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Foreword

ISO (the International Organization for Standardization) is a world-wide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
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aborates closely with the International Electrotechnical Commission (IEC) on a
pchnical standardization.
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irning behaviour

jnation of the corrosivity of fire effluents:

1: Guidance

P: Static method

B: Dynamic decomposition method using a travelling furnace

1. Dynamic decomposition method using a conical radiant heater

A\ forms an integral part-efthis part of ISO 11907. Annexes B and C are for infol
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| matters of

member bodies
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hbcommittee

D07 consists of the following parts, under the generaPtdlgics — Smoke generatign —

mation only.
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This method of test is one of a series being developed by ISO/TC61/SC4 concerning fire tests on plastics

and other

combustible materials to help assess the corrosivity of their fire effluents.

This test

During a fire, hot and humid smoke may be carried throughout the building, and its variot

condense€

In principle, smoke should always be expected to have a corrosive action, irrespective of

of the ma

non-metallic materials. The degree of damage, however, is specific both’to the compositi

and to thq
ventilatior
fire, such
materials

vas developed in close connection with the work done in ISO/TC92/SC3.

and settle down on the surfaces of walls, floors and e.g. machines and electro
erial. Corrosion is generally defined as decomposition, beginning at the surface

nature of the materials. The concentrations of the harmful substances depend
and the scale of the fire, while the loss itself depends partly on factors unrelatg
as the air conditions in the rooms of the building, the hygroscopic behaviour of
and the nature, scale and timing of the rebuilding. work.

s products may
Nic equipment.
the composition
, of metallic and
pn of the smoke
on e.g. the

ed to the actual
the construction
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Plastics — Smoke generatior Determination of the corrosivity of fire
effluents —

Part 3:
Dynamic decomposition method using a travelling furnace

WARNINGS
1 Avoidance of misleading inferences

This standard method of test should be used solely to measuré and describe the properties of
materials, products or systems in response to heat or flame under controlled laboratory conditions
and should not be considered or used by itself for descriing or appraising the fire hazard of
materiafls, products or systems under actual fire conditions or as the sole source on which
regulatipns pertaining to the corrosivity of fire effluents are based.

2 Avoidance of danger to test operators

a) Thig test procedure involves combustion processes in which fire hazards may exist|from
combustion products. To avoid accidental leakage of hazardous combustion products Into the
surrounding atmosphere, the entire system (combustion apparatus and exposure system) should be
placed |n a fume cupboard or under a canopy hood.

b) The|venting system shall be checked for proper operation before testing and shall discharge into
an exhaust system with adequate capacity.

c) As, in unfavourable circumstances, extremely rapid combustion or explosion can ogcur when the
device s in operation, a protective screen between the operator and the tube is recomimended and,
in additlon, care'should be taken to ensure that the gas outlet at the end of the quartz tube is of as

large a (diameter as possible.

1 Scope

1.1  This part of ISO 11907 specifies a test method for generating thermal decomposition products
from plastic materials or products in an air stream and assessing the corrosive effects of these fire
effluents on targets. It is not intended that the results be used to assess the corrosivity hazard of fire
atmospheres.

1.2 It describes a dynamic decomposition test method for the assessment of the corrosion damage ¢
standardized target by the change in its electrical resistance.
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1.3  The decomposition model is suitable for simulating the main fire scenarios, such as a smouldering
fire, a developing fire with flame formation, and a fully developed fire. The decomposition model enables
a constant flow of smoke to be maintained throughout the exposure time.

The decomposition model and exposure model enable the potential for a contribution to corrosivity to be
estimated.

2

Normative references

The follov
this part @
subject to
investigat,
of IEC an

ISO 1190

ISO 1190

ISO 1190

3 De

For the plirposes of this part of 1IS0:11907, the following definitions apply.

