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Summary of Topics

This First Edition of ANSI/UL 80079-20-1, the Standard for Explosive Atmospheres – Part 20-1:
Material Characteristics for Gas and Vapour Classification – Test Methods and Data, is an adoption
of ISO/IEC 80079-20-1 (first edition, issued by ISO/IEC December 2017) and Corrigendum 1 (issued
2018).

UL 80079-20-1 is an IEC-based UL standard with US Differences.

The new requirements are substantially in accordance with Proposal(s) on this subject dated December 6,
2019 and February 21, 2020.

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or
transmitted in any form by any means, electronic, mechanical photocopying, recording, or otherwise
without prior permission of UL.

UL provides this Standard "as is" without warranty of any kind, either expressed or implied, including but
not limited to, the implied warranties of merchantability or fitness for any purpose.

In no event will UL be liable for any special, incidental, consequential, indirect or similar damages,
including loss of profits, lost savings, loss of data, or any other damages arising out of the use of or the
inability to use this Standard, even if UL or an authorized UL representative has been advised of the
possibility of such damage. In no event shall UL's liability for any damage ever exceed the price paid for
this Standard, regardless of the form of the claim.

Users of the electronic versions of UL's Standards for Safety agree to defend, indemnify, and hold UL
harmless from and against any loss, expense, liability, damage, claim, or judgment (including reasonable
attorney's fees) resulting from any error or deviation introduced while purchaser is storing an electronic
Standard on the purchaser's computer system.
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Preface (UL)

This UL Standard is based on ISO/IEC Publication 80079-20-1: First edition, Explosive Atmospheres –
Part 20-1: Material Characteristics for Gas and Vapour Classification – Test Methods and Data. ISO/IEC
publication 80079-20-1 is copyrighted by the IEC.

This edition has been issued to satisfy UL Standards policy.

This is the UL Standard for Safety for Explosive Atmospheres – Part 20-1: Material Characteristics for Gas
and Vapour Classification – Test Methods and Data.

These materials are subject to copyright claims of IEC and UL. No part of this publication may be
reproduced in any form, including an electronic retrieval system, without the prior written permission of UL.
All requests pertaining to the Explosive Atmospheres – Part 20-1: Material Characteristics for Gas and
Vapour Classification – Test Methods and Data, UL 80079-20-1 Standard should be submitted to UL.

Note – Although the intended primary application of this Standard is stated in its Scope, it is important to note that it remains
the responsibility of the users of the Standard to judge its suitability for their particular purpose.

The following people served as members of STP 60079 and participated in the review of this standard:

NAME COMPANY
*B. Zimmermann, Chair R Stahl Inc.

*T. Adam FM Approvals LLC

R. Allen Honeywell Inc.

*J. Anderson Thermon Mfg. Co.

D. Ankele UL LLC

P. Becker nVent

S. Bihler-Lopez CML Inc.

S. Blais Emerson/Appleton Group

K. Boegli KBB Consulting

R. Brownlee Pepperl + Fuchs Inc.

D. Burns Shell P&T – Innovation / R&D

R. Chalmers Industrial Scientific Corp.

*C. Coache National Fire Protection Association

*M. Cole Hubbell Canada LP

D. Cook Shelby County Department of Development Services

M. Coppler Det Norske Veritas Certification Inc.

*R. Deadman UL LLC

M. Dona Consultant

T. Dubaniewicz NIOSH

*G. Edwards Det-Tronics

M. Egloff Montana Tech, University of Montana

M. Ehrmann R Stahl Inc

D. El Tawy Siemens Energy

*A. Engler Det Norske Veritas DNV

M. Fillip National Oilwell Varco
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NAME COMPANY
W. Fiske Intertek

Z. Fosse DEKRA Certification Inc

G. Gurinder Gurinder Garcha Consulting

D. Grady Talema Group

R. Holub DuPont

E. Hong Solar Turbines Inc.

P. House Thermon Mfg. Co.

D. Jang National Research Council Canada

*B. Johnson Thermon Mfg. Co.

R. Johnson Source IEC

*P. Kelly UL LLC

S. Kiddle ABB Inc

A. Kreider Phoenix Contact Development & Manufacturing Inc.

*J. Kuntscher Thermon Mfg Co.

S. Lambaz Littelfuse Inc.

W. Lawrence FM Approvals LLC

E. Leubner Eaton’s Crouse-Hinds Business

W. Lowers WCL Corp.

*N. Ludlam FM Approvals Ltd.

E. Massey ABB Motors and Mechanical Inc.

W. McBride Northern Electric Co.

T. Michalski Killark Electric Mfg. Co.

J. Miller Detector Electronics Corp.

*O. Murphy Honeywell Inc.

D. Nedorostek Bureau of Safety & Environmental Enforcement (BSEE)

A. Page Bud Page Consultant Inc.

R. Parks National Instruments

L. Ricks ExVeritas North America LLC

P. Rigling Eaton Elecric Ltd – MTL

*K. Robinson Occupational Safety and Health Adm.

