CGA

Compressed Gas Association
The Standard For Safety Since 1913

CGA G-6.XQ>—2006

REAFFIRMED

FLAMK GASES AND/OR
CONTAMINATION IN

e
(09 N DIOXIDE FEED GAS

~‘ EDITION



https://www.stdhive.com/standards/cga-g-610-r2014-pdf/

PAGE ii COMPRESSED GAS ASSOCIATION, INC. CGA G-6.10—2006

PLEASE NOTE:

The information contained in this document was obtained from sources believed to be reliable and is based on
technical information and experience currently available from members of the Compressed Gas Association,
Inc. and others. However, the Association or its members, jointly or severally, make no guarantee of the results
and assume no liability or responsibility in connection with the information or suggestions herein contained.
Moreover, it should not be assumed that every acceptable commaodity grade, test or safety procedure or meth-
od, precaution, equipment or device is contained within, or that abnormal or unusual circumstances may not
warrant or suggest further requirements or additional procedure.

This document is subject to periodic review, and users are cautioned to obtain the latest edition. The Associ=-
tion invites comments and suggestions for consideration. In connection with such review, any such cocmments
or suggestions will be fully reviewed by the Association after giving the party, upon request, a reascnab.> op-
portunity to be heard. Proposed changes may be submitted via the Internet at our web site, www.cganei.~on..

This document should not be confused with federal, state, provincial, or municipal specificatio, < or -egniations;
insurance requirements; or national safety codes. While the Association recommends referenc> to or use of
this document by government agencies and others, this document is purely voluntary anc' not biniding unless
adopted by reference in regulations.

A listing of all publications, audiovisual programs, safety and technical bulletins, and' satuty prsters is available
via the Internet at our website at www.cganet.com. For more information contact25A ~* Phone: 703-788-2700,
ext. 799. E-mail: customerservice@cganet.com.

Work Item 10-061
Carbon Dioxide Committee

NOTE—No technical information has been changed from the 2906 2diticn. This reaffirmed edition may include
minor editorial changes.
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All materials contained in this work are protected by United States and international copyright laws. No part of this work may be
reproduced or transmitted in any form or by any means, electronic or mechanical including photocopying, recording, or any infor-
mation storage and retrieval system without permission in writing from The Compressed Gas Association, Inc. All requests for
permission to reproduce material from this work should be directed to The Compressed Gas Association, Inc., 8484 Westpark Drive,
Suite 220, McLean, VA 22102. You may not alter or remove any trademark, copyright or other notice from this work.


https://www.stdhive.com/standards/cga-g-610-r2014-pdf/

CGA G-6.10—2006 COMPRESSED GAS ASSOCIATION, INC. PAGE iii

Contents Page
N 1o o 0 Tox 1T o SO U R UUPPRPPPRNE 1
P2 S T ol o PP PPPPPPPPPPPPPIN 1
I B L= {10111 o o T T PO PP RPN 1
R OF V4 oo o e [ 10 ) (o [P PUPE P PPTRPP PRI 2
4.1  Physical and chemiCal PrOPEITIES ...........oiiiiiiiiiiee e 2
4.2 IMANUFBCTUIE. ..ottt b et e ettt e e ea bttt e s ab b et e e okt e e e e aa b be e e e ambbe e e e anbeeeaabneeeennneeeeeannn 2
5  Physiology Of CArbON QIOXIAE. ........ciiiiiiiiiiiiiei e e e e e e e s s bbb e e e e e e e s s nnee] e 4
ST R =T T | PO P PRSPPI .Y .4
5.2  Physiological effects of carbon dioXide............cciiiiiiiiiiiiiiiie e . 4
5.3  Physical effects of overexposure to carbon dioXide ...........cooveuviiieeeeiiiiiiiiieenneed e e, 4
L N = (o [U] = 1o V) r= Vg o F= T o £ SRR S PR SPRPRPR 4
R T -1 (=] AV o] = Tox= 1U | o] 1 TP ST OPPPPPPPPN 5
5.6  RESCUE ANd fIFSt @I.......oiiiiiiiiiiiiii ettt e rnb e e s snbe e e eteeesaaeeeeanaeeeeanaeas 5
LI (][ 13 (o] g T { 1= To VP SN S SRR 5
6.1  Fundamentals of deflagration ............ccooiiiiiiiiiie e s et 5
6.2  Deflagration reqUIrEMENTS ..........uviiiiiieiiiiiiii e iirrees et eeetee e s s st e e e e e s s anrnreeeeeeaans 6
7 RECOMMENUALIONS ...eeeiiiieiiiiiiiiiieee e ettt e e e e ettt e e e e e e s sitbeeeee e e e s eens beeeeeeessa s bb et e e e e e e s s aabb et e e e e esanennneeeeeeeans 7
7.1  Carbon dioxide source risk analysis...........cccccceeeeeiiccivviieeeennnnn PP 7
7.2 Carbon dioxide supplier COMMUNICALION .......ciiiiiiiiiiiiiiie e 2o it e e e sttt e e e e e s ee e e e e s s sibbeeeeeeeenaes 7
7.3  Carbon dioxide supplier equipmeNt 18aKS ..........cccceiitiiiiil e e 7
7.4  Purging and isolation during carbon dioxide supplict MciNteiidNCe ......uvvviviieeiiiiiiiiiiee e 7
RS Vo E-To] o= g oT=To [N ST U1 SRR 7
7.6 Adsorber bed temperature MONItOMNG........ueviieed tiiii et e s e e e e e s bbb e e e e e eaans 8
7.7  Handling of SPENT MEAIA.........cciuiiiiiee e ittt e e e e e s s e e e e e e e s antaaaaaaeeeaans 8
7.8  CatalytiC OXIHAtION ISSUES .....ciiiiiiiiiiieiie e et ittt e e e ettt e e e e s sttt e e e e s s bbb e e e e e e e s s s bt bbb e e e e e e s sbbbneeaeeeeannns 8
7.9  Oxygen safety training for personnel of cebor dioxide plants with catalytic oxidation systems......... 9
7.10  FEEU gAS ANAIYZEIS ....utviiiiieeiiiiiiitie e e s T ettt e e e ettt e e e e e s s bbb et e e e e e s s s bbbt e e e e e e s s a bbb b et e e e e e e abbbrreaeeeeannas 9
7.11  Vacuum Breakers MONITOMNG. ...c.. o it e e e e e e e e e e e e e e e e e e e e e e e e e e e e aaaaaaaaaaaaaaaaaaaaaaaaeas 9
8 References.......coovviiiiiiiiiiiiiiiien M et e e e re s s e nrnreee s s e e e nnernaes 9
Table