3.1 corro
of the ma

NOTE - In
electroche

3.2 corro
action.

ing standards contain provisions which, through reference in this text, constitu
fISO 11907. At the time of publication, the editions indicated were valid.. All'st
revision, and parties to agreements based on this part of ISO 11907 are’encoy
e the possibility of applying the most recent editions of the standardsiindicated
1 ISO maintain registers of currently valid International Standards:

7-1:1998, Plastics — Smoke generation — Determination of the’corrosivity of firg
effluents — Part 1: Guidance.

7-2:1995, Plastics — Smoke generation — Determination of the corrosivity of firg
effluents — Part 2: Static method.

7-4:1998, Plastics — Smoke generation — Detérmination of the corrosivity of firg

effluents — Part 4: Dynamic decomposition method using a conical
heater.

finitions

sion: The reaction ©f a metallic material with its environment, resulting in a mea
erial and possibly-in an impairment of the functioning of a metal part or of an er

most cases/the reaction is electrochemical. In others, however, it may be chemical (i
mical) or-physical.

sion damage: The physical and/or chemical damage or impaired function cause

e provisions of
ndards are
raged to

pelow. Members

surable change
tire system.

non-

I by chemical

3.3 fire effluent: The totality of gases and/or aerosols (including suspended particles) created by
combustion or pyrolysis.

3.4 fire model: A laboratory process, including the apparatus, the environment and the test procedure,
intended to represent a certain phase of a fire.
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3.5 fire scenario: A detailed description of conditions, including environmental, of one or more stages
from before ignition to completion of combustion in an actual fire at a specific location, or in a real-scale
simulation.

3.6 corrosion target: The sensor used to determine, under specified test conditions, the degree of
corrosion damage.

NOTE — This sensor can be a product, a component or a reference material used to simulate them.

4 Principle

An annglar furnace is set to a specified temperature and is moved over the test-specimen located in a
quartz ¢uvette inside a quartz glass tube through which air is passed at a specified flow rate. The
conditigns can be chosen to simulate a smouldering or developing fire as\well as a developed fire (see
ISO 11907-1). A corrosion target consisting of a copper printed wiring-board is exposed to the fire
effluents and condensation is enhanced by using a cooling systemcC€ondensed produdts react with the
copper |f they are corrosive, and the change in resistance of the target is used to denotfe the corrosion
hazard.

5 Apparatus

5.1 Combustion apparatus

5.1.1 The combustion apparatus consists of a quartz tube (see 5.1.2), an annular furnace (see 5.1.3),
flow mater (see 5.1.4) and a cuvette (see 5.1.5), generally arranged as shown in figure|1 (see also 6.1).

5.1.2 The quartz tube i§ 000*32%mm long with an outer diameter of (40 + 1) mm and p wall
thicknesgs of (2 £ 0,5) mm

5.1.3 The annular furnace, which encloses the quartz tube, is (100 = 1) mm long and @able to traverse t
guartz tube coaxially_ata speed of (10 £ 0,5) mm/min.

NOTE - Furnaces)with the temperature distribution as required in 6.2.3 are commercially available.

The poyver-of the furnace shall be capable of maintaining the temperature required in 6.2.

The furnace heater incorporates a thermocouple used to regulate the temperature of a reference body i
conformance with 6.2.3.

5.1.4 The flow meter is capable of measuring air flow per minute (fresh/room air) with an accuracy of
2 %.

5.1.5 As sample holder, a cuvette is used. The cuvette is half a quartz tube with a wall thickness of
(1,7 £0,2) mm, a height of (15 £ 1) mm and a length of (OHDOnm. At each end of the cuvette, there is

a 2 mm high lip (see figure 2).
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5.1.6 An environmental chamber capable of conditioning at (23 £ 2) °C and (50 £ 5) % RH shall be

provided.

5.1.7 An

environmental chamber for post-test exposure of the target at (23 £ 2) °C and

(75 £ 5) % RH shall be provided.

5.2

Reference body

The reference body consists of a strip, measuring (200 + 1¥ & 0,1) mmx (2 = 0,1) mm, of

austenitic
1,2 mm
diameter
two trans

In use, th

of + 0,5 %.