J. Ruggieri General Machine Corp.

S. Sam Tundra Oil & Gas

*J. Scheller ABB Motor and Mechanical Inc.

P. Schimmoeller CSA Group

*T. Schnaare Rosemount Inc.

R. Seitz ARTECH Engineering

S. Sharma Lindsay Corp.

K. Singh Ex Safet Services and Solutions

G. Sitnik MET Laboratories Inc.

J. Sotherden Eatons Crouse-Hinds Business

G. Steinman Thomas & Betts

*R. Teather Det Norske Veritas Certification Inc.

L. Vlagea General Monitors
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NAME COMPANY
D. Wechsler American Chemistry Council

N. Wienhold Rosemount Inc.

R. Wigg E-x Solutions International Pty Ltd.

*K. Wolf Intertek

T. Woods Baker Hughes, A GE Co.

R. Zalosh Firexplo

* Non-voting member
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National Differences

National Differences from the text of International Electrotechnical Commission (IEC) Publication 80079-
20-1, Explosive atmospheres – Part 20-1: Material characteristics for gas and vapour classification – Test
methods and data, copyright 2017, are indicated by notations (differences) and are presented in bold text.

There are five types of National Differences as noted below. The difference type is noted on the first line of
the National Difference in the standard. The standard may not include all types of these National
Differences.

D1 – These are National Differences which are based on basic safety principles and requirements,
elimination of which would compromise safety for consumers and users of products.

D2 – These are National Differences from IEC requirements based on existing safety practices. These
requirements reflect national safety practices, where empirical substantiation (for the IEC or national
requirement) is not available or the text has not been included in the IEC standard.

DC – These are National Differences based on the component standards and will not be deleted until a
particular component standard is harmonized with the IEC component standard.

DE – These are National Differences based on editorial comments or corrections.

DR – These are National Differences based on the national regulatory requirements.

Each national difference contains a description of what the national difference entails. Typically one of the
following words is used to explain how the text of the national difference is to be applied to the base IEC
text:

Addition / Add - An addition entails adding a complete new numbered clause, subclause, table,
figure, or annex. Addition is not meant to include adding select words to the base IEC text.

Deletion / Delete - A deletion entails complete deletion of an entire numbered clause, subclause,
table, figure, or annex without any replacement text.Deletion / Delete - A deletion entails complete
deletion of an entire numbered clause, subclause, table, figure, or annex without any replacement
text.

Modification / Modify - A modification is an altering of the existing base IEC text such as the
addition, replacement or deletion of certain words or the replacement of an entire clause,
subclause, table, figure, or annex of the base IEC text.
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FOREWORD

INTERNATIONAL ELECTROTECHNICAL COMMISSION

EXPLOSIVE ATMOSPHERES – Part 20-1: Material characteristics for gas and vapour classification
– Test methods and data

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising all national
electrotechnical committees (IEC National Committees). The object of IEC is to promote international co-operation on all questions
concerning standardization in the electrical and electronic fields. To this end and in addition to other activities, IEC publishes
International Standards, Technical Specifications, Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter
referred to as “IEC Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested in
the subject dealt with may participate in this preparatory work. International, governmental and non-governmental organizations
liaising with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international consensus of
opinion on the relevant subjects since each technical committee has representation from all interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National Committees in that
sense. While all reasonable efforts are made to ensure that the technical content of IEC Publications is accurate, IEC cannot be held
responsible for the way in which they are used or for any misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications transparently to the
maximum extent possible in their national and regional publications. Any divergence between any IEC Publication and the
corresponding national or regional publication shall be clearly indicated in the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity assessment services
and, in some areas, access to IEC marks of conformity. IEC is not responsible for any services carried out by independent
certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and members of its
technical committees and IEC National Committees for any personal injury, property damage or other damage of any nature
whatsoever, whether direct or indirect, or for costs (including legal fees) and expenses arising out of the publication, use of, or
reliance upon, this IEC Publication or any other IEC Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is indispensable for the
correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent rights. IEC shall
not be held responsible for identifying any or all such patent rights.

International Standard ISO/IEC 80079-20-1 has been prepared by subcommittee 31M: Non-electrical
equipment and protective systems for explosive atmospheres, of IEC technical committee 31: Equipment
for explosive atmospheres.

This first edition of ISO/IEC 80079-20-1 cancels and replaces IEC 60079-20-1:2010. It constitutes a
technical revision. This edition includes the following significant technical changes with respect to the
previous edition:

The classifications for the temperature class or equipment group were changed in the informative Annex B
for the following materials: CAS-No. 64-17-5; 78-93-3; 107-31-3:

• For dry Ethanol (CAS-No. 64-17-5), equipment group remains IIB, but for Ethanol in air with ≥4%
water vapour, as in common atmospheres, a second line has been added to indicate IIA;

Full document details: UL 80079-20-1 2020

http://www.avadocuments.com/doc/ul-80079-20-1-2020
http://www.avadocuments.com/doc/ul-80079-20-1-2020


T
h

is d
o

cu
m

en
t is o

n
ly p

erm
issib

le fo
r u

se b
y A

n
o

n
ym

o
u

s U
ser o

f U
n

iversity o
f T

o
ro

n
to

. 6/26/2020 7:03:57 A
M

UL COPYRIGHTED MATERIAL – NOT AUTHORIZED FOR FURTHER
REPRODUCTION OR DISTRIBUTION WITHOUT PERMISSION FROM UL INC.

