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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 commodity 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 web site, 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 11-033
Atmospheric Gases and Equipment Committee

NOTE—Technical changes from the previous edition are underlined.
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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.
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1 Introduction

This publication was developed to satisfy the demand for information concerning the safe generation and han-
dling of ozone containing gas mixtures. Assistance was provided by the International Ozone Association in
preparation of this document.

2 Scope

This publication presents general information regarding the characteristics of ozone, the means by which it can
be handled safely, and the safe installation and operation of ozone-generating equipment. Requests for spe-
cialized, technical information regarding specific types of ozone-generating equipment should be directed to the
manufacturers of equipment used to produce ozone gas.

This publication is intended primarily for users of ozone and manufacturers of equipment used to produce
ozone. It is limited to dry (less than 100 ppm moisture) oxygen-ozone, air-ozone mixtures at pressures up to
2 atm (gauge), and up to 16 weight percent ozone.

This publication does not address ozone generator power supply units (PSUs). Recommendations regarding
operations, maintenance, and safequards for PSUs can be obtained from the ozone generator manufacturer.

This publication also does not address specific operating and maintenance specifications for ozone generators,
including the variety of coolants used, freeze protection, corrosion aspects, etc. This information is critical to the
safe operation of ozone generators, and shall be obtained from the ozone generator manufacturer due to the
varying requirements for different systems.

3 What is ozone?
3.1 Physical and chemical properties
Ozone is an unstable molecule produced from elemental oxygen, often called an allotropic (the existence, es-

pecially in the solid state, of two or more crystalline or molecular structural forms of an element) form of oxygen.
The overall reaction for ozone formation is described by an endothermic reaction:

30, =20; ( AH® at 1 atm = + 284.5 kJ/mol)

Since ozone is unstable, it must be generated at the point of application. The ozone molecule having a molecu-
lar weight of 48 is made of 3 oxygen atoms bound by equal oxygen-oxygen bonds at an obtuse angle of
116 degrees 49 minutes. This structure is inherently unstable and is the reason for ozone’s powerful oxidizing
ability.

Some physical properties of ozone are listed in Table 1. The toxicity of ozone gas and its exposure limits are
provided in Section 3.

As a gas, ozone is 1.7 times heavier than air. At ordinary temperatures and at high concentrations, ozone is a
bluish gas, but at concentrations at which it is generated for normal use, this color is not noticeable.

At —169 °F (-112 °C), ozone condenses into a dark blue liquid that explodes easily. Concentrated oxy-
gen/ozone mixtures (above approximately 20% ozone) can easily explode, either in the liquid or vapor state.
Such explosions can be initiated by small amounts of catalysts, organic matter, shocks, or sudden changes in
temperature or pressure.

Under the conditions where ozone is generated commercially, concentrations of ozone in oxygen above
20 weight percent do not occur. Manufacturers of ozone-generating equipment are not aware of any incidents
involving explosive decomposition of ozone-oxygen or air-ozone mixtures in well-designed and properly main-
tained generators. If any incidents in equipment downstream from ozone generators have occurred, the Com-