Before th¢

(550 + 50

53 Ti

The timin
within 15

5.4

The corro

etching a
17 pm thi

Dimer

Resistiance:

5.5

I

Ca

Hq

ide and 10 mm long, in which a thermocouple (NiCr-Ni or chromel-alumel) with
s hard-soldered with high-melting silver. The reference body is supported.on th
erse rods of (1 £ 0,1) mm diameter (see figure 3).

e reference body shall be connected to a temperature recorder providing readin
e first measurement, the reference body shall be annealed in“air twice at a temgg
) °C.

ning device

) device shall be capable of recording elapsed’time to the nearest second and §
5in 1 h.

rrosion target

sion target shall consist of a copper printed wiring board (PWB) circuit (see figu
copper-plated laminate base to provide 36 conductor tracks each 52 mm long,
Ck, at a spacing of 0,3 mm, on a laminated epoxy baseplate having the followin

sions: %O_g,gmm % %O_g,gmm x %1,5_8,:§mm
80+ 0,%)

|der with cooling system

Il mm deep,
1 mm outside
e underside by

s to an accurac

erature of

thall be accurate

re 4) made by
D,3 mm wide anc
) characteristics:

The target holder shall enable one copper PWB to be cooled during the exposure, as shown in figure 5. It
shall be made from a stainless-steel block. The cooling water shall flow through two horizontal bores
which are connected by a vertical bore. The lower and upper openings of this bore shall be closed. The
target shall be attached with two clamps, e.g. as shown in figure 5.

Unless otherwise specified by the referring standard (in relation to a special test objective), normal tap
water at (15 to 30) °C shall be passed through the cooling system at a flow rate of approx. 1,5 I/min.
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5.6  Alternative corrosion targets

In annex A, examples of alternative corrosion targets are listed. If one of these targets is used, the
procedure as described in annex A shall be followed.

5.7 Balance

The bal

ance shall be capable of weighing to an accuracy of + 0,01 g

5.8

The de
(5to 15

6 $

6.1

Site the
substar

6.2

6.2.1

Determjne the test temperature and the-temperature distribution (see 6.2.3 and 6.2.4) |

the refe
6.2.2

6.2.2.1l
the furn

Put the
the alir (
referrin
(100

Resistance-measuring device
ice shall be capable of measuring resistance to an accuracy ofxdy@ithe range

)Q.

betting-up and calibration procedures

Siting of the apparatus

apparatus in a laboratory fume cupboard (exhaustsood) so that the test is car
tially draught-free atmosphere.

Calibration

Measuring the test temperature

rence body.
lTest sequence

Llocate the furnace inyposition 1 (see figure 1) and set it to maintain the required
ace temperaturehas stabilized, check it using the reference body (5.2) as follo

reference body in the quartz tube half way between positions 1 and 2 of the fur

j standard, pass air at (100 £ 5) I/h through the quartz tube. Traverse the furnaq
5) /0m/min (see figure 1).

fied out in a

periodically using

temperature. Aft
VS:

nhace, connect

juct to thequartz tube and set it to the air flow required. Unless otherwise specified by the

te to position 2 a

Record

the highest temperature observed as the reference body temperature.

6.2.2.2Repeat the procedure of 6.2.2.1 to obtain at least three measurements using the same furnace
temperature. If necessary, adjust the equipment until the deviation of three successive individual results
from their average is within 3 %.
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The variation of the reference body temperature with time shall conform to table 1 with the air flow set at
(100 £ 5) I/h. The tim&(Tmaxy Used in table 1 is the time taken for the temperature to reach its maximum
valueTax The reference body temperature 5 min and 10 min either side of this time shall be as given in

table 1.
Table 1
Elapsed time after setting Temperature at measurement point
formace i motion & of Trax
minutes
t(Tmay) — 10 15+10
t(Tma) = 5 65+ 10
{(Trna) 100

