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PREFACE

As a part of a program of harmonization of industry standards, the Compressed Gas Association (CGA) has
adopted the European Industrial Gases Association (EIGA) document 72/12, Water Corrosion of Composites
With AA 6061 Liners.

This standard is intended as an international harmonized standard for the worldwide use and application by all
members of Asia Industrial Gases Association (AIGA), CGA, EIGA, and Japan Industrial and Medical Gases
Association (JIMGA). The CGA edition has the same technical content as the EIGA edition, however, there are
editorial changes primarily in formatting, units used, and spelling. Also, references to European regulatory re-
quirements have been replaced with the relevant North American requirements.

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.

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
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1 Introduction

Aluminum alloy (AA) liners of composite cylinders have been in widespread use for approximately 25
years. A variety of alloys have been used for the liners including AA6010, AA6351, AA5283, AA7060, and
more recently AA6061.

The AA6061 alloy became a substitute for AA6351 once certain metallurgical deficiencies, notably sus-
tained load cracking (SLC), were observed in cylinders made from AA6351. See EIGA Doc 57, Recom-
mendations for Avoidance of Sustained Load Cracking of Aluminum Alloy Cylinders [1].

Current practices and compliance with U.S. Department of Transportation (DOT) and Transport Canada
(TC) regulations for the hydrostatic testing of fully-wrapped (F-W) and hoop-wrapped (H-W) AA6061 alumi-
num alloy lined cylinders have shown these cylinders to fulfill their safe service life when water is used for
the hydrostatic test, throughout the U.S. and Canada.

2 Scope and purpose

This publication contains advanced information known to CGA companies of findings concerning cold-
drawn hoop-wrapped (H-W) and fully-wrapped (F-W) composite cylinders using liners from AA6061
(H-W AA6061).

3 Current findings

Some national bodies require that, before production batches of a new cylinder design can commence, a
series of mandatory prototype tests be performed. One test is a hydraulic, cyclic fatigue test, in which se-
lected cylinders are subjected to many thousands of cycles. The fluid used to transmit the pressure cycle to
the cylinder is often water containing a corrosion inhibitor.

However, some H-W AA6061 aluminum alloy cylinders that had been filled and left with prolonged expo-
sure to ordinary tap water, and subsequently cycle tested as described above (with mineral oil or water with
a corrosion inhibitor), showed a substantial loss of fatigue life. The usual life of approximately 18 000 cycles
to 20 000 cycles for a certain cylinder design was drastically reduced and for some cylinders, the usual life
was reduced to less than 5000 cycles.

The reduction in cycle life was observed in cylinders that had been left with tap water from 3 to 10 days
prior to the test. Also the reduction noted may be independent of the cylinder manufacturer though a cold-
formed manufacturing route was used.

NOTE—The reduction in cycle life at test pressure was not observed for similarly treated noncomposite cylinders of a
seamless AA6061 construction.

The concerns of EIGA members are the effects of accidental introduction of tap/rain water (or potentially
other fluids as yet not defined) on the overall life and safety of H-W AA6061 cylinders.

CGA C-17, Methods to Avoid and Detect Internal Gas Cylinder Corrosion, lists potential sources of water
that can cause corrosion [2].

4 Preliminary discussion

It is clear that a mechanism related to corrosion is in progress. Clear signs of intergranular corrosion were
visible at the crack initiation sites for failed cylinders that have been metallographically examined. See Fig-
ure 1.

At this point it is well to note another feature of AA6061 (regardless of whether it is used for a seamless
cylinder or a hoop-wrapped one). One of the mandatory requirements in National Standards, European
Directive 84/526, BS EN 1975, and ISO 7866 standards dealing with seamless aluminum alloy cylinders, is
a series of tests to check for an alloy’s susceptibility to intercrystalline corrosion [3, 4, 5].
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