12 UL 80079-20-1 JUNE 2, 2020

• For 2-Butanone (CAS-No. 78-93-3), re-measurement indicated change from IIB to IIA was
needed; and

• For Formic Acid Methyl Ester (CAS-No. 107-31-3), re-measurement indicated change from T2 to
T1 was justified.

No significant changes were made with respect to the normative text of IEC 60079-20-1:2010.

It is published as a double logo standard.

The text of this standard is based on the following documents:

FDIS Report on voting

31M/122/FDIS 31M/126/RVD

Full information on the voting for the approval of this standard can be found in the report on voting
indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts in the IEC 60079 series, under the general title: Explosive atmospheres, as well as the
International Standard 80079 series, can be found on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until the stability
date indicated on the IEC website under "http://webstore. iec. ch" in the data related to the specific
publication. At this date, the publication will be

• reconfirmed,

• withdrawn,

• replaced by a revised edition, or

• amended.

IMPORTANT – The 'colour inside' logo on the cover page of this publication indicates that it
contains colours which are considered to be useful for the correct understanding of its contents.
Users should therefore print this document using a colour printer.
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EXPLOSIVE ATMOSPHERES – Part 20-1: Material characteristics for
gas and vapour classification – Test methods and data

1 Scope

1DV DR Modification of Clause 1 to replace with the following:

This standard part of ISO/IEC 80079 provides guidance on classification of gases and
vapours for the purpose of area classification in accordance with NFPA 70, National
Electrical Code (NEC) as hazardous (Classified) locations. It describes a test method
intended for the measurement of the maximum experimental safe gaps (MESG) for gas-air
mixtures or vapour-air mixtures under normal conditions of temperature and pressure
(20 °C, 101,3 kPa) so as to permit the selection of an appropriate group of equipment. This
document also describes a test method intended for use in the determination of the auto-
ignition temperature (AIT) of a vapour-air mixture or gas-air mixture at atmospheric
pressure, so as to permit the selection of an appropriate temperature class of equipment.

Values of chemical properties of materials are provided to assist in the selection of
equipment to be used in hazardous areas. Further data may be added as the results of
validated tests become available.

The materials and the characteristics included in a table (see Annex B) have been selected
with particular reference to the use of equipment in hazardous areas. The data in this
document have been taken from a number of references which are given in the
bibliography.

These methods for determining the MESG or the AIT may also be used for gas-air-inert
mixtures or vapour-air-inert mixtures. However, data on air-inert mixtures are not tabulated.

Where references are made to IEC standards, the referenced requirements found in these
standards shall apply as modified by any applicable US National Differences for the
standard (see Clause 2).

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

2DV DR Modification of Clause 2 references to replace with the following:

IEC 60050-426, International Electrotechnical Vocabulary − Part 426: Electrical apparatus
for explosive atmospheres (available at http://www.electropedia.org/)

IEC 60079-11, Explosive atmospheres − Part 11: Equipment protection by intrinsic safety
"i"

IEC 60079-14, Explosive atmospheres − Part 14: Electrical installations design, selection
and erection
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http://www.avadocuments.com/doc/ul-80079-20-1-2020
http://www.avadocuments.com/doc/ul-80079-20-1-2020


T
h

is d
o

cu
m

en
t is o

n
ly p

erm
issib

le fo
r u

se b
y A

n
o

n
ym

o
u

s U
ser o

f U
n

iversity o
f T

o
ro

n
to

. 6/26/2020 7:03:57 A
M

UL COPYRIGHTED MATERIAL – NOT AUTHORIZED FOR FURTHER
REPRODUCTION OR DISTRIBUTION WITHOUT PERMISSION FROM UL INC.

14 UL 80079-20-1 JUNE 2, 2020

NFPA 70 National Electrical Code (NEC)

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-426 and the following
apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

• IEC Electropedia: available at http://www.electropedia.org/
• ISO Online browsing platform: available at http://www.iso.org/obp

3.1
auto-ignition
reaction which is evidenced by a clearly perceptible flame and/or explosion, and for which the ignition
delay time does not exceed 5 min

Note 1 to entry: See 7.2.2 for a test method.

3.2
ignition delay time
time between the completed injection of the flammable material and the ignition

3.3
auto-ignition temperature
AIT
lowest temperature (of a surface) at which under specified test conditions an ignition of a flammable gas or
vapour in mixture with air or air-inert gas occurs

Note 1 to entry: See Clause 7 for a test method.

3.4
maximum experimental safe gap
MESG
maximum gap of a joint of 25 mm in width which prevents any transmission of an explosion during tests
made under the conditions specified in this document

Note 1 to entry: See Clause 6 for a test method.

