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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through SO technical
committeeg. Each member body interested in a subject for which a technical commitiee has beeh established has
the right td be represented on that committee. International organizations, governmental and>nop-governmental, ir
liaison with 1SO, also take part in the work. ISO collaborates closely with the InternationalElectrotechnical
Commissipn (IEC) on all matters of electrotechnical standardization.

Draft Interpational Standards adopted by the technical committees are circulated torthe member|bodies for voting.
Publication as an International Standard requires approval by at least 75 % of the member bodigs casting a vote.

Internatiorfal Standard 1SO 11907-1 was prepared by Technical Committee4SORI&stits Subcommittee SC
4, Burning|behaviour

ISO 11907 consists of the following parts, under the generaPtiktics.—5 Smoke generation — Determination of the
corrosivity|of fire effluents:

Part 1. Guidance

Part 2: $tatic method

Part 3: Dynamic decomposition method using a travelling furnace
Part 4: Dynamic decomposition method using a cenical radiant heater

Annex A of this part of ISO 11907 is for information only.
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Introduction

The corrosive effects of combustion products are an essential factor in the assessment of the extent and cost of
damage. All fire effluents, including the released heat, are corrosive to some degree. Their potential to cause
damage| depends on a series of factors including:

« the rpte of fire growth, which determines effluent concentrations

 the Volume into which the effluents disperse

* the rjature of the combustible materials involved in the fire

* the rjature and composition of the exposed surfaces

* the t[me of exposure

* the dpecific environmental conditions at the exposed surfaces (tempgrature and humidity)
* the gfficacy of active and passive fire protection, extinction and smoke management systems

ncentration
emical and physical nature

e of exposure
ironmental conditions at the target-effluentinterface (humidity, temperature, flow regime)
sation phenomena at the target

, the effluents are carried by buoyancy to regions remote from the fire zone itself, an¢l so the potential f
corrosion exists even in these argas. Some particulates and effluent species, however, may deposit on surfaces
the effluents are transported.

Thus, thie corrosion potential in the fire zone will generally be significantly different from that in any given remote
area. Giyven the extent-efZdamage generally occurring within the fire enclosure itself, non-thernmpal damage by
corrosioh is likely tode-of most significance outside the room of origin of the fire (except in the case of
smouldgring fires).

It is known that-the corrosive effects can be broken down into three different processes:
- metal Joss'from chemical corrosion

- Ieakac oacurrant from Alactralbtic ~cArenciANn
oo T e T o T CTIe T oTy trc- CoOTToSTOT

- high contact resistance due to galvanic corrosion
Targets used in ISO 11907, parts 1, 2 and 3, measure only metal loss corrosion.
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Plastics — Smoke generatior Determination of the corrosivity of fi
effluents —

Part

re

Guidance

1 Sgope

The present guidance document constitutes the first part of ISO 11907, the other parts of whig
and two|dynamic test procedures. At the present time, the scope of this guide is limited to thes
procedures as indicated in the foreword.

h describe one stz
e three test

Once syfficient experience has been obtained with these test metheds and precision statements have been refir

it is planjned to revise this guidance document and to redefine the.scope of each of the test mg

2 Normative references

The following standards contain provisions which, through reference in this text, constitute pro
of ISO 1/11907. At the time of publication, the editions indicated were valid. All standards are su
and parfies to agreements based on this part.of ISO 11907 are encouraged to investigate the

the mos} recent editions of the standards indicated below. Members of IEC and ISO maintain

valid International Standards.

ISO 7384:1986, Corrosion tests.in artificial atmospheres — General requirements.
ISO/TR P122-1:1989, Toxicity testing of fire effluents — Part 1. General.
ISO 11845:1995, Corrosion of metals and alloys — General principles for corrosion testing

ISO 11907-2:1995, </Plastics — Smoke generation — Determination of the corrosivity of fire eff
Static method.

