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Foreword

The Sixth International Symposium on Flammability and Sensitivity of Materials in
Oxygen-Enriched Atmospheres was presented at Noordwijk, The Netherlands, from 11 to
13 May 1993. The symposium was sponsored by ASTM Committee G-4 on Compatibility
and Sensitivity of Materials in Oxygen-Enriched Atmospheres. Kenneth Mcllroy, Praxair,
Inc., Linde Division, and Mike Judd. European Space Agency/ESTEC, served as cochair-
men of the symposium.

Acknowledgment

The quality of papers in this publication reflects not only the obvious efforts of the authors
but also the unheralded work of the reviewers. Coleman Bryan, Barry Werley, Kenneth
Mcllroy, Richard Paciej, Len Schoenman, Melvyn Branch, Michael Yentzen, Bill Royals,
Marilyn Fritzemeier, Dwight Janoff, and Joel Stoltzfus acted as review coordinators, enlisting
appropriate reviewers and ensuring that reviews were completed properly and submitted on
time. The editors also wish to acknowledge Rita Hippensteel for her efficient and diligent
assistance in preparing this document.

Joel M. Stoltzfus
Dwight D. Janoff



Contents

Overview—J. M. STOLTZFUS AND D. D. JANOFF

KEYNOTE ADDRESS

Oxygen Compatibility of Metals and Alloys—R. LOWRIE

DEVELOPMENT AND EVALUATION OF TEST METHODS

A Perspective on Gaseous Impact Tests: Oxygen Compatibility Testing on a
Budget—B. L. WERLEY

A Test Method for Measuring the Minimum Oxygen Concentration to Support an
Intraluminal Flame—G. w. SIDEBOTHAM, J. A. CROSS, AND G. L. WOLF
IGNITION AND COMBUSTION OF POLYMERS

Spontaneous Ignition Temperature of Tracheal Tubes—G. L. WOLF, J. B. McGUIRE,
P. F. NOLAN, AND G. W. SIDEBOTHAM

Insidious Iatrogenic Oxygen Enriched Atmospheres as a Cause of Surgical Fires—
A. L. pE RICHEMOND AND M. E. BRULEY

Effects of Diluents on Flammability of Nonmetals at High Pressure Oxygen
Mixtures—D. B. HIRSCH AND R. L. BUNKER

Effect of Hydrocarbon Oil Contamination on the Ignition and Combustion
Properties of PTFE Tape in Oxygen—R. M. SHELLEY, D. D. JANOFF, AND
M. D. PEDLEY

IgNITION AND COMBUSTION OF METALS

Promoted Ignition-Combustion Behavior of Carbon Steel in Oxygen Gas
Mixtures—K. McILROY, J. MILLION, AND R. ZAWIERUCHA

An Assessment of the Flammability Hazard of Several Corrosion Resistant Metal
Alloys—c. J. BRYAN, J. M. STOLFZFUS, AND M. V. GUNAIJI

vii

27

43

57

66

74

81

97

112



Pressurized Flammability Limits of Selected Sintered Filter Materials in
High-Pressure Gaseous Oxygen—I. L. SCHADLER AND J. M. STOLTZFUS

Microgravity and Normal Gravity Combustion of Metals and Alloys in High
Pressure Oxygen—T. A. STEINBERG, D. B. WILSON, AND F. J. BENZ

Review of Frictional Heating Test Results in Oxygen-Enriched Environments—
M. V. GUNAIJI AND I. M. STOLTZFUS

Evaluation of Bronze Alloys for Use as Wear Ring Material in Liquid Oxygen
Pump—M. 1. YENTZEN

Materials Selection for Sulfide Pressure Oxidation Autoclaves—P. wW. KRAG AND
H. R. HENSON

ANALYSIS OF IGNITION MECHANISMS

Modeling of Al and Mg Igniters Used in the Promoted Combustion of Metals and
Alloys in High Pressure Oxygen—T. A. STEINBERG, D. B. WILSON, AND
F. I. BENZ

