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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.

International $tandards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft International Starjdards
adopted by the technical committees are circulated to the member bodies for votingy<Publication fas an
International $tandard requires approval by at least 75 % of the member bodies casting a vote.

Attention is dfawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shiall not be held responsible for identifying any or all such patent rights:.

ISO 4611 wag prepared by Technical Committee ISO/TC 61, Plastics, Subcommittee SC 6, Ageing, chemical
and environmental resistance.

This fourth edition cancels and replaces the third edition (ISO 4614:2008), which has been technically rgvised.
The main chapges concern the equipment requirements and exposure conditions specified in Clause 4.
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Various test methods are available for the exposure of plastics to different aggressive agents acting in a
combined and simultaneous fashion, such as natural weathering. Other test methods are available for the
purpose of a separate evaluation of the action of individual aggressive agents. Among the latter there are, for
example, tests for the resistance to specific chemicals and to radiations of a definite spectral range.
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sheathed with plastics by extrusion or by dipping in pastes or fluidized-bed powders.

Methods and equipment for obtaining reproducible aggressive environments of the above
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however, a direct correlation between the experimental results and the behaviour in service is not to be
inferred.
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This International Standard specifies the conditions of exposure of plastics to
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ater spray,
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This International Standard is, in general, suitable for all plastics in the form of standard te
hished articles or parts thereof.

This International Standard considers separately.methods for the determination of
hange in mass,
nange in dimensions and appearance,

nange in physical properties.

ormative references

bllowing referenced-decuments are indispensable for the application of this docume
hces, only the edition cited applies. For undated references, the latest edition of th
hent (including any-amendments) applies.

D Plastics-<¥ Determination of water absorption
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rinciple

One or more properties are determined before and after given periods of exposure in the specified
environmental conditions, and any change in appearance is observed. If required, the determination of one or
more properties may be carried out after exposure and a subsequent drying treatment or a reconditioning
treatment carried out with the aim of obtaining the same state of equilibrium with atmospheric humidity as that

of the

initial specimens.
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4 General test conditions

4.1 Equipment requirements

411 General

Equipment used for exposing specimens to steady state or cyclic exposure conditions involving heat, humidity,
and water or salt spray shall be made from corrosion resistant materials that will not interact with or
contaminate the specimens being exposed. In addition, the device shall provide a means to programme and

time the various portions of the exposure cycles that are used.

Sensing devi
volume of the

ces for measurement of temperature and relative humidity shall be located within the~w
chamber.

Any condenséd water shall be continuously drained from the chamber and not re-used until re-purified.

No condense
Water used fq

For the water
shall be met.
have been ex
necessary to

| water from the walls or roof of the chamber can fall on the test specimens.
r the maintenance of the chamber humidity shall have a resistivity of atleast 0,05 MQ cm.

spray (see 4.2.2) and salt mist (see 4.2.3) tests, the following additional equipment require
The cabinet shall have a volume of not less than 0,4 m3 sincé, with smaller volumes, diffi
perienced in ensuring an even distribution of spray. For largezvolume cabinets, it is nevert
ensure that the spray is distributed homogeneously throughout the cabinet. The upper p

the inside of the cabinet shall be designed so that any drops of spray ‘which form on its surface cannot

the specimen

For the salt n
equipment fo
equipment for

For the water
shall include
one or more 3
remove all tra
70 kPa. The
evaporation g

5 being tested.

nist test (see 4.2.3), the apparatus should, forgenvironmental reasons, preferably be fitte
I treating the salt mist after the test, prior~i0 releasing it to the atmosphere, and als
treating the salt water produced during thé-test, prior to discharging it to the sewage syste

spray (see 4.2.2) and salt mist (see'4:2.3) tests, the device for spraying the water or salt s
b supply of compressed air, a reservoir containing the water or salt solution to be spraye

ces of oil and solid matter,;and the atomization shall be carried out at an overpressure of
level of the water or salt”solution shall be maintained automatically. In order to p
f water from the sprayed-droplets, the compressed air shall be humidified, before enteri

atomizer, by
10 °C above 1

For the salt
and on the t
cabinet (as
in the mist arg

NOTE

|S A

passing it through a-saturation tower containing distilled or deionized water at a tempe
at of the cabinet!

ist test (see.4.2.3), the characteristics of the mist produced will depend on the pressure
pe of atomizer nozzle. These shall be adjusted so that the concentration of the salt mist
easured-by the rate of deposition of the mist on a collection surface) and the salt concen
kept'within the limits specified in 4.2.3.
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tomizers. Before it reaches thé.atomizers, the compressed air shall be passed through a fjlter to

about
revent
hg the
rature

used
in the
ration

4.1.2 Temperature

ard.

