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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRICAL APPARATUS FOR THE DETECTION
AND MEASUREMENT OF FLAMMABLE GASES -—

art 6: Guide for the selection, installation, use and maintenance

of apparatus for the detection and measurement of flammable gases
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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 3.

Annexes A, B, C and D are for information only.

A bilingual version of this standard may be issued at a later date.
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INTRODUCTION

Flammable gas detection apparatus may be used whenever there is the possibility of a hazard
to life or property caused by the accumulation of a flammable gas-air mixture. Such apparatus
can provide a means of reducing the hazard by detecting the presence of the flammable
gas and issuing suitable audible or visual warnings. Gas detectors may also be used to initiate
specific precautions (for example plant shutdown, evacuation, operation of fire extinguishing
procedures).

Apparatus may be used to monitor a gas atmosphere below the lower flammable limit in
circumstances where accumulation of gas may result in a concentration of the gas/air mixture

to potentiathexplosivelevels-

@%
8
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ELECTRICAL APPARATUS FOR THE DETECTION
AND MEASUREMENT OF FLAMMABLE GASES -

Part 6: Guide for the selection, installation, use and maintenance
of apparatus for the detection and measurement of flammable gases

1999(E)

1 General

1.1 Sg¢ope

1.1.1 se and
maintenfance of electrically operated group Il apparatus for the detextion Inent of
flamma It is a
compila ruments
and sys p of gas
or vapo reading,
to activa ation of thesg

NOTE - p of itself
igniting a

For the

intended for use in indusfrial and

1.1.2 This standard applies only to (groyp-ll appa

commefcial safety applicatigqns, involving alas'fi ¢vin accordance with IEC 60079-10.

For the purpose of this[standard, ap, cludes

a) fixed apparat

b) trangportable 3

C) portd

1.1.3

a) appddat for the detection of non-flammable toxic gases;

b) apparat laboratofy or scientific type intended only for analysis or measprement
purposes;

c) apparatus’intendéd for underground mining applications;

d) apparatus intended for applicafions in explosives processing and manufacture;

e) apparatus intended only for process control applications;

f) apparatus intended for the detection of a potentially flammable atmosphere resulting from
dust or mist in air.

1.2 Normative references

The following normative documents contain provisions which, through reference in this text,
constitute provisions of this part of IEC 61779. For dated references, subsequent amendments
to, or revisions of, any of these publications do not apply. However, parties to agreements
based on this part of IEC 61779 are encouraged to investigate the possibility of applying the
most recent editions of the normative documents indicated below. For undated references, the
latest edition of the normative document referred to applies. Members of IEC and ISO maintain
registers of currently valid International Standards.
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IEC 60050(426):1990, International Electrotechnical Vocabulary (IEV) — Chapter 426: Electrical
apparatus for explosive atmospheres

IEC 600

79 (al parts), Electrical apparatus for explosive gas atmospheres

IEC 60079-0:1998, Electrical apparatus for explosive gas atmospheres — Part 0: General
requirements

IEC 60

079-10:1995,

Classification of hazardous areas

IEC 60d
overhad

IEC 60(

IEC 617

— Part 1|

IEC 617

— Part

IEC 617
— Part
100 % n

IEC 617

— Part 4:

100 % |

IEC 617

— Part %:

100 % g

For the

2.1

79-19:1993, Electrical apparatus for explosive gas atmospheres
| for apparatus used in explosive atmospheres (other than mine

explosizes)

art of IEC 61779, the following definitions apply.

aspirate

d apparatus

Electrical apparatus for explosive gas atmospheres — Part 10:

Part\19: Repair and

. Data for

e gases

asuremént of flammable gases
p to 5 % methane|in air
79-3:1998, Electrical apparatus e (ke ion~ahd_measurement of flammable gases
. Performance requirements fg atus indicating a volume fraction up to
nethane in air
e gases
Performance ion up to
bwer explosive
79-5:1998, © gases
Performa ion up to
as

combustible gas detecting apparatus that obtains the gas by drawing it to the gas sensor — for
example by means of a hand-operated or electric pump

2.2

catalytic sensor
sensor, the operation of which depends upon the oxidation of gases on an electrically heated
catalytic element

2.3
clean ai

r

air that is free of flammable gases and interfering or contaminating substances
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2.4
continuous duty apparatus

1999(E)

combustible gas detecting apparatus that is powered for long periods of time, but may have

either continuous or intermittent sensing

2.5

continuous sensing

mode of operation in which power is applied continuously to the sensing element and r
are taken continuously

2.6
diffusion apparatus

eadings

apparatyis in which the transfer of gas from the atmosphere to the gas sehsingnelemgnt takes

place by diffusion, i.e. there is no aspirated flow

2.7
electrochemical sensor
sensor, | the operation of which depends upon changes . of
electrojes placed in an electrolyte due to redox reactio
electrodes

2.8
electror}agnetic radiation absorption sensor

sensor, the operation of which depend
gas being detected

2.9
explosiqn protected apparats
apparat

2.10

explosivie gas atpfosp
mixture [with air, Mdé
or vapolir, in which, 4

NOTE 1
standard.

NOTE 2
explosive
gas atmo

NOTE 3
20 °C pro

vided thewatriations have a negligible effect on the explosive properties of the flammable materig

2.11
explosive range
range of gas or vapour mixtures with air between the explosive (flammable) limits

2.12
fixed apparatus
apparatus which is intended to have all its parts permanently installed

2.13
flashpoint

pters  of
e of the

n by the

ds

h of gas
ure

bd by this

is not an
explosive

kPa and
Is.

lowest liquid temperature at which, under certain standardized conditions, a liquid gives off

vapours in a quantity such as to be capable of forming an ignitable vapour/air mixture
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2.14

group Il apparatus

electrical apparatus for places with a potentially explosive atmosphere, other than mines
susceptible to firedamp

2.15

infrared absorption sensor

sensor, the operation of which depends upon the absorption of infrared radiation by the gas
being detected

2.16

intermittent sensing
mode of operation in which the power or flow to the sensor is applied inter
a predetermined cycle and readings taken at the predetermined cycle

ittently accgrding to

2.17
lower flammable limit (LFL)

volume fatio of flammable gas or vapour in air below which
not forn], expressed as a percentage (see annex A)

re does
NOTE - Tlhis is also known as lower explosive limit (LEL).

2.18
open path infrared sensor

sensor fapable of detecting gas at af
beam

infrared

2.19

portablgd apparatus

spot regding or continuous 2 ag Ween designed to be readily carried from

place tg ile~t i perated

and incl

a) hand

b) pers| hat are
cont ched to
the I

c) larg L Rat can be operated by the user while it is suspended by hand,
by a probe

2.20

relative [density

density jof gas or vapour relative to the density of air at the same pressure and at the same
temperature (air is equat to 1,0)

2.21

release rate

guantity of flammable gas or vapour emitted per unit time from the source of release which
itself could be a liquid surface

2.22
remote sensor
sensor which is not integral with the main body of the apparatus

2.23
sample line
pipeline by means of which the gas being sampled is conveyed to the sensor
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2.24

sampling probe

separate sampling line, that may or may not be supplied with a portable apparatus that is
attached to the apparatus as required.

NOTE — The sampling probe is usually short (for example of the order of 1 m) and rigid (for example it may be
telescopic) but may be connected by a flexible tube to the apparatus.

2.25

semi-conductor sensor

sensor, the operation of which depends upon changes of the electrical conductance of a semi-
conductor due to chemisorption of the gas being detected at its surface

2.26

sensor
assembly in which the sensing element is housed that may
componients

circuit

2.27
sensing|element

that parf of a sensor that reacts in the presence of a fl
physical or chemical change that can be used to a
both

0 produg¢e some
arm fungtion, or

2.28
single ppint sensor
sensor ¢apable of detecting gas at a singls

2.29
source ¢f release
point off location frompwhi
atmosplere such tha

modified] Q

2.30
spot rea
apparat Y rt periods of time as required (typically 5 min or lgss)

into the
b-03-06,

2.31

thermal C
sensor, G yti favhich depends upon the change of heat lost by conductign of an
electricd ted elelment located in the gas to be measured, compared with that of & similar
element located in awveference gas cell

2.32

transportable apparatus

apparatus not intended to be portable, but which can be readily moved from one place to
another

2.33

upper flammable limit (UFL)

volume ratio of flammable gas or vapour in air above which an explosive gas atmosphere does
not form, expressed as a percentage (see annex A)

NOTE — This is also known as upper explosive limit (UEL).

2.34

ventilation

movements of air and replacement with fresh air due to the effects of wind, temperature
gradients or artificial means (for example fans or extractors)
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3 Measuring principles

The measuring principles of various sensors are given below as well as typical advantages and
disadvantages of each.

3.1 Catalytic sensor

The principle of operation of the catalytic sensor depends upon the oxidation of flammable gas
at the surface of an electrically heated catalytic element (filament or bead). This oxidation
causes, for example the temperature of the sensing element to change as a function of the
concentration of gas so detected. The resultant change of electrical resistance is determined.
A reasonable concentration of oxygen in the order of 10 % or greater is required for catalytic

sensors
By their
sensors
respons

Since o
this type

The cat

a) diffu
b) aspi

3.1.1

detectio

3.1.2

MA

to operate.

e of the sensor to other gas properties.

types of
by the

kidation depends upon the presence of oxygen, détectign apparatus should dise only

of sensor for gas concentrations up to the lowe

hlytic sensor may be used in either

sion mode; or
rating mode.

Advantages

efit oxygen is present. This type of sensor should be use
ixtures up to the lower flammable limit.

D AMBIGUOUSLY AND IN SOME CASES THE INSTRUMENT

for the

n and it
| for the

YN\ERRONEOUSLY INDICATE THAT THE FLAMMABLE GAS AND AIR MIXTUR

E

IS BELOW THE LFL.

b) Interfering gases and vapours

If the atmosphere to be monitored contains gas(es) that dilute(s) or displace(s) air, for
example nitrogen or carbon dioxide, the catalytic sensor may give a low or even zero
response. Similar problems may occur in steam-laden atmospheres, quite often owing to
saturation of the sintered flame arrestor due to condensation. High concentrations of inert
gas (for example argon or helium) may also change the thermal balance of the sensor

resu

Iting in apparent reading of combustible gas.

c) Inhibition (catalyst poisoning)

Catalytic sensors are susceptible to permanent or temporary inhibition of the catalyst by
certain airborne contaminants such that the sensor may eventually produce low, or zero
response to the presence of gas.

NOTE — For this reason, it is therefore important that all catalytic gas detection apparatus is regularly tested in
accordance with 9.2.
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This inhibition may be permanent or temporary according to the nature of the contaminant.
Permanent inhibition, usually known as "catalyst poisoning”, may result from exposure to
such substances as silicones, tetraethyl lead, sulphur compounds and phosphate esters. In
some cases substances such as halogenated hydrocarbons may cause temporary
inhibition.

While many catalytic sensors are highly resistant to such contaminants and require no
additional protection in this regard, those that are not may be protected, in some cases, by
the use of activated carbon or other types of filter. However, carbon filters should be used
with great care because, while they may offer excellent protection from contaminants, they
may also prevent the detection of most hydrocarbons other than methane and may cause
considerably increased response times.

Their performance may also be affected by the level of humidity in the atmosphere.

An glternative technique sometimes used to reduce the effects of inhiiti

opefration of the sensor in intermittent mode. However, there are n which
such sensors may give a false response, for example when they arg expeked to a
high| concentration of gas during the "power-off" part of the Swi \Pgrticular
cautjon is necessary when using such portable apparatug” inNea i e or in

similar operations.

The|manufacturer’'s guidance should be sought where ice of\ contamipants is
suspected, or where temporary or permanent inhibitio X

3.2 Tlermal conductivity sensor

The pripciple of operation of the thermal &g i loss by
conductjon of an electrically heated resi S i (i Fesistor)
located esulting
change

This tyge of sensor is be ' indiwidual gases of high or low confuctivity

relative [to air.

Therma condu
conductjvity differs

only at|relatively hig

¢ for monitoring those gases whose |thermal
t, of air (where air is the reference environmient) but
sually above the lower flammable limit. A[Eparatus

incorpotating ensors should not be wused for measuring gas

concent| in the case of gases such as hydrogen for which such

sensors

Errors

a) the @pparat d to attempt to detect gases for which it is not calibrated;

b) a flgwssensitive type of thermal conductivity sensor is used and the gas sample flogw is not
stabte:

c) the gas sample is not conditioned to remove water vapour or other interfering vapours or
gases, some of which may even result in negative response;

d) there are variations in ambient temperature without compensatory ambient temperature
control on the complete sensor;

e) additional gases of different thermal conductivities compensate the resulting conductivity so

that the signal may even be zero.

