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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 ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

Corrosivity of smoke is important in the evaluation of fire damages[2I[21[3], This document constitutes
the guidance part of the ISO 11907 series. Clause 3 defines smoke corrosivity as well as smoke acidity
and smoke toxicity. Clause 4 details the objectives of this document. Clause 5 presents the scenario-
based approach that governs smoke corrosivity. Clause 6 categorizes the different test methods to
assess smoke corrosivity at laboratory scale. Clauses 7 and 8 respectively deal with the applicability
and post-exposure conditions.

ISO 11907-4[4] describes a dynamic test procedure. Any standard method within the ISO 11907 series
shopld be used solely to measure and describe the properties of materials, products ox

response to heat or flame under controlled laboratory conditions and should not be congide
by itself for describing or appraising the fire hazard of materials, products or systemsjusrder
confitions or as the sole source on which regulations pertaining to corrosivity of fire'effluents

NO

E Two other methods, named 1SO 11907-2[5] and 1SO 11907-3[8], existed in-the past but a

usedl. Related International Standards have been withdrawn.

Sm
tot
extq
tos

Thd
suc

The
par

ke corrosivity represents the measured effect of material or product veduction in functi
he corrosive effects of smoke. These corrosive effects are an essential factor in the assess
ent and cost of fire damage. All fire effluents and effects, including the released heat, ar
pme degree. Their potential to cause damage depends on a séries of factors including:

the rate of fire growth, which determines effluent concéntrations;

the volume into which the effluents disperse;

ventilation;

the nature of the combustible materials-involved in the fire;
the nature and composition of the exposed surfaces;

the time of exposure;

the conditions where pyyolysis occurs (heat flux, oxygen) as well as where combustion ¢
the specific environmental conditions at the exposed surfaces (temperature and humidi
the efficacy of active and passive fire protection, extinction and smoke management sys

corrosive effects of combustion products are not connected to the effect of fire effluent
0 as fire effltients toxicity.

corresive effects of fire effluents are not only material or product dependent, but also
hmeter. A scenario-based approach is then needed for assessment, i.e. using CFD modg

safi

ty—engineering approach. Corrosivity tests at laboratory scale might be relevant to

the conditions of ventilation of the enclosure,\including windows, smoke vents and 1}

Systems in
ed or used
actual fire
are based.

e no longer
bnality due

ment of the
b corrosive

mechanical

ccurs;

£y);

tems.

s to people
a systemic

Is in a fire
assess the

corrosion behaviour of smoke. In any given corrosivity test, the effects of the combustion products on

the

target depend on:

their concentration;

their chemical and physical nature;

the chemical and physical nature of the corrosion target;

the time of exposure and post-exposure conditions;

the environmental conditions at the target-effluent interface (humidity, temperature, flow regime);

condensation phenomena at the target;
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— adsorption by smoke particles of corrosive effluents;

— interactions between the fire effluent and surrounding surfaces;

— nature of any cleaning of the target after the exposure.

In the fire, the effluents are carried by buoyancy to regions remote from the fire zone itself, so the
potential for corrosion exists even in these areas the smoke reaches. Some particulates and effluent
species can also be adsorbed onto on particulates and can deposit on surfaces as the effluents are
transported.

— high c¢ntact resistance due to galvanic corrosion.

Additional

Targets us

Vi

short-circuit effect due to particulates deposition is also,of high concern.

bd in ISO 11907-4 measures only metal loss corrosion.

gjven

jon-
fire
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Plastics — Smoke generation — Determination of the

corrosivity of fire effluents —

Part 1:
General concepts and applicability

1 (Scope

Theg document defines terms related to smoke corrosivity as well as smoke acidity and smo
It presents the scenario-based approach that controls smoke corrosivity. It describes the te
to dssess smoke corrosivity at laboratory scale and deals with test applieability and pog
confditions. This document is applicable to tests of determination of smoke corrosivity from ¢
of materials samples.

2 |Normative references

The following documents are referred to in the text in sueh a way that some or all of th
conptitutes requirements of this document. For dated references, only the edition cited 3
undated references, the latest edition of the referenced document (including any amendmen

[SO|13943, Fire safety — Vocabulary

3 |Terms and definitions
For[the purposes of this document, the terms and definitions given in ISO 13943 and the follo
[SOJand IEC maintain terminological databases for use in standardization at the following ac

— |ISO Online browsing platform: available at https://www.iso.org/obp

— |IEC Electropedia: available at http://www.electropedia.org/

3.1
sm@ke corrosivity
megsured effectof material or product reduction in functionality due to the corrosive effect

3.2
smokeacidity
pH legel of fire effluents found in smoke condensate and smoke particles

ke toxicity.
5t methods
t-exposure
ombustion

bir content
pplies. For
[s) applies.

ving apply.

dresses:

5 of smoke

Note 1 to entry: Smoke acidity relates generally to consequences of the exposure of a given quantity of liquid,
generally water, to fire effluents in terms of change of pH. This is an indicator of the acidity of the effluent, and

such measurement is often completed with measurement of conductimetry of the same solution.