3.5
minimum igniting current
MIC
minimum current in a specified test circuit that causes the ignition of the explosive test mixture in the spark
test apparatus according to IEC 60079-11

Note 1 to entry: See 5.1.6 for the test circuit.

3.6
flammable limits
lower flammable limit (LFL) and upper flammable limit (UFL) of gas in a gas-air mixture, between which a
flammable mixture is formed

Full document details: UL 80079-20-1 2020
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Note 1 to entry: The term “explosive limits” is used especially in European standardization and regulations interchangeably to
describe these limits.

Note 2 to entry: The concentration can be expressed as either a volume fraction or a mass per unit volume.

3.6.1
lower flammable limit
LFL
concentration of flammable gas or vapour in air, below which an explosive gas atmosphere does not form

Note 1 to entry: For the purposes of Ex Equipment, this was previously referred to as the lower explosive limit (LEL).

Note 2 to entry: The concentration can be expressed as either a volume fraction or a mass per unit volume.

3.6.2
upper flammable limit
UFL
concentration of flammable gas or vapour in air, above which an explosive gas atmosphere does not form

Note 1 to entry: For the purposes of Ex Equipment, this was previously referred to as the upper explosive limit (UEL).

Note 2 to entry: The concentration can be expressed as either a volume fraction or a mass per unit volume.

3.7
equipment grouping
classification system of equipment related to the explosive atmosphere for which they are intended to be
used

Note 1 to entry: IEC 60079-0 identifies three equipment groups:

Group I − equipment for mines susceptible to fire damp;

Group II, which is sub-divided into groups IIA, IIB and IIC − equipment for all places with an explosive gas atmosphere other than
mines susceptible to fire damp;

Group III, which is sub-divided into groups IIIA, IIIB and IIIC − equipment for all places with an explosive dust atmosphere other than
mines susceptible to fire damp.

3.8
flash point
FP
lowest liquid temperature at which, under specified test conditions, a liquid gives off vapours in quantity
such as to be capable of forming an ignitable vapour-air mixture

3.9
gas
gaseous phase of a substance that cannot reach equilibrium with its liquid or solid state in the temperature
and pressure range of interest

Note 1 to entry: This is a simplification of the scientific definition, and merely requires that the substance is above its boiling point or
sublimation point at the ambient temperature and pressure.

3.10
vapour
gaseous phase of a substance that can reach equilibrium with its liquid or solid state in the temperature
and pressure range of interest

Full document details: UL 80079-20-1 2020
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Note 1 to entry: This is a simplification of the scientific definition, and merely requires that the substance is below its boiling point or
sublimation point at the ambient temperature and pressure.

4 Classification of gases and vapours

4.1 General

Equipment Group I addresses mines susceptible to firedamp.

NOTE Firedamp consists mainly of methane, but always contains small quantities of other gases, such as nitrogen, carbon dioxide,
and hydrogen, and sometimes ethane and carbon monoxide. The terms firedamp and methane are used frequently in mining
practice as synonyms.

Equipment Group II addresses flammable gases and vapours other than in mines susceptible to firedamp.
Equipment Group II gases and vapours are classified according to their MESG and/or MIC ratio into
equipment groups IIA, IIB and IIC.

All flammable materials are classified according to their AIT into temperature classes.

4.2 Classification according to the maximum experimental safe gap (MESG)

Gases and vapours may be classified according to their MESG into Equipment Groups IIA, IIB or IIC,
based on the determination method described in this document. In order to ensure standardized results
the MESG apparatus is dimensioned to avoid the possible effects of obstruction on the safe gaps.

NOTE 1 The standard method for determining MESG is described in 6.2, but where determinations have been undertaken only in an
8 l spherical vessel with ignition close to the flange gap these can be accepted provisionally.

NOTE 2 The design of the test apparatus for safe gap determination, other than that used for selecting the appropriate equipment
group of enclosure for a particular gas, may need to be different to the one described in this document. For example, the volume of
the enclosure, flange width, gas concentrations and the distance between the flanges and any external wall or obstruction may have
to be varied. As the design depends on the particular investigation which is to be undertaken, it is impracticable to recommend
specific design requirements, but for most applications the general principles and precautions indicated in this document will still
apply.

NOTE 3 In IEC 60079-14 minimum distances of obstruction from the flameproof flange joints related to the equipment group of the
hazardous area are given.

For the purpose of classification the MESG limits are:

Equipment Group IIA: MESG ≥ 0,90 mm.

Equipment Group IIB: 0,50 mm < MESG < 0,90 mm.

Equipment Group IIC: MESG ≤ 0,50 mm.

Determination of both the MESG and MIC ratio is required when 0,50 < MESG < 0,55. Then the equipment
group is determined by MIC ratio,

NOTE 4 For gases and highly volatile liquids, the MESG is determined at 20 °C.

NOTE 5 If it was necessary to do the MESG determination at temperatures higher than ambient temperature a temperature 5 K
above that needed to give the necessary vapour pressure or 50 K above the flash point is used and this value of MESG is given in
the table and the classification of the equipment group is based on this result.