Gravity and Pressure Effects on the Steady-State Temperature of Heated Metal
Specimens in a Pure Oxygen Atmosphere—T. J. FEIEREISEN, M. C. BRANCH,
A. ABBUD-MADRID, AND J. W. DAILY

Ignition of Bulk Metals by a Continuous Radiation Source in a Pure Oxygen
Atmosphere—A. ABBUD-MADRID, M. C. BRANCH, T. J. FEIEREISEN, AND
J. W. DAILY

Combustion Characteristics of Polymers as Ignition Promoters—R. M. SHELLEY,
D. B. WILSON, AND H. BEESON

Evaluation of Buna N Ignition Hazard in Gaseous Oxygen—R. M. SHELLEY,
R. CHRISTIANSON, AND J. M. STOLTZFUS

STRUCTURED PACKINGS FOR CRYOGENIC AIR SEPARATION PLANTS

Compatibility of Aluminum Packing with Oxygen Environments Under Simulated
Operating Conditions—R. ZAWIERUCHA, J. F. MILLION, S. L. COOPER,
K. MCILROY, AND J. R. MARTIN

Compatibility of Aluminum Packings with Oxygen — Test Results Under Simulated
Operating Conditions—H. M. BARTHELEMY

The Behavior of Oil Films on Structured Packing Under Cryogenic Conditions—
A. KIRZINGER, K. BAUR, AND E. LASSMANN

A Critical Review of Flammability Data for Aluminum—B. L. WERLEY,
H. BARTHELEMY, R. GATES, J. W. SLUSSER, K. B. WILSON, AND
R. ZAWIERUCHA

119

133

146

156

169

183

196

211

223

239

255

276

291

300



MISCELLANEOUS
Oxygen System Safety—u. H. KOCH

A Hazards Analysis Method for Oxygen Systems Including Several Case Studies—
J. A. DANIEL, R. C. CHRISTIANSON, J. M. STOLTZFUS, AND M. A. RUCKER

An Investigation of Laboratory Methods for Cleaning Typical Metallic Surfaces
Using Aqueous Type Cleaning Agents—M. s. MciLROY

The Measurement of the Friction Coefficient and Wear of Metals in High-Pressure
Oxygen—IJ. M. HOMA AND J. M. STOLTZFUS

Anthor Index

Subject Index

349

360

373

389

403

405



Overview

The purpose of the symposium on flammability and sensitivity of materials in oxygen-
enriched atmospheres was to build upon the foundation provided by previous symposia.
The aim was to:

® provide a reference text on a subject that is not widely addressed in accessible literature,

® build a reference of the concepts and practices used in designing oxygen systems,

® provide a data base to support the use of ASTM Committee G-4 guides and standards,
and

® serve as a guide to Committee G-4 members in their future efforts to address the
problems of oxygen-use safety.

This volume, in addition to those from previous symposia (STP 812, 910, 986, 1040, and
1111), is an important resource on the subject of the proper use of materials in oxygen-
enriched environments. Committee G-4's contribution to the resources on the subject also
include four standard guides (G 63, G 88, G 93, and G 94), three standard test methods
(G 72, G 74, and G 86), and a fourth test method for determining the promoted ignition
and combustion properties of metallic materials that is currently being balloted. The latest
contribution is a Standards Technology Training course entitled **Controlling Fire Hazards
in Oxygen-Handling Systems.” In this course, attendees are taught to apply the available
resources to improve the safety of oxygen-handling systems. We are confident that this
volume will be a welcome contribution to the subject.

This STP comprises six sections. The first section presents two papers on the development
and evaluation of test methods. Werley proposes an approach to more cost-effective gaseous
impact testing. Sidebotham et al. presents a new test method for determining the minimum
oxygen concentration to support an intraluminal flame. These papers may provide the
impetus to develop new standard test methods or to modify existing ones.

