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INTERNATIONAL ELECTROTECHNICAL COMMISSION

EXPLOSIVE ATMOSPHERES -

Part 14: Electrical installations design, selection and erection

FOREWORD

[he International Electrotechnical Commission (IEC) is a worldwide organization for standardization compri
bll national electrotechnical committees (IEC National Committees). The object of IEC is to™\pron

his end and in addition to other activities, IEC publishes International Standards, Technical (Specificati
fechnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter refefred to as

Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee intere
n the subject dealt with may participate in this preparatory work. International, goyernmental and

povernmental organizations liaising with the IEC also participate in this preparation. fEC collaborates clo
vith the International Organization for Standardization (ISO) in accordance with ‘eonditions determined
bgreement between the two organizations.

[

Fhe formal decisions or agreements of IEC on technical matters express, as n€arly as possible, an internati
consensus of opinion on the relevant subjects since each technical committee has representation from
nterested IEC National Committees.

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

n order to promote international uniformity, IEC Nationak Committees undertake to apply IEC Publicat
ransparently to the maximum extent possible in their{mational and regional publications. Any divergd
between any IEC Publication and the corresponding natienal or regional publication shall be clearly indicatg
he latter.

EC itself does not provide any attestation of conformity. Independent certification bodies provide confor
hssessment services and, in some areas, access'to |IEC marks of conformity. IEC is not responsible for
bervices carried out by independent certification bodies.

Al users should ensure that they have the latest edition of this publication.

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

ndispensable for the,cotrect application of this publication.

Attention is drawn’ to the possibility that some of the elements of this IEC Publication may be the subje
patent rights. IE€_shall not be held responsible for identifying any or all such patent rights.

explosive atmospheres.
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A\ttention is drawn to thé\Normative references cited in this publication. Use of the referenced publications is

t of

This fourth edition cancels and replaces the third edition published in 2002 and constitutes a
technical revision with respect to gases and vapours and incorporates the requirements for
dusts from IEC 61241-14 (2004). The incorporation of requirements for dust is without
technical change.

The significant technical changes with respect to the previous edition are as follows:

Knowledge, skills and competencies of "Responsible Persons”, “Operatives” and

"Designers" are explained in Annex F.

Equipment Protection Levels (EPLs) have been introduced and are explained in the new

Annex I.
Dust requirements included from IEC 61241-14, Ed. 1.0.
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NOTE Dust requirements are included as an interim presentation for the purpose of this edition and will be refined
in a next edition with other required technical changes.

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

FDIS Report on voting
31J/150/FDIS 31J/152/RVD

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

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

A list of all parts of the IEC 60079 series, under the general title Explosive atmospheres, ¢an
be found on the IEC website.

Th¢ committee has decided that the contents of this publication will remain unchanged yntil
thel maintenance result date indicated on the IEC web site under "http://webstore.iec.ch in
the| data related to the specific publication. At this date, the publication will be

* |reconfirmed,

* |withdrawn,

» |replaced by a revised edition, or
+ |amended.
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INTRODUCTION

Preventive measures to reduce the explosion risk from flammable materials are based on
three principles, which shall be applied in the following order:

1) Substitution

2) Control

3) Mitigation

Substitution involves for examnle renlacing a flammable material by one which is either not
T T T T 4 7

flathmable or less flammable.

Control involves, for example:

W)

reducing the quantity of flammables;

O

avoiding or minimising releases;

o O

)

)

) controlling the release;

) preventing the formation of an explosive atmosphere;
)

D

collecting and containing releases; and

—h
=

avoiding ignition sources.
NOTE 1 With the exception of item f), all of the above are part of the process of hazardous area classification.

Mi

—

gation involves, for example:

—_

reducing the number of people exposed;

N

providing measures to avoid the propagation of an explosion;

H~ W

)

)

) providing explosion pressure relief;

) providing explosion pressure suppression; and
)

a

providing suitable personal protective equipment.
NOTE 2 The above items are part of consequence management when considering risk.