Full document details: UL 80079-20-1 2020
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4.3 Classification according to the minimum igniting current ratio (MIC ratio)

Gases and vapours may be classified according to the ratio of their minimum igniting currents (MIC) to the
ignition current of laboratory methane into Equipment Groups IIA, IIB or IIC. The purity of laboratory
methane shall be not less than 99,9 % by volume.

NOTE The standard method of determining MIC ratios is with the apparatus described in IEC 60079-11, but where determinations
have been undertaken in other apparatus these can be accepted provisionally.

For the purpose of classification the MIC ratios are:

Equipment Group IIA: MIC > 0,80.

Equipment Group IIB: 0,45 ≤ MIC ≤ 0,80.

Equipment Group IIC: MIC < 0,45.

Determination of both the MESG and MIC ratio is required when 0,70 < MIC < 0,90 or 0,40 < MIC < 0,50.
Then the equipment group is determined by MESG.

4.4 Classification according to the similarity of chemical structure

When a gas or vapour is a member of a homologous series of compounds, the classification of the gas or
vapour can provisionally be inferred from the data of the neighbouring members of the series.

The classification according to the similarity of chemical structure is not allowed if the classification of one
of the neighbouring members is based on MESG and the other on MIC ratio.

4.5 Classification of mixtures of gases

Mixtures of gases should generally be allocated to an equipment group only after a special determination
of MESG or MIC ratio. One method to estimate the equipment group is to determine the MESG of the
mixture by applying a form of Le Châtelier’s principle:

MESG =
1

i

X
MESG

mix
i

i

Where Xi is the percentage by volume of material i andMESGi is the MESG of material i.

This method should not be applied in case of exceptions to the Le Châtelier’s principle and to mixtures
and/or streams that have:

a) acetylene or its equivalent hazard (e.g. self-decomposition properties);

b) oxygen or other strong oxidizer as one of the components;

c) large concentrations (over 5 % by volume) of carbon monoxide. Because unrealistically high MESG
values may result, caution should be exercised with two component mixtures where one of the
components is an inert, such as nitrogen.

Full document details: UL 80079-20-1 2020
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For mixtures containing an inert such as nitrogen in concentrations less than 5 % by volume, use an
MESG of infinity. For mixtures containing an inert such as nitrogen in concentrations 5 % by volume and
greater, use an MESG of 2.

NOTE An alternate method that includes stoichiometric ratios is presented in the essay “Maximum experimental safe gap of binary
and ternary mixtures,” by Brandes and Redeker.

5 Data for flammable gases and vapours, relating to the use of equipment

5.1 Determination of the properties

5.1.1 General

The compounds listed in this document are in accordance with Clause 4, or have physical properties
similar to those of other compounds in that list.

5.1.2 Equipment group

The equipment groups are the result of MESG or MIC ratio determination except where there is no value
listed for MESG or MIC ratio. For these, the equipment group is based on chemical similarity (see Clause
4).

NOTE If it was necessary to do the MESG determination at temperatures higher than ambient temperature, a temperature 5 K above
that needed to give the necessary vapour pressure or 50 K above the Flash Point is used. This value of MESG is given in Table B.1
and the classification of the equipment group is based on this result.

5.1.3 Flammable limits

Determinations have been made by a number of different methods, but the preferred method is with a low
energy ignition at the bottom of a vertical tube. The values (in percentage by volume and mass per
volume) are listed in Table B.1.

If the flash point is high, the compound does not form a flammable vapour air/mixture at normal condition
of temperature (20 °C). Where flammability data are presented for such compounds the determinations
have been made at a temperature sufficiently elevated to allow the vapour to form a flammable mixture
with air.

5.1.4 Flash point (FP)

The value given in Table B.1 is the “closed cup” measurement. When this data was not available, the
“open cup” value is quoted and indicated by (oc). The symbol < (less than), indicates that the flash point is
below the value (in degree Celsius) stated, this probably being the limit of the apparatus used.

5.1.5 Temperature class

5.1.5DV DR Modification of Clause 5.1.5 to replace with the following:

The temperature class of a gas or vapour is given according to NFPA 70 IEC 60079-14, as
shown in Table 1:

Full document details: UL 80079-20-1 2020
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Table 1
Classification of temperature class and range of auto-ignition temperatures

Temperature class Range of auto-ignition temperature (AIT)

°C
T1 > 450
T2 300 < AIT ≤ 450
T3 200 < AIT ≤ 300
T4 135 < AIT ≤ 200
T5 100 < AIT ≤ 135
T6 85 < AIT ≤ 100

5.1.6 Minimum igniting current (MIC)

The apparatus for the determination of minimum igniting current is defined in IEC 60079-11. The test
apparatus shall be operated in a 24 V d.c. circuit containing a (95 ± 5) mH air-cored coil. The current in this
circuit is varied to a minimum value until ignition of the most easily ignited concentration of the specific gas
or vapour in air is obtained.

5.1.7 Auto-ignition temperature (AIT)

The value of auto-ignition temperature depends on the method of testing. The preferred method and data
obtained is given in Clause 7 and in Annex A.