ISO 11907-3:2998, Plastics — Smoke generation — Determination of the corrosivity of fire eff
Dynami¢ decomposition method using a travelling furnace.

pthods.

visions of this part
bject to revision,

hossibility of apply
egisters of current

uents — Part 2:

uents — Part 3:

ISO 11907-4:1998, Plastics — Smoke generation — Determination of the corrosivity of fire effluents — Part 4:

Dynamic decomposition method using a conical radiant heater.

IEC 695-5-1:1993, Fire hazard testing — Part 5: Assessment of potential corrosion damage
Section 1: General guidance.

IEC 695-5-2:1994, Fire hazard testing — Part 5: Assessment of potential corrosion damage
Section 2: Guidance on the selection and use of test methods.

by fire effluent —

by fire effluent —
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3

Definitions

For the purposes of this part of ISO 11907, the following definitions apply:

©1SO

3.1 corrosion: The reaction of a metallic material with its environment, resulting in a measurable change of the
material and possibly in an impairment of the functioning of a metal part or of an entire system.

NOTE — In most cases, the reaction is electrochemical. In others, however, it may be chemical (non-electrochemical) or physice

3.2 corrosion damage:The physical and/or chemical damage or impaired function caused by chemical action.

3.3 corros
NOTE — Th

3.4 fire ef
pyrolysis.

3.5 firem
represent

3.6 fire sce
ignition to

3.7 fire siqulation: A mathematical representation of one orqnore different interconnected phen

governing

4 Obje
It is the ob
on combus

These test
materials (¢
of aqueou
IEC 695-5

5 Fire
During rec
compositid
compositid

ion target: The sensor used to determine, under specified test conditions, the degree
s sensor can be a product, a component or a reference material used to simulate them.

luent: The totality of gases and/or aerosols (including suspended particles)\created b

pdel: A laboratory process, including the apparatus, the environment and the test prog
A certain phase of a fire.

bnario: A detailed description of conditions, including envirgnmental, of one or more st
completion of combustion in an actual fire at a specific Jocation, or in a real-scale simy

the development of a fire.

ctive

ective of this document to provide guidance on the applicability of the direct, performa
tion effluent corrosivity described:i1SO 11907-2, -3 and -4.

s have been developed in order to improve techniques for the assessment of the corr
ver those given by indirecttest methods based on the measurement of the pH or ele
5 solutions of combustion effluents, or on the halogen content of the material (refer to |
2).

scenarios
ent yearsymajor advances have been made in the analysis of fire effluents. It is recog

n of the mixture of combustion products produced by burning plastics is dependent of
n-ofthe polymer and additives as well as on the prevailing temperature and ventilatio

pf corrosion dama

y combustion or

edure, intended to

nges from before
lation

omena

\nce-related tests

Dsivity of burning
ctrical conductivity
EC 695-5-1 and

hized that the
the chemical
n conditions. A

number offact

factarcwwhich ara imnartant 1n catanarizina Aacamnncitinn atmacnharac arn ictad 10 +
oo WHeH—are— ottt CatC oAy o ecompooTt etrospreresare teot

ble 1.

Fire involves a complex and interrelated array of physical and chemical phenomena. As a result, it is impossible to
simulate all aspects of an actual fire in laboratory-scale apparatus. The question of fire model validity is a complex
technical problem associated with all of fire testing.

After ignition, fire development may occur in different ways, depending on the environmental conditions as well
as on the physical arrangement of the combustible materials. A general pattern can be established for fire
development within a compartment, however, where the general temperature-time curve exhibits three stages (see

figure 1).
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Stage 1 is the incipient stage of the fire prior to sustained flaming, with little rise in the fire room ambient
temperature. Ignition and generation of effluents are the main hazards during this stage. The second stage
(developing fire) starts with ignition and ends with an exponential rise in fire room temperature. Spread of flame
and release of heat are the main hazards, in addition to effluents, during this stage. The third stage (fully
developed fire) starts when the surfaces of all of the combustible contents of the room have decomposed to suc
extent that sudden ignition occurs all over the room, with a rapid and large increase in temperature (flashover).