Onte the principles of substitution and control (items a) to e)) have been applied, |the
remaining hazardous areas should be classified into zones according to the likelihood off an
explosive atmosphere.* being present (see IEC 60079-10 or IEC 61241-10). Sgch
clagsification, whichumay be used in conjunction with an assessment of the consequenceg of
an fignition, allows-equipment protection levels to be determined and hence appropriate types
of protection to'be specified for each location.

Forl an explosion to occur, an explosive atmosphere and a source of ignition need to co-eXist.
Prdtectivé measures aim to reduce, to an acceptable level, the likelihood that the electr|cal
installation could become a source of ignition.

By careful design of the electrical installation, it is frequently possible to locate much of the
electrical equipment in less hazardous or non-hazardous areas.

When electrical equipment is to be installed in areas where dangerous concentrations and
quantities of flammable gases, vapours, mists or dusts may be present in the atmosphere,
protective measures are applied to reduce the likelihood of explosion due to ignition by arcs,
sparks or hot surfaces, produced either in normal operation or under specified fault
conditions.

Many types of dust that are generated, processed, handled and stored, are combustible.
When ignited they can burn rapidly and with considerable explosive force if mixed with air in
the appropriate proportions. It is often necessary to use electrical apparatus in locations
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where such combustible materials are present, and suitable precautions must therefore be
taken to ensure that all such apparatus is adequately protected so as to reduce the likelihood
of ignition of the external explosive atmosphere. In electrical apparatus, potential ignition
sources include electrical arcs and sparks, hot surfaces and frictional sparks.

Areas where dust, flyings and fibres in air occur in dangerous quantities are classified as
hazardous and are divided into three zones according to the level of risk.

Combustible dust can be ignited by equipment in several ways:

e [Dy SUrfaces of the apparatus that are above the minimum ignition temperature ot the, dust
concerned. The temperature at which a type of dust ignites is a function of the praoperiies
of the dust, whether the dust is in a cloud or layer, the thickness of the layeriand fhe
geometry of the heat source;

e |by arcing or sparking of electrical parts such as switches, contacts, commutators, brusHhes,
or the like;

e |by discharge of an accumulated electrostatic charge;

e |by radiated energy (e.g. electromagnetic radiation);

e |by mechanical sparking or frictional sparking associated with the-apparatus.
In grder to avoid dust ignition hazards it is necessary that:

e [the temperature of surfaces on which dust can be deposited, or which would be in confact
with a dust cloud, is kept below the temperature limitation specified in this standard;

e |any electrical sparking parts, or parts havinga\temperature above the temperature I{mit
specified in this standard:

e are contained in an enclosure which adequately prevents the ingress of dust, or

e the energy of electrical circuits is:limited so as to avoid arcs, sparks or temperatufres
capable of igniting combustible dust;

e |any other ignition sources are avoided.

Seyeral types of protection are available for electrical equipment in hazardous areas ($ee
IEG 60079-0), and this standard gives the specific requirements for design, selection and
erefction of electrical installations in explosive atmospheres.

This part of IEC 60079 is supplementary to other relevant IEC standards, for example
IEG 60364 seriescas’ regards electrical installation requirements. This part also refersl to
IEG 60079-0 and.”its associated standards for the construction, testing and marKing
requirements-of\suitable electrical equipment.

This standard is based on the assumption that electrical equipment is correctly installed,
tesfed, maintained and used in accordance with its specified characteristics.

Inspection, maintenance and repair aspects play an important role in control of hazardous
area installations and the user’s attention is drawn to IEC 60079-17 and IEC 60079-19 for
further information concerning these aspects.

In any industrial installation, irrespective of size, there may be numerous sources of ignition
apart from those associated with electrical equipment. Precautions may be necessary to
ensure safety from other possible ignition sources, but guidance on this aspect is outside the
scope of this standard.