3.2.1 Advantages

The sensor is capable of measuring high concentration and is independent of the oxygen level
in the gas-flow.
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3.2.2 Disadvantages
Disadvantages with the use of thermal conductivity sensors include the following:

a) these sensors are not selective for individual gases;

b) the sensitivity is often limited and the detection limit may exceed the LFL unless the thermal
conductivity of the gas is sufficiently different from that of air;

c) the thermal conductivities of flammable gases differ widely. The lighter gases, for example
methane and hydrogen, are more conductive than air, whereas the heavier gases are less
conductive. The response to a gas mixture is therefore indeterminate unless the
proportions of the constituent gases in the mixture are known. In the worst case, a mixture
of high and low conductivity gases could produce no instrument response;

d) this [type of sensor is essentially dependent on thermal conduction arnd con jon from a

hea mended
cond

e) som

3.3 EI

The pripciple of operation of this type of sensor depg QOT - rgy of a
beam df electromagnetic radiation by the gas b . ' Fuments
operate|within the IR spectrum.

Detectign apparatus with electromag
categorized as

may be

a) sped

b) single-point, self-conta 3 lation in
potentially explosive at

c) light|"pipes" — for exan [ ic cak hich directs an electromagnetic light source

from a control oi yote location.
In case$ a), b) as C

spectrometric mea
concent ~

lectromagnetic radiation by the gas is detgcted by
gn electrical signal to provide indications |of gas

Electrorn ati ~ pe used for the detection of most flammable gas(es) in any
specifie goncentrations up to 100 % (v/v) with the exception of hydrogen.

NOTE - aghetic radiation detection apparatus differs from the other types mentionjed in this
standard easure the concentration of gas at a particular point location, but rather megsures the
path intedral of gas cOoncentration along an investigative beam. It is therefore capable of detecting the presence of

gas over |a ‘wider area than other types. However, it is inherently not capable of distinguishing betwepn a high
concentration of gas occupying a short section of the open path_and a low concentration of gas occupyinfy a longer

section of the path, and therefore does not comply with IEC 61779-1, IEC 61779-4 and |IEC 61779-5.

3.3.1 Advantages

The sensor measures the concentration of the specific gas for which it is calibrated
independent of oxygen concentration. By appropriate selection of wavelength, specific gases
can be detected. Most flammable gases of the hydrocarbon family absorb radiation in the
infrared part of the electromagnetic spectrum. By selection of the optical path length,
concentrations from 0 % to 100 % v/v can be measured. Response time is limited by the time
taken for gas to be introduced into the optical path which can be fast. However, in practice,
weather protection housings, gas filters and hydrophobic barriers, where fitted, will limit the
response times attainable.
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Certain types of sensors using advanced signal processing have self-diagnosing and self-
calibrating capabilities, thereby reducing the need for human intervention in the absence of
malfunction alarms. Other advantages include

a) high stability capability;

b) no ambiguity at concentrations above the LFL;

c) immunity to poisoning effects;

d) reduced maintenance capability due to modern technologies, for example automatic
calibration self-check, etc.;

e) availability of warnings to detect failure of the IR source or excessive contamination of the
optical system.

3.3.2 pisadvantages

Infrared| sensors are calibrated to detect a particular gas or, in some i pange of
gases. QOther gases will not be detected if their infrared absorption ba bt of the
calibratipn bandwidth. Apparatus incorporating such sensors should th only for
the detection of gas mixtures for which they have been 3 used to
keep optical components clean, they may be blocked und

Serious|errors are likely to occur with some detecto
interfering gases or both.

hpour or

This sensor is not suitable for measuri

gsigns, are sensitive to misalignment
caused py shock and vibratiqQn.

Some types of infrared sensors, partiularl@

3.4 SImi-conductor d

The pripciple of gpe I-CO stor sensor depends upon changes of dlectrical
conducthance tha ¢ [ ien the heated semi-conductor sensing elgment is
exposed to gas. Ga cef % ivity.
Semi-cd

This typ d range
of concg

3.4.1

Semi-canductive sensors are sensitive to a wide range of gases and produce large signal
changes at low gas concentrations.

3.4.2 Disadvantages

Semi-conductor sensors for flammable gases are generally non-specific, vulnerable to both
humidity changes and interfering gases and may exhibit drift both of zero and span. Some
gases, for example NO,, produce negative signals.

NOTE - Normally, the manufacturer will give guidance on substances that will inhibit operation of the sensor or
produce false indications.

3.5 Electrochemical sensors

The principle of operation of the electrochemical sensor depends upon the change of the
electrical parameters of electrodes when a specific gas is present. The change in the electrical
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parameters occurs due to a chemical redox reaction on the surface of electrodes placed in an
electrolyte. Electrodes and electrolyte are usually confined in semi-permeable membranes.

3.5.1 Advantages

Electrochemical cells are compact, require little power, and have a high sensitivity to certain
gases.

3.5.2 Disadvantages

Disadvantages include the following:

a) elec A 5
methane, ethane, propane, etc.);

b) the ¢lectrochemical cell can gradually be consumed;
c) electrochemical cells may detect other interfering gases;
d) perigdic adjustment is necessary to correct for drifts in zero

e) response and recovery times are comparatively slow (t

f) low temperature operations (<-15 °C) and high tg 8 [ (>50 °C)[may be
precluded by electrolyte properties.

3.6 Flfme ionization detectors (FID

The opg¢rating principle of the flame iohjzati rids upon the ionizatiop of the
organic |compounds. The ion cloud so/formed W under the potential gradient petween
the ele¢trodes in the ioni j an electric current. This cyrrent is
proportipnal to the concen

This type of sensor is yse g gas/air mixtures up to the lower flammalple limit.
3.6.1 Advanta
This tyge of sensog ; RiIGW™ sensitivity, wide measuring range, small mgasuring

uncertainty, poisah resis \ \ response time are of main interest.
The ser easuring range from ml/m3 (10-6) up to the lower flgmmable
limit.

3.6.2

The principle of operation is not selective because generally all organic compounded [carbons
will cause—a—stgnat—tfdifferent gasesorvapours—areexpected—at-theptaceofoperation, the
sensor should be calibrated for that gas or vapour to which the apparatus is least sensitive.
These sensors are not suitable for inorganic gases such as H,.

The pressure of the gas sample, air and flammable gas should be kept constant, but it should
be noted that the flame arrestors used in the sampling line can be soiled and difficulty may be
experienced in keeping the sample flow constant.

4 Selection of apparatus

In this clause and clauses 5 and 6, there is a need for documentation of plant information, site
information and decisions to be made. Annex B shows a typical check-list for many of these
decisions.
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4.1 General

In selecting flammable gas detection apparatus, account should be taken of any features of the
apparatus that may necessitate particular caution in its use and the interpretation of the output.
Each of the various types of sensor has inherent limitations, as described in clause 3.

NOTE - This standard is not intended to discourage the use of apparatus using detection principles other than
those described in 3.2 to 3.6 or to inhibit the development of new detection principles. However, it is of primary
importance that the capabilities of the detection principle should be such that the performance of the apparatus is
adequate for the intended application. Assessment of the apparatus against the performance requirements
specified in IEC 61779-1, IEC 61779-4 and IEC 61779-5 may provide a basis for judgement in appropriate circum-
stances (see annex D).

4.2 Selection criteria

4.2.1 [General criteria

4.2.1.1 | The following criteria are among those which should be
appropr|ate gas detection apparatus:

plecting

a) the gas(es) which the apparatus is required to detect, gtions of
each which may be encountered,;

b) the |ntended application of the apparatus, for ex safety,
leak|detection or other purposes;

c) whether the apparatus is required tg i S table;

d) the ¢lassification of the intended zoge(sho with national regulatipns;

e) the ¢nvironmental conditions that will he

f) any |features of particular appar aution to be taken in the|use or

intenpretation of its outpuy;
g) time
h) calij

4.2.1.2
of the
applicat

nt'system should be so designed that the dglay time
maximum delay time allowable for the provided
be taken into account:
a) dela
b) respl
c) dela
d) dela
e) time gcutive action devices, for example shut-down valves, to operate;

f) potentiatTetease Tate of frammmabte gas:

4.2.2 Gases that the apparatus is required to detect

The gas detection apparatus is required to be sensitive to each of the gases that it is required
to detect and also to be suitable for the range of gas concentrations that will be encountered.
Reference should be made to the manufacturer's information to determine the suitability of
particular detectors.

WARNING O THERMAL CONDUCTIVITY, INFRARED, ELECTROCHEMICAL,

AND SEMICONDUCTOR SENSORS MAY BE SENSITIVE TO CERTAIN NON-FLAMMABLE
GASES, IN ADDITION TO THE RANGE OF FLAMMABLE GASES WHICH THEY ARE
INTENDED TO DETECT. FOR EXAMPLE SEMICONDUCTOR SENSORS MAY BE SENSITIVE
TO WATER VAPOUR OR TO COMBUSTION PRODUCTS IN ADDITION TO FLAMMABLE
GASES. ADVICE SHOULD ALWAYS BE SOUGHT FROM THE MANUFACTURER
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CONCERNING THE EFFECT OF INTERFERING GASES ON PARTICULAR SENSORS.

THESE CAN ALSO BE SENSITIVE TO NON-FLAMMABLE GASES AND INSENSITIVE TO

FLAMMABLE GASES.

It is not normally possible to determine the concentrations of individual flammable gases in a
mixture of flammable gases using the type of apparatus covered by this standard. In general,
sensors of the type described in 3.1 to 3.6 respond to most or all of the flammable components
of a mixture, without distinguishing between them.

Where a range of gases is likely to be present in an area to be monitored, it is recommended
that a detector be selected that has been calibrated to the gas in that range to which it is least
sensitive. However, care should be taken to ensure that the sensors so calibrated will remain
adequately sensitive to the other gases likely to be present. If this is not/practicable, |then an

alternatfve approach is to select separate sensors, calibrated to the diff ly to be
present
Those parts of the gas detection apparatus that are located”in into, a
hazardgus area should be certified for the gases that may be\encounterad. ification
should ¢over use of the apparatus in the appropriate gas grgupyJM\, NB berature
class, af
W S
STA EN
ENRIC FRES
SHOUL HERE
OoX EA
PROTE CHED
ACET AN
UNC S A
itoring in
i in the
area or
tem are

a)

b)

c)

Apparatus having the sensor and control unit situated within the hazardous area. In this
situation the sensor and control unit may be combined or supplied as separate items.

Apparatus having sensors separate from the control equipment. This type of apparatus
usually consists of individual sensors in the hazardous area, connected to the associated
control equipment in a safe area.

NOTE - This is the most suitable type for the majority of industrial applications, particularly if a rapid response
is required.

Sampling apparatus. This type of apparatus usually consists of one or more sampling
points in the hazardous area, connected to a sensor by means of aspirated sample lines. It
may be more suitable than type a) where comparatively static process conditions apply and
where conditions (environmental or accessibility) at the same point are unfavourable to the
sensor.

NOTE - Apparatus and systems of the kind described in c) above should not be confused with those for
process control, which do not come within the scope of this standard.
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Gas detection apparatus may be designed to produce any or all of the following:

1) indication of gas concentration;

2) audible and/or visual alarms;

3) outputs to initiate actions such as process shutdown and automatic safeguard actions, for
example process control, ventilation, elimination of ignition sources, etc.

Where item 3) is required, additional hardware may be necessary.

Each installation should be considered in its own right, in consultation with the manufacturer
and safety authorities and in compliance with any mandatory local safety regulations.

4.2.3.2 | Transportable apparatus

Transpdrtable apparatus should normally be selected for such
tempordry work areas ("hot" work) and areas where flammable liquig
be trandferred.

nitoring
bes may

4.2.3.3 | Portable apparatus

Portablé as leak detection,
verificat

Portabld i i€ ) eJdéak detection is invplved or
where t i e normal
reach o s mechanically aspirated| sample
probe wjll be necessary.

Where @ portable apparafus Is, f ) ikely to be exposed to gas conceftrations
greater than the lower i suitable
for that purpose.

