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Foreword 

IS0 (the International Organization for Standardization) is a worldwide federation of 
national standards institutes (IS0 member bodies). The work of developing Inter- 
national Standards is carried out through IS0 technical committees. Every member 
body interested in a subject for which a technical committee has been set up 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. 

Draft International Standards adopted by the technical committees are circulated to 
the member bodies for approval before their acceptance as International Standards by 
the IS0 Council. 

International Standard IS0 175 was developed by Technical Committee ISO/TC 61, 
Plastics, and was circulated to the member bodies in March 1979. 

It has been approved by the member bodies of the following countries : 

Belgium 
Brazil 
Bulgaria 
Canada 
China 
Czechoslovakia 
Egypt, Arab Rep. of 
Finland 
France 
Germany, F. R. 

Hungary 
India 
Israel 
Italy 
Korea, Rep. of 
Japan 
Libyan Arab Jamahiriya 
Netherlands 
New Zealand 
Poland 

No member body expressed disapproval of the document. 

This International Standard cancels and replaces IS0 Recom 
and R 4624965, of which it constitutes a technical revision. 

Romania 
South Africa, Rep. of 
Spain 
Sweden 
Switzerland 
Turkey 
United Kingdom 
USA 
USSR 

mendations R 175-1961 

0 International Organization for Standardization, 1981 

Printed in Switzerland 
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INTERNATIONAL STANDARD IS0 1754981 (E) 

Plastics - Determination of the effects of liquid 
chemicals, including water 

0 Introduction 

Because of their varied applications, plastics are frequently 
brought into contact with liquids such as chemical products, 
motor fuels, lubricants, etc., and, possibly, with their vapours. 

Under the action of a liquid, a plastic material may be subjected 
to several phenomena which may occur simultaneously. On the 
one hand absorption of liquid and extraction of constituents 
soluble in the liquid may occur. On the other hand, a chemical 
reaction, most often resulting in a significant change in the pro- 
perties of the plastic, may occur. 

The behaviour of plastics in the presence of chemicals can be 
determined only under arbitrarily fixed conditions aimed at 
making comparisons between different materials. The choice of 
test conditions (nature of the liquids, temperatures and dura- 
tions), as well as of the properties in which changes are to be 
measured, depends on the eventual application of the plastic 
under test. 

However, it is not possible to establish any direct correlation 
between the experimental results and the behaviour of the 
plastic in service. These tests do, nevertheless, permit a com- 
parison to be made of the behaviour of different plastic 
materials under specified conditions, thus allowing an initial 
evaluation of their behaviour in relation to certain groups of 
substances. 

NOTE - In view of its special importance, the particular case of the 
determination of the quantity of water absorbed is dealt with in IS0 62. 
The effects of water described in this International Standard are con- 
cerned only with changes in dimensions and in physical properties as a 
result of the action of the water. 

1 Scope and field of application 

1.1 This International Standard specifies a method of expos- 
ing test specimens of plastic materials, free from all external 
restraint, to liquid chemicals, and methods for determining the 
changes in properties resulting from such exposure. 

1.2 It only considers, therefore, testing by immersion of the 
entire surface of the test specimen3 

1.3 It is applicable to all solid plastics that are available in the 
form of moulding or extrusion materials, plates, tubes, rods or 
sheets, having a thickness greater than 0,l mm. It is not 
applicable to cellular materials. 

1.4 Methods for determination of changes in properties are 
specified as follows : 

a) changes in mass, dimensions and appearance 
immediately after immersion or after immersion and 
drying; 

b) changes in physical properties (mechanical, thermal, 
optical, etc.) immediately after immersion or after immer- 
sion and drying. 

1.4.1 The test immediately after immersion is used when it is 
required to ascertain the state of the material while still acted 
upon by the liquid. 

1.4.2 The test after immersion and drying is used when it is 
required to ascertain the state of the material after the liquid, if 
it is volatile, has been eliminated. It can allow determination of 
the influence of a soluble constituent. 

2 References 

IS0 62, Plastics - Determination of water absorption. 