In IEC 61241-1, for protection by enclosure 'tD', two different types of practice, A and B, are
specified and are intended to provide an equivalent level of protection.
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Both of these practices are in common use and the requirements of each should be followed
without mixing either the apparatus requirements or selection/installation requirements of the
two practices. They adopt different methodology with the primary differences being:

Practice A

Practice B

Written principally as performance based requirements

Written as both performance and prescriptive based
requirements

Maximum surface temperature is determined with 5 mm
layer of dust and installation rules require 75 °C margin
between the surface temperature and ignition temperature
of the particular dust

Maximum surface temperature is determined with
12,5 mm layer of dust and installation rules require
25 °C margin between the surface temperature and
ignition temperature of the particular dust

A mlethod of achieving the required dust ingress protection
by the use of resilient seals on joints and rubbing seals on
rotafing or moving shafts or spindles and determining dust
ingress according to IEC 60529 -IP Code

A method of achieving the required dust ingress
protection by specified widths and clearances\betyween
joint faces and, in the case of shafts and-spindles,
specified lengths and diametrical clearances betyveen
moving and stationary parts and ydetermining |dust
ingress according to the heat cycling test
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1

Thi
er

W

ThJ:e requirements are in addition to the requirements for installations in non-hazardpus

is standard does not apply to

EXPLOSIVE ATMOSPHERES -

Part 14: Electrical installations design, selection and erection

Scope

tion of electrical installations in hazardous areas associated with explosive atmosphers

ere the equipment is required to meet other environmental conditions, for .example,
ection against ingress of water and resistance to corrosion, additional, methods| of
ection may be necessary. The method used should not adversely affect the,integrity of the

requirements of this standard apply only to the use of equipmgnt)under normal or near
mal atmospheric conditions. For other conditions, additional precautions may |be
essary. For example, most flammable materials and many amaterials which are normally
rded as non-flammable might burn vigorously under conditions of oxygen enrichment.
er precautions might also be necessary in the use @f equipment under conditions| of
reme temperature and pressure. Such precautions aretbeyond the scope of this standarg.

S.

is standard applies to all electrical equipment including fixed, portable, transportable and

sonal, and installations, permanent or {emporary.

pplies to installations at all voltages:

electrical installations in mines susceptible to firedamp;

NOTE This standard may-apply to electrical installations in mines where explosive gas atmospheres ofher
than firedamp may be formed and to electrical installations in the surface installation of mines.

inherently explosive situations and dust from explosives or pyrophoric substances (for
example explesives manufacturing and processing);

rooms usedfor medical purposes;

electrical installations in areas where the hazard is due to hybrid mixtures of combustible
dust.and explosive gas, vapour or mist.

This standard does nof fake Inio account of any risk due to an emission of flammable or toxic
gas from the dust.

2

Normative references

The following referenced documents are indispensable for the application of this document.
For dated references, only the edition cited applies. For undated references, the latest edition

of t

he referenced document (including any amendments) applies.

IEC 60034-1, Rotating electrical machines — Part 1: Rating and performance

IEC 60034-5, Rotating electrical machines — Part 5: Degrees of protection provided by the
integral design of rotating electrical machines (IP code) — Classification
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IEC 60050-826, International Electrotechnical Vocabulary — Part 826: Electrical installations
IEC 60060-1, High-voltage test techniques — Part 1: General definitions and test requirements
IEC 60079 (all parts), Explosive atmospheres

IEC 60079-0, Explosive atmospheres — Part 0: Equipment — General requirements

IEC 60079-1, Explosive atmospheres — Part 1. Equipment protection by flameproof
enclosures “d”

IEG 60079-2, Explosive atmospheres — Part 2: Equipment protection by pressurized enclgsure
«p

IEG 60079-5, Explosive atmospheres — Part 5: Equipment protection by powder filling «q»

IEG 60079-6, Explosive atmospheres — Part 6: Equipment protection by oil imifmersion “0”
IEG 60079-7, Explosive atmospheres — Part 7: Equipment protection bysincreased safety “e

IEG 60079-11, Explosive atmospheres — Part 11: Equipment protection by intrinsic safety "

IEG/TR 60079-13, Electrical apparatus for explosive gas atmospheres — Part 13: Construction
and use of rooms or buildings protected by pressurization

IEG 60079-14, Electrical apparatus for explosive~gas atmospheres — Part 14:Electrjcal
installations in hazardous areas (other than mines)

IEG 60079-15, Electrical apparatus for explosive gas atmospheres — Part 15: Construction,
tesf and marking of type of protection "n" electrical apparatus