4.2.3.4 Portab@f f

Factors ts size,
weight & and the
visibility

43 M

4.3.1 Electromagnetic immunity
Some types, of flammable gas detection apparatus are susceptible to external radiofrequency
interferénce—which—ecauses—malfuretions—stch—as—eapparenterrors—in—catbration—zero—drift and
false alarm signals. Where such problems are anticipated, suitable apparatus, immune to such
interference, should be selected (see also 6.6.6).

4.3.2 Intended zone(s) of use

Gas detection apparatus is normally used in unclassified, zone 1 and zone 2 areas. However,
certified intrinsically safe apparatus according to Ex ia can also be used for zone 0 areas. Gas
detectors are typically designed and intended for combustible gas detection in air which
contains approximately 21 % oxygen by volume. For a description of system safety and
instrument response expected under deficient or enriched oxygen conditions, consult the
instruction manual, or contact the manufacturer for a recommendation.


https://iecnorm.com/api/?name=c201098502142ac8f79c09a1a47cf95b

61779-6 © IEC:1999(E) ~19 -

4.3.3 Other use

If it is necessary to detect mixtures in concentrations above the LFL, use an instrument or
dilution accessory designed for this purpose.

5

5.1

Behaviour of gas releases

Nature of a release

5.1.1 General

The extent and/or rate of build-up of a flammable atmosphere is mainly affected by the
following chemical and physical parameters of the release, some of( whic intrinsic

properties of the flammable material, others are specific to the pro
effect of each parameter listed below assumes that the other parameté

5.1.2 elease rate of gas or vapour

The grdater the release rate the larger the extent and/o
atmosplhere.

The relgase rate itself depends on other parameters,|\narely:

a)

b)

c)

d)

icity, the
hged.

of the flgmmable

geornetry of the source of release

This|is related to the physical charat
surfIce, leaking flange, etc.;

an open

relegase velocity

For p given source of¢relsase; th increases with the release velocity. In the
casq of a product contai ithi siment, the release velocity is relatgd to the
prociess pressure aht\the's ¢ e of release.

A significant retease 3N i fligh velocity will generate a momentum jgt which
will @ffect th % as at least in the vicinity of the source.

Gas|escaping w S i istance, a leak from a pressurized line or cqntainer)
will pehave infi jet directed away from the source of release| As the
distg ase increases, the momentum of the jet will deg¢ay until
ever the gas will be controlled by the buoyancy effects and
subs patterns;

cong

The i of flammable vapour or gas in the released mixture influences the
release rate;

volajility’of a flammable liquid

This is related principally to the vapour pressure, and the heat of vaporization. If the vapour
pressure is not known, the boiling point and flashpoint can be used as a guide.

An explosive atmosphere cannot exist if the flashpoint is significantly above the relevant
maximum temperature of the flammable liquid. The lower the flashpoint, the greater the
extent and/or rate of build-up of a flammable atmosphere will be. Some liquids (for example
certain halogenated hydrocarbons) do not possess a flashpoint although they are capable
of producing an explosive gas atmosphere. In these cases, the equilibrium liquid
temperature which corresponds to the saturated concentration at the lower flammable limit
should be compared with the relevant maximum liquid temperature. Liquids have to be
taken into account when their temperature is above TF-5K, where TF is the flashpoint and
5K the safety margin;

NOTE — Under certain conditions, the mist of a flammable liquid may be released at a temperature below its
flashpoint and still produce an explosive atmosphere.
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e) liquid temperature

The vapour pressure increases with temperature, thus increasing the release rate due to
evaporation.

The temperature of a liquid after it has been released may be increased, for example by a
hot surface or by a high ambient temperature.

5.1.3 Flammable limits

The lower the LFL volume ratio of flammable gases or vapour in air, the greater will be the
extent and/or rate of build-up of a flammable atmosphere (see annex A). Given identical
release rates, lower LFL gases reach their ignition concentration more quickly than high LFL

gases.
LFL an in these
parame

5.1.4

With an i of a flgmmable
atmosp Hati ¥ b extent
and/or fate of build-up of a flammable atmosphere/ On~ Cles, for
exampl ent g puild-up of a flgmmable
atmosp

515

The beh uced by
a liquid y of the
gas with

If the ga : ificantly
heavier | it will te D 3 puild-up
of a flammable a C ) and the
vertical |extent and/gr re i rce will
increasg )

NOTE 1 parded as
being ligh Pen these
values, b

NOTE 2 Wi xed, they
will not sq

5.1.6 Ppaurce température and/or pressure

A temperature and/or pressure of the gas or vapour prior to the release, significantly different
from the ambient pressure and temperature, may affect the absolute density of the release,
and hence its behaviour at least in the vicinity of the source.

5.1.7 Other parameters to be considered

Other parameters such as climatic conditions and topography may also have to be taken into
consideration.

If there is significant ambient air movement or the release is into enclosed spaces, then the
above behaviour will be modified as described in the following subclauses.
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5.2 Outdoor sites and open structures

In the case of outdoor sites and open structures, the dispersion of gas following a release may
be affected both by the wind speed and by the wind direction. In open areas, the lateral spread
of gas upwind of the release will be reduced, whilst downwind of the release it will be
increased. This effect will be greater at high wind speeds. More complex air flow patterns will
occur around buildings or other structures. In these cases, the wind direction may have a
significant influence, and the possibility of gas accumulating in partially enclosed spaces, or in
spaces with restricted air movement, should be considered. Where it is intended to install gas
detectors in a major plant, the use of mathematical models of gas dispersion, or of scaled wind
tunnel tests, may be appropriate at the design stage.

Local thermal effects may be significant in controlling air flow patterns and may, therefore,
influence the dispersion of gas. For example large thermal gradients may be generat¢d close
to hot surfaces. In addition, the relative density of the gas will b fected bhoth the
temperdture of the gas itself and of the surrounding air.

5.3 Buildings and enclosures

5.3.1 [General

Within buildings and enclosures the tendency for gg wzardous accumulation
following a release is generally greater than in outdg ions: a gas is released into
an enclgsed space, it mixes with the air in the en dir mixture. The[manner
this mixture forms will deper ocity, the location of the

in whic

release, ermal flows. These| factors
should gitions for sensors.

5.3.2

In theony, i i and/or thermal effects, the release of a
lighter t i [ of gas/air mixture extending from the levgl of the
source iN S a heavier than air gas will tend to prpduce a
layer of | of the source of release to the floor.

If the re e { nenim jet, this behaviour may be modified. For ¢xample
if a jet ¢f li s a dlrec gd”downwards from the source of release, then the layer
of gas/gi € e ceiling to a position below the level of the spurce of
release| Si i ' Reavier than air gas is directed upwards from the s@urce of
release, y&y \m d from the floor to a position above the level of the spurce of
release.

NOTE — | gase is present in buildings or enclosures, then there should be adequate yentilation
provided.

5.3.3 /entilated hnildingc and -enclosures

The ventilation of buildings and enclosures is achieved by "natural means,” "mechanical

means", or a combination of the two.

NOTE — When a release concentration has decreased to approximately LFL (lower flammable limit), it will tend to
move with the normal air flow due to the small difference in density between the gas mixture and the
uncontaminated air.

5.3.4 Natural ventilation

Natural ventilation is the flow of air into and out of a building or enclosure through any
purposely built or inadvertent openings in its structure. Ventilation air flows are caused by two
effects; firstly, any pressure difference across the enclosure created by wind and, secondly,
buoyancy due to any difference in temperature (and hence density) of the atmosphere
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contained within the enclosure and the outside air. For natural ventilation due to the latter
effect where the temperature in the building or enclosure is below that of the outside air, a
downward flow will tend to be produced.

The release of a gas or vapour into a naturally ventilated building or enclosure will tend to
result in the formation of a gas/air mixture in a manner similar to that described in 6.3.2.
However, in this case, the gas concentration in the mixture will be lower for a given release
rate due to dilution by the ventilation air flow.

If a heavier than air gas or vapour is released into an enclosure in which natural ventilation
produces an upward flow, then the gas/air mixture may extend above, as well as below, the
level of the source of release. Conversely, if a lighter than air gas or vapouris.released into an
enclosufe in which ventilation produces a downward flow, then the gas/aiff mixt nay extend
below, gs well as above, the level of the source of release.

NOTE - Hurther information on natural ventilation is given in IEC 60079-10.

5.3.5 Mechanical ventilation

osure induced by

Mechanlcal ventilation is the term used to describe air
nigh (for

mechan

exampld

The gas eral, be
much lefgs than that resulting from a simjlar

In a wejl-designed ventilation system the | by the
ventilatipn air flow. Where .the geom poor air

movement or "dead space i y acsumulate. Therefore, detectors should be
sited in these spaces.

NOTE - ce of any
dead spa

If a se system
(depenﬂ‘ 5 low as
reason

Some s Xture to
diffuse high air
velocitig

5.4 Efvironmentakeonsiderations

Environmental operational parameters snould be included in the instruction manual.

Where environmental conditions are beyond specified values, the manufacturer should be
contacted to ensure that the apparatus is suitable.

6 Installation of fixed gas detection apparatus

Many factors are involved in the selection of detector head quantity and location including
industry/national standards which may dictate these requirements.

6.1 Basic considerations for the installation of fixed systems

If the instrument or any auxiliary components are installed in a hazardous (classified) location,
they should be suitable for the area in which they are installed and so marked.
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Two main types of fixed systems are commonly used.

a) Systems consisting of remote sensors connected to the control equipment by electrical
cables
These systems are the most suitable for the majority of industrial applications. A system of
this type should, in general, be installed so as to be capable of continuously monitoring
every part of the plant or other premises where flammable gas(es) may accidentally
accumulate. It should be capable of giving the earliest possible warning of an accidental
release or accumulation of gas within practical limits of the system, for example as related
to the number and location of sensors.
Remote sensors should be connected to their associated control equipment according to
the national requirements for installation of electrical equipment. The sensors and any other
part$ of the system which are located in a hazardous area should incofpor an-ekplosion
protection technique covered by the IEC 60079 series of standards he_intended| zone of
use.

b) Sysiems consisting of sampling apparatus
These systems are used when comparatively static process conditions d rapid
response is less important. Where a system involving~\li Nent ing of a
numper of sample points is installed, the interval in ti 2 ive samples
being taken at any one sample point should tentially
hazgrdous accumulation of flammable gas(es) cafinof.occy he i . The length
of any sample tube and the sampling flow r 8 tentially
hazgrdous accumulation of flammahle gas(é 8 duri i bn for a
sample to pass from the sampling { ISLE 5 should
be als short as is reasonably practicab

6.2 Lqcation of sensors

6.2.1 [Seneral

6.2.1.1 | A fixed gas BCtion ovld~be-so installed that it is capable of m¢nitoring

those parts of a plant remi g, flammable gas(es) accidentally accumujate and

may crgate sig hould be capable of giving an early aydible or

visual (pr both) i i cidental

accumulati 2 actions,

either a

a) safe

b) app

c) shut

d) vent

6.2.1.2 “Considerations for the focations of sensors

WARNING — SENSORS SHOULD BE LOCATED IN POSITIONS DETERMINED
IN CONSULTATION WITH THOSE WHO HAVE A SPECIALIST KNOWLEDGE

OF GAS DISPERSION, AND THOSE WHO HAVE A KNOWLEDGE OF THE PROCESS PLANT

SYSTEM AND EQUIPMENT INVOLVED, TOGETHER WITH THE SAFETY
AND ENGINEERING PERSONNEL.

The rationale for the selection of location of sensors should be formally recorded.

NOTE - Reference may be made to IEC 60079-10 for further information on area classification and gas dispersion.

Factors which should be taken into account in determining suitable sensor locations include,
but are not limited to, the following:
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a) indoor or outdoor site;

b) potential sources — the location and nature of the potential vapour/gas sources (for example
density, pressure, amount, source temperature, and distance) need to be assessed;

c) chemical and physical data of the potential gases/vapours present;
d) liquids with low volatility need sensors near the potential source of release;

e) nature and concentrations of gas releases likely (for example high pressure jet, slow leaks,
spillage of liquids);

f) presence of cavities and jets;
g) topography of the site;

h) air maovements;

1) ipdoors: natural ventilation, mechanical ventilation,
2) qutdoors: wind speed and direction;
i) temperature effects;
j) envifonmental conditions of the plant;
k) popdlation of plant and locations;
[) location of potential sources of ignition;

m) detefctors should be installed so that they arg r water
dampage from normal operations;

n) locations should be such that sensg

0) strug¢tural arrangements (such as wa QUY i which could allow vapour/gas
to agcumulate; and

p) presfcribed locations.