3.3
corrosion
breaking down or destruction of a material, especially a metal, through chemical reactions

34
corrosion damage
physical and/or chemical damage or impaired function caused by chemical action

[SOURCE: ISO 13943:2017, 3.69]
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3.5
corrosion

target

sensor used to determine the degree of corrosion damage (3.4), under specified conditions

Note 1 to entry: The sensor may be a product or a component. It may also be a reference material or object used
to simulate the behaviour of a product or a component.

[SOURCE: I
3.6

SO 13943:2017, 3.70]

smoke toxicity

toxic effec

Note 1 to enftry: In general, this concerns acute toxicity, as defined in SO 13943.

4 Objegtives

The object

to pro
effluer

to preg

to clar

The definit
smoke acig
smoke cor
known vol
pH, condug
smoke cor

related to dlifferent causes and effects.

The smoke
target and
exposure.

other bein
presented
COrrosivity

The smokg

effluents i terms of ehange of pH. The acidity of solutions formed from smoke in fires is a functio

the release
as organic

of sTToke toa giverr target {generatty people) imaspecificexposure Scenario

ves of this document are:

vide guidance on the applicability of the direct, performance-related tests on combus
t corrosivity described in ISO 11907-4;

ent the other existing test methods;
fy differences between acidity, corrosivity and toxicity.

ions in Clause 3 are introduced to limit the frequent.confusion between smoke corrosiy
ity and smoke toxicity. Acid gas emission is sométimes used as an indirect assessmer]
Fosivity. It is usually assessed by the dissolution of a known quantity of fire effluent
ime of water. The resulting solution is thentested. Measurements are made, for exampl
tivity or concentration of acids. That is, hewever, not fully correct as it has been shown
fosivity does not fully correlate with acid gas content of solutions. These three notions

corrosivity is related to conditions of generation and transportation of fire effluents

t might be due to both ofganic and inorganic species, some of them being basic and s
b acid. In general, condensation of water is a factor that potentiates corrosivity. The
n ISO 11907-4 has béen' developed in order to improve techniques for the assessment of]
of burning materials.

acidity relatesto the consequences of the exposure of a given quantity of liquid to

of acid gases, typically hydrogen chloride, hydrogen bromide and hydrogen fluoride, as |
hcids, Such as acetic acid or formic acid.

Methods t

1; measure smoke acidity through the measurement of the pH or electrical conductivity of
aqueous soiu T i1 =2T7T, ; mtlg

[ion

ity,
t of
na
P, of
that
are

fo a

their effect on this target, conditioned by a period of exposure and sometimes a period affter

bme
test
the

fire

n of

vell

of material is decomposed in a tube furnace at temperatures typically 750 °C to 950 °C. Air is passed
over the specimen during this exposure and bubbled though wash bottles containing deionized water.
The later are then analysed for pH and for conductivity.

Methods to measure halogen content from combustion effluents are stated in IEC 60754-1[8]. This
method is generally applied to study materials from cables. The specimen of mass about 500 mg to
1 g is heated in a tube furnace (typically 800 °C). The decomposition gases are collected and bubbled
though wash bottles containing aqueous solution of sodium hydroxide to absorb any acid gas. The later
are then analysed with traditional wet chemistry (as stated in ISO 19701[2]), for chloride, bromide and
fluoride ions. Results are generally expressed as HCl equivalent.

© ISO 2019 - All rights reserved
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The toxicity of fire effluent is completely different from the corrosivity of fire effluent. Toxicity is
concerned with adverse effects on living organisms whereas corrosivity is concerned with damage to
equipment caused typically by damage to metallic components.

NOTE I1SO 133440101 and ISO 13571111 give useful information on the toxicity of fire effluent.

5 Fire scenarios and general factors conditioning the production of effluents

During recent years, major advances have been made in the analysis of fire effluents. It is recognized
that the composition of the mixture of combustion products produced by burning plastics and other

pro
the
catg

Fire
imp

Alucts 1s dependent on the chemical composition of the material and any additives as
prevailing temperature and ventilation conditions. A number of factors which are in
gorizing decomposition atmospheres are listed in ISO 19706[12] and ISO 16312-1:2016, A

involves a complex and interrelated array of physical and chemical phenomena. As a
ossible to simulate all aspects of an actual fire in laboratory-scale apparatus. The ques

modlel validity is a complex technical problem associated with all of fire testing!

Aftd
as v
occ
occ
of {
pro

NOTI
IEC

6

6.1

All
a fil

r ignition, fire development may occur in different ways, depending on the environmental,
vell as on the physical arrangement of the combustible materialssEocal conditions wher
irs (heat flux, temperature, oxygen concentration) as well as-ocal conditions where ¢
irs drive the nature and time-dependant release of effluents, which differ spatially and
everal orders of magnitude. In each of these conditions,)a different mixture of dec
ducts is observed and this, in turn, influences the corrosivity of the effluents produced.