IEG 60079-16, Electrical apparatus.dor explosive gas atmospheres — Part 16:Artifipial
ventilation for the protection of analyzer(s) houses

IEG 60079-18, Electrical apparatus for explosive gas atmospheres — Part 18:Construction,
tesf and marking of type of protection encapsulation "m" electrical apparatus

IEQG 60079-19, Explosive atmospheres — Part 19: Equipment repair, overhaul and reclamation

IEG 60079-25, Electrical apparatus for explosive gas atmospheres — Part 25: Intrinsically dafe
sygqtems

IEG 60079-26, Explosive atmospheres — Part 26: Equipment with equipment protection ldvel
(ERL)Ga

IEC 60079-27, Electrical apparatus for explosive gas atmospheres — Part 27: Fieldbus
intrinsically safe concept (FISCO) and Fieldbus non-incendive concept (FNICO)

IEC 60079-28, Explosive atmospheres — Part 28: Protection of equipment and
transmissionsystems using optical radiation

IEC 60079-29-1, Explosive atmospheres — Part 29-1: Gas detectors — Performance
requirements of detectors for flammable gases

IEC 60079-29-2, Explosive atmospheres — Part 29-2: Gas detectors — Selection, installation,
use and maintenance of detectors for flammable gases and oxygen


https://iecnorm.com/api/?name=086bb45d43310262d02569eb0737fc71

60079-14 © IEC:2007 - 15—

IEC 60079-31, Explosive atmospheres — Part 31: Equipment dust ignition protection by enclosure
utDu1

IEC 60243-1, Electrical strength of insulating materials — Test methods — Part 1. Tests at
power frequencies

IEC 60332-1-2, Tests on electric and optical cables under fire conditions — Part 1-2: Test for
vertical flame propagation for a single insulated wire or cable-Procedure for 1TKW pre-mixed
flame

|EC‘ 80364 /Q!! Darts

e-aloctrical installations.
vvvvv tHpaits O—-616-6tHoaHAStaations

IEG 60364-4-41, Low-voltage electrical installations — Part 4-41: Protection for safety —
Prdtection against electric shock

IEG 60529, Degrees of protection provided by enclosure (IP code)
IEG 60950 (all parts), Information technology equipment — Safety

IEG 61010-1, Safety requirements for electrical equipment for measurement, control, and
labpratory use - Part 1: General requirements

IEG 61241 (all parts), Electrical apparatus for use in the presence of combustible dust

IEG 61241-0, Electrical apparatus for use in the presence” of combustible dust — Parf O:
Geheral requirements

IEQG 61241-1, Electrical apparatus for use in the) presence of combustible dust — Par] 1:
Prdtection by enclosures "tD"

IEG 61241-2-1, Electrical apparatus for u§e in the presence of combustible dust — Partl 2:
Tegt methods — Section 1: Methods for determining the minimum ignition temperatures of dust

IEG 61241-4, Electrical apparatus-for use in the presence of combustible dust — Part 4:Type
of protection "pD"

IEG 61241-10, Electrical apparatus for use in the presence of combustible dust — Part |10:
Cldssification of areas where combustible dusts are or may be present

IEQG 61241-11, Eléctrical apparatus for use in the presence of combustible dust — Part |11:
Prqtection by infrinsic safety 'iD’

IEG 61285, \Industrial process control — Safety of analyser houses

IEG 61558-2-6, Safety of power transformers, power supply units and similar — Part 2-6:
Pafticotar requirererts for safety isofatimg transformers for gerneral use

IEC 62305-3, Protection against lightning — Part 3 Physical damage to structures and life
hazard

ISO 10807, Pipework — Corrugated flexible metallic hose assemblies for the protection of
electric cables in explosive atmospheres

