by Dr. Romanini FEEDBACK FEEDBACK

et al. increases the purity of Bandwidth = 1 MHz Bandwidth = 10 KHz
the laser source. It was Intensity = 1 X Intensity =10 X

experimentally
demonstrated ¥ that the
bandwidth of a standard continuous DFB laser is reduced from 1 MHz to 10 KHz. As
the Lavoisier’s Law of Energy Conservation applies in this case, all energy that was
originally distributed over a 1MHz bandwidth is now concentrated in a beam of only
10 KHz of bandwidth. The net result is an increase of 10X in signal intensity (Fig. 2).
Elimination of most of the laser beam noise (i.e. energy radiated at wavelengths
different from the target emission wavelength) translates into measured single scan
(100 milliseconds) noise levels only 4.10™° Absorbance Units. Lastly, the increase of
purity of the laser beam injected in the cavity yields a measured instrumental
response linearity of 4 orders of magnitude for direct intensity measurements.

Figure 2 Laser beam bandwidth reduction & intensity increase

Direct intensity ]

measurement of a 200 data _

points continuous J ; _

spectrum. Ui / i\l . N | .

The wuse of the hyper- AL 'J L] J' Lol 1 L I!rl Ul
reflective cavity is initially el k| .
meant to increase i ." [ i

pathlength (and therefore v 0.00112nm
sensitivity) to the kilometric 1.0 ' . 0.005¢m-1
scale. OFCEAS relies on g _ I

direct intensity  °*” ' s pr = 1
measurement rather than 3 =

. . 22 ed @ 1,500
the estimate of a ring-down SR ey enieten g6 % RN

time. A varying current is  Figure 3 OFCEAS high resolution 200 data points spectrum
applied to the temperature

controlled laser source, enabling the tuning of the laser to the frequencies of
resonance modes of the cavity. This technique enables the collection of 200
intensity data points distributed in an equidistant manner in the wavelength domain
in 100 milliseconds (Fig. 3). When using a ca. 1500 nm DFB laser, the spectrum
collected is characterized by a true optical resolution of 0.00112 nm (ca. 0.005 cm™).
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Self  stabilization of the
spectrometer is a direct
consequence of the laser
feedback and subsequent
mode-locking  phenomenon.
The modes (resonance

frequencies) of the hyper-
reflective cavity are distributed
— in a typical configuration of
the device — every 152.272
MHz. As current applied to the
DFB laser is increased and the
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Laser
Intensity
(mA)

BO

P F
A+ dd A (nm)

20"

Laser I\
Emission I\

Figure 4 OFCEAS mode-locking phenomenon.

laser emission frequency increases proportionally, the feedback of the laser from
the cavity enables early lock on to and late release from of the laser emission
frequency to the cavity mode (Fig. 4), hence stabilizing the signal over approximately
500 microseconds (self-stabilization of the source to the mode of the cavity). Self
standardization — the property of OFCEAS enabling the device to operate from very
long periods of time without re-calibration or even re-zero — is enabled by

technological means such as

the inclusion of a self-referencing photodiode,

measurement of a cavity ring down time every 100 milliseconds after the collection
of a full direct intensity spectrum, and use of a piezzo-electric motor controlled
return mirror for real-time phase synchronization of the source and feedback

signals.

Early Applications - Climatology and Glaciology.

OFCEAS was  originally
applied to climatology and
glaciology endeavors,
focused on the detection of
trace gases in the (lower
and upper) atmosphere as
well as the analysis of trace
amounts of gases trapped in
ice core samples. The
literature is abundant on the
subject. Several papers
report the wuse of the
technology for isotopic

E. Kerstel — Isotope Research Center (Univ. Groningen/NL)

Understanding the small water content of the stratosphere :
Isotopic ratios depend on the formation mechanism of a species...

H," 0
23 OF-CEAS spectrum 2
~7183 cm’' I
23 I
I
H"O I
21 2 | \‘
£ A [
220 H,0 H.0 e N
= ‘ s THE I\
e 19 N\ HDO ~ M
S / \ /
B /\ it N 10's, 600 ppm H,0 :
- I S S . 0:
2 v ! ! ’ T § z 3 %o for §170
< o005 Spectrum - Fit (Rautian profiles) . 1 %o for 5190
(oo S (e Lo 9% for 57H

figure 5 spectrum of isotopic species of H,0

ratios determinations. For instance, in 2006, Kerstel et al. Gl reported airborne
precisions during tropospheric flight conditions of 0.1%, 0.3%, and 0.9% for the
stable isotope ratios 80, /0 and &H of water molecules, respectively for water
concentrations of about 600 ppm with 10 seconds of signal integration (Fig. 5.)
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In 2008, Wehr et. Al (®
reported a precision of %
0.07% and an absolute
accuracy of 0.09% for the in-
situ measurement of the
B¢:'2C ratio in CO2. In terms
of accuracy, Kaiser et al. 7
compared the response of
an OFCEAS against a gas
phase chromatograph for
the measurement of
atmospheric CO; for an
average CO concentration of

Absorption (1E-9/cm)

304
100ppb CO
(Int T-dep = 0.25%/°C )

1% H20

20

1ppm CH4

T T T
23262 23263 23264
Laser wavelength (um)

Figure 6 single laser spectrum of 4 chemicals

170 ppb, they reported a bias between GC and OFCEAS measurements of -8.7 £ 3.8

ppb. In a 2008 presentation, Romanini

cIearIy demonstrated the full, extremely

high resolution spectrum advantage of the technique, presenting a single laser
OFCEAS spectrum suited for the simultaneous measurement of CO, H,0, CH, and

NH; (Fig. 6).

As applied to the
measurement of CH, and
N,O in ice core samples,
Chappellaz " reports +30
precisions as low as 1 ppbv
for N,O (1 minute signal
integration) and 300 ppt for
CH, (also 1  minute
integration). Lastly,
Romanini " tested the
OFCEAS for instrumental
response drift; the results of
an collaborative study he
conducted with the CEA-
CNRS Saclay, France) on the

Deviation (ppb)

2100 ‘A\‘
2000 4 \ W N
1900 3. — L)i -
04 +/ 20ppb
204 (+/-1%)

40

Ambient CH, : long-term reproducibility
Collaboration Lab. Sciences Climat et Environnement (CEA-CNRS Saclay)

——— Chromatograph LSCE

(5 min/sample, calibration every 30")
—— LSP OF-CEAS detector

(5 sec/sample, calibration one time)

11 days comparison with a calibrated |

chromatography instrument

3 £] 3 3 3 £ 5 3 3 ic)
o\ L“ omt L““ oV 10“ oo Z““ A L““ A Lo“ AV NO i o A l“u ensl Z““ o\ Nu T L““

Figure 7 11-day accuracy and drift test results

measurement of atmospheric CH4 demonstrated that, over a period of 11 days
during which the OFCEAS was neither re-calibrated nor re-zeroed, whereas the
reference GC was recalibrated every 30 minutes, the absolute deviation between
OFCEAS and reference method over the 11 day period was * 20 ppb (30) (Fig. 7).
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LOwW
PRESSURE
SAMPLING

Low Pressure Sampling for Ease of Industrial Implementation and Analytical
Performance Improvement

A high performance analytical technique is always welcome for the use in process
applications such as ammonia slip measurement, CO monitoring in burners or H,S
measurement in hydrocarbon matrices. However, it only is part of the total solution.
Another critical aspect of the metrological application is sampling.

A novel sampling technique
is proposed to reduce
implementation and
maintenance costs without
sacrificing analytical
performances: placing the
entire sampling line (from
the sampling probe to the
measurement gas cell)
under reduced pressure
(100 mBar). This is achieved
using a sampling probe
containing a sonic nozzle Figure 8 Sampling probe with sonic nozzle

and a relatively inexpensive

(ca. $1,000) vacuum pump

capable of maintaining pressures of 100 mBar at flow rate of 0.11 to 0.33 scfm. (Fig
8.)

No Condensable P (atm)
\ Critical Point

By operating at low mmmT
pressure, the boiling point /L

= Typical Thermodynamic

and dew pOint of Operating Conditions
1atm o—

condensable is reduced. It Thermodynamic

i = o Operating Conditi
was demonstrated S':mt;:
conditioning was required 7 o

B d , p PRI

to sample post-SCR " oorc " rooe s
emission gases at a trash Figure 9 Water phase diagram and thermodynamic operating
incinerator. This meant conditions for the OFCEAS technology

that only a 4/6 line (4 mm

ID; 6 mm OD) of a polymer material was required to bring the sample (initial
temperature > 2002C) to the instrument located approximately 100 meters away. As
allowed by the thermodynamic conditions under which the sample was placed (Fig.
9), the line was not heated despite the presence of 15% vol. H,0 in the sample.
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Accelerated Sample Transfer Rate

By operating under vacuum, and despite a low flow rate at atmospheric pressure at
the sampling point (0.11 — 0.33 scfh), the sample is greatly accelerated within the
entire transfer line. This technique preserves short sample transfer times (ca. 5
seconds for every 3 meters of 4/6 transfer line at 0.2 scfm initial flow rate). It also
was observed that the life cycle of steel wool filters was greatly extended.

No Cross Response

Lastly, operating at low >-30 _f\

pressure significantly ===800mbr
narrows the bandwidth of [4-50 17 a 400mbr
the !R absorptlon ba_n(?ls, e >00mbr
enabling superior selectivity |3.50 -

of the spectroscopy method. ==—=100mbr
This was clearly [2.50 . . .
demonstrated by the 1589.2  1589.25  1589.3  1589.35
authors “® when collecting

Figure 10 Narrowing of absorption bands with decreased

the spectra of a mixture of
pressure (H,S ~ 300 ppm; CO, ~ 33%; CH, ~ 29%; balance = N,)

H,S (ppm), CO, (% vol.) and
CH, (% vol.) at pressures ranging from 100 to 800 mBar. Figure 10 clearly illustrates
the absorption band narrowing phenomenon, enabling clear selectivity of the
measurement (removal of false positive responses.)