The exposure cabinet shall be capable of controlling the temperature in the exposure chamber to within +2 °C
of the desired equilibrium temperature. The temperature tolerance limits of +2 °C are intended to allow for any
systematic measurement errors, any temperature drift and any variations in temperature at different points in
the chamber. However, in order to maintain the relative humidity throughout the chamber within the required
tolerances, it is necessary to keep the temperature difference between any two points in the chamber at any
given time within narrower limits. Specimens being exposed in the chamber shall not be subjected to radiant
heat from the chamber temperature-control devices.

The chamber temperature shall be measured at least 100 mm from the walls.
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4.2 Exposure conditions
4.2.1 Damp heat

4211 General

The preferred exposure conditions correspond to those described in the IEC publications referred to in 4.2.1.2
and 4.2.1.3. Different temperature and/or humidity conditions may be used, however, if specified in the
relevant product specifications or by agreement between the interested parties.

4.21.2 Steady state test

Unlesp otherwise specified, the chamber shall be at ambient laboratory temperature and humidjty at the start
of the|test. Place the conditioned specimens (see 4.3.1) in the chamber and adjust the controls tp produce the
follow|ng conditions:

—

gmperature: 40*2 °C;

glative humidity: 93*% %.

-

As the chamber temperature is increasing to 40 °C, the rate of temperature change shall not exgeed 1 °C/min,
averaged over a period of not more than 5 min. During the heating<up period, condensation shall not occur on
the sgecimens.

Once |the specified temperature is reached, adjust the relative humidity to the specified level within no more
than 4 h.

The pgriod of exposure shall be as specified by the-specification covering the material or product being tested.
When| not specified, this period shall be agreed upon by the interested parties. Recommended periods of
exposure are 12 h, 16 h, 24 h, 48 h, 96 h and240 h.

NOTE The conditions given in this subclause correspond to those specified in IEC 60068-2-78:2001.
4218 Cyclic test

This test takes the chamber and specimens through a number of 24 h cycles during which th¢ temperature
shall be maintained at anupper value and at (25 + 3) °C. One of the following two temperafures shall be

chosen as the upper temperature:

a) (40 + 1) °C (irvwhich case the number of cycles shall be 2, 6, 12, 21 or 56);

b) (%5 + 1).°C (in which case the number of cycles shall be 1, 2 or 6).

The {pper temperature shall be reached within the first 3 h £ 30 min of each 24 h cyclg. During this
temperature increase, the relative humidity shall not drop below 95 %, except during the last 15 min when the
relative humidity may drop below 95 % but not below 90 %. During the temperature increase, condensation on
the specimens is allowed.

In the following hours, the temperature shall be maintained at the upper value chosen and the relative
humidity shall be maintained at (93 + 4) %.

After 12 h of the 24 h cycle, the temperature shall be allowed to decrease, within 3 h to 6 h, to the lower
temperature of (25 £ 3) °C. During this temperature decrease, the relative humidity shall not drop below 80 %.

For the rest of the 24 h cycle, the temperature shall be maintained at (25 + 3) °C and the relative humidity
shall not be less than 95 %.

© 1SO 2010 — All rights reserved 3
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NOTE 1 The conditions given in this subclause correspond to those specified in IEC 60068-2-30:2005 (using variant 2
for the temperature decrease part of the cycle).

NOTE 2  For composite temperature/humidity cycles, with the addition of a number of excursions to sub-zero
temperatures, guidance can be found in IEC 60068-2-38.

4.2.2 Water spray

The main difference between this exposure condition and that for damp heat/steady state (see 4.2.1.2) is the
constant presence of the liquid phase, in the form of small water droplets.

Suitable equipment for obtaining these conditions is substantially identical to that for the salt mist exposure
(see 4.2.3) and is described in the relevant specifications.

Distilled or dejonized water, having a pH between 6 and 7, shall be used instead of the salt solution:

The temperatlre in the test enclosure shall be (40 + 2) °C.

4.2.3 Salt mist

Dissolve a sufficient mass of sodium chloride in distilled or deionized water with a conductivity not highgr than
20 uS/cm at (25 + 2) °C to produce a concentration of (50 + 5) g/l. The spegifi€-gravity range for a (50 4 5) g/l
solution is 1,029 to 1,036 at 25 °C.

The sodium ghloride shall contain less than 0,001 % by mass of copper and less than 0,001 % by mpss of
nickel, as dgtermined by atomic absorption spectrophotometry Cor another analytical method of gimilar
sensitivity. It $hall not contain more than 0,1 % by mass of sodiuniodide or more than 0,5 % by mass gf total
impurities, calculated with respect to the dry salt.