If the compound is not included in these data, the data obtained in similar apparatus, such as the
apparatus described by ASTM E659, is listed.

NOTE Results from using the apparatus described in ASTM D2155 (now replaced by ASTM E659) were reported by C.J. Hilado and
S.W. Clark. The apparatus is similar to the one used by Zabetakis. If there is no determination by either the IEC apparatus, nor
similar apparatus, the lowest value obtained in other apparatus is listed. A more comprehensive list of data for auto-ignition
temperature, with the reference to sources, is given by Hilado and Clark.

5.2 Properties of particular gases and vapours

5.2.1 Coke oven gas

Coke oven gas is a mixture of hydrogen, carbon monoxide and methane. If the sum of the concentrations
(Vol. %) of hydrogen and carbon monoxide is less than 75 % by volume of the total, flameproof equipment
of Equipment Group IIB is recommended; otherwise, equipment of Equipment Group IIC is recommended.

5.2.2 Ethyl nitrite

The auto-ignition temperature of ethyl nitrite is 95 ° C, above which the gas suffers explosive
decomposition.

NOTE Ethyl nitrite is not be confused with its isomer, nitroethane.

5.2.3 MESG of carbon monoxide

The MESG for carbon monoxide relates to a mixture with air saturated with moisture at normal ambient
temperature. This determination indicates the use of Equipment Group IIB equipment in the presence of
carbon monoxide. A larger MESG may be observed with less moisture. The lowest MESG (0,65 mm) is
observed for a mixture of CO/H2O near 7:1 mole ratio. Small quantities of hydrocarbon in the carbon

Full document details: UL 80079-20-1 2020
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monoxide-air mixture have a similar effect in reducing the MESG so that Equipment Group IIB equipment
is required.

5.2.4 Methane, Equipment Group IIA

Industrial methane, such as natural gas, is classified as Equipment Group IIA, provided it does not contain
more than 25 % by volume of hydrogen. A mixture of methane with other compounds from Equipment
Group IIA, in any proportion, is classified as Equipment Group IIA.

6 Method of test for the maximum experimental safe gap (MESG)

6.1 Outline of method

The interior and exterior chambers of the test apparatus are filled with a known mixture of the gas or
vapour in air, under normal conditions of temperature and pressure (20 ° C, 101,3 kPa) and with the
circumferential gap between the two chambers accurately adjusted to the desired value. The internal
mixture is ignited and the flame propagation, if any, is observed through the windows in the external
chamber. The maximum experimental safe gap for the gas or vapour is determined by adjusting the gap in
small steps to find the maximum value of gap which prevents ignition of the external mixture, for any
concentration of the gas or vapour in air.

NOTE An exception is made for substances with vapour pressures which are too low to permit mixtures of the required
concentrations to be prepared at normal ambient temperatures. For these substances, a temperature 5 K above that needed to give
the necessary vapour pressure or 50 K above the flash point is used.

6.2 Test apparatus

6.2.1 General

The apparatus is described in the following subclauses and is shown schematically in Figure 1. It is also
possible to use an automatic set-up when it is proven that the same results are obtained as with a manual
apparatus.

Full document details: UL 80079-20-1 2020
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Key
a interior spherical chamber f observation windows
b exterior cylindrical enclosure g spark electrode
c adjustable part h lower gap plate, fixed
d outlet of mixture i upper gap plate, adjustable
e inlet of mixture

Figure 1

Test apparatus

6.2.2 Material and mechanical strength

The whole apparatus is constructed to withstand a maximum pressure of 1 500 kPa without significant
expansion of the gap, so that no such expansion of the gap will occur during an explosion.

The main parts of the test apparatus, and in particular the walls and flanges of the inner chamber and the
electrodes of the spark-gap, are normally of stainless steel. Other materials may have to be used with
some gases or vapours, however, in order to avoid corrosion or other chemical affects. Light alloys should
not be used for the spark-gap electrodes.

6.2.3 Exterior chamber

The exterior cylindrical enclosure "b" has a diameter of 200 mm and a height of 75 mm.

6.2.4 Interior chamber

The interior chamber "a" is a sphere with a volume measuring 20 cm3. The interior chamber is placed in
the centre of the exterior chamber.

6.2.5 Gap adjustment

The two parts "i" and "h" of the internal chamber are so arranged that an adjustable 25 mm gap can be set
up between the plane parallel faces of the opposing rims. The exact width of the gap can be adjusted by
means of the micrometer (part "c").

Full document details: UL 80079-20-1 2020
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6.2.6 Injection of mixture

The internal chamber is filled with the gas-air or vapour-air mixture through an inlet ("e"). The exterior
chamber is filled with the mixture via the gap. The inlet and outlet should be protected by flame arresters.

6.2.7 Position of ignition source

The electrode "g" shall be mounted in such a way that the spark occurs in the centre of the internal
chamber.