t(Tma) + 5 70+ 10

t(Tma) + 10 45+10
6.2.4 T¢gst temperature
Take the fest temperature to be the average of the three refefence body temperatures.
6.2.5 Reference curve
By plotting a graph of furnace temperature versus reference body temperature over a ser
conditiong, obtain the operating reference curve for the apparatus. From this, it is possibl
furnace tgmperature required to heat a given reference body to between 200 °C and 800
flow rate.
6.3 Pregparation of the PWB
Prepare the PWB by cleaning/with a pumice-based acidic powder formulation. Rub the P
of moist cotton wool contairiing the cleaning powder. Thoroughly wash the PWB with deig
and carefplly wipe it dry,
NOTE - By this méthod, copper surfaces are cleaned chemically as well as physically. The acidi
cleaning aftion¢emoves oxides and wets the PWB surface. No residual film remains after rinsing

Circuits wlrich have been subjected to this treatment show no sign of corrosion in simple conden

es of test
b {0 establish the
°C at a given air

WB with a piece
bnized water

c chemical
) and drying.
sation tests.

Solder two insulated copper wires, each approximately 0,5 m long, to the end points of the conductor

track.

7 Preparation of test samples

7.1  Number of test samples

Carry out

each test in triplicate.
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7.2 Homogeneous specimens

Determine the specific density (mass per unit area) of each specimen by measuring its dimensions to

within +

0,1 mm and weighing it to within £ 0,05 g.

If the density is greater than or equal to 400 I?g/rhen cut the specimen to a size of
| xwxd=400 mmx 15 mmx 2 mm.

If the density is less than 400 kg?nthe thickness of the specimen is measured so that the mass per unit

length (

a/cm) is equal to that of a material with a density of 400%a/m

ie.:
For a n

Since the widthw=1,5x 102 m, andd = 2x 103 m
fll‘ = 1,2% 102 kg/m

If the dé

7.3

Arrange
of spec
shall cq

-rll]szWXd

aterial with density = 400 kg/m3,

ensityp of a material is 40 kg/m3, then the sample thickness d may be calculated

[1,2x 102 kg/m] [40 kg/m3x 1, 5% 102 m]
0,02 m
Films and fabrics

b cut sections of films and fabricS’in layers so that the total mass distributed eve
men is between 3,6 g and 7,2/g. The number of layers as a function of the mag

nform to table 2.
Table 2
Mass per unit area,mgy Number of layers
g/m2
<200

> 200 and < 300
> 300 and < 400
> 400 and < 600

as follows:

nly over the leng
S penynit area

N Wk O

> 600

7.4 Laminates

Separate each layer of a laminated material or product to enable each type of layer to be tested
individually, stacked in conformance with table 2 as applicable.
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7.5

Loose samples
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Distribute loose bulk materials evenly in the cuvette at 1,2 g per 100 mm length. Compact fine-particle-

based bul

k materials at a pressure of 1,5 g/cmz2.

NOTE — The thickness of the test specimen should not exceed 30 mm.

If self-ignition occurs and the flames are not propagating parallel to the furnace/spted

(10 £ 0,5)

mm/min, then repeat the test using the specimen segmentation in figure 6.

7.6 Cd

Unless ot
(23 + 2)9(

8 Pr

81 Co
target to 4
holder ap

nditioning

nerwise agreed by the parties involved, condition the test samples for'\at least 2
C and (50 = 5) % RH.

pcedure

£ 0,022 at (23 + 2) °C. Clamp the PWB on the holdep with its cooling system ang
proximately 200 mm into the quartz tube from the.downstream end, with its wid

horizontally and the PWB on top (see figure 1).

NOTE - E
informativg

8.2 Un
figure 1) t

8.3 Un
and over

NOTE — A
characteri:

8.4 Po
specimen

85 Tu

Xposure in a through-flow chamber downstream of the decomposition apparatus is deg
b annex B.

less otherwise agreed by the parties involved, set the furnace in position 1 (see€
D obtain a temperature of (600-£-20) °C on the reference body (see 6.2).
he test specimen in the_opposite direction to the furnace travel.

pparatus can be used‘at other temperatures and/or air flow rates to simulate main fire
red in ISO/TR 912%¥] e.g. smouldering, developing or fully developed fires.