Adjust the pH of the salt solution so that the pH of the salt mist collected in the chamber (see belpw) is
between 6,5 and 7,2 at (25 + 2) °C. Check the pH by electrometric measurement or, for routine checks,| using
short-range pH paper which can be read in increments or 0,3 pH-units or less. Make any necessary correction
by adding hydrochloric acid, sodium hydroxide 6r sodium bicarbonate solution prepared from analyticaligrade
reagents.

The temperatpre inside the cabinet shalt be' (35 + 2) °C.

The chamber shall contain at least' two devices for collecting salt mist. These devices shall inclpde a
horizontal surface of area 80 cm2.0n which mist will be deposited during the exposure. They shall be placed
so that only mpist, and not liquid falling from specimens or from parts of the cabinet, is collected. They shall be
used to ensure that the following requirements are met:

— the avergge collection rate shall be 1 ml/h to 2 ml/h when measured over a period of at least 16 h;

— the pH off the mist collected shall be between 6,5 and 7,2 at (25 + 2) °C (see above);

— the sodium chloride concentration in the mist collected shall be (50 + 5) g/I.

NOTE 1 The conditions given in this subclause correspond to those specified in SO 9227:2006 and
IEC 60068-2-11:1981.

NOTE 2 In this test, the exposure temperature used is 35 °C, even though this temperature is not included among
those recommended in ISO 3205, because it is specified in ISO 9227 and in the majority of existing national standards.

The period of exposure shall be as specified by the specification covering the material or product being tested.

When not specified, this period shall be agreed upon by the interested parties. Recommended periods of
exposure are 2 h, 6 h, 24 h, 48 h, 96 h, 168 h, 240 h, 480 h, 720 h and 1 000 h.
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4.3 Test specimens (see 5.2,6.2 and 7.2)

4.3.1 Conditioning

Unless otherwise agreed by the interested parties, the test specimens shall be conditioned before testing for
atleast 86 h at (23 + 2) °C and (50 + 10) % RH.

For certain materials which are known to approach rapidly, or on the contrary very slowly, the state of
equilibrium of temperature and, above all, of humidity, shorter or longer conditioning periods may be specified
in the particular specifications concerning them (see Annex A).

4.3.2 [ Treatment after exposure

43.2.1 General

The ekposed specimens shall be tested either

a) d|rectly after the exposure, or

b) after the exposure and subsequent drying or reconditioning.

The fifst procedure shall be used when it is required to know the state of the material while it stiJl contains the
amount of water it had absorbed by the end of the exposure. The‘second procedure shall be used when it is
required to determine the changes in properties of the material. as a result of the exposure only. [In the case of
reconglitioning, the specimens shall be brought back, as far.as possible, to the same state as the initial state
beforg exposure with regard to equilibrium with atmospheric-humidity (see 4.3.1).

4.3.2.2 Test after exposure only

After finsing with distilled or deionized water, if\necessary, and wiping dry, the exposed specimens shall be
brought to (23 = 2) °C in a closed container;usually 4 h are sufficient for this purpose.

4.3.2.83 Test after exposure and drying or reconditioning

After rinsing and wiping dry, the-specimens shall be dried or reconditioned to equilibrium with the same
atmogpheric conditions as before the exposure (see 4.3.1), taking due account of the procedureg described in
A.3.1|and A.3.2 in AnnexA-“Unless otherwise specified in the relevant product standard or|agreed upon
between the interested(parties, the specimens shall be dried in an oven at (50 + 2) °C for 24 h gnd cooled to
(23 £ R) °C in a desijccator.

Specimens moreythan 200 uym thick will not be in humidity equilibrium after 24 h (see 1SO 62)[ Therefore, a
longer drying-time is recommended for such specimens. If a longer drying time is used, it shall be agreed
upon by all interested parties and stated in the test report.

5 Change of mass

5.1 General

5.1.1 In this type of test, the changes in mass are at least partially due to water absorption, and they are
therefore particularly influenced by the conditioning and drying/reconditioning of the test specimens.

It is important, therefore, that the precise conditions of test be specified in the relevant product specifications.

Normally, the specimens are weighed immediately after exposure, rinsing and wiping dry, or are treated as
described in 4.3.2.2.

© 1SO 2010 — All rights reserved 5
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If the determination of mass after drying or reconditioning is required, the specimens shall be dried or

reconditioned

NOTE

as specified in 4.3.2.3.

This test is not applicable to cellular materials.

5.1.2 The changes of mass are generally proportional to the surface area of the test specimens, but are

influenced by

their thickness.