IS0 291, Plastics - Standard atmospheres for conditioning 
and testing. 

IS0 293, Plastics - Compression moulding test specimens of 
thermopfas tic materials. 

IS0 294, Plastics - Injection moufding test specimens of ther- 
moplas tic ma teriak. 

IS0 295, Plastics - Compression moufding test specimens of 
thermosetting materials. 

IS0 412, Gum spirit of turpentine and wood turpentines for 
paints and varnishes. 

1) Although it is not within the scope of this International Standard, it may also be of interest, when dealing with volatile liquids or those which give 
off vapours, to submit the specimen to the effect of only the gaseous phase above the liquid. In this event, it is advisable to proceed exactly as 
indicated, but to suspend the test specimen above the liquid, seal the container and maintain it at the test temperature throughout. 

1 
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IS0 175-1981 (E) 

IS0 1817, Vulcanized rubbers - Resistance to liquids - 
Methods of test. 

4.2 Test temperatures 

4.2.1 Immersion temperatures 
IS0 2818, Plastics - Preparation of test specimens by 
machining. The preferred test temperatures are : 

IS0 3126, Plastics pipes - Measurement of dimensions. a) 23 + 2 OC; 

I SO 3205, Preferred test temperatures. b) 70 * 2 OC. 

IEC Publication 296, Specification for new insulating oils for 
transformers and switchgear. 

If a different temperature has to be used in order to correspond 
to the temperature at which the plastic is used, it shall be 
selected from the preferred temperatures given in IS0 3205.1) 

3 Principle NOTE - In the event that the test is to be carried out at a temperature 
above normal ambient conditions, it may be desirable to condition 
another series of specimens at this temperature for a period equal to 
that of the test, and to measure their properties after this conditioning 
in order to be able to distinguish the effect of temperature from that of 
the liquid. 

Complete immersion of test specimens in a 
specified time and at a specified temperature. 

test liquid for a 

Determination of their properties before and after immersion 
and, if applicable, after drying; in the latter case, the determina- 
tions are made, if possible, one after the other on the same 
specimens. 

In the case of long duration tests, specimens stored in air at 
23 OC may undergo a change in properties. Preparation of an 
additional series of test specimens is recommended for com- 
parison purposes. NOTE - It is emphasized that the comparison of different plastics by 

means of this test is valid only if the specimens used are of the same 
shape, the same dimensions (in particular the same thickness) and in as 
nearly as possible the same state (of internal stresses, surface, etc.). 4.2.2 Measurement temperature 

The temperature for the determination of changes in mass, 
dimensions or physical properties is 23 + 2 OC. If the immer- 
sion temperature is different, bring the specimen to 23 OC by 
the procedure described in 4.6.3. 

4 General requirements and procedure 

4.1 Test liquids 

4.3 Test durations 
4.1.1 Choice of test liquid 

The preferred test durations are : 
If information is required about the behaviour of a plastic in 
contact with a specific liquid, that liquid shall, as a rule, be 
used. 

a) 24 h for a short duration test; 

b) 1 week for a standard test (particularly at 23 OC); 
Industrial liquids are not generally of absolutely constant com- 
position. Whenever possible, the test shall be carried out in 
defined chemical products used on their own or as a mixture, 
and which are as representative as possible of the effect of the 
products under consideration on the plastic material concerned. 

c) 16 weeks for a long duration test. 

If it is essential to adopt other test durations, for example if it is 
desired to perform tests as a function of time or to plot the 
curve until equilibrium is reached, it is recommended that the 
durations be chosen from the following standard scale : NOTE - If making a series of tests in a liquid of doubtful composition, 

it is important to take all the samples of the liquid from the same con- 
tainer. a) 1 -224-8-16-24-48-$1696168h; 

4.1.2 Test liquids b) 2 - 4 - 8 - 16 - 26 - 52 - 78 weeks; 

Types of test liquids are given in annex A. c) 1,5-2-3-4-5years. 