1 To be published
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

ATMOSPHERES EXPLOSIVES -

Partie 14: Conception, sélection et construction
des installations électriques

AVANT-PROPOS

L a Commission Electrotechnique Internationale (CEIl) est une organisation mondiale de normalisg
composée de l'ensemble des comités électrotechniques nationaux (Comités nationaux de la GEl)¥La C
bour objet de favoriser la coopération internationale pour toutes les questions de normalisation dans
Homaines de I'électricité et de I'électronique. A cet effet, la CEl — entre autres activités — publie des Nor|
nternationales, des Spécifications techniques, des Rapports techniques, des Spécifications accessibles
bublic (PAS) et des Guides (ci-apres dénommés "Publication(s) de la CEI"). Leur élaboration est confiée a
comités d'études, aux travaux desquels tout Comité national intéressé par le sujet,traité peut participer.
brganisations internationales, gouvernementales et non gouvernementales, en liaison*avec la CEl, partici
Egalement aux travaux. La CEl collabore étroitement avec I'Organisation Internationale de Normalisation (I
belon des conditions fixées par accord entre les deux organisations.

| es décisions ou accords officiels de la CEIl concernant les questions techfiiques représentent, dans la me
Hu possible, un accord international sur les sujets étudiés, étant donng~que les Comités nationaux de la
ntéressés sont représentés dans chaque comité d’études.

L es Publications de la CEIl se présentent sous la forme de recommandations internationales et sont agré
comme telles par les Comités nationaux de la CEIl. Tous les efforts raisonnables sont entrepris afin que la
b'assure de I'exactitude du contenu technique de ses publicatiens; la CEl ne peut pas étre tenue respons
e I'éventuelle mauvaise utilisation ou interprétation qui en €styfaite par un quelconque utilisateur final.

Dans le but d'encourager I'uniformité internationale, les,Comités nationaux de la CEIl s'engagent, dans touf
mesure possible, a appliquer de fagon transparenteiles Publications de la CEl dans leurs publicat
hationales et régionales. Toutes divergences entre~toutes Publications de la CEl et toutes publicat
hationales ou régionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

| a CEIl elle-méme ne fournit aucune attestation-de conformité. Des organismes de certification indépend
ournissent des services d'évaluation de conformité et, dans certains secteurs, accédent aux marques
conformité de la CEIl. La CEIl n'est résponsable d'aucun des services effectués par les organismes
Certification indépendants.

[ous les utilisateurs doivent s'assurer.qu'ils sont en possession de la derniére édition de cette publication.

Aucune responsabilité ne doit(étre imputée a la CEIl, a ses administrateurs, employés, auxiliaires|
mandataires, y compris ses experts particuliers et les membres de ses comités d'études et des Conm
hationaux de la CEl, pour tout préjudice causé en cas de dommages corporels et matériels, ou de tout g
Hommage de quelque nature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les

e justice) et les dépenses découlant de la publication ou de I'utilisation de cette Publication de la CEIl o
oute autre Publication.de la CEI, ou au crédit qui lui est accordé.

 'attention est attirée sur les références normatives citées dans cette publication. L'utilisation de publicat
éférencées estobligatoire pour une application correcte de la présente publication.

| ’attention” est attirée sur le fait que certains des éléments de la présente Publication de la CEIl peuvent f
‘objet .de droits de propriété intellectuelle ou de droits analogues. La CEl ne saurait étre tenue
espansable de ne pas avoir identifié de tels droits de propriété et de ne pas avoir signalé leur existence.
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orme internationale CE| 60079-14 a été établie par le sous-comité 31.J: Classification

emplacements dangereux et exigences d’installation, du comité d’études 31 de la CEl:
Equipement pour atmosphéres explosives.

Cette quatriéme édition annule et remplace la troisieme édition publiée en 2002. Elle
constitue une révision technique pour ce qui concerne les gaz et vapeurs et les exigences
pour les poussiéres, de la CElI 61241-14 (2004), y ont été introduites. Cette introduction des
exigences pour les poussiéres n'implique pas de modifications techniques dans le domaine
des atmosphéres de poussiére combustible.

Les modifications techniques significatives par rapport a [I'édition précédente sont les
suivantes:

La connaissance et les compétences des personnes responsables, des opérateurs et des

concepteurs sont expliquées dans I’Annexe F.
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Les niveaux de protection de matériel (EPLs pour « Equipment Protection Levels »)
été introduits et ils sont expliqués dans une nouvelle Annexe I.