Sition the specimen with its width horizontal on the base of the cuvette and with
500 mm_ from the end of the quartz tube.

n-on the water supply (see 5.5) to the PWB holder.

1 h at

nnect the PWB with the resistance measuring device.\Measure the initial restpginte

position the
h disposed

scribed in

less otherwise agreed by.the parties involved, pass air at (100 + 5) I/h through the quartz tube

scenarios as

the front of the

8.6
(10 £ 0,5)

8.7

mm/min past the specimen towards position 2 (see figure 1).

reached position 2. Stop the motorized drive of the furnace and take out the PWB.

8.8

Start the motorized drive of the furnace so that the furnace begins to move at a speed of

Pass the fire effluents over the corrosion targets continuously during the test until the furnace has

Within 5 minutes of removal from the quartz tube, place the PWB in an environmental chamber at

(23 £ 2)0C and (75 £ 5) % RH and measure the resistance of the PWB tQ @&fi@r storage times of
1 hand 24 h.
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8.9 Record observations of the visual effects of corrosion on the target (e.g. pitting, bridging, etching
away, soot deposit).

9 Cleaning procedure

9.1 Cuvette

Withdraw the cuvette and take out the residues of the sample, taking necessary precautions to avoid

operatorexposure to combustion prnrlllr‘fc

Burning out of the cuvette has been found to be acceptable (see 9.3).

9.2 Holder with cooling system
Clean the soiled surface using the following procedure:

— use sjpitable gloves;
— clean|all exposed surfaces with commercial cleaner.

Air-dry and assemble the components for the next test.

9.3 Puartz tube

It is important that the quartz tube be kept cleai’to ensure that the exposed materials do not become
contamjnated with the fire effluents from the residues left from earlier tests.

Burningd out of the quartz tube and the.cuvette by moving the heated furnace (800 °C) from position 2 to
positior] 1 again has been found to be’acceptable.

9.4 Post-exposure of targetgoptional)

If a longer post-ageing isrequired by the parties involved, store the PWB target at
(23 £ 2] °C and (75 = 5),% RH in an enclosed chamber. At intervals of 24 h after removal from the test,
measure the resistance of the PWB targ&as/herex equates to the number of hours after removal

from the test.

NOTE - Theseratmospheric conditions can be obtained by inserting an open basin containing|a saturated aquec
sodium thloride solution into the chamber.

10 Expression of results

Express the corrosivilRgcoRr as the percentage change in the PWB resistance relative to the original
value of the resistance, using the following equation:

-1
O
Rcor =1000———— - ]Jé
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whereRj is the initial resistance ari} is the final resistance, both measured at (23 + 2) °C.

©1SO

NOTE — The manufacturing process for the targets does not result in identical resistance values for each. The
equation for expressing the corrosivity has therefore been normalized by bringing the initial resistddce to 8

11 Precision

The precision of this test method is not known because inter-laboratory data are not available. Inter-
laboratory data are being obtained, and a precision statement will be added at the following revision.

12 Tesst report

The test report shall include the following information:

a) ar
b) ag
c) de
d) the

e) an
flame

f) the
g) the

h) ob

eference to this part of ISO 11907 and to any referring standard;
etailed description of the material tested;

ails of the preparation of the test specimens;

reference body temperature and the rate of flow of the combustion air;

y major observations on the burning behaviour, e.g. melting behaviour, self-igni
propagation;

exposure conditions, including details of post-ageing, if any (see 8.1 and 8.8);
corrosivityfRcoRr and the averag@c o with standard deviation;

Servations on the visual effects of corrosion on the target;

i) if applicable, details 0f post-exposure (see 9.4);

i) thel

date of thetest.

lion, method of

10
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1 Ring flirnace

2 Directi

3 Quartz
4 Primatr

pn of furnace travel
tube
y air stream

Dimensions in millimetres
Position 2 1
osifion Position 1
: 5 LA
WMMW 8
R
100 =1 400
+300
1000 -0
5 Test sample
6 Corrosion detector (PWB)
7 Holder (cooled)
8 Measurement of resistance
Figure 1 — Typical decomposition apparatus and exposure-of single corrosion target
Dimensions|in millimetres
1[5 +0.5
| *