ProCeas ® Integration General Concept:

20°C

Ambiant
& I0°C Low Pressure Line Used
* et to keep Dew Point under
~0.1 Bor Ambient Temperature
(\ Dew point

3L/h Pump

Orifice g0.2mm
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Section 5 — Installation

GENERAL Generally speaking, the ProCeas® system comprises four (4) distinct components:
1. Sensing Module or Main Module;
2. Sampling Probe;

3. Pumping Module (extractive sampling); In some application it can be
installed in the Sensing Module

4. Sample Transfer line.

The general layout of installation for a ProCeas ® is:

1. Sampling Probe

Sample Transfer Line (low pressure)

3. Standards Transfer Line (1 bar); blow back A. 100-250 VAC 50/60Hz

line for unclogging. B. USB Port
4. Standard (1 bar) C. RJ45/RS232 / RS485. ModBus /
5. Activated Coal Filter JBus. OPC Server optional.
6. Membrane Vacuum Pump D. Analog (4-20 mA) outputs -
7. Sample Exhaust (gas disposal must comply Optional

with all applicable rules and regulations)
8. Oil-free, dust-free compressed air (< 6 bar)
The ProCeas ® is designed to fit in a standard 19” rack (4U).
In addition to the OFCEAS components, it includes:
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TOOLS

PRE-INSTALLATION

e An electrical connection to the main power outlet, including fuse (use of a
power surge protector is recommended);

e Gas sample input and output connectors;

e Service gases inputs (compressed air for blow back unclogging and input for
validation / re-certification gases);

* Acolor touch screen for local display of results and control of I/O’s;

e A built-in computer with local storage capacity of 30 days.

The sampling module is a separate assembly that will is installed at the control point.
Its construction depends on application, and might slightly differ from one system to
another.

The sampling probe is connected to the instrument by means of a sample transfer
line; recommended dimensions for the sample transfer line are 5/32” ID and 1/4”
OD. Material for the sample transfer line and other specific requirements are
determined for each application on an individual basis.

Sample intake flow rate at the control point typically is 3-9 I/hr. (0.11 — 0.33 scfh).
However, when inside the low pressure sampling line, the sample apparent flow rate
is accelerated in inverse proportion to the drop of pressure; e.g. if operating at 100
mBar inside the sampling module, the apparent flow rate will be 0.5 — 1.5 |/min.
Very low intake flow rate allows to minimize maintenance requirements on the
sampling probe filter; e.g. a stream containing 1,000 mg / m® particulate matter
sampled at 3 I/hr will only deposit 25 g or particulate matter in the filter after one
(1) year of continuous use.

Tools required for installation of the ProCeas ® are:

e 9/16” flat wrench;

e 1/2"flat wrench;

* Tools required for sampling probe installation (application specific)

Pre-installation requirements for the ProCeas ® are:

¢ Mechanical Considerations

The ProCeas ® is designed to fit in a standard 19” rack (4U). It should be
installed on a flat surface as a shelf or alike. Front panel mounting holes are
only designed to hold on the module, not to withstand the whole weight.

See below if External pumping module is present.

¢ Environmental Considerations

The ProCeas ® must be placed in a dry and clean location. It is imperative to
avoid direct exposure to rain and other precipitations. It is recommended to
avoid direct exposure to sunshine and to maintain a reasonably dust free
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environment to limit unnecessary maintenance on the 19” rack cooling fan
filters.

Temperature Considerations

The ProCeas ® standard sensing unit is designed for optimum operation between
15 and 35°C (59-95F). As an option, the ProCeas® can be configured for
operation between 10 and 40°C (50-104F). Consult accompanying
documentation to identify your ambient temperature operational configuration.

The standard sampling probe is designed for operation at temperatures of less
than 400°C (~ 750F) inside the stream. Additional optional configurations include
temperature ratings up to 1,260°C (2,300F). Consult accompanying
documentation to identify the temperature rating of your sampling probe(s).

The sample transfer line does into require heating in most application. The lower
ambient temperature limit for operation of the low pressure sample transfer
line is application specific and mostly depends of the dew point of condensable
in the line. For instance, if the sample contains 5% vol. H,O(,) and that the entire
sample flow circuit is operate at 50 mBar, the sample transfer line can be
operated without special consideration at any temperature above -11.7°C
(10.9F).

Pressure Consideration

The ProCeas is designed for operation placed at ambient pressure. Components
have not been qualified for operations at high pressure.

The pressure inside the entire sampling line (sampling probe, sample transfer
line, hyper-reflective gas cell and up to the membrane vacuum pump) are
specific to your application. Consult accompanying documentation to identify
operational pressure inside the sampling module.

Power Requirements

The ProCeas ® standard power requirements are: 220-250 VAC; 50Hz; 2A.
Optional configuration available is 100-130 VAC; 60 Hz; 2A. Consult
accompanying documentation to identify power requirement specifications of
your unit.

The vacuum pump power requirements are 220-250VAC; 50Hx; 0.75A. Optional
configuration available is 100-130VAC; 60Hz; 0.75A. Consult accompanying
documentation to identify power requirements of your vacuum pump.

If the use of a traced sampling line is required (application specific), consult
accompanying documentation to identify sampling line heating components
power requirements.

It is recommended to provide independent power outlets as well as surge
protection for each electrical module.
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External Pumping Module (Extractive Sampling)

The vacuum pump must be installed as close to the 19” rack containing the
sensing unit as possible. It is recommended to: (1) allow for less than 1.2 m (4 ft)
of line between the 19” rack exhaust port and the vacuum pump inlet port
(including length of the filter cartridge); (2) place the vacuum pump either at the
same level or preferably below the 19” rack containing the sensing unit; and (3)
place the module horizontally on a flat surface.

Compressed Air Requirements

Access to oil-free, dust-free 2-6 bar compressed air is recommended.
Compressed air will be used for two functions: (1) sampling probe primary filter
cleaning [blow back]; and (2) protection of the entire flow circuit — especially the
hyper reflective gas cell sub-assembly — in case of catastrophic failure of the low
pressure sampling module; If a significant increase in pressure in the system is
detected, all sub-modules of the entire low pressure sampling module are
isolated from each other using automatically activated electro-valves right after
the entire flow circuit has been purged of any noxious / corrosive gases by
emergency compressed air blow back.

Data I/O’s Considerations

Standard communication 1/O’s for the ProCeas ® is Ethernet (RJ45) ModBus.
Additional I/O modules include, but are not limited to: RS232, RS485, JBus, OPC
Server and 4-20 mA analog. Other I/O’s are available on request.

Each ProCeas ® data I/O’s configuration is unique and was designed for your
specific requirements. Consult accompanying documentation to confirm data
I/Q’s configurations in the annex.
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DIMENSIONS The ProCeas ® dimensions are:
¢ Height: 177 mm (6.97")
e Width: 484 mm (19.05”)

e Depth: 577 mm (22.72”). Add 30
mm (1.18") for fitting and at least
50 mm (2”) for tubing at the back
of the Main Module

e Weight: 17-25 kg (37-55 Ibs)

577

[_
—]
‘AOL

[ 483.6 (baie 19") |

Ecran 10.4"

177 (4U)
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CONNECTIONS Except for a repeat USB port located on the front of the 19” rack next to the touch
screen, all connections (I/O; Power; Gases) of the ProCeas ® are found on the back of
the analyzer. Tube fitting back plate may vary in position, but fitting relative
positions (A, B, C, D, E) are the same as below.

They are:

N

w

4 -«»-—’E

Sample gas inlet port

USB 2.0 port B. Standard gas and blow back

VGA output (or RS485 ModBus compressed air outlet port
output — optional) C. Standard gas inlet port

RJ45 (Ethernet) ModBus output D. Oil-free, dust-free compressed (<
Power connector. 6 bars) air inlet port

E. Sample gas outlet port

Sample gas inlet. %4” Stainless Steel Swagelok.

This is the connecting point for the sample transfer line coming from the
sampling probe — none is required if an internal sampling probe is provided
— see specification. Construction is stainless steel unless provided otherwise.
Standard sampling line is a 1/4” OD PFA line; depending on the application
the material for the sample line may vary, but not the dimension which is
precisely specified for the low pressure extractive sampling conditions for
your application.

Fastening instructions (as per Swagelok): tighten by hand, and then using a
9/16” wrench, tighten an additional 1/8 of a turn.

Exhaust port for standard gases and compressed air (blow back unclogging
safety) — optional. %4” Stainless Steel Swagelok.

This is the connection between the 19” rack sensing unit and the sampling
probe inlet port for standard gases injection. Standard sampling line is a
1/4” OD PFA line; depending on the application the material for the sample
line may vary, but not the dimension which is precisely specified for the low
pressure extractive sampling conditions for your application.

Fastening instructions (as per Swagelok): tighten by hand, and then using a
9/16” wrench, tighten an additional 1/8 of a turn.
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Inlet port for standard gases — optional. %4” Stainless Steel Swagelok.

This is the connection point for input of the calibration / validation / zero /
span / re-certification gases. See §7 Calibration for more detail.

Fastening instructions (as per Swagelok): tighten by hand, and then using a
9/16” wrench, tighten an additional 1/8 of a turn.

Inlet port for compressed air. %4” Stainless Steel Swagelok.

This is the connection point for input of the oil-free, dust-free compressed (<
6 bar) air.

Fastening instructions (as per Swagelok): tighten by hand, and then using a
9/16” wrench, tighten an additional 1/8 of a turn.

Sample gas outlet. %4” Stainless Steel Swagelok.

This is the connecting point for the 1/4” OD tubing linking the 19” rack
sensing unit to the activated coal filter. As a reminder, the entire exhaust
line (from 19’ rack exhaust port to vacuum pump) should be longer than 2
meters.

Fastening instructions (as per Swagelok): tighten by hand, and then using a
9/16” wrench, tighten an additional 1/8 of a turn.

USB 2.0 port.

This port can be used for: (1) connecting a USB key to retrieve data stored
locally [the ProCeas can store 30-90 days worth of real-time data locally]; (2)
connect a USB mouse — particularly useful if an external monitor is
connected to the CRT-VGA port; and (3) to up-load software and firmware
upgrades.

USB key, USB cables and USB mouse are not provided with the instrument.

This connection is generally reported in front of the instrument.

VGA port (standard) or RS485 port (optional)

This port can be configured either as a CRT-VGA port to connect an external
monitor (standard) or as an RS485 port (optional). The advantage of using an
external screen is mostly for troubleshooting application as it may be
required to make observations on many different parameters only
accessible to service accredited personnel.

Neither a CRT cable nor a serial cable are provided with the instrument.

Ethernet — ModBus connector port (RJ45)

This is the default and primary data out port for the instrument. Protocol is
ModBus TCP/IP. Also, this allows the ProCeas to be integrated as a node in a
network; this feature can be particularly useful to transmit data in real time
to a centralized data electronic repository or to remotely access the
instrument for service. Ethernet cable is not provided with the instrument.
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PUMP MODULE

-4- Power connector (includes fuse)

The ProCeas must be connected to a power outlet (either 220-250VAC 50Hz
or 100-120VAC 60Hz; consult the documentation accompanying your
instrument.

A country-specific standard power cord is provided with the instrument.