Les exigences pour les poussiéres issues de la CEl 61241-14, ed.1.0.

ont

NOTE Les exigences pour les poussiéres sont incluses dans une présentation temporaire pour cette édition et
elles seront redéfinies dans la prochaine édition avec d'autres modifications techniques.

Le texte de la présente norme est issu des documents suivants:

Rapport de vote

Le
abd

Ce

Un
exf

Le
ma
dor

rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le Vote ay
uti a I'approbation de la présente norme.

te publication a été rédigée selon les Directives ISO/CEI, Partie 2.

b liste de toutes les parties de la série CEI 60079, sous le titre)général Atmosphé
losives est disponible sur le site web de la CEI.

comité a décidé que le contenu de cette publication ne sera pas modifié avant la date
jntenance indiquée sur le site web de la CEIl sous’http://webstore.iec.ch" dans
nées relatives a la publication recherchée. A cette date,la publication sera

reconduite,

supprimée,

remplacée par une édition révisée, ou
amendée.

ant

res

de
les



https://iecnorm.com/api/?name=086bb45d43310262d02569eb0737fc71

- 104 - 60079-14 © CEI:2007

INTRODUCTION

Les mesures préventives pour réduire le risque d’explosion lié a des matiéres inflammables
sont basées sur trois principes, qui peuvent étre appliqués dans I'ordre suivant:

1) La substitution

2) La maitrise

3) La réduction

La substitution imnliocue par exemnple le remplacement d'une matiére inflammable par une
T T ’ T T ’ T T

autre qui ne I'est pas ou qui I'est moins.

La maitrise implique, par exemple:

W)

la réduction de la quantité de matieres inflammables ;

O

I’évitement ou la réduction des dégagements ;

o O

la prévention de la formation d’'une atmosphére explosive ;

D

)
)
) le contréle des dégagements ;
)
)

le recueil et le confinement des dégagements ; et
f) I’évitement des sources d’'inflammation.

NOTE 1 A l'exception du point f), tous les autres points font partié du processus de classification |des
empglacements dangereux.

La fréduction implique, par exemple:
la réduction du nombre de personnes exposées ;

1
2) la prise de mesures pour éviter la propagation d’'une explosion ;

A W

)

)

) la mise en place de systémes de decharge de la pression d’une explosion ;

) la mise en place de systémes_de'suppression de la pression d’'une explosion ; et
)

a

la fourniture d’équipements.de protection individuelle.

NOTE 2 Les points ci-dessus font partie"des suites données a une gestion des risques.

Ung fois que les principes(de substitution et de maftrise (points a) a e)) ont été appliqués,|les
emplacements dangereux_persistant doivent étre classés en zones selon la probabilité de la
prélsence d’'une atmosphére explosive (voir la CEl 60079-10 ou la CEI 61241-10). Un|tel
clagssement qui peut étre utilisé en association avec I’évaluation des conséquences d’line
inflammation, permet de déterminer des niveaux de protection de matériel et ainsi les mogles
de protection atspécifier en chaque emplacement.

Polir qu'une explosion se produise, une atmosphére explosive et une source d’inflammafion
doivent. coexister. Les mesures de protection visent a réduire a un niveau acceptablg la
propabilité qu’une installation électrique devienne une source d’inflammation.

Une conception rigoureuse de l'installation électrique permet plus souvent de mieux situer le
matériel électrique dans des emplacements moins dangereux ou pas dangereux.

Quand un matériel électrique doit étre installé dans des emplacements ou des concentrations
dangereuses et des quantités de gaz, vapeurs, brouillards ou poussieres inflammables sont
présentes dans l'atmosphére, des mesures de protection sont appliquées pour réduire la
probabilité d’explosion due a une inflammation par arcs, étincelles ou surfaces chaudes,
produites soit en fonctionnement normal soit dans des conditions spécifiées de défauts.

De nombreuses poussiéres qui sont générées, traitées, manipulées et stockées sont
combustibles. Une fois enflammées, elles peuvent briler rapidement et avec un pouvoir
explosif considérable si elles sont mélangées a l'air dans des proportions appropriées. Il est
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