6.3 Procedure

6.3.1 Preparation of gas mixtures

As the consistency of the mixture concentration, for a particular test series, has a pronounced effect on the
dispersion of the test results, it has to be carefully controlled. The flow of the mixture through the chamber
is therefore maintained until the inlet and outlet concentrations are the same, or a method of equivalent
reliability shall be used.

For the classification according to this document, the moisture content of the air used for the preparation of
the mixture should not exceed 10 % relative humidity. Higher values of humidity could result for some
substances in lower MESG values.

6.3.2 Temperature and pressure

The tests are made at an ambient temperature of (20 ± 5) °C, except where otherwise permitted. The
pressure within the test apparatus is adjusted to (101,3 ± 1) kPa.

NOTE An exception is made for substances with vapour pressures which are too low to permit mixtures of the required
concentrations to be prepared at normal ambient temperatures. For these substances, a temperature 5 K above that needed to give
the necessary vapour pressure or 50 K above the flash point is used.

6.3.3 Gap adjustment

The gap is first reduced to a very small value and examined to ensure that the flanges are parallel. The
zero setting of the gap is checked but the value of torque applied should be low (e.g. a force of about
10−2 N applied at the circumference of the micrometer head).

6.3.4 Ignition

The internal mixture is ignited by an electrical spark generated by a high voltage transformer, with a root
mean square of approximately 15 kV and a short circuit current of 30 mA. The spark discharge time shall
be adjusted to 0,2 s.

6.3.5 Observation of the ignition process

Ignition of the internal mixture is confirmed by observation through the gap when the test is made. If no
internal ignition occurs, the test is invalid. Ignition of the mixture in the external chamber is taken to occur
when the whole volume of the chamber is seen to be filled by the flame of the explosion.

Full document details: UL 80079-20-1 2020
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6.4 Determination of maximum experimental safe gap (MESG)

6.4.1 General

Mostly, the MESG is found at slightly rich mixtures, so it is recommended to start with the stoichiometric
mixture.

6.4.2 Preliminary tests

With a defined mixture of the combustible vapour or gas with air, two ignition tests are carried out on a
number of gaps, at 0,02 mm intervals, covering the range from a safe gap to an unsafe gap. From the
results, the highest gap, g0, at which there is 0 % probability of ignition of the outer volume, and the lowest
gap, g100, giving 100 % probability of ignition of the outer volume, are determined.

The test series is repeated with a range of mixture concentrations, and the variation of the gap g0 and g100
are obtained. The most incendive mixture is that for which these values are a minimum.

6.4.3 Confirmatory tests

The results are confirmed by repeating the tests, with 10 ignition tests for each step of gap adjustment, at
different concentrations above and below the mixture found in the preliminary series. The minimum values
of g0 and g100 are then determined.

6.4.4 Reproducibility of maximum experimental safe gaps (MESG)

The highest acceptable difference between the values of (g0) min obtained from different test series is
0,04 mm.

If all values are within this range, the tabulated value of MESG will be equal to (g0)min where (g100)min −
(g0)min is the smallest. For most substances, this difference will lie within one step of gap adjustment, i.e.
within 0,02 mm.

If the difference between the values of (g0) min taken from different test series exceeds 0,04 mm, the
laboratories concerned should repeat their tests after confirming that the test apparatus is able to
reproduce the tabulated value for hydrogen.

6.4.5 Tabulated values

The values of the MESG, the difference (g100)min − (g0)min and the most incendive mixture determined in
6.4.1 are tabulated in Annex B.

The value of the MESG is used to determine the equipment group. The value (g100)min − (g0)min indicates
the accuracy of the tabulated value of the MESG.

6.5 Verification of the MESG determination method

This verification procedure shall be used for new apparatus as well as for checking the performance of
existing apparatus. Existing apparatus shall be checked at least every 12 months or whenever parts of the
apparatus have been changed or renewed. For new apparatus, carry out experiments according to the
instructions given in 6.3 with all the substances listed in Table 2. When renewing the test vessel it is in
general sufficient to carry out the check test with methane and hydrogen.
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Verification will be confirmed if the values obtained do not deviate more than ± 0,02 mm from the values
given in Table 2. The values are valid for an ambient temperature of (20 ± 2) °C and an ambient pressure
of (100 ± 2) kPa.

If the results obtained by the test apparatus meet the required verification performance, record this fact in
a permanent report.

Table 2
Values for verification of the apparatus

Flammable substance Concentration range
Vol. %

MESG
mm

Purity of substances
mol %

Methane 8,0 to 10,0 1,16 99,995

Propane 3,5 to 4,5 0,92 99,95

Hydrogen 29,0 to 31,0 0,30 99,999

If the results obtained by the test apparatus do not meet the required verification performance, check the
apparatus, especially the plane parallelism of the faces of the inner volume. The parallel offset of the faces
has to be less than 0,01 mm for distances between 0,3 mm and 1,5 mm. If appropriate verify again.

7 Method of test for auto-ignition temperature (AIT)

7.1 Outline of method

A known volume of the product to be tested is injected into a heated open flask containing air. The
contents of the flask are observed until ignition occurs. The test is repeated with different flask
temperatures and different sample volumes. The lowest flask temperature at which ignition occurs is
recorded as the auto-ignition temperature.

