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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 Associa-
tion invites comments and suggestions for consideration. In connection with such review, any such comments
or suggestions will be fully reviewed by the Association after giving the party, upon request, a reasonable op-
portunity to be heard. Proposed changes may be submitted via the Internet at our website, www.cganet.com.

This document should not be confused with federal, state, provincial, or municipal specifications or regulations;
insurance requirements; or national safety codes. While the Association recommends reference to or use of
this document by government agencies and others, this document is purely voluntary and not binding unless
adopted by reference in regulations.

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

Work Item 11-045
Atmospheric Gases and Equipment Committee

NOTE—Technical changes from the previous edition are underlined.
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SECOND EDITION: 2001
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© 2014 The Compressed Gas Association, Inc. All rights reserved.
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., 14501 George Carter
Way, Suite 103, Chantilly VA 20151. You may not alter or remove any trademark, copyright or other notice from this work.
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1 Introduction

Compression of oxygen is attended with potential hazards that shall be recognized and addressed. The haz-
ards include gases under pressure and the ability of oxygen to accelerate combustion.

An oxygen compressor fire can result in a powerful jet of oxygen with entrained molten metal and metal oxides.
This jet can be fatal to unprotected personnel and can severely damage adjacent equipment. Depending on the
pressure at the source of the jet and the diameter of the hole through which it emerges, the danger zone can
extend to 100 ft (30.5 m) or more.

2 Scope and purpose
21 Scope

This guide contains a summary of current industrial practices used in oxygen compressor installations and ap-
plies to oxygen compressors that compress oxygen gas with purities of 90% or greater. Oxygen with a water
content of 10 ppm or more can cause corrosion and condensate problems that have not been addressed in this
guide. Installations that have operating conditions beyond this scope should be jointly reviewed by the equip-
ment user, installer, and compressor supplier.

Some of the practices presented represent conservative compromise, and not all possible situations are de-
scribed. The designer is cautioned that this publication is not a design handbook and does not discard the need
for competent engineering judgment and interpretation. The user should review any special problems or con-
cerns with others who are knowledgeable in the design of oxygen compression systems such as suppliers of
oxygen compressors or major oxygen producers. For more information, see CGA G-4.11, Reciprocating Com-
pressors for Oxygen Service and CGA G-4.13, Centrifugal Compressors for Oxygen Service [1, 2].*

2.2 Purpose

This guide is intended to serve the interests of anyone who may be associated or concerned with the compres-
sion of oxygen. It also acquaints persons not familiar with compressor application, installation, or operation with
factors considered important to safety.

3 Compression system design
3.1 General

It is imperative that oxygen compression systems be designed to prevent fires and to vent the oxygen inventory
as quickly as possible in case of a fire or potential ignition. Fires in oxygen compressors, once started, are al-
most impossible to extinguish until the contained oxygen gas is consumed in the fire or vented to the atmos-
phere. While this happens rapidly and the actual oxygen fire is over quickly, extensive damage is likely and
materials not normally considered combustible will be consumed. Other combustible material such as oil can
be ignited and burn with great vigor in the presence of elevated oxygen concentrations. These materials will
continue to burn after the actual oxygen-promoted fire is out.

3.2 Design considerations

Careful attention to the following design considerations will greatly reduce the risk of equipment damage and
personal injury:

— materials of construction of the compressor and the ancillary equipment from a standpoint of the conditions
of service and consequences of significant rub or impact in the event of a malfunction;

— design of monitoring and control systems to detect and/or avoid potentially hazardous conditions; and

— effective isolation of the oxygen compressor gas path from the compressor lubrication system.

! References are shown by bracketed numbers and are listed in order of appearance in the reference section.
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3.2.1 Areas subject to high velocity, temperature, and pressure

The materials of construction are significant in mitigating the consequences of system contamination or equip-
ment failure when used for areas in contact with elevated oxygen purity gas that are subject to high velocity,
high temperature and pressure, potential particle impingement, or potential rubbing contact and frictional heat-
ing. Examples of such areas are orifice plates, centrifugal compressor seals, recirculation and vent valves and
the associated downstream piping, and surfaces opposite inlet nozzles on pressure vessels. Examples of se-
lection of appropriate materials would be the use of silver for compressor seal labyrinths, Monel® for orifice
plates and impingement surfaces, and bronze for valve bodies.

3.2.2 Design review

The equipment design should be reviewed to ensure that isolation is maintained between the lubrication sys-
tem and oxygen-rich gas from the process.

3.2.3 Monitoring systems

Monitoring systems can detect the onset of dangerous operating conditions and respond to mitigate the conse-
guences of an equipment failure or process upset. Examples are high temperature alarm and shutdown devic-
es, vibration monitoring and shutdown devices, seal system malfunction monitoring and shutdown devices, and
low lube oil alarm and shutdown devices. Control systems such as surge control systems can prevent opera-
tion in regions of instability that can lead to equipment failure. Interlocking lube oil systems and seal systems
greatly reduces the likelihood of contact between lubricating oil and the process gas when the seal system is
inoperative or malfunctioning.

3.24 Isolation and venting systems

Isolation and venting systems that quickly isolate the compressor from the oxygen supply and immediately re-
duce the oxygen pressure within the entire compression system in a compressor emergency trip have been
found to be the most effective means of minimizing the extent of an oxygen fire. The use of nitrogen or dry, oil-
free air for startup can reduce the likelihood of extensive damage due to equipment malfunction during this
highly transient condition.

3.25 Rotor dynamics, mode shapes, unbalance response

A design that includes stable rotor dynamics, well-understood mode shapes, and unbalance response reduces
the likelihood of internal contact in a centrifugal compressor operating in upset conditions. The design can also
help ensure that the likely points of contact are between suitable materials at acceptable surface speeds. Tor-
sional analysis of the compressor and drive rotor system can greatly reduce the likelihood of unanticipated
shaft failures. In addition low-cycle fatigue analysis is worth a consideration for centrifugal compressors with
synchronous motor drivers.

3.2.6 Reciprocating compressors

Compressor valve designs that prevent functionally incorrect installation, use of gas temperature monitoring
systems and/or rod drop indicators have been shown to eliminate significant causes of catastrophic failures in
reciprocating oxygen compressors. Also the use of extended distance pieces with slingers on the piston rods
greatly improves the isolation of the lubricating oil from the compressor cylinder.

3.2.7 Barriers

Barriers should be used to protect personnel and other equipment. See 5.3 for barrier requirements.

4 Location of oxygen compressors
4.1 Personnel safety

The location of oxygen compressors should be dictated mainly by safety. The primary consideration is the safe-
ty of operating and maintenance personnel, and the second consideration is the potential for damage to other
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