The second section, which addresses the ignition and combustion of polymeric materials,
comprises four papers. Woif et al. discuss the spontaneous ignition temperatures of tracheal
tube materials. This work extends previous work on oxygen index and flame spread in
materials used in operating rooms. Bruley and de Richemond discuss recommendations for
preventing fires in the oxygen-enriched atmospheres that may occur during surgery. The
effects of diluent gases in oxygen on the flammability of polymers at high pressures is
discussed by Hirsch and Bunker. They observe that at some pressure between 20.7 and 34.5
MPa, even the most burn resistant polymers become flammable in air, indicating that high-
pressure air systems require enhanced safety precautions. Finally, Shelley et al. study the
effect of hydrocarbon oil contamination on the ignition and combustion properties of PTFE
tape in oxygen.

Seven papers comprise the third section in which data on the ignition and combustion of
metals and alloys are presented and applied. These papers indicate the need for Committee
G-4 to standardize the promoted combustion test method and provide a common set of
definitions that can be used by experimenters in presenting their data. Steinberg et al. raise
the question as to the applicability of metals flammability data obtained on earth to oxygen
systems used in space. They point out that metals and alloys appear to be more flammable
in a reduced-gravity environment than in a one-gravity environment. The final three papers
in this section, along with the keynote address paper, discuss the application of metals
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ignition and combustion data to real systems; a process that requires the development and
use of ones “‘technical judgment.”

Regarding the paper on the promoted ignition-combustion behavior of carbon steel in
oxygen-gas mixtures by Mcllroy et al., a peer reviewer notes that these data suggest that
6-mm diameter rods of carbon steel are more flammable than 3-mm diameter rods at low
pressures. This result contradicts the existing understanding of the role of dimension on
metals flammability and is particularly significant if it is not the result of experimental
technique.

The fourth section presents five papers in which specific ignition mechanisms are analyzed
and discussed. The papers by Abbud-Madrid et al., Steinberg et al., and Shelley et al. discuss
the development of models for the ignition of metals and alloys. This type of effort is
absolutely necessary to identify and to begin to bridge the gaps in our understanding of the
thermodynamic and kinetic processes involved in the ignition and combustion of materials.
The better these processes and the parameters affecting them are understood, the more
able we will be to build safer systems.

The paper by Shelley et al. concludes that polytetrafluoroethylene exhibits surface-burn-
ing. Our peer reviews have found this conclusion controversial. One reviewer does not feel
the observations cited form an adequate basis to deduce surface combustion is occurring.

Structured packing materials for cryogenic air separation columns is the subject of the
four papers in the fifth section. Werley et al. present a critical review of aluminum flam-
mability data that is the cooperative result of several oxygen producers. This review, and
the papers by Zawierucha et al. and Barthélémy, represent a large portion of the collective
and individual work generated by a Compressed Gas Association task force.

The final section contains four papers on oxygen system safety, cleaning for oxygen
systems, and a device for measuring wear and friction in high pressure oxygen. The paper
on oxygen system safety by Koch represents a good “primer,” offering guidance to indi-
viduals new to the subject. This paper will be appearing, in essence, as an appendix to
ASTM G 88, “Standard Guide for Designing Systems for Oxygen Service.”

These papers confirm that the objectives of the Symposium were met. The papers pre-
sented here (in conjunction with previous symposia volumes) provide a previously unavail-
able reference of oxygen system design concepts and practices. These volumes provide a
data base that supports the use of ASTM Committee G-4 guides and standards. In addition,
they serve as a guide to committee members in their future efforts to address the problems
of safe oxygen use.

Joel M. Stoltzfus

NASA Johnson Space Center,
White Sands Test Facility, Las Cruces, NM 88004;
symposium chairman and editor.

Dwight D. Janoff

Lockheed Engineering and Sciences Company,
NASA Johnson Space Center, Houston, TX 77058;
symposium chairman and editor.
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