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Preface

This preface, as well as all footnotes and annexes, is included for information purposes and is not part of
ANSI/ISA-RP12.13.02 (IEC 61779-6 Mod).

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

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

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

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

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

HOWEVER, ISA ASKS THAT ANYONE REVIEWING THIS DOCUMENT WHO IS AWARE OF ANY
PATENTS THAT MAY IMPACT IMPLEMENTATION OF THE DOCUMENT NOTIFY THE ISA
STANDARDS AND PRACTICES DEPARTMENT OF THE PATENT AND ITS OWNER.

ADDITIONALLY, THE USE OF THIS DOCUMENT MAY INVOLVE HAZARDOUS MATERIALS,
OPERATIONS OR EQUIPMENT. THE DOCUMENT CANNOT ANTICIPATE ALL POSSIBLE
APPLICATIONS OR ADDRESS ALL POSSIBLE SAFETY ISSUES ASSOCIATED WITH USE IN
HAZARDOUS CONDITIONS. THE USER OF THIS DOCUMENT MUST EXERCISE SOUND
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PROFESSIONAL JUDGMENT CONCERNING ITS USE AND APPLICABILITY UNDER THE USER’S
PARTICULAR CIRCUMSTANCES. THE USER MUST ALSO CONSIDER THE APPLICABILITY OF ANY
GOVERNMENTAL REGULATORY LIMITATIONS AND ESTABLISHED SAFETY AND HEALTH
PRACTICES BEFORE IMPLEMENTING THIS DOCUMENT.

THE USER OF THIS DOCUMENT SHOULD BE AWARE THAT THIS DOCUMENT MAY BE IMPACTED
BY ELECTRONIC SECURITY ISSUES. THE COMMITTEE HAS NOT YET ADDRESSED THE
POTENTIAL ISSUES IN THIS VERSION.

The following people served as members of ISA Subcommittee SP12.13:

NAME COMPANY

J. Miller, Chairman Detector Electronics Corporation
M. Coppler, Managing Director Ametek Inc.

R. Bierzynski Scott /Bacharach Inc.

E. Briesch Underwriters Laboratories Inc.
C. Brown Enmet Corporation

S. Bruce Delphian Corporation

J. Cawley NIOSH

S. Czaniecki Intrinsic Safety Concepts Inc.

G. Garcha GE Power Systems

L. Greenawalt Marathon Oil Company

A. Guerrera Sola Communications Safety Control
K. Hedrick MSHA Approval & Certification Center
B. Holcom Thermo Gas Tech

W. Mellon Bacharach Inc.

R. Menot FM Approvals

D. Mercier U.S. Coast Guard Headquarters
T. Pipitone General Monitors Inc.

R. Poling E.l. du Pont

M. Schaeffer Control Instruments Corporation
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D. Wechsler Dow Chemical Company
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Foreword

All text of IEC 61779-6 is included in this document. U.S. National Deviations are shown by strikeeut
through deleted text and underline under added text. Tables or portions of tables that are to be deleted are
shown as shaded; figures to be deleted are marked with the overlay “Figure X Deleted.” All added tables
are numbered by a table number corresponding to the applicable subclause for improved clarity and are
NOT underlined. Notes appear in the table titles showing the tables as added material.
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Introduction

Part 6 (IEC 61779-6 Mod)
Electrical apparatus for the detection and measurement of flammable gases —
Part 6: Guide for the selection, installation, use, and maintenance of apparatus

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, and 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 potentially explosive
levels.

Performance requirements for gas detecting apparatus are set out in ANSI/ISA-12.13.01 (IEC 61779-1
through 5 Mod).
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1 General

1.1 Scope

111 “Fhis-partoHECH1779 ANSI/ISA-RP12.13.02 (IEC 61779-6 Mod) gives guidance on the
selection, installation, use, and maintenance of electrically operated group Il apparatus for the detection
and measurement of flammable gases complying with the requirements of IEG-63+779-1+teEC-61779-5
ANSI/ISA-12.13.01 (IEC 61779-1 through 5 Mod). It is a compilation of practical knowledge to assist the
user, and applies to apparatus, instruments and systems that indicate the presence of a flammable or
potentially explosive mixture of gas or vapour with air by using an electrical signal from a gas sensor to
produce a meter reading, to activate a visual or audible pre-set alarm or other device, or any combination
of these.

NOTE — When in classified areas, the apparatus should be so installed and used that it is not capable of itself igniting a flammable
gas-air mixture. It should therefore comply with the requirements of {E6-66679-18 ANSI/NFPA 70, Articles 500-505.