The use of an additional power surge protector is recommended

NOTE : if an external Pump is present, a 3 point circular connector is added on the
back panel. This connector should be plugged to the pump power cord.

The ProCeas ® operates a low pressure, a unique and patented advantage enhancing
analytical performances and reducing operational costs. The differential in pressure
between ambient and the inside of the sampling module is obtained using a
membrane vacuum pump.

For some application, the pump is inside the Main Module. Therefore, in this case,
no pump module is provided. Otherwise, the pump is provided with tubing and a
power/control wire. This wire should be plugged to the circular connector on the
backplate.

The membrane vacuum pump is provided with two (2) filter cartridges and an
appropriate length of tubing.

Two lines of tubing are provided:

* A %" OD black line of tubing labeled “IN” with a brass connector. This line
must be connected to the appropriate port (sample gas outlet) of the 19”
rack. Fastening instructions (as per Swagelok): tighten by hand, and then
using a 9/16” wrench, tighten an additional 1/8 of a turn.

* A %” OD black line of tubing labeled “OUT” and without any connector. This
line can be used to exhaust the sample and dispose of it according to all
applicable safety and legal rules and regulations.
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SAMPLING PROBE Description

The ProCeas ® relies on a novel type of sampling probe, essentially providing the
dew point reduction and sample flow rate acceleration of a standard dilution probe,
but without requiring an actual dilution gas, saving on consumable, maintenance
and improving accuracy of the
measurement.

The entire probe is placed inside
the gas stream and is therefore at
the same temperature than the
gas stream itself.

The sampling is adapted to the
application. For dry or low vapor
concentration, the probe s
composed of a sonic nozzle and a
7 um porous metal filter.

For high vapor concentration or media which could condensate, and industrial
application, a more complete probe is used: From intake point to the end of the
probe, the components of the probe are:

e Gross mesh filter to prevent the largest particulate matter to plug the
sampling probe and/or contaminate the instrument. This gross mesh filter is
self cleaning (to some extent); self cleaning naturally occurs as a
consequence of flow rate differential between the very low sample intake
flow rate (3-9 I/hr; 0.11-0.33 scfh) and the stream flow rate. It also can be
cleaned by blow back on a regular basis (manual or scheduled automated
compressed air blow back).

e Fine mesh capable of stopping PM2. Due to the very low intake flow rate (3-
9 I/hr), only extremely small amounts of particulate matter will accumulate
in this filter; e.g. a particularly dirty stream containing 1,000 mg/m?® of
particulate matter (emissions of a heavy fuel fire heater) will deposit only 25
g of particulate matter less than 2um in size over a 1-year period of
continuous (24/7) use. For most applications, maintenance on the PM2 fine
mesh filter only is a yearly maintenance operation.

This filter is made of fused silica wool and has a temperature rating
exceeding 1,000°C (1,832F).

e Hypersonic nozzle. This is the interface point between control point pressure
and low pressure of the sampling module. This is also at this interface that
increase of sample flow rate (inversely proportional to the drop in pressure)
occurs.

e Mounting collar.

e Sample transfer and standard gas / compressed air blow back stainless steel
lines.
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Dimensions

[9,000]
228,60

[1,810]
) 45,97

026,67

2 tubes inox 1/8"

Installation

The sampling probe must be installed directly into the stream or inside a bypass
containing the gas sample with the same composition and at the same temperature
than the gas in the stream. The entire probe must be at the same temperature than
the gas at the stream to avoid condensation.

In the case of installation in stream with high concentration of condensable gases, it

is highly recommended to slightly tilt the probe downwards by 10 £ 0.5 ° as
illustrated below:
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Connection to the sample transfer line and standard gas / compressed air blow back
line

The shortest (50.8 mm; 2.0”) of the two stainless steel /5" tubes must be connected
to the ‘Sample Gas Inlet’ port of the 19” rack.

The longest (88.9 mm; 3.5”) of the two stainless steel /5" tubes must be connected
to the ‘Standard Gas / Blow Back Compressed Air Outlet’ port of the 19” rack.

Both stainless steel '/s” tubes must then be connected to the %” OD sample transfer
and sample transfer / compressed air lines.

NOTE: in the rare case where condensable concentrations are too high and/or
ambient temperatures are too low, it is required to use a traced line.
However, temperature requlation required only is at 40°C (104F). Access to
an additional power outlet is then required as well to heat the line and
maintain it above dew point for the condensable of interest in the
application.
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COMPLET Standard ProCeas ® complete flow circuit diagram
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Section 6 — Start-Up

GENERAL

FIRST START

Your ProCeas ® Trace Gas Analyzer is a rugged analyzer with low maintenance.

The ProCeas ® includes a built-in computer (Window ® XP ®) running the ProCeas ®
application software. For improved ease of use, all functions required for routine
operations, maintenance and service are accessible using a touch screen computer
display conveniently located on the front of the instrument. The Human Machine
Interface (HMI) heavily relies on the use of easily recognizable icons for minimum
learning curve.

A detailed description of these functions is proposed in this chapter.

Once the ProCeas ® is installed in its rack or other type of housing and that all flow
circuit connections have been completed, secured and verified, it is time to power
up the analyzer for the first time. The vacuum pump should be powered up at the
same time.

When first started, the ProCeas ® must stabilize in temperature (40-45°C depending
of your application) and in pressure (typically 50 to 150 mBar, depending on your
application).

Stabilization in temperature for first use may take the longest, especially if the
analyzer is operated in a colder environment. It is recommended to wait at least 2
hours to let the system stabilize its temperature (regulated at + 0.1°C) before using it
for measurement.

Complete Start-Up Procedure

A. Power up the vacuum pump. If internal pump is provided, skip this point.

B. Power up the ProCeas ® using the switch located in the back of the 19” rack.
The built-in computer will boot up and the Main Menu (default display) will
appear within one minute from power-up. Default mode is “Routine
Measurement”; you therefore will start seeing measurement results
displayed on the screen; however, these results are not to be trusted until
temperature and pressure have had the time to stabilize at their method-
specific set values.

C. Visually monitor temperature and pressure on the Main Menu displayed by
default on the built-in monitor. Let the instrument stabilize for at least 2
hours before starting any measurements.
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ProCeas ® Software Logic

VIEW REAL-TIME RESULTS / MONITOR SAMPLE TEMP. & PRESSURE
SET DATE / TIME
ACCESS AJUSTMENT AND CALIBRATION TOOLS

ROUTINE

ANALYSIS

VIEW RESULTS (GRAPHS & PLOTS)

DATA

STORAGE

DATA MANAGEMENT & LOCAL STORAGE : TRANSFER DATA TO USB PORT /
USB KEY

The ProCeas ® can store data locally for up to 30 — 90 days, depending on the
application and the amount of data type saved. If data stored locally are not transferred
on a regular basis, they will be erased (oldest first).

* DIAGNOSTIC TOOLS.

AVANCED

TOOLS

* ACCESS PROTECTED BY PASSWORD TO AP2E CALIFIED REPRESENTATIVE

* MANAGE ALL ALARMS
0 VISUALIZE ALARMS (STATUS ; THRESHOLD ; ACTUAL VALUE)
0 ACKNOWLEDGE EXISTING ALARMS
0 CHANGE ALRMS SETTINGS
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Main Menu
Data Storage ] e Diagnostics
USB Port Data Transfer
Management r Advanced tools

(Password Protected)

Real-Time Analysis

View
Graphs & Plots

NH3: 00.00 ppm

A
Status °
Qy o Th0.0°C  22/10/2009

0Q0.00 mbar 12:01:19

T

Instrument Status Date / Time
Alarm Display Area Display Area
Real-Time Analysis -_— Sample Gas Temperature and Pressure
Results Display Real-Time Display
Gas Calibration Access

This page (Main Menu) is the default display page for the instrument. It displays at a
glance all information that the user needs immediate access to:

1. Real-Time Results (large display)
2. Instrument Status

3. Alarms (if any)
4

Sample temperature & Pressure

Also, all functions of the ProCeas ® software package can be easily accessed from
this main menu. Once the sub-function (sub-menu) has been called, simply validate
your new selection or cancel selection to automatically return to the Main Menu.
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VIEW REAL TIME RESULTS GRAPHS AND PLOTS.

The default display for real-time results visualization is the alpha-
numerical display containing the chemical’s abbreviated formula and
the actual concentration.

This virtual button is a toggle switch allowing to view the real-time
results as SPC charts for the last hour of operation. This function is
different from viewing historical data.

DATA STORAGE MANAGEMENT / DATA TRANSFER TO USB KEY

Select this icon to transfer the data stored locally on the instrument to
an external USB key. Once data have been transferred, it is
recommended to erase the data transferred.

CAUTION: data backup using the external USB key is recommended
every 30-90 days at most, depending on how much data and the type of
data that are saved. Not doing so will lead to having the instrument
erasing the oldest data to write new data over them.

DIAGNOSTICS

Select this icon to view diagnostic information on the analyzer.

ADVANCED TOOLS

Access reserved to factory and factory certified technical personnel.
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P :000.00 mbar

NH3: 00.00 ppm

Section 6 — Start-Up

ANALYZER STATUS / ALARMS

The icons (displayed on the Main Menu) provide immediate feedback
on the analyzer status and any alarms that may occur.

Setting alarm thresholds is done at the “System” user level, an access
level that is password protected.

If an alarm is displayed (Red “X”), simply press on the icon to display the
nature of the alarm. The alarm can be of two types:

e Analyzer Alarm. The threshold for analyzer alarms are set at the
factory and cannot be modified by the user, regardless of the user
privileges. Identify the cause of the alarm from the diagnostic
menu, then first review the FAQs section of this document. If you
cannot identify a remedy from the FAQ’s section, please contact
immediately your ap2e accredited service center.

e Analysis Alarm. The thresholds for analysis alarms are set by the
user with “System” level privileges. It is the sole responsibility of
the user to take appropriate actions to correct their process to
remedy to the cause of the alarm. AP2E cannot be held
responsible for user-set alarms set values nor can it be held
responsible for any action taken in reliance on that data.

DATE / TIME

Date and time are always displayed on the main menu. These values
will be used to time stamp the results stored locally and sent by digital
1/0.

To change Date/Time, select the icon and manually change date / time.

SAMPLE TEMPERATURE & PRESSURE

This display of sample temperature and pressure is found on the main
menu. To toggle between alpha-numerical display and SPC chart, simply
select the “VIEW REAL TIME RESULTS GRAPHS AND PLOTS” icon.

Sample Temperature and Pressure values cannot be edited; these are
"read-only” data. These values are recorded with the results stored
locally and sent by digital I/0.