6.2.2 Pther factors

In genefal, sensors e to the

ceiling fpr the dn nd close

to the flpor for the deté

Where if is required t hclosure

from an S . These

sensors ilding or

enclosul.

e compartmentalized by equipment or other obstructions, sensor$ should
partment.

If ceiling
be instajled (inyeach.co

Any thermally induced flow (for example from hot surfaces on plant or equipment) may affect
the distribution of a gas/air mixture.

6.3 Installation of sensors

Sensors should be located in all areas where hazardous accumulations of gas may occur. Such
areas may not necessarily be close to potential sources of release but might, for instance, be
areas with restricted air movement. Heavier than air gases are particularly likely to accumulate
in pits and trenches if these are present. Similarly, lighter than air gases may accumulate in
overhead cavities.

Sensors should also be located close to any potential sources of major release of gas,
although to avoid nuisance alarms, sensors should generally not be located immediately
adjacent to equipment which may produce inconsequential leakage in normal operation.
In general, on open sites minor leaks may be dispersed without causing a hazardous
accumulation.
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Where it is necessary only to detect the escape of gas from within a given area, then sensors
may be placed at intervals around the perimeter of the site. However, such an arrangement
may not provide an early warning of a release. This arrangement should not be used alone if a
release could cause a significant hazard to personnel or property within the perimeter itself.

Sensors shall be connected to their respective control unit, as specified by the manufacturer
(observing maximum loop resistance, minimum wire size, isolation, etc.), and use a cable, wire
and conduit system, or other system suitable and approved for the purpose and area
classification.

Lubricate all threaded connections, but ascertain that the lubricant contains no substance (for
example silicone) that might be deleterious to the sensors.

In many

cases, the orientation of the sensor may be specified by the m

Adequa re and

condeng

Any pot Nould be\vented i a safe
manner

6.4 Ti

Sensorq should be installed as late & erations
(i.e. the|construction of a new plant, re 6 f gas or
vapourg| in the system, so as to avoid dahs fesulting in particular frgm such
activitiep as welding and painting.
If alreac mination
during d

6.5 Safetyin fi sy

6.5.1

If the g ofs of a system fail or are removed from service| so that
areas o nonitored sufficiently, additional measures may be required to
preserv

Addition

a) signplling of gas_detection apparatus faults;

b) use pf\portable or transportable gas detection apparatus;

c) additional ventilation;
d) elimination of ignition sources;

e) interruption of supply of flammable gases or liquids, rinsing and draining of installation
parts;

f) switching-off of plants or parts of them.

6.5.2 Redundancy in fixed systems

In general, a fixed system should be so installed that failure of individual elements of the
system, or their temporary removal for maintenance, does not compromise the safety of the
premises being protected. Duplication or triplication of remote sensors and control apparatus is
recommended in all areas where continuous monitoring is required.
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6.5.3 Protection against loss of main power supply
Protection against loss of the main power supply should include

a) main power supply

The main power supply should be designed so that the unrestricted operation of gas
detection apparatus and alarm functions are guaranteed.

Breakdown or fault of main energy supply should be detectable. Safety of the monitored
area shall be preserved by appropriate measures.

The main power supply shall have a separate circuit with specially marked fuse used only
for the gas detection apparatus;

b) em}gency poOwWer supply

If the emergency power supply is required to maintain the functi etection
apparatus, it should do so until the normal state of supply is restgpfe ed area
no lgnger requires monitoring. Any peripheral external power supRly s b for the
areg for which it is to be used (for environmental conSiders he area

classification).
Bregkdown of emergency power supply should be indicd

6.6 Efvironmental conditions

Fixed a ange of
environfgents for very long periods of<{ime xercised in the selgction of
this app

6.6.1 Adverse weather conditions

Sensors weather
conditions. However, s ibjected
to sevefe environmental iti g should be taken of these conditions at all
times, for exampleMNi 8 of the zero reading and even apparent transient
loss of sensitiv@ i dilution of the calibration gas being detected.
Therefofe, great ta e { aken in the location of sensors in exposed sites, and
adequate weather p(o G hould be provided for the sensor. Steam, drivjng rain,
snow, i ‘ Isg/adversely affect sensors. Certain materials, @lthough
otherwig i ines or weatherguards, may deteriorate from sunlight jor other

6.6.2

Where fherg are™excgssive ambient temperatures, detection errors and reduced sepsor life
may ocquf./Ln addition, at high temperatures the detector may operate outside the temperature

range specified-byvthe manufactirerand-mav-nolongercomphwith-its—certification
uuuuuuuu HtHe-hahdtactterahaMmay-hRotohgel—cempy Wi HS-cerHeatHoR-

Gas detectors operating at temperatures below -10°C may be beyond the specified
temperature range and accuracy may therefore decrease. Portable applications may get
around this limitation by keeping the detector in a warm area when not in use.

In general, the positioning of gas detectors directly above sources of heat such as ovens and
boilers should be avoided and a suitable position at an equivalent height away from the source
of heat should be chosen.

All detector heads and instruments should be mounted in areas which ensure compliance with
the manufacturer’s operating temperature specifications.
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6.6.3 Vibration
Where vibration is beyond specified values, particularly for equipment mounted on machinery,

care should be taken to ensure that it has been designed to withstand vibration or that suitable
vibration isolation mountings are provided.

6.6.4 Use of sensors in corrosive atmospheres

Precautions should be taken to protect sensors from damage resulting from exposure to
corrosive atmospheres (for example ammonia, acid mist, H,S etc.).

6.6.5 Mechanical protection

Sensorg mounted in positions where they may be exposed to mechanjeql damageyshould be
i [ rer.
6.6.6
Where 0 guard
against
NOTE - H ibflity.
6.6.7 Hosing down
The prgctice of "hosing down" a plan ors and
should, |therefore, be avoided if possj ould be
protectdgd.
6.6.8 JAirborne contaminsa
Sensorg should not be s taminants which may adversely affect their
operatign. For example i o silicones should not be used where catalytic
sensors|are insta
sample
ble lines
sample
Sensors sho electrical

y p g
safety inspection. If it is impossible to achieve regular direct access to the sensor then, as a
minimum requirement, some form of remote gas calibration facility should be provided.

However, in principle, gas detection apparatus should be used and installed in such a way that
only authorized personnel can influence the operation of the apparatus.

6.9 Commissioning
6.9.1 Inspection

The complete installation should be inspected to ensure that the work has been carried out in a
satisfactory manner, and that, where appropriate, the methods, materials and components
used are in accordance with IEC 60079-0. The operating instructions, plans and records should
also have been supplied. Among the items to be inspected are the following:
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a) confirm electrical connections are properly tightened;
b) check for sample-line leaks and proper flow;
c) check for clogged or dirty flame-arresting systems;

d) check the battery voltage and/or battery condition and make any required adjustments or
battery replacements (according to the instruction manual);

e) perform a test of the failure (malfunction) circuit(s).

6.9.2 Initial gas calibration

After installation on site each sensor should be calibrated according to the manufacturer's
instructi i i i j

Where a number of gases are likely to be present, reference should b jditional

precautijons described in 4.2.2.

6.9.3 Adjustment of alarm set points

In the case of detection apparatus indicating up to the lowé only, the alarm set
point (o’F i bossible
comme

Adjustm

6.10 O

Instructijons on the use, testing and operat
available.

@ Pi 3 detection systems should e made

For maiptenance and ans-Qof the installation should be provided that show
the locdtions of al| pa rol units, sensors, junction boxes, etc.) fogether
with the|routes p s a ires. Junction box and distribution cable diagrams
should also be intlyde

The recprds shou Any changes are made to the installation.
It is ex \ he equipment manufacturer's installation manual pe read
thoroug

7 Usg and transportable flammable gas detection apparatus

7.1 Gullclal

The various types of portable and transportable gas detection apparatus may be used in a
variety of ways according to their particular design and specification.

Small, hand-held apparatus may be used for leak-detection or spot checks, while larger
portables, some with visual and/or audible alarms, may be used in multi-role mode so as to
include leak detection, spot checking and local area monitoring functions, according to the
particular needs of the user.

Transportable apparatus is intended for use for temporary area monitoring in locations where
there is a probability of generating potentially flammable gas or vapour mixtures, for example
during the loading or unloading of fuel or chemical tankers or where temporary "hot work" (in
connection with maintenance activities) may be in progress in classified hazardous areas under
the authority of a gas-free certificate. Transportable apparatus is not intended to be hand
carried for long periods of time, but is intended to be in place for hours, days or weeks.
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Due to their very nature, portable and transportable apparatus may encounter a wide range of
climatic, handling or more generally environmental conditions. Thus, the user should pay
particular attention to the actual conditions imposed on an apparatus and assess that it is
designed or protected so as to meet these conditions.

7.2 Initial and periodic check procedures for portable and transportable
instrumentation

Due to the fact that portable and transportable instruments are generally not used continuously,
initial and periodic check procedures are of the utmost importance to ensure that this
apparatus is in a proper state of operation. The manufacturer's instructions for these checks
should be precisely followed and attention is drawn to the following points which need special
attention-

— Thel|zero reading, when the apparatus is operated in clean air, s ified and, if
necgssary, adjusted according to the manufacturer's instructo ] zeroing
procedure specified by the manufacturer.

— Simijarly, the response of the apparatus to a known calibra the gas
that|the apparatus is intended to detect, should be vexifi Cessary,
accqrding to the manufacturer’s instructions.

NOTE - Hor catalytic sensors the mixture shall contain at least 10

7.3 Gpidance on the use of portable a

7.3.1 Ip areas being surveyed with may be

stratifiegl rather than uniformly mixed, be made at different levels (Uising an
extensign probe, if necessary).

7.3.2 When sampling va g iGui e line or
sensor from coming i i FreSlgui y to the
apparatyis and could em. Use a hydrophobic filter or eduivalent

where there is d<§r detector.
NOTE — Qnly sample [ivies

7.3.3 \ c ardtus from a cool environment to a warm environmlent, it is
importa 2 i an to\allow the apparatus temperature to rise sufficiently to avoid
vapour ¢

7.3.4 \ 2 abfe gas detection apparatus, it is necessary to be aware that most
flamma s_and\vapours (for example ammonia, hydrogen sulfide) are also toxic at low
percentages.of LF d may as a minimum cause corrosion and, at worst, cause death

7.3.5 If the portable instrument is of the multi-gas type containing sensors for the detection of
toxic gases at low concentrations then calibration with some toxic gases, typically hydrogen
sulphide and chlorine, may cause inhibition of some flammable gas-sensing elements,
particularly catalytic devices.

7.3.6 Any portable or transportable gas detection apparatus that is used infrequently should,
nevertheless, be regularly inspected, maintained and calibrated, so that it may be available for
immediate use when required.

7.3.7 If a portable or transportable gas detection apparatus is dropped or otherwise damaged,
it should immediately be taken out of service for inspection, for any necessary repairs and for
re-calibration, before re-use.
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7.3.8 Portable and transportable apparatus should have a type of protection appropriate for
the zone of use. During use, portable and transportable apparatus should not be transferred
from a zone of lower risk to a zone of higher risk unless it is suitably protected for the higher
risk. Additionally, the apparatus group and the temperature class should be appropriate for all
gases and vapours in which the apparatus may be used.

8 Special precautions for fixed and portable apparatus

8.1 Flammable gas detection apparatus is not normally designed to detect the presence of
flammable materials that are not in a volatile state under the conditions that measurements are
made.

8.2 Flgmmable gas detection apparatus will not indicate the presence b liquids
with high flashpoint well above the ambient temperature, dust or fibres)

$es. The

8.3 Many types of flammable gas detection apparatus are se
i nfluence its

presencde of gases other than that for which the apparat
indicatigns.

Where an apparatus is to be used to detect the preg
calibrat¢d accordingly. The calibration may be with <
apparatyis is least sensitive. However {
regarde

pne gas, it should be
the gas to which the
this kind should not be
sUbstances are likely to be

encountered, low alarm or action sed\poin & en to allow for varigtions in
sensitivity.

8.4 Erfatic indications mayindi \neion or some atmospheric distyrbance.
Where ¢loubt exists, a check sh [ ith_g/second apparatus and/or the apparatus

8.5 ThE presenge §f 10 eniations (for example a small percentage of LFL) of fldmmable
gas can produce\ indj ubt, the

apparatyis should hag

Where n either direction), this may indicate the preserjce of a
potentiaflly exXplosive\a It may then be necessary to flush the sensor with ¢lean air
and to ¢res e preSence of gas by taking the reading again or by using|another
type of G i apRaratus. In such cases, the presence of a potentially eikplosive
atmosphere med until proven otherwise.