For the purpose of this document flammable gases shall include flammable vapours.

1.1.2 This document applies only to group Il apparatus intended for use in industrial and commercial
safety applications, involving areas classified in accordance with {£€6-66679-18 ANSI/NEPA 70, Articles
500-505.

For the purpose of this doment, apparatus includes

a) fixed apparatus;

b) transportable apparatus; and

c) portable apparatus.

1.1.3 This document is not intended to cover the following:

a) Apparatus intended only for the detection of non-flammable toxic gases

b) Apparatus of laboratory or scientific type intended only for analysis or measurement purposes
c) Apparatus intended for underground mining applications

d) Apparatus intended for applications 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 parteHEC-617#9 document. For dated references, subsequent amendments to, or
revisions of, any of these publications do not apply. However, parties to agreements based on this part-ef
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{EC-61779 document 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. ANSI maintains registers of currently valid U.S. National Standards.

IEC 60050(426):1990, International Electrotechnical Vocabulary (IEV) - Chapter 426: Electrical apparatus
for explosive atmospheres

IEC 60079 (all parts), Electrical apparatus for explosive gas atmospheres

ANSI/ISA-12.00.01-2002 (IEC 60079-0 Mod):4998; Electrical apparatus for Use in Class |, Zones 0& 1
Hazardous (Classified) Locations: explesive-gas-atmespheres—Part-0: General requirements

ANSI/ISA-TR12.24.01-1998 (IEC 60079-10 Mod):1995FElectrical-apparatusferexplosive-gas-
atmospheres—Part10-Classification-of-hazardeus-areas Recommended Practice for Classification of

Locations for Electrical Installations Classified as Class |. Zone 0, Zone 1, or Zone 2

IEC 60079-19:1993, Electrical apparatus for explosive gas atmospheres - Part 19: Repair and overhaul for
apparatus used in explosive atmospheres (other than mines or explosives)

gases—and—vapea%s—mla%mg—te—me—ese—ef—eieetneal—appa%ams— NFPA 497- 1997 Recommended Pract|ce

for the Classification of Flammable Liquids, Gases, Vapors and of Hazardous (Classified) Locations for
Electrical Installations in Chemical Process Areas.

ANSI/ISA-12.13.01 (IEC 61779-1 through 5 Mod):4998,-Electrical apparatus for the detection and
measurement of flammable gases

2 Definitions
For the purpose of this partefHHEC-61749 document, the following definitions apply.

2.1 aspirated apparatus:

combustible-gas-deteceting-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 air:
air that is free of flammable gases and interfering or contaminating substances.

2.4 continuous duty apparatus:

combustible-gas-deteeting 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 readings are taken
continuously.

2.6  diffusion apparatus:
apparatus in which the transfer of gas from the atmosphere to the gas sensing element takes place by
diffusienr random molecular movement, i.e., under conditions in which there is no aspirated flow.
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2.7 electrochemical sensor:
sensor, the operation of which depends upon changes of the electrical parameters of electrodes
placed in an electrolyte due to redox reactions of the gas on the surface of the electrodes.

2.8 electromagnetic radiation absorption sensor:
sensor, the operation of which depends upon the absorption of electromagnetic radiation by the gas being
detected.

2.9 explosion protected apparatus:
apparatus incorporating a type of protection listed in ANSI/ISA-12.00.01-2002 (IEC 60079-0 Mod) eevered-

by-the {EC-60079-series-of standards.

2.10 explosive gas atmosphere:
mixture with air, under normal atmospheric conditions, of flammable material in the form of gas or vapour,
in which, after ignition, combustion spreads throughout the unconsumed mixture.

NOTE 1 — This definition specifically excludes dusts and fibres in suspension air. Mists are not covered by this standard.

NOTE 2 — Although a mixture that has a concentration above the upper explosive limit (see 2.1.9) is not an explosive atmosphere,
in certain cases for area classification purposes, it is advisable to consider it as an explosive gas atmosphere.

NOTE 3 — Normal atmospheric conditions include variations above and below reference levels of 101.3 kPa and 20 °C provided the
variations have a negligible effect on the explosive properties of the flammable materials.

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:
lowest liquid temperature at which, under certain standardized conditions, a liquid gives off vapours in a
guantity such as to be capable of forming an ignitable vapour/air mixture.

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 intermittently according to a
predetermined cycle and readings taken at the predetermined cycle.