Sample temperature and pressure conditions are specific to your
method / application and are critical to the quality of the analysis.
Alarms set values are set at the factory and cannot be modified by the
end-user, regardless of the privilege level.

REAL TIME RESULTS AND CALIBRATION ACCESS

This alpha numerical display of the real-time results of the multi-
component analysis can be found on the Main (default) menu of the
analyzer. To toggle between alpha-numerical display and SPC chart,
simply select the “VIEW REAL TIME RESULTS GRAPHS AND PLOTS” icon.

Analysis real-time results cannot be edited; these are “read-only” data.
These results are stored locally and sent by digital I/O.

Alarms set values are set by the user with “system” privileges; action(s)
taken by the end-user on these results are the end-user sole
responsibility.

CALIBRATION window is accessed by selecting one of the displayed gas
— click on the name of the molecule — see §7. CALIBRATION for detailed
procedure.
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Graphs & Plots

From the Main (default) Menu, select the “GRAPHS & PLOTS” to toggle the display
from alpha-numerical to that of an SPC chart. One (1) hour worth of analysis results
is displayed.

To return to the alpha-numerical display, select the “GRAPHS & PLOTS” icon again.

L1 1

L

NH3 NH3 - H20 - C02 co2 :IZO

0.0 i t } } i t i i } 0.0
) 14:23 14:29 14:35 14:41 14:47 14:53 14:59 15:05 15:11 15:17 15:23
Heure : 14:31:20, NH3 : 0.00, H20 : 0.00, CO2 : 0.00

Stats 49 T:00°C  23/10/2009
/" P :000.00 mbar 14:39:48

Data Local Recording

Depending on the number of components analyzed and the
type of data selected for local storage, 30 to 90 days worth of
analytical results (refresh 10x per second) can be stored
locally.

In additional to the mandatory fields of analytical results, data/time stamp and
temperature/pressure information, the end-user can select to also save the raw
signal information. This feature can be particularly useful if regulatory and/or SOP’s
require full traceability of the measurement; by storing the raw signal information of
the OFCEAS, all results can be re-calculated and results verified as a post-processing
action. This feature also can prove useful in identifying process issues in post
processing mode.

CAUTION: the internal storage capacity of the analyzer is limited. Depending
on the amount of data stored at the rate of 10Hz and assuming continuous use of
the analyzer, the local storage capacity limits will be reached in 30 to 90 days. Once
that point is reached (or after 6 months in case of non-continuous use of the
analyzer), oldest data will be overwritten.
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Diagnostics and Validation

L\\'__u
Spectun | Brut snd Fit | Symely andwidth | Fi ard bisse Ine | FitSise and residisr | RingDiov 4|+ Peo-d
esng : : Spectrum : : GRARHICSY,
BORBE donnrmranesrsebersasensananiboraras o
ik LIST / TABLE
> 26620 -eereeees s e
11952 4 i sae
1616 bl __.l ...I..'......I.-.,._ it an et oo el S
G000 12000 17994 23994 294999
provcissie van: 350 Mal 30020 | foritée
Status o4 lc :40.9°C 01/02/2011,
; Pc|: 113.7 mbar 08:51:11
Tool Type : —
. Graphs
Display area ©  List
e Analytes

Select this icon to access fundamental diagnostic functions for the ProCeas ® and/or
calibration (re-certification / validation) functions. For the latter, the entire

procedure is detailed in the “VALIDATION / CERTIFICATION” section of this
document.

Access to these functions requires at least “Maintenance” user level privileges and is
password protected.

For diagnostic purpose, three (3) types of tools are available:

1. Graphs. Provides access to spectrum information. 3 types of spectra
can be visualized in real time: (1) raw spectra; (2) pre-
treated spectra; and (3) final spectra.

2. Lists. Provides access to real time analysis results and statistical
analysis results such as Min/Max; Average and Standard
Deviation. These statistics are updated in real time.

3. Analytes Provides access to individual gases information. Select any
one gas to display real-time alpha numerical results for this
gas, or 1-hour SPC chart for this gas. This is also the entry
point for the calibration / re-certification / validation menu.
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“GRAPHS” TOOL INTERFACE

TABs Navigation Menu Graph real-time
to select the type of display area.
graph to display.
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A

Results alpha-
numerical display

_ \

X-Axis unit

To navigate the “GRAPHS” Tool Interface, just select which real-time graph you want

to observe. Choices are:

| 1 1 I Litegtie 11401

(Raw) Spectrum

JuEas

i
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] 5000 1za08 17398 Fems 29993
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Bt aned F

Select this tab to display the real-time raw spectrum signal as well as
the reference (traceable calibration) spectrum.

This diagnostic is particularly useful to verify that there is sufficient
signal intensity to provide a reliable measurement.

Raw spectra are not stored by default, but this option can be
selected for full measurement traceability. Nevertheless, it is a
memory consuming task which reduced ProCeas® memory
capacities.

Pre-treated and Reference Spectra

E) + 3 i try

1o
5 " o s sa 195
P et e e (s

Select this tab to display real-time pre-treated spectrum as well as
the stored reference (traceable calibration) spectrum.

This diagnostic allows to verify the integrity / quality of the OFCEAS
spectrum before it is fitted and used to compute analysis results. It
can be particularly useful to identify signal saturation problems if the
concentration in the various analytes measured exceed the range for
which the analyzer was calibrated.

The pre-treated spectra are systematically stored locally on the
system.
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Section 6 — Start-Up

Symmetry and Bandwidth

This option is an advanced OFCEAS spectroscopy diagnostic on the
raw spectrum signal.

Theoretically, symmetry of the bands must be absolute (yielding a
null difference when compared to the reference spectrum) and
bandwidth must be constant.

Spectrum Fitting and Baseline
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This option is an advanced OFCEAS spectroscopy diagnostic on the
raw spectrum signal.

This graph displays the real-time spectrum and the baseline.

Spectrum Fitting, Baseline and Residual
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Similar in calculations to the “Spectrum Fitting and Baseline”
diagnostic tool, this particular graph also displays a residual
spectrum calculated as the difference between the pre-treated
spectrum and the reference spectrum (computed from traceable
reference spectra).

The residual must be as close to zero for the entire spectrum as
possible (but for the intrinsic noise of the measurement)

Ring-Down Time

The ProCeas ® is a direct measurement IR laser spectrometer. The
full 200 data points spectrum is collected by applying a varying
current to the diode laser, thus shifting sequentially its emission
wavelength to match 200 consecutive resonance modes of the
hyper-reflective gas cell.

At the end of each 200 data-points collection cycle, the DFB laser is
very briefly pulsed to measure a ring-down time. Although the
length of the pulse (OF/ON cycle) is not long enough to allow the
DFB laser to cool off to the point of changing its emission
wavelength, it nevertheless allows to measure, 10x per second, a
ring down time. This systematic diagnostic is part of the self-
validation procedures of the ProCeas ® analyzer as it allows to verify
pathlength (and therefore integrity of the measurement) 10x per
second.
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“LIST” TOOL INTERFACE

Name [ vae | Mn | Mex | Aax | 50 |FasN
D COlppm) 0s [i11] 1216 07 0.2 17939
D Co2%) 008 002 09 013 1799
< | 14|

The “List” tool interface enables access to real-time alphanumerical display of the
chemical analysis results and associated statistics, also updated in real-time.

The fields displayed are:

Name
Value
Min
Max
Avg
Std

Filter

name of gas measured + measurement unit information.
real-time analysis result for the gas.

minimum gas concentration (since initial start-up)
maximum gas concentration (since initial start-up)
average gas concentration (since initial start-up)

standard deviation of the mean gas concentration (for
the last 1 hour)

signal treatment filters status (reserved for factory
service)
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“ANALYTES” TOOL INTERFACE

NH3(ppm)
0.00

H20(%)
0.00

The “Analytes” tool interface enables access to individual gases information and to

the calibration / certification / validation menu for each gas.

Selecting an “Analyte” (e.g. NH3 in this example) provides access to the following

menu:

Gas name and
concentration unit

Analysis Results
Statistics

Gas-specific analysis results
display (1-hour worth)

Close gas-specific
window.

Elly

MIN 0.00
MAX 0.00
ECT: 0.00

Parametres

Access to calibration
functions

Y\II—I% (PPmMm)

NH3{ppm)

1.0
0.8+
0.6+
0.4+
0.2+

1731 1743 1755 1807 1819 18:31

Heure : 17:33:04, Val0 : 0.00, Vall : 0.00

Detailed description of screens and fields is:

A NH3(ppm)

ﬂ Gas Name / Unit

Results alpha-
numerical display

Displays the name of the gas analyzed and the concentration unit in
which results are reported.
The € and P> arrows can be used to navigate from one gas to the

next, avoiding to have to go back to the “List” tool menu to select

another gas.
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1.0

NH3(ppm)

0.8
0.6+
0.4+

0.2

0.0 i t } i
13:14 13:26  13:38 13:50 14:02 14:14

Gas-Specific Results SPC Display

lHaue:133G:25,Va€l: 0.00,Val : 0.00

Statistiques : -
MOY : 0.00
MIN : 0.00
MaX 0.00
ECT: 0.00
Parametres |

Provides graphic display of gas analysis results for the last hour for a
specific gas.

At the bottom of the graph is an alpha-numerical display of results at
any time during the last hour. To view an analysis result at any time
during the last hour, just select the point in time on the curve and
alphanumerical result for that point in time will be displayed at the
bottom of the screen.

Analysis Results Statistics

Statistics on the analysis of a specific gas since start-up of the
analyzer are displayed in this region of the screen.

They are: MOY = Average concentration observed
MIN = Minimum concentration observed
MAX = Maximum concentration observed

ECT = Standard Deviation for observed conc.

Access to Calibration / Certification / Validation

Selecting this button provides access to the sub-menu allowing to
change slope and bias correction factors for the calibration.

For each gas, slope and bias can be modified through this sub-menu:

[%% Nom = NH3(ppm)

+090 GAIN =1.0 Al Y
+99 OFFSET = 0.000000 [
Modifier

() Annuler

.

« Valider

It is not the preferred way to calibrate. Please refer to the
“Calibration” section of this document for detailed operative
instruction.
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Status / Alarms

When operating within specified parameters (spectroscopy /

Status
analysis), the ProCeas ® Main Menu displays a “green” status.

Whenever a fault occurs, whether related to ProCeas ® intrinsic
operation or related to a user-defined gas concentration alarm,
the ProCeas ® Main Menu displays a “red” status.