8.6 Condeéensed moisture (for example from steam) may physically block the flame 3grrestors
or otherlmembranes of certain types of gas sensors, so as to make them inoperative, and care
should be exercised accordingly.

8.7 Care should be taken to ensure that the materials from which the apparatus has been
constructed are compatible with the gas or vapour to be detected. For example copper should
not be contained in any apparatus likely to be used for the detection of acetylene or its
derivatives because of the possibility of the formation of potentially percussive acetylides.

8.8 A non-conducting sample probe should be used if there is a danger of electrical shock. A
probe with a special tip and/or a liquid trap inserted in the sample line may be available to
reduce the chance of liquids being ingested by instruments requiring a drawn sample.
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9 Maintenance, routine procedures and general administrative control

9.1 General

Routine maintenance of the flammable gas detection system is an extremely important factor
affecting the reliability of the units. Only through a conscious programme which vyields
complete, dedicated maintenance on a high priority level, will optimum system performance
and reliable operation be achieved.

Flammable gas detection apparatus or systems vary in application from portable units taken to
sites where gas/air atmospheres are expected to be present, to fixed systems which may rarely
sense a gas/air mixture in their working lifetime.

Inadequate maintenance, incorrect zero adjustment and, in portable iorated “lhatteries
are all gauses for errors in gas detection. It is important to remembepA errgrshand Ydilures in
gas detection apparatus or systems may not be self-evident, and therefor, tection
should e only part of the overall strategy for plant and personnetpxote

The reliability of the measurement depends on the use ¢
should e checked at regular intervals with the test gas

paratus
manufactlirer.

When it vities to

To ensu certified
apparat ' i ctions and drawings from the certificate
holder.

NOTE 1 with the

owner/uségr.
NOTE 2

92 O

The foll pelow to

NOTE - |

9.2.1

a) Reg

Regplar/inspection of the control panel should be made (for example one pqr shift).
Records made of each check, including any problems, should be signed, dated and filed.
Problems found should be corrected promptly.

b) Regular functional verification

Regularly, verification of the control and alarm panel should be made using test switches to
ensure that lights, alarms and electronics are operating normally. This functional check will
vary depending on the unit used. Problems found should be corrected promptly.

c) Regular calibration and system operation test

This test is of vital importance to the ongoing reliability of the system. It includes subjecting
each head to the calibration gas, thus allowing a complete loop check of the electronics and
the sensor by maintaining accurate records of information about system patterns,
particularities, component life, etc. By doing so, potential problems can be averted before
they develop.

NOTE 1 — This is the most important test to be made on the system and should be made on all sites at the time
of installation and again at regular intervals. Guidance may be obtained from the manufacturer.
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An in-depth calibration should be performed regularly by the plant instrument maintenance
personnel, or their equivalent, on every sensor (detector head). For start-up of new
installations the calibrations may initially need to be performed more frequently. Records
should be maintained for each detector head.

The time intervals at which these procedures should be carried out will depend upon many
factors including: the nature of the apparatus, i.e. whether portable, transportable or fixed;
the detection technique employed; the prevailing environmental conditions at the
installation; the previous history of performance; and reliability in the application concerned.

Regarding calibration, gas detection apparatus should be

1) calibrated in accordance with the manufacturer's instructions, using the recommended
test kit/equipment;

2) dalibrated on commissioning and tested/re-calibrated at defined intgrvals\therealtter;

3) regularly inspected for possible malfunctions, damage or other

4) if portable, response tested or re-calibrated immediately befoq } Buse;

5) if several gases are likely to be present, detectors sho gas for
which they are least sensitive.

NOTHE 2 — It is acceptable to use a calibration gas, different from # ppropriate

correftion is made, so that the detectors when calibrated give ifored gas.

Howgver, if methane is to be detected, use methane in air cali§

9.2.2
a) Visual inspection

1) Check the instrument for abnorm dithe ¢ on-zero
readings, etc.

2) HEnsure that the de d th could
ipterfere with the gas o sample
drawn is correctNor s8

3) Kor sample-dra bent or
ctherwis h those
recommende

b)

9.3

9.3.

Ma

Ma
ma

rdicates zero when zero gas is present; temporarily isolate
gcessary. When the reading is stable, adjust the instrhment if

cturer's instructions, apply a known calibration gas to the detector
sading is not within specifications, adjust or re-calibrate accordinjg to the
manual (or return the instrument to the individual responsible for such

3 [y I ! £ " oL " H 1 I
3) (,UIIIPICI.U U TITANMETIAlILE TELUTUS, TTITT U dlllITCA U TUT a Lypitdl TIaimnetiarce I.‘,‘COrd.

Maintenance
1 General

intenance operations should not compromise safety in the area being protected.

intenance procedures should be undertaken only by personnel trained in the operation,
intenance and repair of flammable gas detection instruments.

If the maintenance facility is not adequately equipped and/or qualified personnel are not
available to perform the manufacturer's recommended checkout and maintenance procedures,

the

user should return the instrument to the manufacturer or other qualified outlet for repair.
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Complete, explicit instructions for testing and checkout of replaceable instrument components
may be obtained from the manufacturer. Suitable parts lists are provided in the instruction
manual.

After any defective operations are corrected (repaired or replaced in strict accordance with the
manufacturer's instructions), a full workshop calibration test, as described in 9.8, should be
conducted.

9.3.2 Fixed apparatus

Repair or maintenance of fixed apparatus (whether incorporating single-point sensors, open-
path sensors or a combination of these) should be carried out under a controlled procedure.

Defectiye apparatus Shoutdt—be Temoved for Tepair T a WOoTkShop outgide <tte arga being
protectgdd. If a replacement apparatus cannot be provided immediat then gansportable
apparatyis should be used as a temporary substitute.

9.3.3 Portable and transportable gas detection apparatus

For porfable and transportable gas detection apparatus, j ole unit
should he removed to a non-hazardous location for repair and test

9.3.4 Pff-site maintenance, general

Defectije units should be

a) returned to the manufacturer;

b) retufned to a repair agent authorized

c) repdjired in a special workshop set

9.3.5 Maintenance p

9.3.5.1 | Given thé&\van dard to
tabulatel each m J g of the
principa) items that’a

9.3.5.2 ve~Shop for scheduled maintenance, the full maintenance
proced S d. If specific instrument failure is the cause of retpurn, the
complai d and gnly applicable check-out tests need to be conducted. However,
all instr ergo a full calibration test before being returned to service.

9.3.5.3
previous service hi
gas det¢ctofs.

gnt maintenance record for the instrument should be reviewed for
gry. See annex C for typical instrument maintenance record for flgmmable

9.3.5.4 When receiving a failed instrument, it should be determined if the instrument's power
supply (including any voltage regulation stages and/or battery chargers supplied) is the primary
cause for failure before proceeding further.

9.3.5.5 After checking the power supply, repair personnel should proceed with the checkout of
sensors, flow systems readout devices and alarm devices — identifying and correcting all
deficiencies. The manufacturer's instructions should be followed when deciding whether to
replace an assembly or repair it by replacing a component part. If components are replaced,
the replacement components should meet the specifications and tolerances of the original
components.
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9.4 Sensors

9.4.1 Depending on the time interval since the last sensor replacement, anticipated field
usage, and response to the gas mixture during calibration, good maintenance practice
suggests sensor evaluation/replacement at service intervals recommended by the
manufacturer. It is further recommended that sensors be evaluated after exposure to high
concentrations of flammable gas or after severe impact or mechanical vibration has occurred.

9.4.2 If a flame arrestor is part of the sensor assembly, it should be checked for proper
attachment and fit, and signs of corrosion, dirt or moisture. Any necessary cleaning or
replacement should be in accordance with the manufacturer's instructions.

9.5 FIpw systems

This sulbclause is applicable only to instruments utilizing aspirated sam

9.5.1 The flow system shall be checked for leakage, restrictions i bulb or
electrical pump operation. Any necessary cleaning, repair 8 l be in
accordance with the manufacturer's instructions.

9.5.2 All filters, traps and flame-arresting assemblieg i eplaced
in accorndance with the manufacturer's instructions.

9.5.3 The flow system and sampl foreign
material and steps taken to prevent fut

9.5.4 All flow connections should

instructipns.

9.5.5 All valves andN\mow arts to the

manufag¢turer's instruction
NOTE - $ilicone co
any question regardingvthe

9.5.6 A

ed for this purpose; check with the manufacturer [if there is
pounds or other materials.

9.5.7 1

96 R

9.6.1 If the instrument incorporates a meter, perform the following procedures:

a) inspect the meter for broken or cracked lens;

b) inspect analogue meters for defects — for example bent pointers, loose dials, loose up-
scale and down-scale stops, etc.;

c) inspect digital meters for defects — for example missing segments, faded segments, etc.;

d) conduct other electrical and mechanical meter tests which the instrument manufacturer
deems necessary to assure proper performance.

9.6.2 Other readouts (for example solid state) and outputs (for example alarm outputs) as
may be incorporated should be tested (electrically) at specified test points according to the
manufacturer's instructions.
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9.7 Alarms

If alarms are incorporated, check for proper alarm operation by offsetting electrical zero (or by
other methods as recommended by the manufacturer) until the alarm(s) is(are) initiated. Check
failure (malfunction) circuits by disconnecting components (or other actions recommended by
the manufacturer) and observing whether or not the failure alarm operates.

9.8 Workshop calibration test

9.8.1 The instrument shall be calibrated in accordance with this recommended practice using
the manufacturer's calibration mixtures and specified calibration procedure. A known
fIammabIe gas air mixture equwalent to 25 % to 75 % of fuII scale concentratlon preferably

near mid-scale oafte = cient quant d gccuracy

for shop ociated

calibratipn apparatus should have the following characterlstlcs to ensur

a) Calibration mixtures should be certified or analysed to be accu e 9 of the
actu

b) A rd reduce
compressed cylinder pressure. The regulator should ice, and
incofporate appropriate connections.

c) A direct-reading flowrate indicator, preset regu er flow-
contyolling element should be installed in th ibra permit
adjustment of flow rate to the instrumen ge and
accyracy.

d) The| calibration system should be\resistan i i by, the
caligration mixture.

e) Appfopriate adapters to connect the c3 ioh Sy i etection
instr i tion fixtures for diffusion-type [sensing

syste
surr

that the calibration mixture uniformly

9.8.2 H gas or vapour recommended by the ingtrument

manufag¢ ent is factory calibrated) should be used. In some
cases, an instrument ik mable vapour cannot readily be provided with stable
calibrati ¢ pressed cylinders or low-pressure containers. |n these
cases, the man hotld provide relative response data to permit the use pf more

commonly avai g8 i > for calibration.
9.8.3 4 S conducted in a manner to ensure safe venting of cdglibration
mixtures.

9.8.4 Ipstruments Stould be allowed to stabilize at operating temperature, and then operating
controls|should be adjusted in accordance with the instruction manual.

9.8.5 The calibration system should be connected to the instrument and the final span reading
noted. The calibration should be adjusted, if necessary, so the output reading equals the
concentration of the calibration mixture. The calibration mixture should be removed, and it
should be ascertained that the instrument returns to "zero." This procedure may require
repeating if the instrument zero and span adjustment interact.

9.8.6 Ascertain that any/all alarms are actuated when the set point(s) is reached. The
manufacturer's recommendations should be followed when selecting the calibration mixture for
instruments with alarms, as the concentration required is usually slightly higher than the
nominal alarm setting (to guarantee prompt alarm actuation).

9.8.7 The calibration test herein described shall be the last conducted before an instrument is
released from the workshop. It is recommended that the calibration data be recorded on the
instrument maintenance record. The instrument maintenance record (or comparable document)
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should be updated before returning the instrument to service. See annex C for a typical
instrument maintenance record for flammable gas detectors.

9.9 Routine tests and re-calibration procedures

All detection apparatus, whether portable, transportable or fixed (including both point and open
path types) should be subjected to routine tests and re-calibration procedures. These should
be carried out in accordance with the instruction manual and using the recommended field
calibration Kit.

For new installations it may be prudent to carry out such procedures more frequently at first
(perhaps weekly), increasing the time intervals (to, perhaps, quarterly) as confidence grows
with experience in the installation concerned.

9.10 Ggneral administrative control

Gas dg Portable
apparat iflg to the
control

Records e on the
detectio aids in
keeping certain
computer programmes.