2.17 lower flammable limit (LFL):
volume ratio of flammable gas or vapour in air below which an explosive gas atmosphere does not form,
expressed as a percentage (see Annex A).

NOTE — This is also known as lower explosive limit (LEL).

2.18 open path infrared sensor:
sensor capable of detecting gas at any location along an open path traversed by an infrared beam.
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2.19 portable apparatus:

spot reading or continuous duty apparatus that has been designed to be readily carried from place to place
and to be used while it is being carried. Portable apparatus is battery operated and includes, but is not
limited to

a) hand-held apparatus, typically less than 1 kg, suitable for single-handed operation;

b) personal monitors, similar in size and mass to the hand-held apparatus, that are continuously
operating (but not necessarily continuously sensing) while they are attached to the user; and

c) larger apparatus up-te-5-kg that can be operated by the user while it is suspended by hand, by a
shoulder strap or by a carrying harness; it may or may not have a hand directed probe.

2.20 relative density:
density of gas or vapour relative to the density of air at the same pressure and at the same temperature
(air is equal 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 sampleline:
pipelire-by a means by of which the gas being sampled is conveyed to the sensor.

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 contain associated circuit components.

2.27 sensing element:
that part of a sensor that reacts in the presence of a flammable gas mixture to produce some physical or
chemical change that can be used to activate a measuring or alarm function, or both.

2.28 single point sensor:
sensor capable of detecting gas at a single point location.

2.29 source of release:
point or location from which a flammable gas, vapour or liquid may be released into the atmosphere such
that an explosive gas atmosphere could be formed. [IEV 426-03-06, modified].

2.30 spot reading apparatus:
apparatus intended to be used for short periods of time as required (typically 5 min or less).
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2.31 thermal conductivity sensor:

sensor, the operation of which depends upon the change of heat lost by conduction of an electrically
heated element located in the gas to be measured, compared with that of a similar element located in a
reference 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).

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 to operate.

By their very nature, catalytic sensors will directly detect flammable gases; the other types of sensors
described in 3.2 to 3.6 indirectly infer the presence of flammable gases by the response of the sensor to
other gas properties.

Since oxidation depends upon the presence of oxygen, detection apparatus should use only this type of
sensor for gas concentrations up to the lower flammable limit.

The catalytic sensor may be used in either
a) diffusion mode; or

b) aspirating mode.

3.1.1 Advantages

The sensors detect flammable gases by a process of combustion and are suitable for the detection of a
wide range of flammable gases but with possible variations in sensitivity.

3.1.2 Disadvantages
The main disadvantages with catalytic sensors are the following:

a) Range limitation
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The catalytic sensor depends upon catalytic oxidation for its principle of operation and it functions only
when sufficient oxygen is present. This type of sensor should be used for the detection of gas/air
mixtures up to the lower flammable limit.

WARNING — ABOVE THE LOWER FLAMMABLE LIMIT, A CATALYTIC SENSOR MAY RESPOND
AMBIGUOUSLY AND IN SOME CASES THE INSTRUMENT MAY ERRONEOUSLY INDICATE THAT
THE FLAMMABLE GAS AND AIR MIXTURE 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, gtite-eften-owing-to-saturation—ef when condensed
moisture physically blocks the sintered flame arrestor due-to-cendensation. High concentrations of
inert gas (for example argon or helium) may also change the thermal balance of the sensor resulting in
apparent reading of combustible gas.

¢) 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.

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. Fheir
Carbon filter performance may also be affected by the level of humidity in the atmosphere.

An alternative technique sometimes used to reduce the effects of inhibition is the electrical operation of
the sensor in intermittent mode. However, there are circumstances in which such sensors may give a
false response, for example when they are suddenly exposed to a high concentration of gas during the
"power-off" part of the switching cycle. Particular caution is necessary when using such portable
apparatus in leak-detection mode or in similar operations.

The manufacturer’s guidance should be sought where the presence of contaminants is suspected, or
where temporary or permanent inhibition is experienced.

3.2 Thermal conductivity sensor
The principle of operation of the thermal conductivity sensor depends upon the heat loss by conduction of
an electrically heated resistance element (i.e., filament, bead or thin film resistor) located in a gas sample

stream of fixed velocity or in a diffusion chamber. The resulting change of electrical resistance is then
determined.
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This type of sensor is best suited for detecting individual gases of high or low thermal conductivity relative
to air.

Thermal conductivity sensors are suitable for monitoring those gases whose thermal conductivity differs
substantially from that of air (where air is the reference environment) but only at relatively high
concentrations, usually above the lower flammable limit. Apparatus incorporating thermal conductivity
sensors should not be used for measuring gas concentrations below the LFL except in the case of gases
such as hydrogen for which such sensors are especially sensitive.