Status

X<

Regardless of the status of the analyzer, select the icon to access the detailed alarm
menu of the analyzer software:

Alarm Parameters Monitored — ( Scroll Alarms List

Alarm Status — Close Window

| B

2 !ﬂ"!’& | state | LowNhees . | Highthas . | [ ) c¥ise
GAz ¥ Ajaere 00 DFF i 200 L

'y
T Aarme CO2 GFF [iEiN] 0.00 i
% ’
TEMPERAT.. '

P
-,

FRESSURE
| I I

8-

LSERREE
I\INLI

Parameters | Aot ]

ZIN ZIN

& Tc:40.9/C  31/01/2011
& Pc : 118.0 mbar 19:00:32

Select Specific | —

Parameter
— Acknowledge Alarm after proper

corrective measures have been taken

Edit Alarm Thresholds —
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Parameters
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Select Alarm Parameter Type

Alarms are categorized as:
e “Gas” Alarms.

Includes all alarms relevant to the proper operation of the
OFCEAS spectrometer (hardware, spectrometry and
chemometrics). These alarms are factory set and cannot be
changed.

. “Temperature / Pressure” Alarms

Sample temperature and pressure alarms. Proper
temperature and pressure (as defined for your application)
are critical to the quality of the analysis. These alarms,
specific to your application, are factory set and cannot be
changed.

o “User-Defined” Alarms.

These alarms include all user-defined parameters that
require monitoring. Alarms definitions and threshold set
points are user-defined.

Parameters and Alarms Status Main Display

This screen displays all parameters monitored (both factory and
user-defined) and their status.

Alarm status of parameters monitored can be:

® GREEN parameter is within set threshold values. Status is
then reported as “BAS” (“Low”)

@® RED parameter exceeds set threshold values. Status is
then reported as “HAUT” (“High”)

@® GRAY  parameter is not currently monitored

Upper limit thresholds are also indicated in this table. To modify
user-defined alarm thresholds, select the “Parameters” button to
go to the Alarms Configuration menu.

Acknowledge an Alarm

To acknowledge and de-activate an alarm (of course after the
cause of the alarm has been remedied):

¢ Use the ¥ and A scroll arrows to select (highlight) the
alarmed parameter.

e Select the “Acknowledge” button to stop the alarm.

CAUTION: if the cause of the alarm has not been properly
corrected, the alarm will be triggered again within 1 second of the
acknowledgement. No analysis should be performed if any of the
analyzer intrinsic functions is alarmed.

If the alarm triggered is a user-defined alarm (e.g. gas
concentration high threshold exceeded), the user may elect to
continue the analysis until the process is brought back to normal.
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Alarms Configurations

Access to the Alarms Configuration panel is allowed by selecting
the “Parameters” button of the “Status / Alarm” window.

Parameters

This opens the following window:

Scroll Navigation

Edit Alarm Parameters

Cancel / Validate New Alarm Value

I = W
and
ANN
% [ @ cipse
e " Name = Alarens L0
T = AN
TEMPORISATION = 0 I ‘ V J
ODE ACDUATTEMENT = N0
TEHPEFMT rushie = N
D€ HYSTERESIS » INACTIF de l
55 eazrement [0 = COjpom|
= "3 Lo vashotd = 0 00080 e =:
PRESSURE [ |9 Ihghlhq‘::ld 0000000 & Cancel
58] TPE SEUIL = ABS0LL ) 7
. 20 il FUR CIBLE = 0.000000 =P,
LISER DEFINEI . Back
RS :0.0°C 24/11/2009
\ P oc|)o .00 mbar  16:05:40
Alarm Parameters List (inclusive) —I

Detailed description of screens and fields is:

Scroll Navigation
A
— Use the ¥ and A scroll arrows to select (highlight) a parameter to
v modify (edit) for the alarm type selected.

Edit / Validate / Cancel / Exit

Modifier

Once an alarm parameter has been selected (highlighted) using the

() Annuler V and A scroll arrows, you can first edit the values for the
- parameter. Selecting this option opens a pop-up alphanumerical
keyboard to input new alarm values.

« Valider .
= | Once new alarm set point values have been entered, you must select

with “Validate” to accept the new set point values or “Cancel” to
cancel the modification. You must select on of these two options to
be allowed to continue.
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‘;f, e o Information on Alarm Parameters Display

ER MODE ACQUITTEMENT = 0UI R Rk -

[EH) Active = OUI The Alarm Parameter display list all parameters currently monitored
El] MODE HYSTERESIS = INACTIF

28 ID Mesure = NH3(ppm) on the analyzer for the alarm selected.

%8 Seuil bas =10

% Seuil haut = 30 In this example, (parameter = NH3 concentation), the editable fields

are:
e ALARM NAME self-descriptive.

e DELAY set delay (seconds) between first
observation of alarm condition and
notification.

¢ MODE Select “YES” if the alarm must be manually

acknowledged and de-activated

Select “NO” is the alarm if only for
indication and will self deactivate once the
alarm condition disappears.

e ACTIVE Define whether the alarm is active (status @
or @) or inactive (not monitored, status @)

e HYSTERISIS a hysteresis is defined as the lagging of an
effect behind its cause. This parameter is
linked to the “DELAY” set above. Values for
HYSTERISIS and their consequence are:

“INACTIVE” — no delay in alarm trigger.

“LOW = HIGH” — alarm triggered after set
DELAY when the values go up. Select this
option for High Threshold Alarm Detection
only.

“HIGH = LOW” — alarm triggered after set
DELAY when the values go down. Select this
option for Low Threshold Alarm Detection
only.

“LOW <> HIGH” — alarm triggered after set
DELAY when values go either above or
below set thresholds. Select this option for
both High and Low Threshold Alarm
Detection.

e ID Select the parameter monitored (in this
Case NH3 ppm)

e« LOW Low threshold set point; express this value
using the same measurement unit than used
for measuring the parameter (e.g. ppm for
NH3 in this case)

e HIGH High threshold set point; express this value
using the same measurement unit than used
for measuring the parameter (e.g. ppm for
NH3 in this case)
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Section 7 — Certification & Validation

GENERAL

PARAMETERS

SELECT STANDARDS

This section of the document does not explain how to calibrate the ProCeas ©®.

Each ProCeas® Trace Gas Analyzer is calibrated at the factory for your application
and to your exact specifications as they were disclosed to us prior to custom
manufacturing this product.

Once in the field, ProCeas® analyzers experience no drift in instrumental zero
response and are self-referencing (a consequence of the direct measurement
approach, collecting full 200 data points spectra.)

The linearity of the ProCeas® is set and absolute. It cannot (and should not) be
modified, ever.

This section simply offers a means to implement existing validation and re-
certification procedures, whether mandated by regulations or internal SOPs, for gas
phase analysis.

The advantage of having access to this option is that you can continue utilizing
validation and/or re-certification procedures as you have been used to for your
application, thus saving the time and money that would be required to develop new
protocols and/or demonstrate that the ProCeas® responds to a different set of
analytical performance re-certification than all other gas analyzers.

A secondary advantage is that you can implement these tests of validation / re-
certification in confidence, as allowed by the exceptional stability and reliability of
instrumental response of the ProCeas®.

Two parameters can be modified:

GAIN (Slope): this is the response slope of the ProCeas® for the gas. Ideally the gain
is equal to one (1.00). It should be modified with the calibration procedure using an
appropriate standard.

OFFSET (Bias) : this value is added to the final result of the concentration calculation.
It can be positive or negative. It is set at zero when the apparatus is delivered.

It is customer’s responsibility to decide to modify or not this value.

A validation / re-certification process consists of injecting known gases (chemical
nature, purity and concentration) in the system to verify accuracy and linearity of
instrumental response. In some cases, other chemometrics parameters may require
being validated as well (cross response, instrumental response drift, etc.); for these,
the basic procedures described in this section can be easily adapted.
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This section deals strictly with the analysis of one gas standards (customarily known
as “span”) to validate / re-certify the ProCeas ® accuracy and instrumental response
linearity for a given gas.

Selecting gases is the first critical step in this operation, especially if your application
requires the measurement of trace-level gases. Standard gas selection
considerations are:

Ideally, the concentration of gas to be analyzed in the “span gas” standard should be
equal to the highest concentration of the calibration range for which your ProCeas ®
was configured. Using a standard “span gas” at the maximum concentration in the
range will allow maximum accuracy in there-certification / validation procedure.

If it is not possible to find a “span gas” that meets that concentration requirement,
several cases must be considered. However, in all these case, use of this approach
may affect negatively the intrinsic accuracy of the ProCeas ® analyzer; 4 cases may
be considered:

CASE 1 —SPAN GAS CONCENTRATION > 70-80% OF FULL SCALE

It may be generally acceptable (although not optimum) to use a span gas with a
concentration equal to at least 70-80% of full scale of the calibration range. The
statistical impact of the inaccuracies generated by using such standard span gas on the
re-certification / validation of the accuracy and linearity of instrumental response may
only be negligible.

CASE 2 - SPAN GAS CONCENTRATION > 50-70% OF FULL SCALE

It is generally not acceptable to use a span gas with a concentration equal to 50-70% of
full scale of the calibration range. The statistical impact of the inaccuracies generated by
using such standard span gas on the re-certification / validation of the accuracy and
linearity of instrumental response will not be negligible.

It is recommended to use such gas only for informal (non regulatory or SOP’s mandated) validation of
the measurement.

You should not use such span gas for a formal validation / recertification.

CASE 3 — SPAN GAS CONCENTRATION < 50% OF FULL SCALE

It is absolutely not acceptable to use a span gas with a concentration less than 50% of
full scale of the calibration range. The statistical impact of the inaccuracies generated by
using such standard span gas on the re-certification / validation of the accuracy and
linearity of instrumental response will be large.

It is also recommended to not use such gas for informal (non regulatory or SOP’s mandated) validation
of the measurement.

You should never use a span gas with concentration less than 50% of calibration full scale. Modifying
bias and/or slope of the calibration curve based on the use of such gas will lead to erroneous
responses.
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CASE 4 — SPAN GAS CONCENTRATION > FULL SCALE

It is not acceptable to use a span gas with a concentration greater than 100% of full
scale of the calibration range. The statistical impact of the inaccuracies generated by
using such standard span gas on the re-certification / validation of the accuracy and
linearity of instrumental response may be significant.

Such gas may be used for informal (non regulatory or SOP’s mandated) validation of the measurement,
if the instrumental response is not saturated; this can be assessed quickly by monitoring the raw
spectrum and pre-treated spectrum response in real-time: saturation will result in the cresting of the
absorption bands.

You should not use a span gas with concentration greater than 100% of calibration full scale. Modifying
bias and/or slope of the calibration curve based on the use of such gas may lead to erroneous
responses.