At the end of stage 3, the combustibles and/or oxygen have been largely consumed and hence the temperature
decreases at a rate which depends on the ventilation, and on the heat- and mass-transfer characteristics of the

system.

pf these stages, a different mixture of decomposition products is observed (see figure
ps the corrosivity of the effluents produced during that stage. Moreover, informatign)is
being considered, in particular on the conditions of incident heat flux and on the oxy(g

In each
influenc
scenarig
6 General factors affecting the production of fire effluents
The prin
breaking

nary chemical process leading to the formation of combustion products.is that of the th
and decomposition of polymeric materials which, in the presence(of oxygen, leads to

1) and this, in turr
required on the fir
en availability.

ermal bond-
a variety of

oxygengted species. Carbon compounds are pyrolysed into volatile hydrocarbon fragments w
to form
oxidativg
Their ra
develop
large, fu
COy/CO

b conditions. Both carbon dioxide and carbon monoxide aré-usually present in a fire e
io is often used as an indicator characteristic of the particular type of fire or the stage
ng fires, a C&ICO ratio of 100 or more would indicate:freely ventilated, fuel-controlled
lly developed fires, which are usually ventilation cantrolled when they occur in enclose
ratio of 10 or less would be indicative of relatively,low ventilation.

n is oxidized to water, chlorine is most commonly released as hydrogen chloride, and
ly in the form of organic nitriles, hydrogen '€yanide and nitrogen oxides, again depend
oxidative conditions. All flaming and nan-flaming, including smouldering, fires may yie
ustion products due to incomplete decomposition and only partial oxidation of the fuelg
ires produce the highest yields ofssdich products. It is important to remember that thes
5, subject to the usual principles-of thermodynamics and kinetics. Thus, stoichiometry
hificant roles in determining the products of combustion that are formed over the rangg
ations.

Hydroge
principa
thermal

of comb
flaming

reaction
play sig
classific
7

Types of fire effluent test

7.1 Gegneral
All labornatory test.methods suffer from several types of limitation. Due to the changing conditic
involving the dynamics of fuel, heat and air interactions, it is unrealistic to expect that any sing

can takg account of all decomposition parameters simultaneously.

ich may be oxidiz

arious oxidized organic species, carbon monoxide and carbon dioxide, depending onlthe thermal and

luent atmosphere
pf the fire. In small
combustion. In

d spaces, a

nitrogen appears

ng upon the

d a great variety

5 involved. Non-

e are all chemical
and thermal enerc
of fire

ns in a fire
le laboratory test

been shown in certain cases (see figure 1).

ctual fires, as has

Each laboratory combustion device also possesses certain physical limitations with regard to specimen size, she
and configuration, the ambient pressure, and interactions among products and materials undergoing combustionr

7.2  Static method (ISO 11907-2)

The static test procedure involves combustion of a specimen within an enclosure and accumulation of the
combustion products within this enclosure. Exposure of the target takes place within the same enclosure under
controlled conditions of relative humidity and temperature.
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Because of limitations of scale and of ventilation, this procedure is suitable for the comparative testing of materials
only, and not for the testing of finished products under various simulated fire conditions.

The control variables in this procedure, apart from the ambient relative humidity and temperature, are the
temperature of the combustion device and that of the corrosion target. This last variable, in combination with
relative humidity, determines the corrosion mode, i.e. the occurrence or non-occurrence of effluent condensation
on the target.

The corrosion target consists of a precisely defined copper printed wiring board. The testing apparatus is a sealed
chamber maintained at a defined temperature and relative humidity. The test specimen is ignited by a heated

electrical resistance wire at a temperature of 80 5CC. In the condensing mode, the printed wiring board is

cooled to a chosen condensation temperature and kept at this temperature throughout the measprement. In the no
condensing mode, the printed wiring board is maintained at the ambient temperature of the.eambpustion chamber
throughout the procedure. Corrosivity of the effluents is expressed as a function of the increase |n electrical
resistance|of the printed wiring board during a one hour exposure to the combustion products.

7.3 Dynhamic decomposition methods

7.3.1 Ggneral

Dynamic ﬂtecomposition test procedures involve combustion of the specitmen in a stream of air which transports
the effluents to the target site.