IMPORTANT — It is emphasized that the comparison of different plastics by means of this test is valid
only if the test specimens used are of the same shape, the same dimensions and in as nearly as

possible the

same state (of surface, internal stresses, etc.).

5.2 Tests

5.2.1 Genel

The test sped
shall be smog

5.2.2 Moulg

The test spec
specimens hg

The specime
moulding or b
conditions prg

Moulding mat|

NOTE Th
International St

5.2.3 Sheef]

The specimens shall be (50 + 1) mm square or rectangular, having the same surface area, and shall

from the shee

If the noming
specimen shg

If the nomins
specification,

becimens

al

mens may be obtained directly by moulding or by machining. In the latter case, the cut su
th and shall not show any trace of charring that may be due to the method of preparation.

ing and extrusion compounds

mens shall be in the form of a square of (50 + 1) mm side and.(3,0 £+ 0,2) mm thick. Recta
ving the same surface area (for example 100 mm x 25 mm, i‘e. 2 500 mm2) may be used.

ns may be cut from a sheet of the same thickness,-or prepared by compression or inj
y extrusion under the conditions given in the relevant specification for the material or und
scribed by the supplier of the material.

erials may be, alternatively, directly moulded in a mould of the prescribed dimensions.

e general principles for preparing mouldedand machined test specimens are the subject of the fo
andards: ISO 293, ISO 294-1, 1ISO 294-2.\S0O 294-3, ISO 295, ISO 2818.

t under test.

| thickness of the-sheet under test is equal to or less than 25 mm, the thickness of th
Il be the samgas’that of the sheet.

| thickness' is greater than 25 mm and in the absence of special provisions in the re
the thickness of the test specimen shall be reduced to 25 mm by machining on one surfacs

The machined surface shall not be directly exposed to water or salt spray.

rfaces

ngular

lection
er the

lowing

be cut

e test

levant
only.

A complete description of the machining, if any, shall be included in the test report.

5.2.4 Semi-finished and finished products (other than sheets)

The specimens shall be as similar in shape and size as possible to the specimens described in 5.2.2, and be
prepared in accordance with the product specification or as agreed upon between the interested parties.

If any machining is necessary, a complete description thereof shall be included in the test report.
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5.2.5 Number of test specimens

At least three specimens shall be tested.

5.3 Conditioning

See 4.3.1.

5.4 Procedure

5.41 Determine the mass (m,) of each specimen to the nearest 0,001 g.

5.4.2 | Expose the specimens to the test environment chosen from those listed in Clause 4.
5.4.3 | Rinse, if necessary (for example in the case of exposure to salt mist), and wipe'the specimens dry.
5.4.4| Immediately determine the mass (m,) of each specimen to the nearest 0,004g.

5.4.5| Dry or recondition the specimens, if required, in accordance with 4.3.:2/3 and determine the mass (m3)
of eagh specimen to the nearest 0,001 g.

5.5 [Expression of results
5.5.1 | The change of mass per unit area, in grams per square.metre, is given by the formula

1o — M maq —m .
2S 1 or 3S 1,respect|vely,

where

S

1, mpand my  are as defined in 5.4.1¢5.4.4 and 5.4.5;
S is the initial total surface area (including the edges of the specimens) in sqare metres.

5.5.2 | The change of mass, as.a_percentage, is given by the formula

~

H27M 400 or 85 4 100, respectively.
myq my

The change is positive for increase of mass and negative for reduction of mass.

5.5.3 | Calculate the mean value of the test results for all the specimens from a given sample.

6 hange of dimensions and appearance

6.1 General

Change of dimensions may result from either volume changes due to water absorption or leaching of some
components, or to relaxation of internal moulded-in stresses, or both.

It is important, therefore, that the precise conditions of test be specified in the relevant product specifications.
For anisotropic materials, such as calendered or extruded sheets or extruded rods, the changes in linear

dimensions in the machine direction (lengthwise) and in the transverse direction (crosswise) may be different;
it is therefore necessary to determine the changes in both directions.

© 1SO 2010 — All rights reserved 7
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Where it is desired to differentiate between the effect of the relaxation of moulded-in stresses and that of the
action of water, the test may also be performed using a set of annealed specimens.

6.2 Test specimens

Prepare the test specimens as described in 5.2. For anisotropic materials, the sides shall be parallel to the
machine and transverse directions, respectively (see 6.1).

The dimensional measurements may be made on the same specimens as were used for the determination of
the changes in mass, immediately after weighing them.