E For electrotechnical products, useful guidance “on the corrosivity of fire effluent
60695-5-1115],

Types of fire effluent test

General

e involving the dynamics of fuel, heat and air interactions, it is unrealistic to expect that

lab

ratory test can take account of all decomposition parameters simultaneously. Each

conjbustion device also possesses certain physical limitations with regard to specimen
and configuration, the dmbient pressure, and interactions among products and materials yindergoing
conjbustion. ISO 16312-1 details the relevant parametergs for selection of a physical fire mo

lab

6.2

ratory scale.

Staticmethod

statictest method available in the past, ISO 11907-2, is not used anymore. This methd

well as on
portant in
nnex A3l

result, it is
tion of fire

conditions
e pyrolysis
ombustion
temporally
hbmposition

is given in

aboratory test methods suffer from several types of limitation. Due to the changing conditions in

any single
laboratory
kize, shape

del used at

d involved

bustion of a specimen within an enclosure and accumulation of the d

cts within

HEe: s .. 3 e ed conditions
of relative humidity and temperature. The corrosion target consisted of a precisely defined copper
printed wiring board. Corrosivity of the effluents was expressed as a function of the increase in
electrical resistance of the printed wiring board during a 1 h exposure to the combustion products.

6.3 Dynamic decomposition methods

6.3.1 General

Dynamic decomposition test procedures involve combustion of the specimen in a stream of air which
transports the effluents to the target site.
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Limitations of scale are less severe in these procedures, which thus may be suitable for testing certain
manufactured products.

The control variables in these procedures include combustion temperature, combustion time, effluent
flow rate and effluent-to-air dilution ratio. Neither ambient exposure temperature nor ambient relative
humidity nor target temperature is a control variable. This means that the corrosion mode (with or
without condensation) is not generally under precise control in dynamic test procedures, except during
post-combustion exposure in a separate chamber.

Withdrawn method described in ISO 11907-3 and actual method described in ISO 11907-4 are dynamic
test methods.

6.3.2 IS(L 11907-4

The methd
combustio
through ar

d is similar to ASTM D5485[12], In this test, a portion of products of decomposition or
1 is sampled from above the cone heater during the ISO 5660-1[1¢] test, and féd continuofisly
11,2 1 exposure chamber at a rate of 4,5 litres per minute. This results @h'the combusfion
products hpving an average residence time in the exposure chamber of approximately 150 s. The tafget
is exposed|to the corrosion products for 1 h, followed by a 24 h exposure of theytarget to a controjled
humidity and temperature environment in a separate chamber. The increaselin electrical resistande of
the target s monitored and the reduction in the thickness of the metal on the target is calculated ffom
the increade in electrical resistance.

6.3.3 IEC/TS 60695-5-31I17]

The metho(d is withdrawn but still described in IEC/TS 60695-5-2[18], It was designed to measure Qoth

leakage cu
(the one o
targets are
printed bo|

Frent and metal corrosion damage. The specimens.are decomposed in a quartz tube fury
" [EC 60754-1) and the combustion products.are fed into a collection chamber where
placed. Several different targets are used: f@r corrosion damage assessment, and a speq
ard is used for leakage current assessment. Post exposure is made in increasing humi

ace
the
ifid
ity

conditions

7 Applicability of test results

The corrosfon damage caused by fireeffluents can change from one fire scenario to another. The resplts

of corrosion testing need to be thoughtfully analysed before any extrapolation to real scale fires.

h in
the
ant

It is desiraple that a test procedure should be designed so that the results are valid for applicatio
practical apalysis of corrosien hazard, and also as part of an analysis of total fire hazard. Work on
eaction-to-firé.tests to ensure that results are valid in assessment of hazard is in cons

design of

The corrosion target is a reference material simulating a product. The effects of fire effluent on the
reference material can be assessed by measurement of, for instance, a change in aspect or weight or
a change in mechanical, physical or electrical characteristics. Details of the principles and general
requirements for this type of corrosion assessment are given in SO 11845[19] and 1SO 7384(20],

An indirect method of assessment. This is one that uses no corrosion target but measures a
characteristic of the gases and vapours evolved, for example the pH or the electrical conductivity of
a solution in which the gases and vapours evolved by combustion have been dissolved. This latter
case focuses mainly in acidity and not corrosivity. Relation between these two parameters could

1) Withdrawn.
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not be generalized. Such assessments have the advantage of being relatively simple, but have the
disadvantage that they do not measure corrosion damage. An assumption shall be made that a
certain level of the measured parameter corresponds to an unacceptable corrosive potential. This
is only valid for a given scenario if independent measurements have been made to establish such a
correlation.

8 Post-exposure of corrosion targets

After exposure to fire effluent there may be a post-exposure period before measurements are made.
Post-exposure periods may be short (e.g. 1 h to 24 h) to simulate a relatively rapid clean-up of surfaces
con'tlaminated with fire effluent, or they may be more protracted (e.g. several months) to simujate longer-
terth corrosion effects which may occur on surfaces which have not been cleaned soon afterthe fire.
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