Limitationg of scale are less severe in these procedures, which.thus may be suitable for testing ¢ertain

manufactured products.

The contrg
effluent-to
temperatu
generally U
chamber.

732 IS

The corros

| variables in these procedures include combustion temperature, combustion time, eff
air dilution ratio. Neither ambient exposure-temperature nor ambient relative humidity

inder precise control in dynamic test procedures, except during post-combustion expg

D 11907-3

ion target consists of thesame precisely defined copper printed wiring board as desc

2. The ded
rate. It is
which air i

omposition apparatus eonsists of an annular furnace which is set to a specified tempe
oved over the test.specimen which is located in a quartz cuvette inside a quartz glasg
passed. The corrosion target is exposed to the combustion effluents. Condensed pra

the coppel target if they.are‘corrosive. The change in target resistance is used to assess effluen
Condensation may be€nhanced by cooling the target. By adjusting the air flow rate and the furn
the variou$ stages ef fire listed in table 1 may be simulated. By varying these parameters, it may
investigatg worst-case conditions for the assessment of the maximum corrosion potential of the
materials.

uent flow rate and
nor target

e is a control variable. This means that the corrosion mode (with or without condensation) is not

sure in a separate

ibed in ISO 11907
rature and air flow
tube, through
ducts react with

[ corrosivity.

hce temperature,
be possible to

ire effluents of

This proc
concentrations
current or counter-current air flow.

7.3.3 1SO 11907-4

of the major effluents, as well as making it possible to vary the combustion mode,

y-state
i.e. with co-

In this test, a portion of products of decomposition or combustion is sampled above the cone heater and fed
continuously through an 11,2 litre exposure chamber at a rate of 4,5 litres per minute. This results in the
combustion products having an average residence time in the exposure chamber of approximately 150 s. The targ
is exposed to the corrosion products for one hour, followed by a 24 hour exposure of the target to a controlled
humidity and temperature environment in a separate chamber. The increase in electrical resistance of the target is
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monitored and the reduction in the thickness of the metal on the target is calculated from the increase in electric
resistance.

8 Applicability of test results

Within the context of ISO 11907, the fire scenarios have to be examined for relevance to the corrosion damage
caused by fire effluents.

It is desirable that the test procedure should be designed so that the results are valid for application in practical
analysis of corrosion hazard, and also as part of an analysis of total fire hazard. Work on the design of reaction-

fire tests
11907-1

The thre
used.

a)

b)

9 Post-exposure of corrosion targets

Corrosign targets may be exposed to fire/effluents during the combustion of the test specimen

where ¢
the efflu
corrosio

of surfag¢es contaminated with)fire effluents, or more protracted (e.g. several months) to simulg

corrosio

The corrosion target is a manufactured product. The effects of fire effluent on the prod

A
the gases and vapours evolved, for example thepH or the electrical conductivity of a s
!

to ensure that results are valid in assessment of hazard is in constant development.
, therefore, will be superseded as this and other related work progresses.

e approaches to testing are listed below. Two of these are defined in terms of\the typg

y degradation of function as determined by inspection or measurement.

he guidance in IS

b of corrosion targe

Lct can be assess

The corrosion target is a reference material simulating a product. The effects of fire ef
eference material can be assessed by measurement of, fotzinstance, a change in aspect or weight or a
hange in mechanical, physical or electrical characteristics) Details of the principles and general

equirements for this type of corrosion assessment are given in ISO 11845 and ISO 73
\n indirect method of assessment. This is one that,uses no corrosion target but measy

ases and vapours evolved by combustion have been dissolved (refer to IEC 695-5-1).

hanges in resistance are recorded over 60 minutes including the time during which thg
ent is retained in the chamber. In ISO 11907-3 and -4, one or more periods of post-ex
h target are described.(These periods may be either short (e.g. 1 hour to 24 hours) to

h effects which may/occur on surfaces which have not been cleaned after the fire.

uent on the

4.

res a characterist
plution in which th

as in ISO 11907-
specimen burns ¢
posure of the
simulate fast clear
ite longer-term
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