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PREFACE

This preface, as well as all footnotes and annexes, is included for information purposes and is not part of
ISA-TR12.13.01.

This Standard has been prepared as part of the service of ISA, the international society for measurement
and control, toward a goal of uniformity in the field of instrumentation. To be of real value, this document
should not be static but should be subject to periodic review. Toward this end, the Society welcomes all
comments and criticisms and asks that they be addressed to the Secretary, Standards and Practices
Board; ISA; 67 Alexander Drive; P. O. Box 12277; Research Triangle Park, NC 27709; Telephone (919)
549-8411; Fax (919) 549-8288; E-mail: standards@isa.org.

The ISA Standards and Practices Department is aware of the growing need for attention to the metric
system of units in general, and the International System of Units (Sl) in particular, in the preparation of
instrumentation standards. The Department is further aware of the benefits to USA users of ISA standards
of incorporating suitable references to the Sl (and the metric system) in their business and professional
dealings with other countries. Toward this end, this Department will endeavor to introduce Sl-acceptable
metric units in all new and revised standards, recommended practices, and technical reports to the
greatest extent possible. Standard for Use of the International System of Units (Sl): The Modern Metric
System, published by the American Society for Testing & Materials as IEEE/ASTM Sl 10-97, and future
revisions, will be the reference guide for definitions, symbols, abbreviations, and conversion factors.

It is the policy of ISA to encourage and welcome the participation of all concerned individuals and interests
in the development of ISA standards, recommended practices, and technical reports. Participation in the
ISA standards-making process by an individual in no way constitutes endorsement by the employer of that
individual, of ISA, or of any of the standards, recommended practices, and technical reports that ISA
develops.

CAUTION—ISA ADHERES TO THE POLICY OF THE AMERICAN NATIONAL STANDARDS
INSTITUTE WITH REGARD TO PATENTS. IF ISA IS INFORMED OF AN EXISTING PATENT THAT IS
REQUIRED FOR USE OF THE STANDARD, IT WILL REQUIRE THE OWNER OF THE PATENT TO
EITHER GRANT A ROYALTY-FREE LICENSE FOR USE OF THE PATENT BY USERS COMPLYING
WITH THE STANDARD OR A LICENSE ON REASONABLE TERMS AND CONDITIONS THAT ARE
FREE FROM UNFAIR DISCRIMINATION.

EVEN IF ISA IS UNAWARE OF ANY PATENT COVERING THIS STANDARD, THE USER IS
CAUTIONED THAT IMPLEMENTATION OF THE STANDARD MAY REQUIRE USE OF TECHNIQUES,
PROCESSES, OR MATERIALS COVERED BY PATENT RIGHTS. ISA TAKES NO POSITION ON THE
EXISTENCE OR VALIDITY OF ANY PATENT RIGHTS THAT MAY BE INVOLVED IN IMPLEMENTING
THE STANDARD. ISA IS NOT RESPONSIBLE FOR IDENTIFYING ALL PATENTS THAT MAY
REQUIRE A LICENSE BEFORE IMPLEMENTATION OF THE STANDARD OR FOR INVESTIGATING
THE VALIDITY OR SCOPE OF ANY PATENTS BROUGHT TO ITS ATTENTION. THE USER SHOULD
CAREFULLY INVESTIGATE RELEVANT PATENTS BEFORE USING THE STANDARD FOR THE
USER’S INTENDED APPLICATION.