+10

400 0

Figure 2 — Cuvette

11
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Dimensions in millimetres

2
1
3
2
3 T
1201
50 +1 50 +1 -
T : ;
+5

10 0

200 +1
Key
1 Cuyette
2 Th?rmoelement
3 Reterence body

Figure 3 — Reference body

Figure 4 — Copper printed wiring board

12
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Dimensions|in millimetres
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Figure 5 — Water-cooled holder for corrosion targets

13
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Dimensions in millimetres

1 15 0,75 2

Key
1 Sheet-stgel insert 4 Quartz tube
2 Cuvette 5 Test sample

3 Total of 48 test samples

Figure 6 — Segmentation with loose bulk materials

14
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Annex A
(normative)

Alternative corrosion targets

A.1  Sheet-metal targets

The sheets may consist, for example, of the following metals:
—iron;

— steel;

—C

— altminium;
— zifc.

The dimensions of each sheet shall be 60028 mmx the maximum available thickness

0,7 mm

Clean g
them to
ethyl al
immers
maintai

After re
for 1 h.

All

Clamp

PPer;

and 1 mm.

nd degrease the sheets prior to exposure by placing them.in pure ethyl alcohol
ultrasonic vibration for 10 min. After removal from the‘alcohol bath, spray the s
cohol and dry them in a current of hot air. To remoye.any corrosion products tha
ned at (20 + 2) °C.

Table A.1 — Cleaning solutions

Target Cleaning solution

Iron 10% {/V) hydrochloric acid
Steel 10 % ({/V) hydrochloric acid
Copper 5 % W/V) sulfuric acid
Aluminium 5 % W/V) nitric acid

Zinc 5 % W/V) acetic acid

Holder with cooling system

bach 'sheet-metal target on the holder and position the holder in the chosen exp

pbetween

and then exposit
heets with fresh
it might be prese

e the targets in a second bath for 15 min in a cleaning solution conforming to taple A.1 and

moval from the second bath, rinse the sheets with distilled water and dry them in an oven at 70

osure chamber.

A.1.2 Holder without cooling system

The target holder shall be constructed as shown in figure A.1. The holder shall be made of glass, precis
ceramic material, etc., and have a thickness of 5 mm.

Place the target in the slots in the holder.

Position the holder in the quartz tube (see figure 1) or in a flow-through exposure chamber (see annex E
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A.1.3 Assessment of corrosion damage

©1SO

Measure the corrosive attack on the metal by monitoring the change in the mass of each target. Record tt
following values:

a) the exposed arég in square metres;

b) the change in madsn, in grams;
c) thedensityn in kilograms per cubic metre;
d) thg duratiorof the corrosion tegt in hours;
e) thg storage timi after exposure, in days;
f) a pltting or surface roughness evaluation (qualitative).
Remove any loose corrosion products on the target carefully by brushing under flowing water.
Dry each farget and determine its maggo the nearest milligram, dsing a balance accurate|to 0,1 mg.
Calculate|the change in mas®, using the following equation:
Am=m,-m,
where
m, is the mass of the target before exposure;
m, is the mass of the target after exppsure.
Note that| in some cases of corrosion, exposure will lead to accelerated oxidation, in whigh wabke
be positive, indicating a mass gain. Otherviisewill be negative, indicating a loss in mass due to
corrosion
Calculate|the values of relevant parameters, such as those listed in table A2.
TablelA.:2 — Parameters which may be used to characterize corrosive attack
Parameter Symbol Unit Fornpula
Material consumed per unit area my gm-& —Am/A
Increase in material per unit area my gmé +AMVA
Reduction in thickness -Ad mm -Am/A-p
Rate of consumption of material per unit area % gm2h1 —AmVAt

A2

Other resistance targets

When measuring increased electrical resistance due to conductive metal loss, other electrical resistance
targets have also been found to be useful. These targets are composed of two identical elements. While
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