Table 1—Physical constants ¢f CoiD0 1 QIOXIAE ....cceeiiiiiiiiiiiie e e e e e e e s bbb ee e s 3


https://www.stdhive.com/standards/cga-g-610-r2014-pdf/

This page is intentionally blank.

AQ

N\


https://www.stdhive.com/standards/cga-g-610-r2014-pdf/

CGA G-6.10—2006 COMPRESSED GAS ASSOCIATION, INC. PAGE 1

1 Introduction

This publication is one of a series compiled by the Compressed Gas Association, Inc., (CGA) to satisfy the de-
mand for information relative to the production, storage, transportation, safe handling, and use of compressed
and liquefied gases, cryogenic liquids, and related products.

Most merchant liquid carbon dioxide sold in North America is a by-product recovered from sources such as
ammonia fertilizer plants, ethanol fermentation, petroleum refinery hydrogen reformers, a variety of petrochem-
ical processes, and natural wells. The by-product gas typically is transported by pipeline from the source to
adjacent carbon dioxide purification and liquefaction plants.

Typical by-product carbon dioxide contains 95% to 99.9% carbon dioxide on a dry basis, although scme ‘awer
purity sources also are used. Depending on the source, the by-product gas also contains a variety of imy uriu3s.
During process upsets at the source plants, the quantity of impurities can increase significantly an! re.ative
concentrations can vary. A number of energy releases at by-product carbon dioxide plants hav > becn awributed
to the presence of high levels of hydrogen, hydrocarbons, oxygen, or a combination of these contaminants in
the carbon dioxide plant feed gas.

2 Scope

This publication alerts carbon dioxide producers to potential risks related to ~h#..zing ~arbon dioxide feed gas
composition. It also discusses the dangers related to excess oxygen or hydrocc “bon 'evels in catalytic oxidation
and sulfur and hydrocarbon removal systems used to purify carbon dioxide. In e iuition, potential fire hazards
that can be encountered when spent adsorbent media is exposed tc air during periodic replacement are re-
viewed. Finally, this publication provides recommendations to prevent ‘re and explosions related to these
causes in by-product carbon dioxide plants.

3 Definitions
For the purpose of this publication, the following definitions ~opl .

3.1 Carbon dioxide
Chemical compound consisting of one atom of ca. car. bonded to two atoms of oxygen, expressed by the chem-
ical formula CO..

NOTE—The shipping name for carbon dioxide in" *iins ulated cylinders in the United States and Canada is “Carbon Dioxide.”

3.2 Carbon dioxide feed gas
Unprocessed (other than comprea=iorn = d/or cooling) gas that flows from a carbon dioxide source plant to a
carbon dioxide plant.

NOTE—This gas can contain a va ety of components other than carbon dioxide including water vapor, oxygen, nitrogen and
other noncondensable gas(:s, vrbun monoxide, light hydrocarbons, heavy hydrocarbons, sulfur compounds, oxygenated
compounds, volatile organic ~om sounds, or a combination of these contaminants.

3.3 Carbon. Jio.-ide feed gas source
Any plant with«ane ar more processes generating gaseous carbon dioxide, usually as a by-product.

NOTE—Ex. mples include steam methane (or hydrocarbon) reforming, grain fermentation, waste acid neutralization, iron ore
procassina, ¢ thylene oxide production, hydrocarbon combustion, etc. This definition also includes carbon dioxide found with-
in natc-ally ue “urring geological formations (wells).

24 Carbon dioxide feed gas supplier
Ho.t or owner of a carbon dioxide feed gas source.

3.5 Carbon dioxide plant
Any installed facility that is capable of producing liquid carbon dioxide meeting required industry product speci-
fications.
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