Apparat s S \ separately from apparatus
awaiting

Spares b tested
before U

10 Trdining

Training is need@ As been
made bg¢tween mal At those
who us 8 h these
roles e

10.1 O

Operatd with the
system. nctional
checks,| and whom_t@’ contact if the unit(s) are believed to be malfunctioning. Of|primary
importapce; operators should have instructions to follow in the event of a gas detectdr alarm.

P i d refrachar trainin R barld kb AL
er|0 I TTITTOTITT raithiTty oTCoolUTIo olfTuutu T yiveltdl.

Instructions should be drafted prior to the installation of the detection system and should
include such items as what to do in the event of an alarm, safety considerations for each unit
and whom to contact if a head or system malfunction is discovered. The user should be clearly
informed of the calibration gas(es) and of the response he may observe with other gases.

10.2 Maintenance training

Maintenance training should be designed for those charged with system maintenance and
system calibration and should include details of how to perform calibration, how the detector
functions, etc.

Training may be done in house by competent knowledgeable persons, or by vendor-assisted
training sessions. Vendor literature should be obtained and made available to these persons.
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Annex A
(informative)

Flammability limits (LFL and UFL) of certain flammable gases and vapours

Table A.1 provides guidance on the flammability limits (i.e. LFL and UFL) of certain flammable

gases and vapours.

The datpinthe fu”uvv;nu tabtes—are-takendirectfromtEC 666
Table A.1 — Flammability data
The follpwing headings are used in table A.1:

Ref — Reference number for each gas or vapoud

Rho, p — Density relative to air (normally at
otherwise stated)

FP — Flash point

Ign tem

1=
|

Ignition temperature
MESG
T class

Group

e and pressurg

, unless
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Table A.1 — Flammability data

Rho FP Flammability limits Ignition
Ref. Gas or vapour Formula P °C Lower [Upper |Lower [pper [temp. MESG T class roup
/> vol per cent ( ﬁg{ °C mm
1 |Acetaldehyde CH3QHO /m 1,52 | -38 | 4,00 }m{\ 1%& 204 | 0,92 T3 A
2 |Acetic acid CH,( oon/ // //> (> 207 | 40 | 4004 Tv\o \Q s M 464 | 176 | T1 A
3 |Acetic anhydride (CH3SO)2\&/ 7 > 3,52 49 /Q 10, 5 \/28 334 | 1,23 T2 1A
AN
4 |Acetone (CHijJ.co N\~ { { 2,00 %\% 13\& \6} 316 || 535 | 1,01 T1 1A
5 Acetonitrile CH3CN </ Z 1,42 ( 2(‘\ 3\8& \IIQ/ 51 275 523 1,50 T1 1A
6 |Acetyl chloride CH;goCl < § Py N >\/4/ 500 39,0 157 620 390 T2 (11A)
7 |Acetylene (see 4.3) CH=CH < /><><;23<0\\)/\<2,3y 100,0 | 24 | 1092 || 305 | 0,37 T2 Ic
I
8 | Acetyl flouride CH,GOF <//7 , < 560 | 19,9 | 142 | 505 || 434 | 1,54 T2 1A
y
9 Acrylaldehyde CH,3CHCHO /\ %93 2,85 31,8 65 728 217 0,72 T3 11B
VAN AN
10 |Acrylic acid CH,4CHCOOH N N >2,/4%‘ ;af\,//zak 85 406 | 0,86 T2 B
11 Acrylonitrile CH,4CHCN k\/x \ ,83 > \2/83 328,0 64 620 480 0,87 T1 11B
12 |Acryloyl chioride ch,drcoc N/ \A \ \ 3,12 ( N /é§ 220 | e62 || 463 | 1,06 | T A
—
13 Allyl acetate CH2=CHCHZOO% > 3,45 \B—Z /l%) /9/3 >9 3800 348 0,96 T2 1A
7
14 Allyl alcohol CHfCHCI-ézOH\ \ \ 2,00 21 2296 % /61/\> 438 378 0,84 T2 1B
15 | Allyl chloride Cszgm\{}c\l \\ \ 2,64 -32 2,50//1,2//92/ ﬁz\ 390 1,17 T2 A
16  |Allyl 2, 3-epoxypropy! ether CszchXH\;NI-k\H\ZSI\-[Zé 3,94 45 7 249 0,70 T3 1B
17 2-Aminoethanol NH,¢H,CH,OH 2,10 85 410 T2 1A
18 Ammonia NH3 059 150 3386 &!7 240 1| 630 3,18 T1 1A
19 Amphetamine (INN) CgH5CH,CH(NH,)CH4 4,67 <100 1A

(2)666T:031® 9-6..T9
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Table A.1 — Flammability data (continued)

Rho FP Flammability limits Ignition
Ref. Gas or vapour Formula P °C Lower [Upper |Lower [Upper [temp. MESG [ class roup
vol per cent ( ﬁg{ °C mm
20 | Aniline CeHeNHJ 322 | 75 | 1,20 }}\{\ 4@ 4}5\ 630 T1 A
21 |Azepane gHz(:Hz)EpidH // //> (> 3,41 23 A 279 1,00 T3 IIA
22 |Benzaldehyde CGHSCHO\// 7 >m 366 | 64 & N\ &2 ./ 192 T4 A
AN
23 |Benzene CgHg \/ { { 2,70 %\1{ 8}5\ \393 280 560 0,99 T1 A
24 1-Bromobutane CH3([CH,),CH,Br Z 4,72 ( 13(-\ Z\SK \Q/ 143 380 265 T3 1A
25  |2-Bromo-1,1-diethoxyethane (CHsEH,0),CHCH,Br < § A W >\5{/ (\ > 175 | 1,00 T4 A
26 |Bromoethane CH3GH,Br /)QQSQ\X?&J\ 670)| 11,3 | 306 | 517 || 511 T1 A
L4
27 Buta-1,3-diene CH,4CHCH=CH, </(’/ @\ — 16,3 31 365 430 0,79 T2 1B
Q a
N
28 |Butane C4H1p W@ %so /},40 9,3 33 225 372 | 098 T2 IIA
g
N /Y Y
29 |isoButane (CH3),CHCH, L \ ’260/ gés \;% 9,8 31 236 460 | 0,95 T1 1A
~/
30 |Butan-1-of CH3(3H2)2CH2@ < & \ 2,55 /29 f71'70 }/Z\o> 52 | 372 || 359 | o094 T2 A
31 |Butanone CH3GH,COCH;4 /\ 2,48 k97 })m{ y,() /go 302 || 404 | o84 T2 B
32 |But-l-ene CH,4CHCH,CH; 1,95 | -80 160 (A0, 3 235 440 0,94 T2 IIA
gas >
7,
33 But-2-enes (isomer not stated) CH3C 1,94 gas 1,65/ /10,0 40 éﬁ\ 325 0,89 T2 1IB
34 |But-3-en-3-olide CHz_qc\r—rskﬁ \ 2,90 33 L / 262 | 0,84 T3 B
35 | 2-(2-Butoxyethoxy)ethanol CHa(CH,)s0CH,CHOCH,CH,OH 5,59 78 225 1,11 T3 IIA
36 Butyl acetate CH;COOCHZ(CH7)>CH3 70t 22 3 75 &\/ 390 370 1,04 T2 1A
37 |n-Butyl acrylate CH,=CHCOOC,Hy 4,41 38 1,2 8,0 63 425 268 | 0,88 T3 B

(2)666T:031® 9-61.19
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Table A.1 — Flammability data (continued)

Rho FP Flammability limits Ignition
Ref. Gas or vapour Formula P °C Lower [Upper |Lower [Upper [temp. MESG [ class roup
vol per cent ( ﬁg{ °C mm
38 |Butylamine CH3(CH)gNH A 252 | -12 1,7 ﬁ 4 2§s\ 312 | 092 T2 1A
39 isoButylamine (CH3 ZCH}AZ % //> (> 2,52 -20 1,47/\ }% \4< ?3(1/ 374 1,15 T2 1A
40 Butyl 2, 3-epoxypropy! ether CH3(3H2M HCAz/O 4,48 44 \ \/ 262 0,78 T3 1B
‘ ~ 7 AN
41 |Butyl glycolate HoCH,cooc, My~ { 445 | 61 \ \) 0,88 B
42  |isoButylisobutyrate (CHg ZCHCOOCHZCW Z 4,93 ( 34(-\ o\gK \/ 47 424 1,00 T2 A
43 | Butylmethacrylate CH2=C(CH3)COO(CH2)3CH< § Py N >\5§/ 100 >6,8 58 395 289 0,95 T3 A
44 |tert-Butyl methyl ether CH3QC(CHa)4 < /)QQS@\XZ%\ 1,50 8,4 54 310 385 1,00 T2 1A
L4
45 |n-Butylpropionate C,H{COOCHg </7 fn?\ \% 1,10 7,7 58 409 389 0,93 T2 A
7
46  |But-l-yne CH3GH,C=CH /\ /\Y\ )ﬂ %,\ 0,71 B
47  |Butyraldehyde CH3C¢H,CH,CHO N N ~ g M/—W\/?go\ 125 54 378 191 0,92 T4 A
48 |isoButyraldehyde (CHa),CHCHO R \/\ \ ﬁ(‘V %\\r% )11,0 47 320 || 176 | o092 T4 IA
A\
9 Isobutyric acid (CH3 ZCHCOOI-N//\\/\ \ 3 3,03 (58C> / > 460 1,02 T2 A
AN
50 | Butyryl fluoride C3H,{COF (\ 3,10 \<\—1-Z /2,/60 / >5 440 1,14 T1 IIA
7
51 |cCarbon disulphide (see 4.4) cs, <\\ > 2,64 -30 05)/}715 /19/ > 1900 95 0,20 T6 lc
/ /X 0,34
52 Carbon monoxide (saturated at (ef0) 0,97 10,90 @ 1 870 605 0,84 T1 1B
18° C) (see 4.5) /)
53 Carbonyl sulphide COoSs \) 2,07 6,5 28,5 \/1{0 }OC( 209 1,35 T3 1A
54 Chlorobenzene CgH5[Cl 3,88 28 1,40 11,0 {6 520 637 T1 1A
55 1-Chlorobutane CH3(CH,),CH,CI 3,20 =12 1,80 10,0 69 386 250 1,06 T3 1A

(2)666T:031® 9-6..T9


https://iecnorm.com/api/?name=c201098502142ac8f79c09a1a47cf95b

Table A.1 — Flammability data (continued)

Rho FP Flammability limits Ignition

Ref. Gas or vapour Formula P °C Lower [Upper |Lower [Upper [temp. MESG [ class roup
/> vol per cent ( ﬁg{ °C mm
56 |2-Chlorobutane CH,GHCIC,H m 319 | <18 | 2,20 }& ) 8@ 339\ 388 1,16 T2 lIA
57 |1-Chloro-2, 3-epoxypropane OCHZCHC/(QCI// //> (> 330 | 28 | 230 é“ \8{ 1325/ 385 | 074 T2 B
58 Chloroethane CH;3( HZC}\// / >m 2,22 /Q @ RS \%13 510 T1 A
59 | 2-Chloroethanol CcH,dIcH,0H N\~ { { 278 | 55 \QQ 16) \196 540 || 425 T2 A
60 Chloroethylene CH,H4CHCI <///\/ Z 2,15 <—7 S\SK 3,0 94 610 415 0,96 T2 1A
LA
61 Chloromethane CH;3¢I W%& —24 @0)\29,0 160 410 625 1,00 T1 1A
g
62 Chlormethyl methyl ether CH3;QCH,CI //{ %%\ 1A
63 1-Chloro-2-methylpropane (CH3),CHCH,CI \( 9 é@i 2,00 8,8 75 340 416 1,25 T2 1A
64 2-Chloro-2-methylpropane (CH3)3CCl N \\( \KWVZ—/M\/) 541 1,40 T1 1A
65 3-Chloro-2-methylprop-Il-ene CH,4C(CH3)CH,CI L \ /zéf -16 ,10 77 476 1,16 T1 1A
66 5-Chloropentan-2-one CH;( O(CH2)3@ < & \ 4,16 /61/_>ﬁ6 A 98 440 1,10 T2 1A
67 1-Chloropropane CH3;¢H,CH,CI /\x \/\ 2,70 Q% Z/M{ y/l /\58 365 520 T1 1A
68 2-Chloropropane (CH3),CHCI 2,70 <-20 2,% 710/ y/\> 350 590 1,23 T1 1A
69 Chlorotrifluoroethylene CF,3CECI \ \\\ \ \/ 4,01 gas zl\Q/ %3/ 2 ?ﬁ?\ 607 1,50 T1 1A
70 1-Chloro-2,2,2-trifluoroethyl CF3( OM \) 5,12 4 8,00 /€4 430 2,80 T2 1A
methyl ether ?
71 a-Chlorotoluene CgHs/CH,CI \/ 4,36 60 1,20 63 585 T1 A
72 Coal tar naphtha 272 T3 1A
73 Coke oven gas (see 4.1)
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Table A.1 — Flammability data (continued)