HOWEVER, ISA ASKS THAT ANYONE REVIEWING THIS STANDARD WHO IS AWARE OF ANY
PATENTS THAT MAY IMPACT IMPLEMENTATION OF THE STANDARD NOTIFY THE ISA
STANDARDS AND PRACTICES DEPARTMENT OF THE PATENT AND ITS OWNER.
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ADDITIONALLY, THE USE OF THIS STANDARD MAY INVOLVE HAZARDOUS MATERIALS,
OPERATIONS OR EQUIPMENT. THE STANDARD CANNOT ANTICIPATE ALL POSSIBLE
APPLICATIONS OR ADDRESS ALL POSSIBLE SAFETY ISSUES ASSOCIATED WITH USE IN
HAZARDOUS CONDITIONS. THE USER OF THIS STANDARD MUST EXERCISE SOUND
PROFESSIONAL JUDGMENT CONCERNING ITS USE AND APPLICABILITY UNDER THE USER’S
PARTICULAR CIRCUMSTANCES. THE USER MUST ALSO CONSIDER THE APPLICABILITY OF
ANY GOVERNMENTAL REGULATORY LIMITATIONS AND ESTABLISHED SAFETY AND HEALTH
PRACTICES BEFORE IMPLEMENTING THIS STANDARD.
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FOREWORD

As a service to industry, the accompanying document, Bureau of Mines Bulletin 627 - Flammability
Characteristics of Combustible Gases and Vapors, by Zabetakis 1965, is hereby reprinted in its entirety.

This compendium, formerly available from the U.S. Bureau of Mines, contains information essential to an
understanding of detection, measurement and handling of flammable gases and vapors.

For further information, refer to ISA-TR12.13.02.

The reader should be aware that more recent LFL/UFL figures are available in NFPA 497, and
IEC 60079-20.

ABSTRACT

This technical report includes theoretical and practical work carried out and collected by the U.S. Bureau of
Mines relating to ignition and explosive properties of flammable gas mixtures. Flammability limits, under
varying conditions of proportion, temperature and pressure, are presented.

While the primary emphasis is on methane-air mixtures as found in coal mines, a full treatment of many
other gases and vapors is included.
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APPENDIX |

The following document, Flammability Characteristics of Combustible Gases and Vapors, is
reprinted in its entirety by permission of the publisher, the Bureau of Mines, U.S. Department of the
Interior.
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Includes bibliography.
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FLAMMABILITY CHARACTERISTICS OF
COMBUSTIBLE GASES AND VAPORS

by
Michael G. Zabetakis"

Abstract

This is a summary of the available limit of flammability, autoignition, and burning-rate data for
more than 200 combustible gases and vapors in air and other oxidants, as well as of empirical
rules and graphs that can be used to predict similar data for thousands of other combustibles
under a variety of environmental conditions. Specific data are presented on the paraffinic,
unsaturated, aromatic, and alicyclic hydrocarbons, alcohols, ethers, aldehydes, ketones, and
sulfur compounds, and an assortment of fuels, fuel blends, hydraulic fluids, engine oils, and
miscellaneous combustible gases and vapors.

Introduction

Prevention of unwanted fires and gas explosion disasters requires a knowledge of flammability
characteristics (limits of flammability, ignition requirements, and burning rates) of pertinent
combustible gases and vapors likely to be encountered under various conditions of use (or
misuse). Available data may not always be adequate for use in a particular application since they
may have been obtained at a lower temperature and pressure than is encountered in practice.
For example, the quantity of air that is required to decrease the combustible vapor concentration
to a safe level in a particular process carried out at 200°C should be based on flammability data
obtained at this temperature. When these are not available, suitable approximations can be
made to permit a realistic evaluation of the hazards associated with the process being
considered; such approximations can serve as the basis for designing suitable safety devices for
the protection of personnel and equipment.

The purpose of this bulletin is to present a general review of the subject of flammability, and to
supply select experimental data and empirical rules on the flammability characteristics of various
families of combustible gases and vapors in air and other oxidizing atmospheres. It contains
what are believed to be the latest and most reliable data for more than 200 combustibles of
interest to those concerned with the prevention of disastrous gas explosions. In addition, the
empirical rules and graphs presented here can be used to predict similar data for other
combustibles under a variety of conditions. This bulletin supplements Bureau bulletins (40)N and
other publications (158).

"Physical chemist, project coordinator, Gas Explosion, Explosives Research Center, Bureau of Mines,
Pittsburgh, Pa.

Work on manuscript completed May 1964.

Nitalicized numbers in parentheses refer to items in the bibliography at the end of this report.
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