For proper implementation (i.e. implementation without bringing sample delivery
errors into the final measurement) of the validation / re-certification procedure, you
must control both pressure and flow rate of standard gas delivery very precisely.

Imprecision in the delivery flow rate and/or pressure of the standard
gas (“zero gas” or “span gas”) will carry-over to the final measurement,
resulting in a decreased analytical performances of the ProCeas ®

Recommended minimum list of material before implementing the validation / re-
certification procedure is:

1. A standard gas (see definitions / qualification above.) It is recommended
that standard gases to have been manufactured as recently as possible
(e.g., if validating a trace-level CO calibration, you must be sure that
there is no Nickel Carbonyl in the CO standard) and to have been stored
according to the manufacturer’s specifications.

2. Pressure and flow rate controllers.

- Pressure controller should be calibrated for atmospheric pressure
and qualified for the highest possible resolution relevant to the
accuracy of the measurement.

- Flow rate controller should be calibrated for 10 I/hr (full scale) with
the highest possible resolution relevant to the accuracy of the
measurement.

3. %” OD Stainless Steel or, in some cases PFA tubing with %4” female
stainless steel or brass Swagelok connectors. If dealing with very low
level concentration of chemically reactive gases and/or if adsorption of
the chemical of interest (e.g. NH;3) on the walls of the stainless steel or
PFA tubing is known or even suspected, you must switch to Silcosteel®

coated standard gas transfer tubing(l).

4. 9/16” wrench.

(1) :Silcosteel® is a Restek Performance Coating. Please refer to Restek Corporation for details.
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OPERATIONAL LOGIC The operational logic of a validation / re-certification procedure for gas phase
analysis is:

CONNECT STANDARD GAS BOTTLE TO
THE PROCEAS SAMPLING SYSTEM

SELECT "CALIBRATION" MODE IN THE
PROCEAS SOFTWARE

(see below)

ADJUST SLOPE (GAIN) AS NEEDED

DISCONNECT STANDARD GAS BOTTLE
FROM PROCEAS SAMPLING SYSTEM

NO

YES ‘
N

RECONNECT COMPRESSED AIR
EXIT SW VALIDATION MODE

RESUME ROUTINE ANALYSIS OPERATIONS
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Standard Gas Connection Port & Procedures

CAUTION

Before connecting / disconnecting a gas line, always:
= Shut off the gas input valves
= Let the gas contained in the line slowly drain out to a
proper disposal apparatus
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Depending on the application, the connection types are different:

If no sampling line is present, connect the gas bottle into port A. Be sure to place a
“T” in between the standard bottle output and the ProCeas® input. See scheme
below

If sampling is just a tube and a sonic nozzle + filter, do as above.

If sampling line is present, with blowback and sampling probe, connect the gas
bottle into port C.

Once the proper standard gas inlet port has been identified, sequentially proceed as
follows:

A. Secure the line into the analyzer Swagelok port.

B. Open the input valve.

C. Using the pressure regulator affixed to the standard gas bottle, set gas flow with
pressure valve: the flow must be high enough so gas is slightly flowing out of the
“T” (around 2 to 3 L/h).

D. Proceed to calibration.

Once the recalibration / validation / re-certification of the instrumental response is
complete, disconnect the standard gas according to all customary and regulatory
requirements.
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PROCEDURE Select Calibration Mode

On the main menu, select the gas you want to recalibrate by clicking on its chemical
formula. The calibration window should appear.

d £ B L
3: 00.00 ppm

Gas measured

Status /\? T:0.0°C 22/10/2009
P :

000.00 mbar  12:01:19

y ) k. |
,A.J/ ’@ L“.L
1~ Etafon 1~ Efalotinage en court
. HH3fppr)  15.00 =y o L @)EeﬂnerJ
y 1.0000 A 00000 _/
0 AN Esure
0.8 :
0.6
[ it SRS Calculer
0.2
0.0 + + 4
16:43:19 16451479 16:47:14059 16:4914.4 16:sfaz  esa | Yalide
Heure : 16:43:43[59, Va0 0.00 A\
Status A ? Tc - 44.9°C 30/08/2p10
A Pc [999.4 mbgr  17:09:10

Standard definition zone -_— Close gas calibration
windows
Real-Time measure display
zone L Automatic gain calculation
command
Actual Gain and |

New parameter validation

Offset/biais values
command

New Gain and Offset value
(to be validated)
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Set GAIN (Slope)

Etaloi -

STEP 1

= Select the Standard zone to indicate the
standard concentration (in the same unit as
the gas displayed).

HH3ppm) : 1500

STEP 2:

= Enter the standard concentration and
validate.

= ‘|
i T,? © Tc:44.9°C  30/08/2010
b Pe:999.4 mbar  17:10:43

e | s [| 2] ]

STEP 3:

= Wait. The measure is going to stabilize —
from 3 to 5 minutes.

=
STEP 4:
= Click on “Calculate”. The system is going to et

modify the GAIN so measure matches
entered concentration.

WARNING: the OFFSET value is taken into
account for this calculation. One should
take care of this OFFSET to know
how/when it should apply and the
consequence on the measurement.

STEP 5: Decision Making

= If the value reported by the instrument is ey I
satisfying, “Validate” and “Close”.
The GAIN should remain between 0.9 and ®Femmer
1.1 as a basis. If this value is lower than 0.9
or higher than 1.1, the calculated value is
displayed in red. Additional validation is
then required.

Then you can proceed alike for the next gas.

Note: the new value is applied 1 minute
after validation.

= If the value reported is not satisfying:
0 Make sure there are no instruments
alarms. If there are alarms, correct /
remedy to the cause of the alarms, then

: AP2E::
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resume the entire operation.

0 Verify connection, pressure and flow.
Make sure there is no leak except the
“T” exhaust.

0 Verify the accuracy certificate of the
standard gas.

0 If you judge that there could be no
other source of error than the
instrument itself and want to change
slope / bias parameters, proceed to do
so.

Set OFFSET (or Bias)

OFFSET can be set as well as GAIN using the same procedure. OFFSET is not generally
used for the ProCeas®, and should not need to be adjusted. Nevertheless, one might
want to do so. It is customer choice to do so. Please, let AP2E know about it if you
consider AP2E expertize.

STEP 1
- Etalonnags en cours
= Note the actual GAIN value. = b
STEP 2: D

[ v [ oo

= Enter this GAIN value and the OFFSET you
have determined.
To do so, click on the previous value in the
“New Calibration” zone.
A new window with numeric keyboard
appears. Enter the values and validate.

stsfus __ ? Tc:44.9°C  30/08/2010
b Pc:999.4 mbar  17:10:43

STEP 3:

= Click on “Validate”. The new OFFSET is
taken into account after 1 minute.

WARNING: If one decide to change the OFFSET value, it might be necessary to verify the impact on the
measure with a standard.

Multiple Calibrations

If your ProCeas @ is calibrated for the measurement of more than one (1) compound,
simply repeat the above operations as many times as there are gases measured.

: AP2E::
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Return to Routine Operation

The first step to be taken to return the instrument to routine operations mode is to
disconnect the standard gases.

First of all, close the input valve, and let the pressure go down to atmospheric
pressure.

If working with the environmental configuration of the analyzer (no sampling
probe):
A. Disconnect the calibration gas from the Sample Inlet Port.
B. Return the software to the Main Menu and visually confirm that all
measured parameters return to their expected level in ambient air.

If working with the process configuration of the analyzer (sampling probe in process
stream):

A. Disconnect the calibration gas from the Standard Gas / Compressed Air
Inlet Port.

B. Reconnect the compressed air input to the Standard Gas / compressed
Air inlet. Verify that connection and pressure are nominal.

C. Return the software to the Main Menu and visually confirm that all
measured parameters return to their expected level in your stream.

: AP2E::
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Section 8 — Maintenance

GENERAL

LIST OF OPERATIONS

Your ProCeas ® Trace Gas Analyzer is a rugged analyzer with low maintenance.

These operations are mainly cleaning, automated as much as possible.
Otherwise, alarms are set to indicate when maintenance is necessary. Some

operations are more complex and might need more time and/or material.

A detailed description of these operations is proposed in this chapter.

Please, before any maintenance, read the whole procedure to make sure you

have all the furniture and everything is fully understood.

Contact AP2E if a part or further explanations are required.

Basic Maintenance

Name Duration Frequency

Cleaning (Dust) 5 minutes Depend on environment
Back-flush <1 minute - Automated | To be defined by user
Activated Charcoal Filter 30 minutes 6 month

exchange

Linearity check-up 15 min/controlled value | 12 month

Complex Maintenance

Name Duration Frequency

Pump Maintenance 1 hour Depend on application
Filter exchange 1 hour 12 month

: AP2E::
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SHUT-DOWN AND START-UP

For several maintenances, the first operation is to shut-down the system.

The start-up procedure is the same as the one described in chapter 6. “Start-
up”. It has been reported here for convenience.

Shut-Down Procedure

Shut down the ProCeas ® using the switch located in the back of the 19”
rack. The pump will stop as well as the built-in computer.

Wait 5 to 10 minutes before working on the system (the pressure should get
back to atmospheric level).

Once the system is down, one can take the line up at the back of the
system if necessary. Care should be taken since pressurized line can
brutally move — close valves. Security rules must be applied.

Start-Up Procedure

A. Power up the ProCeas ® using the switch located in the back of the 19” rack.

The pump starts up and the built-in computer will boot up. The Main Menu
(default display) will appear within one minute from power-up. Default
mode is “Routine Measurement”; you therefore will start seeing
measurement results displayed on the screen; however, these results are
not to be trusted until temperature and pressure have had the time to
stabilize at their method-specific set values.

Visually monitor temperature and pressure on the Main Menu displayed by
default on the built-in monitor. Let the instrument stabilize for at least 2
hours before starting any measurements.
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OPENING THE COVER

The main module has to be opened for some operation. Follow the
procedure:

A. Shut-down the system

B. Be sure to have enough space
Fixation of the top cover

L\

to access to the upper part of the
module. Take care of the
connections at the back.

C. Unscrew the fixation of the
top cover — 3 screws on each side.
Use a T20 Torx wrench.

]
=X ]

D. Lift the cover using your nails
(or alike) on the corners.

CLEANING

This operation is a simple cleaning of the system with a humid cloth (but not
soaked!). Passes the towel on each external face of the system and dry it with
another cloth.

This operation should be done on a regular basis.

: AP2E::
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BACK-FLUSH

This is an automated operation that is defined for dusty sampling in industrial

application

It is a short blow back of compressed air in a secondary line. This operation can

modify the measure since the environment around the sample orifice is

temporary filled with clean air.