Rho FP Flammability limits Ignition
Ref. Gas or vapour Formula P °C Lower [Upper |Lower [Upper [temp. MESG [ class roup
vol per cent ( ﬁg{ °C mm
74 Cresols (Mixed isomers) CH3;¢cHAOH m 3,73 81 1,10 /\ 5 555 T1 1A
75 Crotonaldehyde CH3(‘H=C/(CHK/ //> (> 2,41 13 2,10 N} \6< E?Q/ 280 0,81 T3 11B
76 |Cumene CGHECHMZ/ 7 >m 413 | 31 & 6.5 o N 428 || 424 | 1,05 T2 1A
AN
77 Cyclobutane CH, [CH,),CH 1,93 80 4 1A
y -Ha 2)2 V { { \1\ \ \}
78 Cycloheptene QHZ(CH2)5CH2 Z 3,39 (<1?'\ l\k& \Q/ 44 275 1A
79 Cyclohexene (-‘:Hz CH,),CH, < § A N >\1{8/ (1\,%0 . >8,3 40 290 259 0,94 T3 A
80 Cyclohexanol CH5(CH5),CHOH 1,20 11,1 50 460 300 T3 1A
[
4
81 |Cyclohexanone CHa(CH,)4CO </7rﬁ \% 1,00 | 94 | 42 | 386 || 419 | 0,98 T2 1A
82 Cyclohexene C‘:Hz CH2)3CH=§?H /\ /\K /}%3 %F\l,zo 41 244 T3 1A
83 | Cyclohexylamine CH,(CH,)4,CHNH, N ,% 1 9,4 63 372 293 T3 1A
i N A A7
84 1,3-Cyclopentadiene g 2(,HCHCHEZH K \ @ <50 b ) . 465 0,99 T1 1A
85 Cyclopentane (‘ZHZ CH2)3SH2\//\\/\ \ X 2,40 (—37C>1,4 / > 41 320 1,01 T2 1A
~7
86 |Cyclopentene CH= :HCHZCHZ?/Q\ > 2,30 &z /,%8 / >1 309 | 0,96 T2 1A
7
87 Cyclopropane g 2 HZEH<[\ \ \ 1,45 2,40 107 I 183 498 0,91 T1 1A
88 Cyclopropyl methyl ketone CHggﬁl(:N&HQ \ 2,90 15 1,7 / /ﬁ 2_\ 452 0,97 T1 1A
‘ AN
89 |p-Cymene CHSCGH\L‘@)Z\\/ 462 | 47 | 070 [NeB | 39 766 436 T2 1A
90 2,2,3,3,4,4,5,5,6,6,7,7-Dodeca- CH,3C(CH3)COOCHACF,)eH 9,93 49 1,60 \/{85 390 1,46 T2 A
fluoroheptyl methacrylate
91 Decahydronaphthalene trans QHZ(CH2)3(‘:H<{:H(CH2)3$:H2 4,76 54 0,70 4,9 40 284 288 T3 1A
92 Decane (Mixed isomers) CioH22 4,90 46 0,70 5,6 41 433 201 1,05 T3 1A
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Table A.1 — Flammability data (continued)

Rho FP Flammability limits Ignition
Ref. Gas or vapour Formula P °C Lower [Upper |Lower [Upper [temp. MESG [ class roup
vol per cent ( ﬁg{ °C mm
93 |Dibutyl ether (CH5[CHb)a)s 448 | 25 | 090 | &\ 4@ 4%&\ 198 | 0,88 T4 1B
94 | Di-tert-butyl peroxide (CH4 300;76(01’4/3/)7 //> (> 5.0 18 A 170 | 0,84 T4 B
95 Dichlorobenzenes CeH4CI, \/ / 5,07 66 ,Zb\ m 34 \/5)64 648 T1 1A
(isomer not stated) /\/7 4 \
96 |3,4-Dichlorobut-1-ene CH,4CHCHCICHCI / } ),31 /zf\\%@\ 7,2 368 || 469 | 1,38 T1 1A
97 1,3-Dichlorobut-2-ene CH3¢CI=CHCH,CI / / 4\4,3}\ K Zj 469 1,31 T1 1A
JAN
98 | Dichlorodiethylsilane (C,Hb),sicl, v /0\ /(\\ z%\ @o ‘\} 223 0,45 lic
99  |1,1-Dichloroethane CHaGHCl, W@ )><0/Qﬁ6/o/ 16,0 | 230 | 660 || 440 T2 1A
100 |1,2-Dichloroethane CH,GICH,CI \/(/ Q@\ 3 6,20 | 16,0 | 255 | 654 || 438 | 1,82 T2 A
AY
101 |Dichloroethylene clcH=CHcl < f\&(/@ e /’}70 12,8 | 391 | 516 || 440 | 3,91 T2 A
102 |1,2-Dichloropropane CH3;GHCICH,CI [\ N (\ %)@ 5 M ,40 14,5 160 682 557 T1 1A
103 Dicyclopentadiene (Technical) CioHho (\ % ? \5,5/ /'56/\\® ) A 43 455 0,91 T1 1A
104 |1,2-Diethoxyethane CZHSO(CHZ)ZOCM(\ \/\\> 4,07 &16(,7 / 170 | 0,81 T4 1B
105 |Diethylamine (C,HE),NH < \ \/ 253 | —2% /(,70 }o/{ /go 306 || 312 T2 A
106 Diethyl carbonate (CH3CH, O< \ > 4,07 24 <1 /7//7/ 69 /{0 450 0,83 T2 11B
107 | Diethyl ether (CH3<\R\ \ \ 255 | -45 | 1,70 <36,0 })/ 1118y 160 | 0,87 T4 nB
2 '7'

108 Diethyl oxalate (COQCH,C \ 5,04 76 0,90 1A
109 | Diethyl sulphate (CH3H,),S0, 531 | 104 / 360 | 1,11 T2 A
110 |1,1-Difluoroethylene CH,=CF, 2,21 3,90 25,1 10 665 380 1,10 T2 1A
111 | Dihexyl ether (CH3(CH,)s),0 6,43 75 187 T4 A
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Table A.1 — Flammability data (continued)

Rho FP Flammability limits Ignition
Ref. Gas or vapour Formula P °C Lower [Upper |Lower [Upper [temp. MESG [ class roup
vol per cent ( ﬁg{ °C mm
112 |Diisobutylamine ((CH}),CHCH 4,45 26 0,80 /3&\ ) 4@ 13*@\ 256 1,12 T3 1A
113 | Diisobutyl carbinol ((CH )2CH/Z/H2@H/ (> 497 | 75 | 070 %\1 \% 3 Al 290 | 0,93 T3 1A
114 Diisopentyl ether (CH3),C My{ I—é{/HK;g)/>m 5,45 44 & \\ \K04 \/ 185 0,92 T4 1A
115 |Diisopropylamine ((CH )ZCH)Z { { 3,48 —/2(1\% 6,\3\ \493 260 285 1,02 T3 1A
116 Diisopropyl ether ((CHg$),CH),0 </ Z 3,52 (—2%\ l\&& 1,0 900 405 0,94 T2 1A
117 Dimethylamine (CH3),NH U /& % >\gfa{% @0 ‘\>4,4 53 272 400 1,15 T2 1A
118 |[1,2-Dimethoxyethane CH3(P(CH,),OCH,4 \//X@ )><6/W 10,4 60 390 197 0,72 T4 1B
119 Dimethoxymethane CH,(PCH3), \/(/ Qéﬁg\ 2 3,00 16,9 93 535 247 0,86 T3 1B
120 | 2-Dimethylaminoethanol (CH3),NC,H,OH < (\K‘;@ X&w /> 220 T3 A
121 3-(Dimethylamino) propiononitrile | (CH3),NHCH,CH,CN /\/\ N (\ w 50 Y 1,57 62 317 1,14 T2 1A
122 |Dimethyl ether (CHg),0 Q X < \ >1\5/ ] \zqa 7% 51 610 240 | 0,84 T3 1B
gas
123  [N,N-Dimethylformamide HCON(CHjy), \/\ 2,51 ws_:>yt{ ?,/o /gs 500 440 1,08 T2 1A
124 |3,4-Dimethyl hexane CH3( ZCH}K\GQ(N\E\\(\ 3,87 2 O,% 76} }/\> 310 305 T2 1A
125 |N,N-Dimethylhydrazine (cmwx \ 207 | -18 | 24 /o v ég\ 240 | 0,85 1B
126 1,4-Dimethylpiperazine l\‘lH(C 3 CH\B%NMC%QHZ 3,93 9 /) 199 1,00 T4 1A
127 N,N-Dimethylpropane-1,3-diamine |(CH; 2N(CH2W 3,52 26 1,20 \/5’6 219 0,95 T3 1A
128 Dimethyl sulphate (CH3P),S0, 4,34 39 < s 449 1,00 T2 1A
129 1,4-Dioxane QCHZCHZOCHZ H, 3,03 11 1,90 22,5 74 813 379 0,70 T2 1B
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Table A.1 — Flammability data (continued)

Rho FP Flammability limits Ignition
Ref. Gas or vapour Formula P °C Lower [Upper |Lower [Upper [temp. MESG [ class roup
vol per cent ( ﬁg{ °C mm
130 [1,3-Dioxolane QCH S/m 2,55 -5 2,3 }%\& 7@ 955\ 245 T3 11B
131 |Dipentene, crude CroHhs / / (> 466 | 42 | 075 }\1 \Q ang ff 255 | 118 | T3 A
132 |Dipentyl ether (CHs(C W >m 545 | 57 N \ ./ 171 T4
AN
133 | Dipropylamine (CH33HZCH2)2W { { 3,48 4 \JQ 9,\}\ \B/é 376 280 | 0,95 T3 1A
134 | Dipropyl ether (CsHb),0 </ / 3,53 (<-Ez\ \/ 215 T3 1B
1 1,2-E HaGHCH 2 7/ 1 7 4 1| 4 7 T2 1B
35 , poxypropene CH3¢HCH,0 < § A W >\/{/ (\,30‘\5 ,0 9 90 30 0,70
136 |Ethane CH3GHs mg@x/\ 2,50)| 155 | 31 194 || 515 | 0,01 T1 A
L4
137 |Ethanethiol CHsGH,SH </7 23\ < 280 | 180 | 73 | 468 || 205 | 0,90 T3 B
7z
138 |Ethanol CH3GH,0H /\ Y\ /}%9 % 31 | 19,0 | 59 359 || 363 | 0,91 T2 A
/AN i
139  |2-Ethoxyethanol CH3GH,0CH,CH,OH ‘Z % /af\,?,ao\ 157 | 68 503 || 235 | 0,84 T3 1B
140 |2-Ethoxyethyl acetate CH3;¢OOCH Cl-y\Hsz,\/x \ (75/ A% @ )12,7 65 642 380 0,97 T2 1A
VN
141 |2- (2-Ethoxyethoxy) ethanol CHad ZOCHZC\HXQC}I«\% \ X 4,62 (94c> /> 190 | 0,94 T4 A
VI\
142 |Ethyl acetate CH;GOOCH,CH > 3,04 \—AZ %0 }ﬂ)/ >1 406 || 460 | 0,99 T1 A
Ve
143  |Ethyl acetoacetate CHa( OCH%Q’OC&NKCN\ \ 450 | 65 | 1,00 > 519 || 350 | 0,96 T2 A
144 |Ethyl acrylate CH2=2H€O\E>§HZ® \ 3,45 9 1,4 /4,0 /6 sda || 3s0 | 0,86 T2 1B
145 |Ethylamine CoHINHN. N\ \\/ 1,50 | <20 | 2,68 | w40 | 29 760 425 | 1,20 T2 A
146 |Ethylbenzene CH,¢H3;CgH5 \/ 3,66 23 1,00 7,8 44 )ﬁ 431 T2 1A
147 |Ethyl butyrate CH3GH,CH,COOCHy 40021 140 36, 435 | 0,92 T2
148 | Ethylcyclobutane CH3CH2‘C:HCH2CH23?H2 2,90 <-16 1,20 7,7 42 272 212 T3 1A
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Table A.1 — Flammability data (continued)