7.2 Apparatus

7.2.1 General

Historically, two apparatus types have been used: the IEC apparatus described in A.2 and the DIN
apparatus described in A.3. The difference is that the IEC apparatus has an additional heater at the neck
of the flask. Normally there is no impact on the test results. The principle of the test apparatus is described
in the following subclauses. It is also possible to use an automatic set-up.

The test apparatus consists of:

• a test vessel;

• support for the test vessel;

• calibrated measuring thermocouple;

• an electrical hot-air oven;

• metering devices for metering the flammable substance;

• a mirror for observing the ignition;
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• timer;

• equipment for cleaning the test vessel.

7.2.2 Test vessel and support

The test vessel shall be a 200 ml narrow-necked Erlenmeyer flask made of borosilicate glass according to
ISO 1773. It shall be ensured that the inner surface of the bottom is flat. A clean flask shall be used for
tests.

The support for the Erlenmeyer flask shall ensure that the heat dissipation via the support is as low as
possible. If the support is mounted at the neck it shall be ensured that it does not use more than (5 ± 2)
mm of the height of the neck of the Erlenmeyer flask (for example see Annex A).

If there is special need to know exactly the influence of volume on the auto-ignition temperature additional
experiments in larger (respectively smaller) volumes of the same shape and material may be carried out.

NOTE Data from literature show a decrease of the auto-ignition temperature with increasing volume where at the same time the
ignition delay time increases. See Annex D.

Where the auto-ignition temperature of the test sample exceeds the softening point of a borosilicate glass
flask, or where the sample would cause deterioration of such a flask, i.e. by chemical attack, a quartz or
metal flask may be used, provided this is declared in the test report.

7.2.3 Thermocouples

The vessel shall be equipped with at least one calibrated measuring thermocouple of 1,5 mm maximum
diameter, having an accuracy of 1,5 K or better. The thermocouple (s) shall be mounted with intimate
contact to the external surface of the flask at a distance of (25 ± 2) mm to the bottom of the flask (see
Annex A).

7.2.4 Oven

The oven shall be of sufficient dimensions to heat up the test vessel in a uniform manner. It shall be
designed in such a way that

1) when the oven is covered with a well-fitting lid and after having reached the respective temperature
equilibrium

• the temperature measured at the position of the measuring thermocouple and the temperature
measured at the position of the centre of the bottom of the Erlenmeyer flask differ not more than
3 K over the whole temperature range and

• the temperature measured at the position of the measuring thermocouple and the temperature
measured at the position half of the height of the Erlenmeyer flask along the vertical axis differ not
more than 15 K over the whole temperature range;

2) when the oven is equipped with the Erlenmeyer flask filled with air

• the temperature measured with the measuring thermocouple varies not more than 2 K over a
period of 6 min over the whole temperature range.
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Care shall be taken that there is no direct contact between the test vessel and the inner walls of the oven.
The distance between the inner walls and the Erlenmeyer flask shall be at least 4 mm. The test vessel
shall be mounted in such a way that

• it is totally immersed in the oven, whereas the oven should not overlap the Erlenmeyer flask more than
30 mm;

• it is uniformly heated;

• the mixture of air and flammable substance which is generated inside the Erlenmeyer flask by
introducing the sample is not affected by the convection inside the oven;

• there is no possibility that the (explosive) mixture of air and flammable substance which is generated
inside the Erlenmeyer flask by introducing the sample enters into the oven; and

• it is possible to meter the flammable substances and to observe the ignition.

Examples of ovens suitable for this purpose are described in Annex A.

7.2.5 Metering devices

For liquid samples, the metering device (e.g. pump, pipette, syringe) shall be designed in such a way that
it is possible to meter droplets having a volume of (25 ± 10) µl. This requirement can be fulfilled by, for
example:

a) a 0,25 ml or 1 ml hypodermic syringe equipped with a stainless steel needle of 0,15 mm maximum bore
diameter, and calibrated in units not greater than 0,01 ml;

b) a calibrated 1 ml pipette allowing 1 ml of distilled water at room temperature to be discharged in 35 to 40
droplets.

For gaseous samples, the metering device (e.g. flow meter, pump, syringe) shall be designed in such a
way that it is possible to meter the gas with an accuracy of 10 % at a rate of (25 ± 5) ml/s. A filling tube that
can be introduced into the test vessel shall be connected (movably) to the metering device.

Precaution against flash-back is taken for gaseous samples. One method which has been used is
illustrated diagrammatically in Figure A.9.

7.2.6 Mirror

It is recommended that a mirror should be suitably positioned approximately 250 mm above the flask to
permit convenient observation of the interior of the flask.

7.2.7 Timer

A timer subdivided at least in one-second intervals shall be used to determine the ignition delay time.

7.2.8 Equipment for purging the test vessel with air

The equipment (e. g. pump, air gun) shall allow the quick and complete purging of the test vessel by
flushing it with clean, oil-free air.
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