NOTE: the back-flush needs to have clean oil-free dust-free pressured (2-4 bar/
30-60 PSI) air at disposal

ACTIVATED CHARCOAL FILTER EXCHANGE

The activated charcoal filter (ACF) is in the module, next to the pump. It can be
provided by AP2E as a spare part (Ref. 056-003).

It shall be exchanged every 6 month with the following procedure:

o0 w»

Shut-down the system as described above

Open the module as described above

Spot the ACF on the left hand side (provided that you face the module).
Note the arrow on the both filter (“Flow”) before next step. The new filter
must respect the flow indication.

Open the black fixations holding the filter

Disconnect the old filter from the line. The filter is equipped with plug-in
elbow connection. To take the filter off, push the maintaining ring and pull
the filter.

Plug the new filter. Take care of the flow direction (the arrow head to the
pump). Make sure that connections are correct by slightly pulling on the
elbow. Otherwise push it back a little more

Put the filter in place and close the fixation.

Close the module (cover + screw).

Once connections are verified and correct (see Section 5 - Installation), start
up as described above.

: AP2E::
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Report to chapter 7.

This is a complex operation which need a clean space to work.

The pump used in the ProCeas® system is a KNF 84.3 pump. To clean one or

another part, use compressed clean air or humid cloth. Solvent can irrevocably

damage polymer part.

Follow the procedure to access to the pump. Afterward, refer to manufacturer

instruction provided below :

A
B.
C.

Shut-down the system as described above

Open the module as described above;

On the front part of the analyser, unsrew the plate on the left hand-side.
These should be possible with fingers or a Phillip® screwdriver n® 1

Note both line on the pump: one comes from the activated charcoal filter
(the white plastic cylinder), the other one goes to the back of the module.
Disconnect both lines with a 9/16” flat wrench.

Note the electric wires going from the pump to the motherboard. One goes
on power (24 VDC) (2 wire) and the other one on command (1 wire).
Carefully disconnect both and take off the line up to the pump.

The pump can be taken away for maintenance following manufacturer

operative instruction.

Maintenance Kit can be provided by AP2E.

G.

Once the operation is done, reconnect the line as noted before operation.
The one coming from the activated charcoal filter is connected to the input
port, the one going to the back plate to the exhaust (look for the arrow on
both head of the pump to find input and exhaust port).

Replace the plate supporting the pump and screw it back in place.
Reconnect the electric wire to the Motherboard.

: AP2E::
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KNF rmaria Lharight s maks dhngas

Praduet infornutian

Vom

Tak, B o Ao 1o imwre,

Diln 1oEE  Syvmbols I;E'In Fagition in tha Hlisdrdion, & o limpodet poid, i

T, otsipiie Onertig

KNF pumps in the M 34 range transfer,
campress and svacuste 100% od-free.
In pparation they sra gas-Bght. and
mainEnance-frag.

1.1 Electncal Equipment

n Eeememuﬁ:{ﬁﬂefﬂrmn
electrical data.

m FProtection class of standard
versions & [Fo0.

12 Dperating Conditions

m Handling air, gzsas, and vapours
at temperstzres hebapen
+ 5L 400

m  For maximum permissible operzting
Fre55ure, ultimate vacweum, snd

i capaciy see tabda 1.

m Tha pumps must not ba wsed in
areas where there 5 2 danger o
explazian.

m Before pumping 2 medium, the
compahiliy of materials of pum
hean, disphragm-and wahies wi
the medium must be checkad (lor
pump meterials: oo table 21,

W KNF pumps in the M 84 range myst
not be used for Bquids. You wil find
suitable figuid pumps in owr Pro-
duct Program

H your potential application §es outsida
the ahove Imits discuss it with our
technical adviser |s22 last page far
cantact telephon number).

:'I?h .ﬂ.mﬂ_lbient Conditions i

en tha pump = cperating the

falknwing ambient conditions mist be

mEantained

s Ambient temperature dusing opera-
tion: between + 570 ... + 40°L

m The pumps must be protected rom
the effects of dust and waber.

m [During operatjon an adequate sup-
Iy of air cooling must be provided.

m [he pumps must pot be wsed in
areas where there & g danger of
explaszian.

14 P'umE matzrials
See fable

2 Safety

¢ The pumps have Protection

Class 00, and so offer no protec-
tion sgainst contact or Foreign
IJudi_Eds. Ris me-;efcim essentizl ta

rovide pmtection for ns
gqainsl contzct with live parts
ie.g. alectrical connections, motor
windings), and moving parts (2.0.
fam). Protection against the entry
udeEudrE'lun bodies must zlso ba pro-
vided.

The pmp beas no protection
apgaiest water. In this case too, a5
{ar &5 is refevant, measures ko

Ernten!ﬁajtlnp_r:mst bee taken
ebore purtting it inio senvice.

Mote thiat the pumps may only be
used for their intended purpose.
The pumps must not be used in
areas where there is 3 danger of
pxplosian.
Thie pumps are not suitable for
aggressive medias.
Companents canrected o the
pump must be designed 1o with-
stand the pnsumatic periormance
of thie pump.
Take care that saiety reguiztions
are absened when Cannecting the
Eu.‘npb:l the electricity supply.

or pumps with termal switch:
When thie operation of the pump s
interrupted {Iil' tha tharmal switch,
the pump will ra-start autamati-
cally after coaling down. Take all
care necessary ta preveat this les-
dirg 1o 3 dangerows situation.

Specilic safefy instructions for the
media being hardled must be
observed.

Use onby original KNF spare pars.

Furmps intha B 84 range canfarm
to thie safeby regulatians of the EC
Low Violtage Difective 73123 EELC,
ard of the EC Directve 53336 EEC
concerning Electramagnetic Com-
patibility.

3. Installation

e The

mmps are DEM modals inten-
ded Tor istallation in equipment.
Wihen installing them make certain
that accident prevention reguls-
tions, snd safety instructions,
inluding those for subsaguent
operation are oheerved. The safety
instructions im section 2 must be
observed.

Mechamical:

The dimensions of the mountings
are given in Data Shest.
Irztall the pump =0 as ta ensure
adequate ow of air |:|:-:|I|:1%.1
For pumps with fan; Instadl the
pump so a5 accidental finger
:g:ln:rlrta ct iz with the fan is impos-
sitle.
Fit the pump at the highest paint in
tha sy .Enn'-fs::l that ::Er;-:ler.*l.::al‘.e
canniod callzct in the head af the
Eump - that Embﬂﬂs warking life.
or pump M 84.3 AKE: Rubher fapt
|zocessonies) mey be used to
reduce noise, and wibration. Thay
are not suitable far mounting the
pump on its side, or suspendad.

Elecirical:

F

'When making the electrical instal-
Iation the safety requistions mus
be obeerved. In parkcular meke
sure that the electriciy supply is
isobated before trying to connect

2

the pump. )

s Compare the supply data with the
dzia an the motor-plate. The valts-
ge must not var;{h'; muora than
+10% ard -10% fram that shown on
the bype-plete.

s The modor must be connected ta
earth [ground}) wire (not necessary
on do matars up to 28V

m Inthe slectrical insta¥ation, arran-

emenis {campyling with

M 603351} must be made for dis-
connecting the pump matar from
the electrical supply.

w Tha pump must be installed so that
comact weth e parts is impos-
sitile.

n For pumps with 3o motors; We
recammend that a fuse is installad
in the matar supply circuit; the ope-
rating current is given im Data

BEL

Prneumatic

= femove the protection plugs fram
the port threads (thread size G

m Theaccessaries, silencer, and
hose connectors |§ available) are
sorewed inta the part threads.

n  Connect the sucton snd prassure
finas.

m Arranga the suction ard pressune
fines s that condensate cannot
run into e pump.

&, Dperation

¥ Epecific salety instructions for the
media being handled must be
obseved.

¢ Belore ’]IJITH]I-IE a medium, the
compztibility of materials of pump
head, disphragm ard vabves with
e mediem misst be cheeked (or
pmmp materials: sea tahla 2)

s I combustible mediz are wsed:
Hazard of Fres and explosions due
1o excessivaly high media tem-
perature.

Make sure the temperature of the
medium is always sufficiantly
below the igniicn tempersture of
the medium, to avosd ignitian ar
expinsion. This ako agpl]es four
unusual operatianal stuations.
Mote that the temperature of the
medium increases when the pump
compresses the medium

Herce, maka sure the temperature
af the medium is sufficiently bedow
the ignitian temperature of the
medium, even when it is :umgres-
zad to the meaximum permissible
operating pressure af the pump,
The maximum permissibis opara-
1jn#41ressurgzh af the pump is stated
m {he tachnical spacifications
{tzhle 1L

IF necessary, considar any astemal

saurces af energy. such as radiz-
ugthz‘. may add heat ta the
mediurm

In case of doubt, consult the KNF
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u Tha pumps must rot start 2gainst
pressurs or vacuum. This 250
aﬁglies when the pump restans
after the power has been cuwt off
far-a short period.

m The maemum permissible opera-
i presswre |5ee table 1) must
not be excepded. }

s To prevent the mazimem pemis-
sible aperzting pressure being
excepoed, restriction or contral of
the gir or g2s flow should anly be
canried out in the suctan line.

w | restriction or comtrod of the air or
gas flow iz made on the pressure
side ensure that the maximum per-
miszible operating pressure is not
prcepdad.

n Yihen the pompis sta stancstill
the ink1 and exhawst must be at
normal atmospheric pressure.

s Dizphragm and valve plates are
the only parts subject to wear.
Waar is pzually indicated by =
drastic reduction i tha rr.eumalir_
performance. When replacing
panis procesd as described in
seClion 5

= Amhient conditians:
seg s2chion 13

5. Semvicing

¥ Before working on the pemp isols-
ta the power supply securely, then
chack that the lines are not live.

¥ Dizphragm snd valve plates are the
ondy parts af the purep subject to
wiear. They are simple to change,

¥ Ahways change disphragms vabes
plates znd sealing fings at the
zame time. Bervice 2 heads.

Parts and tools reguired:

= Walve plates (2 per pump nes-:ﬂ
zealing rngs (2 per pump head]
and structured dizphragm |1 per
ﬁump head) according ta Spare

ais List, Section &
= Phillips screwdnier no. 1.
m Felt-tp pen.

Chznge the diaphragms, wahe plates,
and seafing rings in the fallowing
SEGUBMRCE;

3| Remuowing the pump head.
k) Changing structured disphragm.
c| Changing valva plates and s2aling

Tings.
g Hrei.ﬂjrg pump head.