Rho FP Flammability limits Ignition
Ref. Gas or vapour Formula P °C Lower [Upper |Lower [Upper [temp. MESG [ class roup
/> vol per cent ( ﬁg{ °C mm
149 |Ethylcyclohexane cmcmgmcwﬁ% 3,87 | <24 | 0,90 /Gﬂ 4 3}@\ 238 T3 1A
'/ 4
150 | Ethylcyclopentane CH3CH2C‘I-yéH2@ //> (> 340 | <5 1,0/ %\8 \;{ 20 Al 262 T3 A
7/
151 |Ethylene CH2=CH2\// 7 >m 0,97 2,3 3@,0\ 6 \/23 425 | 0,65 T2 1B
152 |Ethylenediamine NH,(q HZCH2N|§>\/ { { 2,07 34 \27\ 16\& \6/A> 396 403 1,18 T2 A
153 |Ethylene oxide C‘:Hz CH,O0 Z 1,52 (<—1<8'\ Z\SK 0,0 47 1848 435 0,59 T2 1B
154 | Ethyl formate HCOPCH,CH, < § A % >\zz/o/ (Z\KO 36,5 87 | 497 || 440 | 0,91 T2 IIA
155 |2-Ethylhexyl acetate CH3GOOCH,CH(C,Hs)C4Ho /)Q%@\x/\ 0,75)| 6,2 53 439 || 335 | 0,88 T2 1B
L4
156 | Ethyl isobutyrate (CHa),CHCOOC,Hs </7 fgy\ \% 1,60 75 438 | 0,96 T2 A
77
157 | Ethyl methacrylate CH,3CCH;COOCH,CH4 /\ /\K )%)0 ’S%@//\F\l,SO 70 1,01 1A
158 | Ethyl methyl ether CH3;(DCH,CH, N N Z 1 2 10,1 50 255 190 T4 1B
159  |Ethyl nitrite (see 4.2) CHsGH,ONO K \/x \ {EB/ _ﬁﬁ@ )50,0 94 | 1555 | 95 | 0,96 T6 1A
VN
160 |O-Ethyl phosphorodichloridothioate | C,H5OPSCI, \//\\/\\ X 7,27 (75C> /> 234 1,20 T3 1A
VI\
161 Ethylpropylacrolein CgH4[,O 4,34 184 0,86 T4 11B
(isomer not stated)
p7A
162 |Formaldehyde HCHD < \ > 1,03 7@0 ///3,/0/ 88 }9{0 424 | 0,57 T2 B
N
163 |Formic acid Hcoé \\ \ 1,60 42 10,0 (57,0 1/99/ 1049Y| 520 1,86 T1 A
164 |2-Furaldehyde c‘><:H=CHEw-l—\«:I Hb\ 330 | 60 | 210 | 19,3 |/ 85 /768 316 | 0,88 T2 1B
165 |Furan CH=CHCH=CH 2,30 | <20 | 2,30 | 14,3 66 8 390 | 0,68 T2 B
u ‘;4? /4'6
166 | Furfuryl alcohol OC(CHzoHheHeHeH 3-38 6+ 48 +6-3 %,v 670 370 0,8 T2 B
167 |1,2,3-Trimethylbenzene CHCHCHC(CH3)C(CH3)C(CHy) 4,15 51 0,80 7,0 470 T1 1A
L
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Table A.1 — Flammability data (continued)

Rho FP Flammability limits Ignition
Ref. Gas or vapour Formula P °C Lower [Upper |Lower [Upper [temp. MESG [ class roup
vol per cent ( ﬁg{ °C mm
168 |Heptane (mixed isomers) C,Hq /m 3,46 -4 1,10 % ) 4@ 2}i\ 215 0,91 T3 1A
169 |Heptan-1-ol CH3(3H2)7/6H26/H/ //> (> 403 | 60 n 275 | 0,04 1A
170 |Heptan-2-one CH;3( O(M% / >m 3,94 39 & @ &2 \/{78 533 T1 1A
171 |Hept-2-ene CH3(EH,):CH=SHCH, { { 340 | <0 \ \) 263 | 0,97 T3 1A
172 |Hexane (mixed isomers) CH3([CH,)4CH3 Z 2,97 (—2%/-\ l\&& \%/ 35 290 233 0,93 T3 1A
173 |1-Hexanol CeHikOH < § A~ N >\6§/ (1\,%0 > 51 293 | 0,98 T3 A
174 |Hexan-2-one CH3GO(CH,)3CH3 m%@% 1,20 I 8,0 50 336 533 T1 1A
175 |[Hydrogen H, </7 ’(&?\ % 4,00 77,0 3,4 63 560 0,28 T1 Ic
77
176 Hydrogen cyanide HCN /\ /_\ )g;o ’%@CF\SAO 46,0 60 520 538 0,80 T1 11B
177 | Hydrogen sulfide H,S \\£ 2\//% /\/ﬁgo\ 45,5 57 650 270 0,89 T3 11B
178 |[4-Hydroxy-4-methylpenta-2-one CH3( OCHZC(CH})\OHK \/\ \ @ 58 \]/83 \ 6,9 88 336 680 Tl A
179 Kerosene /38(‘?,70 /B/(> 210 T3 1A
180 1,3,5-Trimethylbenzene (‘:HC ,H3)CHC(C%)\6\<C(6N< \/x 4,15 \44_2 )/{ % /\>0 365 499 0,98 T1 1A
181 |Metaldehyde (C,HLO), 610 | 36 < A
/\ \ [ Lo >

182 Methacryloyl chloride CH,(@C Cbgl N \ 3,60 17 ZW / //6’{ 2_\ 510 0,94 T1 1A
183 |Methane (firedamp) CH, \\) 0,55 4,40 \1]/0/ /9 713 537 1,14 T1 |

184 Methane (see 4.6) CHy \) 4,40 17,0 \/ﬁ /y/{ 537 T1 1A
185 Methanol CH3QH 1,11 11 5,50 36,0 {3 484 386 0,92 T2 1A
186 |Methanethiol CH3SH 1,60 4,1 21,0 80 420 340 1,15 T2 A
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Table A.1 — Flammability data (continued)

Rho FP Flammability limits Ignition
Ref. Gas or vapour Formula P °C Lower [Upper |Lower [Upper [temp. MESG [ class roup
vol per cent ( ﬁg{ °C mm
187 |2-Methoxyethanol CH3;QCHLCH»@OH 2,63 39 2,40 }(h\& 7@ 6%@\ 285 0,85 T3 11B
188 | Methyl acetate CH,;(¢ 00(7{3 // //> (> 2,56 -10 3,20 ﬁ\o \g E?\'i/ 502 T1 A
189 |Methyl acetoacetate CH3¢O0O0 ()/2{43/ > 4,00 62 /;KS 1}2\ \gz \/6)85 280 0,85 T3 1B
m AN
190 |Methyl acrylate CH2-CHCOOC 3,00 -3 \% 25& \8/§ 903 415 0,85 T2 1B
191 |Methylamine CH3NH, </ Z 1,00 -1 4, 0,7 270 430 T2 1A
ga
N N AN
192  |2-Methylbutane (CHs),CHCH,CHs kﬂ& <_% @o ‘\78,0 38 | 242 || 420 | 0,98 T2 1A
193  |2-Methylbutan-2-ol CH5GH,C(OH)(CHs), W@ p@/ 140 | 102 | 50 | 374 || 392 | 1,10 T2 A
194 | 3-Methylbutan-1-ol (CH3),CH(CH,),0H \/(/ C@\ 2 1,30 10,5 47 385 339 1,06 T2 A
195 |2-Methylbut-2-ene (CH3),C=CHCHj4 < (\kﬂ@ )‘&53 /},30 6,6 37 189 290 0,96 T3 A
%
196 |Methyl chloroformate CHz;QpOCC [\/\ (\ w 10 7,5 26 293 1020 475 1,20 Tl 1A
197 | Methylcyclobut CH3QH,CH,CH A
ethylcyclobutane 3§ Hy {X} 2 /\) /\
198 Methylcyclohexane CH3C H(CH2)4CH2 <\ \/\\) 3,38 &4(_,/1,1 6/ 47 275 258 T3 1A
199 |Methylcyclohexanols CH3GgH10OH \/ 393 | 68 / / 295 T3 A
g >
200 Methylcyclopentadienes (isomer CgHyg 2,76 <-18 1@//{ / 43 49 432 0,92 T2 1A
not stated)
201 |Methylcyclopentane CH3C‘ H,)3 2 \) 2,90 <-10 1,00 8 5 /7_796 258 T3 1A
202 Methylenecyclobutane (F(z H,)CH, C% )Y 2,35 <0 1,25 8,6 \/Zg 5/ 352 0,76 T2 11B
203 | 4-Methylenetetrahydropyran (?CH_CHZC(—CHZ)CHZQHZ 3,78 2 1,50 4) s 255 0,89 T3 11B
204 2-Methyl-I-buten-3-yne HC =CC(CH3)CH, 2,28 -54 1,40 38 272 0,78 T3 11B
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Table A.1 — Flammability data (continued)

Rho FP Flammability limits Ignition
Ref. Gas or vapour Formula P °C Lower [Upper |Lower [Upper [temp. MESG [ class roup
/> vol per cent ( ﬁg{ °C mm
205 |Methyl formate HCOPCH; /m 2,07 | —20 | 5,00 % ) 1@ 5§9\ 450 T2 A
206 |2-Methylfuran oc( HQCKC%H/ //> (> 283 | <-16 | 1,40 5\7 \4< s Al 318 | 095 T2 IIA
207 2-Methylhexa-3, 5-dien-2-ol CHfCHC&(}C(%(@é(V >m 3,79 24 \\ \ \/ 347 1,14 T2 1A
208 |Methylisocyanate cHNco S\ { { 1,96 | -7 \5{ 26\& \135 605 || 517 | 1,21 T1 1A
209 | Methyl methacrylate CH33CCH3;COOCH;, </ Z 3,45 (10(-\ 1\& 2,5 520 430 0,95 T2 1A
210 |Methyl 2-methoxypropionate CHsGH(CH50)COOCH;4 < § A~ N >\4§/ (1\,%0 > 58 211 | 1,07 T3 1A
211 |4-Methylpentan-2-ol (CH3),CHCH,CHOHCH;, </>Q%@\% 1,14 I 5,5 47 235 334 1,01 T2 1A
212 4-Methylpentan-2-one (CH3),CHCH,COCH; </7 ﬂ V\% 1,20 8,0 50 336 475 1,01 T1 1A
7
213 |2-Methylpent-2-enal CH3GH,CHC(CH3)COH /\ /\Y\ ),({8 ’S%ﬁ//\,\ms 58 206 | 0,84 T3 1B
214 |4-Methylpent-3-en-2-one (CH3),(CCHCOCH), N ~ “i }ﬁ' /4’\,?,50\ 7,2 64 289 306 0,93 T2 1A
215 |2-Methylpropan-I-ol (CHs),CHCH,OH K \/x \ {\EE/ 28 \\M~S ) 9,8 52 305 408 | 0,96 T2 A
A
216 2-Methylprop-l-ene (CH3),C=CH, \//\\/\ \ X 1,93 (gasC>l,6 /0> 37 235 483 1,0 T1 1A
217 |2-Methylpyridine NCH CH3)CHCH52(-}Q\\ VA> 3,21 \}7—1 /,40 / >5 533 1,08 T1 1A
218 3-Methylpyridine l\‘lCH ZH(CW\\QL\ \ 3,21 43 1,40 < > 308 537 1,14 T1 1A
AN
219 |4-Methylpyridine NCHE (B(«E,)c@?ﬁ 3,21 43 1,1 /,8 /.{ zﬁa\ 534 | 1,12 T1 1A
AN
220 |a-Methyl styrene C6H5C(}H$<b§g \\/ 408 | 40 | 090 |65 | 724 7;30 445 | 0,88 T2 B
221 Methyl tert-pentyl ether (CH; ZC(OCH3)}H@% 3,50 <-14 1,50 62 345 1,01 T2 1A
222 2-Methylthiophene S‘C( HCHCHCH 340 1 130 65 2\?\/ 261 433 1,15 T2 1A
223 | 2-Methyl-5-vinylpyridine NC(CH3)CHCHC(CH,=CH)CH 4,10 61 520 1,30 T1 1A
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