6.3 Condi

See 4.3.1.

ioning

6.4 Procedure

6.4.1 Meas
dial micromet

Measure indi
mean values
less regularly
meaningful di

6.4.2 Expo
6.4.3 Rinsqg
6.4.4 Reme

after exposurs

If the specimd

measure.
6.4.5 Note
6.46 Dryo

after drying o

ure the thickness of each specimen at four marked points to an accuracy of 0,01 mm u
er, and calculate the mean value (d4).

idually the four sides of the square or the rectangle to an accuracy of 0,1 mm and calculg

of the dimensions in the two perpendicular directions, respeetively (length /; and width 5
shaped specimens, for example from semi-finished or finished products, measure the

mensions.

5e the specimens to the test environment chosen fromthose listed in Clause 4.

, if necessary (for example in the case of exposure to salt mist), and wipe the specimens d

asure the specimens in the same manrier as before exposure, i.e. determine the dime
e (I5, by and ds).

ns have undergone severe warpage, the linear measurements should be carried out with

Any change in appearance.

r recondition the specimens, if required, as described in 4.3.2.3 and determine the dime
reconditioning (I3, b3, d3).

6.5 Expre
The results m|

a)

$sion of results

y be\expressed in either of two ways:

5ing a

te the
). For
most

ry.

nsions

a tape

nsions

or (after exposure and drying or reconditioning)

]_3_
7

h

x 100,

by —by

by

a5~

x 100,
d4

x 100

The change is positive for increase and negative for decrease in the dimension.
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b) as the percentage of the final dimension relative to the initial dimension, using, as applicable, the
formulae

172 x 100, b_—2 x 100, {—2 x 100
Iy b

1 dy
or
13 100, 28« 100, 93 x 100, respectively.
I by dy
In thig case, 100 % means no change, values lower than 100 % mean a reduction and valu¢

100 ¢

Repoift any apparent deformation such as warpage, curling, delamination, or.- Visible sign

degra

|
(o]

|
@

|
O

and a

7 C

71

Any ¢
electr

It is impportant that thé precise conditions of test be specified in the relevant product specifications

7.2

The ¢
detern

mean an increase in the dimensions.

Hation such as:

hange in colour and/or gloss, presence of crazing, cracks;
isters;

kudation of plasticizers, tackiness;

ooming of solid ingredients;

brrosion of metal components, if any;

5sign, if possible, a qualification such as slight; moderate, severe, etc.

hange of other physical properties

General

hysical property may~be determined; the most significant are usually the mechanica
cal properties.

Test specimens

ze/‘shape and number of test specimens shall be as specified in the International Sta
hination of the relevant property.

s higher than

s of surface

, optical and

D.

ndard for the

If the test is a destructive one, the number of test specimens shall be doubled.

Samples may be in the form of a sheet from which the specimens for the particular test are cut. Since the
results obtained on specimens prepared before the exposure might be different from those obtained on
specimens cut out after the exposure, owing to the action of the exposure on the cut edges, the procedure of
preparation of the specimens shall be precisely stated in the test report.

7.3

See 4

Conditioning

3.1,
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7.4 Procedure

7.41
7.4.2
7.4.3
7.4.4
7.4.5

4.3.2.3; deter
same moistur

Determine the value (P4) of each of the intended properties, using a set of test specimens.
Expose a second set of specimens to the test environment chosen from those listed in Clause 4.
Rinse and wipe dry.

Determine the value (P,) of each of the properties after exposure.

mine the value (P of each of the nronerties after exnosure and drvina or reconditioninga
=37 ProP g PAMDS ) 4

If required, expose a third set of specimens, rinse, wipe and dry or recondition in accordance with

to the

e equilibrium state as that of the specimens used to determine P,.

7.5 Expression of results

The results m|

a) as the pe
Py - P
P,
b) asthe peg
2 5 100
P,
8 Testre

The test repo

ay be expressed in either of two ways:

rcentage change of property, using the formula

Py, —P
100 or % x 100, respectively;
1

rcentage of the final property, relative to the initial one, using the formula

or %” x 100, respectively.
port

t shall include the following particutars:

ce to this International Standard;

necessary for complete)identification of the material or product;
bf exposure used,

nent of the specimens before and after the exposure;

rties examined;

thepreparation of the specimens, with particular mention of any machining;

a) areferen
b) all details
c) the type
d) the treatn
e) the props
f)  details of
9)
h) the value
i) .

signs;
j)
k) any obse
1)
10

the type of specimen tested;

s of the properties before and after exposure;

if available, curves of properties as a function of time of exposure;

rvations of changes in appearance of the exposed specimens;

the date(s) of testing.

the corresponding changes, calculated in accordance with 5.5, 6.5 and 7.5, as appropriate, including the
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