Errors may result if

a) the apparatus is used to attempt to detect gases for which it is not calibrated;

b) a flow-sensitive type of thermal conductivity sensor is used and the gas sample flow is not stable;

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; and

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.

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.

¢) 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 and convection from a heated
filament and is therefore likely to give misleading results if the recommended conditions of gas flow are
not maintained as per the manufacturer's instructions.

e) Some instruments specifically rely on convection and will be sensitive to orientation.
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3.3 Electromagnetic radiation absorption sensor — usually infrared

The principle of operation of this type of sensor depends upon the absorption of energy of a beam of
electromagnetic radiation by the gas being detected. Most existing instruments operate within the IR
spectrum.

Detection apparatus with electromagnetic sensors may take various forms but may be categorized as
a) specifically adapted analysers with sampling systems;

b) single-point, self-contained electromagnetic detection apparatus suitable for installation in potentially
explosive atmospheres; and

c) light "pipes" — for example a fibre optic cable which directs an electromagnetic light source from a
control unit to a sensor cell at a remote location.

In cases a), b) and c) the absorption of electromagnetic radiation by the gas is detected by spectrometric
means and produces an electrical signal to provide indications of gas concentrations and alarms.

Electromagnetic sensors may be used for the detection of most flammable gas(es) in any specified range
of concentrations up to 100 % (v/v) with the exception of hydrogen.

NOTE — Open-path, electromagnetic radiation detection apparatus differs from the other types mentioned in this standard in that it
does not measure the concentration of gas at a particular point location, but rather measures the path integral of gas concentration
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 between a high concentration of gas occupying a short section of the open path, and a low
concentration of gas occupying a longer section of the path, and therefore does not comply with {E6-61779-1+4EC-61779-4-andHEC-
63779-5 Parts 1, 4, and 5 of ANSI/ISA-12.13.01 (IEC 61779-1 through 5 Mod).

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.

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.; and

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

Infrared sensors are calibrated to detect a particular gas or, in some cases, a limited range of gases. Other
gases will not be detected if their infrared absorption band is outside that of the calibration bandwidth.
Apparatus incorporating such sensors should therefore be used only for the detection of gas mixtures for
which they have been calibrated. When filters are used to keep optical components clean, they may be
blocked under excessively dirty conditions.

Serious errors are likely to occur with some detectors due to the presence of water vapour or interfering
gases or both.

This sensor is not suitable for measuring hydrogen.

Some types of infrared sensors, particularly open-path designs, are sensitive to misalignment caused by
shock and vibration.

3.4 Semi-conductor sensor

The principle of operation of the semi-conductor sensor depends upon changes of electrical conductance
that occur by chemisorption when the heated semi-conductor sensing element is exposed to gas. Gas
concentrations are deduced from the measured change of conductivity.

Semi-conductor sensors may be used in either diffusion mode or in a sampling system.

This type of sensor is normally used for the detection of a specified gas in a nominated range of
concentrations.

3.4.1 Advantages

Semi-conductive 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 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.
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3.5.2 Disadvantages
Disadvantages include the following:

a) Electrochemical cells are incapable of detecting the most simple hydrocarbons (for example methane,
ethane, propane, etc.).

b) The electrochemical cell can gradually be consumed.

c) Electrochemical cells may detect other interfering gases.

d) Periodic adjustment is necessary to correct for drifts in zero and span.
e) Response and recovery times are comparatively slow (typically >30 s).

f) Low temperature operations (<15 °C) and high temperature operations (>50 °C) may be precluded by
electrolyte properties.

3.6 Flame ionization detectors (FID)

The operating principle of the flame ionization detector depends upon the ionization of the organic
compounds. The ion cloud so formed migrates under the potential gradient between the electrodes in the
ionization chamber, resulting in an electric current. This current is proportional to the concentration of gas/
vapour in the gas stream.

This type of sensor is used for the detection of gas/air mixtures up to the lower flammable limit.

3.6.1 Advantages

This type of sensor is used where high sensitivity, wide measuring range, small measuring uncertainty,
poison resistance and fast response time are of main interest.

The sensor is suitable for the measuring range from ml/m2 (10-%) up to the lower flammable limit.

3.6.2 Disadvantages

The principle of operation is not selective because generally all organic compounded carbons will cause a
signal. If different gases or vapours are expected at the place of operation, 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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