» With the exception of remesal and
refitting of the cover plate () win-
headed pumps) ar of baa cover
plates (our-headed pumps) a1 ope-
ratians are to be carried out
spparately for each head. This pre-
venis the pans geting mixed up
|the hezd plates zre not identicall.

B Tha position numbers in the
Porwineg teoet refer to digs. 3 and 4.
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Fig &
Sectional wew fsymbaiic)

Froceed as foliows:

a) Removing the head
& Dnl'ffurum:dgltﬁ.!im dc motare

{no coaling fan): undo the 4 screws
sBCUnRg the cover {8) to the pump
howsing {0, and remcie the caver

Bl

[ 2 Eﬂ these madets, which have no
fan, where reference is made to
turnirg or kalding the coaling fan,
the necessany operations must be
carried cut by terning or holding
the coumenaei Héh i

€ Forone head: Marcthe positon of
the head plate (3, intermediata
platec% and housing (i1 relative to
each dEher by a drawing Ene (M)
witha felt-tip pen, This Relps avoid
mcorrect aszembly lster.

& Unda the 4 screws ¢ i the head
plate and lif the head plata
with the intermedizte plats (3 of
the pump housing.

bj Charging the stuctured disphr
] Tum‘.hge- fan to bring the g’liu-:m“ed
diaphragm (%) to top dead cenire.
& Létthe edge of the dizphragm, and
grippmeg it on cpposie sides,
unscrew it by ieming anti-clack-
?ISE. F'I_Eas%?bc:lg n::lre thatthe
i5z spring ;. diaphragm spacers
@l:l_mi| wacher (& an thqe-‘.hreaded
portion of the gidphragm ca rat fall
'r[rmb::lﬂ:; hg_us'mg. 3 s
ake the disc spring g, diaphragm
L 5 EB':EH'SI iy, 3 ﬁ E'%E%ashgr @F
alf the threaded partion of the
diaphragm ard retain them
& Checktfat all parts are free from
dirt 2nd clean tham if necessary
see sactan £ Cles mimgl.
© FPutthe washer, diaphragm
spacens), and disc spring. in that
arder, an the threzd of the new
diaphragm.
 The canceve side of the disc
spuing must be fowerds the
iphiragm.
Plezss note thatthe sams
diaphragm spacens] must ba used

3

fig &

ffor thewhale tyoe range N 84)

‘Specification
Pos. - Tesoription

L RpSo2eespodena

Housing
Imtermediztz Flate
Hzzd Flata

Srrew

Connzafon

Cowar

Vaki Fletn

Seakng Ring
Struczared haphragm
Diaphrzgm Specers)
[§sc Spring
Connecing Aod
Washer

Coumter waight

Mark
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far resp. structured diaphragm

@ Turn the f2n until the canmecting
rod 2 is 2t top dead centre.

@& Screw the structured diaphragm,
complete with washer, dizphragm
spacens), 2nd disc spring. into the
connecting rod {clocewise| sad
tighten it by hand.

| Changing the walve plates and sea-

ling rings

@ Separate the head plate (3 from
imtzrmedizie plate

& Remove the valve piates (5 and
saaling rings (&} from the inter-
medizte plate.

© Checi thatthe valve sealzin the
head plate and inlermadiate plats
zre clean. If scratches, distartion,
ar corrasian gre eyident on these
parts they showld be replacad.

@ Lay the new valve plates in the
recesses i the intermediate plate.
The valve plstes for suction and
pressure sides are ientical, 53 are
:Jl]p!r ard lower sides of the
nlates.

@ Check that the valve platzs are not
deformed by maving them genthy
sideways i their recesses.

@ Laythesezing rings an the
mtermedizte flata;

d} Refitting the pemp kead

@ Turn the fanio bring the struciured
disphragm ¢) 1o fop dead centra.

& Flace thie infermediaie plate ¢
{with valve plates (7) and 583 |n%I
rings (B}, and head plats (3) onthe
housing, in the positaon indicatad
Iy the marking (M.

© Checkthatthe head plate is
centred by mowing it gertly
sideways.

@ Genthy tighten the screws (€],
evendy and diagomally.

© Tumnthe fanto check that the
oump rotates heg?{a .

@ Turn the fan again ta being the
disphragm 1o top desd centre.

© MNow Gahten screws 2 firmby.

| Second pump head

) Fepestoperations 2) (EwEx znd
b} to d) Far the second pump head.

@ Refix the cover (£} o tha housing

@

Owly for type range N Ba.A:
Aepeat operations a) io 2| for the bath
remaining pemp heads.

F  liyouhave any guestions abaut
zervicing call our tachmical adviser
|zen Iast]::fe far contact tele-
phane numberl

6. Cleaning

s Whan changing vehea plates and
diaphragm, '.nslm:t all parts for dint
hefore szsembiing the pump hesd,
and clesn them i necessary.

I 2 compressed air line &= zvail-
able, blow the parts out with it

7. Trouhle Shooting

Bedore working on the |:|I:I:I'I|:|
isolate the power supply securely.

Fren check that the lines ara not
v,

Thea Faliowing tips for fault-finding
are hest employed in the spquenca
shiwm.

Pump produces no flow
[ ] |T|E:"

pumps with thermal swiche
Thermal switch has opened dus to
aver-heating.
b Dizcannect pemp fram mains
and allow o cool Trace cause of
over-heating and eliminsts it
Conmections or lines are blocked:
An eeternal valve is closed, or 8
fitter blocked.
Laguid {condensate] has colected
in the pump head.
¥ Letthe pump run for a few
minuies pumping air (0 necessang
for saiety reasgns: pumping 2n
inert gas,.
I Instafl the pump atthe highest
poind in the system.
Diaphragres arvalve plates are
WIHTI.
b Section 5 Sendcimg.

Flonw, pressure, or vacumn too fow

Compare the acheal perlormance

with the figures in table 1.

There is pressure an the pressure

tide, and 31the sams time vacu-

um, or & pressure abave simos-
heric, on the suctan side.

The pump is not designed for
this candition. _ .
The cross-secton of pnewsmatic
iines, or cannected companeats is
oo small, or they are resticted.

F To meazure the perfarmance,
disconnect the pump drom the
system (small dizmetar fwhing ar a
wakia can sigaificanily afect

griarmanceL

here is a leak at a connectar,
in a fine, or in the pump haad.
Diaphragm arvalve plate are warn,
Ersei%jis njl]l'g.e head.

o mrrcnl'?'

After changing the diaphragms ar
wakes plates, 2 head has been
reaszemhlad o the wrong pasition.

If the pump does not operate pro-
perhy ard you cannot frd any af
the abaowe Favlts, send it o the KNF
Serace Depanment.

In order for KNF torepairthe
pump, the customer maust provids
a statement on the media which
wiere pemped and on pump
clzanirng. Piease fill out ke cor-
responiding KNF form, and submit
it ingethar with the pump: & sam-

Iz £2atement for copying can e

und in the &ppendix of these
nparating instructans.

L

8. Spare Parfe
Description Order-No.
Pos®
Intermediats plate 055334
Walva plate 055353
Sealing ring 055354
(%) Structured diaphragm 037575
Diaphragm spacer 024085
i Disc spring 24057
Washer 005183

* agcarding to figures 3 and 4

4, Accessaries

Description Order-Ka.
Gilencer G 13 00385
Herse connector {right|

PA. & 1B 01835
Rubher faet {far M 24.3 ANE)

12 pieCes necessany) 14435

1. Tables

Table 1: Pnemmatic Dats

Maximum parmissible opersting pres-
sure {bar gp

N B2z ANE 03
NEedzANDC 0z
N B4 4 ANDC 03
NBe4 ANDCE 03
UkEmata vacuum {mbar abs)
NBazANE 5
NBLZANDC 5
N 44 ANDC z
N Ba4 ANDCE z
Deli {L'min|* at atm. pressure
N M‘EEHE P 43
NBszANDC 5
NBL4ANDC i85
N Be4 ANDCE 45
* Litre at 3TP

Tahle =

Zee on the next pags.
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FILTER EXCHANGE

able I Fump idls Appendix:
Pumn bvde Material Customer statement for
[Fimp head E‘!rTﬁﬁ.::ru Vales repair order (sample
zohraqm :
W 5.3 ANE | Aluminium allo Mecoren/FIFE EFL statement for copying)
WEITANDL [ RamimGm aloy FEcprerdFTFE EFON ; oL i
W &L ANOL | Foamunism aig HECOrE P ITE EFUN ¥ I arder for KNF 1o repair the
W &8 ANOCE [ Afuminicm alloy Mecren P IFE EFD pump, the customer must provids
a statement on the media which
Mzierizl sbDrevations accondng to OIN 150 1629 WEre pumped and on pump
cleaning. Flease & out the cor-
raspording KNF farm, and submit
‘ it together with the pump.

There are several protections in this system. In particular, filters are added in
the flow path to prevent dust or other solid to enter in the system, depending
on the application. The orifice filter, protecting the sonic nozzle/ calibrated
critical orifice should be changed once a year.

It is a stainless steel in-line particulate filter with 7 um pore size and can be
provided by AP2E as spare part (ref. 056-006)

The location of this filter depends on the application and the calibrated orifice
position.

To exchange this filter, please follow the procedure, depending of its location:

Orifice filter — Inside.

A.  Shut down the system as described above

w

Open the top cover as described above.

C. Spot the filter on the left hand side of the module, fixed on the back plate.
Note the arrow for the direction of the flow.

D. With 2 flat wrenches (1x7/16” and 1x9/16"') disconnect both side of the
filter from the line.

E. Exchange the old filter with the new one. Respect the direction of the flow.

The arrow should goes from the outside of the system to the black box

containing the measurement cells. The nuts should be tighten by hand first

and then with the wrenches, 1/8 turn.

: AP2E::
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Orifice filter — outside.

A. Spot the filter right before the calibrated orifice. It should be at the end of
the sampling line.

B. With 2 flat wrenches (1x7/16” and 1x9/16”) disconnect both side of the
filter from the line.

C. Exchange the old filter with the new one. Respect the direction of the flow.
The arrow should goes from the outside of the system to the black box
containing the measurement cells. The nuts should be tighten by hand first and
then with the wrenches, 1/8 turn.

: AP2E::
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Section 9 — Data 1/0O’s

GENERAL Your ProCeas ® is configured specifically for your application.

AP2E proposes many different configurations for data I/0, the most common being:

- Digital (Ethernet, RS232, RS485 ports; TCP/IP, ModBus/JBus, OPC
protocols)
- Analog (4-20 mA) x number of channels required.

AP2E also accommodates many other data I/O formats, as may have been done for
your instrument.

Please refer to the data I/O documentation specific to your instrument for detailed
information.

: AP2E::