1) In particular, the following temperatures should be used : 

O- 20 - 27 - 40 - 55 - 85 - 100 - 125 - 150 OC, 

with a tolerance of k 2 OC on temperatures up to and including 105 OC, and + 3 OC on temperatures greater than 105 OC and up to and 
including 200 OC. 

In the special case of testing plastic pipes, the temperature of 60 OC given in the annex to IS0 3205 may be used. 
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IS0 175-1981 (E) 

4.4 Test specimens 

Depending upon the proposed test after exposure (mass, 
dimensions, physical properties) and the nature and form 
(sheet, film, rod, etc.) of the plastic material, the specimens will 
be of very diverse shapes and dimensions. 

They may be obtained directly by moulding, or by machining. 
In the latter case, cut surfaces shall be machined to a fine finish 
and shall show no trace of carbonization that could be 
attributed to the method of preparation. 

The number of specimens to be used will be specified in the 
International Standards relevant to the tests to be carried out 
after treatment. In the absence of specific International Stan- 
dards, at least three specimens shall be tested. 

4.5 Conditioning 

Condition the specimens in accordance with IS0 291. 

NOTE - For certain plastics which are known to approach rapidly, or, 
on the contrary, very slowly, equilibrium of temperature and especially 
of humidity, shorter or longer conditioning periods may be specified in 
the appropriate product specifications (see annex B). 

4.6 Procedure 

4.6.1 Quantity of test liquid 

The quantity of test liquid used shall be at least 8 ml per square 
centimetre of the total surface area of the specimen in order to 
avoid a concentration of extracted product in the liquid during 
the course of the test. The test liquid shall cover the specimen 
completely. 

NOTE - A different quantity of liquid may, however, be specified in 
particular International Standards; for example, for rigid PVC and 
polyolefin pipes, where the amount of extractable substances is known 
to be very small, a smaller quantity of liquid is specified in the relevant 
International Standards. 

4.6.2 Positioning of specimens 

As a rule, place each set of test specimens in a given container 
and completely immerse them in the test liquid (using a weight 
if necessary). 

However, when several materials of the same composition are 
to be tested, it is permissible to put several sets of specimens 
into the same container. 

In every case, no significant proportion of the surfaces of the 
specimens shall make contact with the surface of other 
specimens, with the walls of the container, or with any weight 
that is used. 

During the test, stir the liquids, 
tainers, at least once per day. 

for example bY rotati ng the con- 

If the test lasts longer than seven days, replace the liquid 
an equal amount of the original liquid every seventh day. 

with 

If the liquid is u nstable (for example 
re place the liquid more frequently. 

sodium hypochlorite), 

If light is likely to have an influence on the action of the test 
liquid, it is recommended to operate either in darkness or in 
defined illumination conditions. 

It may be necessary in certain cases (for example if there is a 
risk of oxidation) to specify the height of the liquid level above 
the specimens. 

4.6.3 Rinsing and wiping 

At the end of the period of immersion, bring the temperature of 
the specimens back to ambient temperature if necessary, by 
transferring them quickly into a fresh quantity of test liquid at 
room temperature, for a period of 15 to 30 min. 

Remove the specimens from the test liquid and rinse them with 
a product which has no effect on the material under test and 
which is chosen to suit the nature of the test liquid. 

Wipe the specimens dry with filter paper or a lint-free cloth. 

NOTES 

1 If requested, it may be necessary to examine the test liquid at the 
end of the test. This examination may be a simple visual examination or 
a more rigorous examination, including, for example, a titration. 

This examination 
during the test. 

may not be practicable if the liquid has been replaced 

2 In the case of specimens tested in solvents such as acetone or 
alcohol at ambient temperature, rinsing and wiping may not be 
necessary. 

4.7 Expression of results 

4.7.1 Numerical expression 

In addition to the results of measurements before and after 
immersion, the results may be expressed (except in special 
cases of changes in mass) as a percentage of the value of the 
property after immersion (c/2) with respect to the value before 
immersion (VI), i.e. as 

wyv,, x loo 

4.7.2 Graphical expression 

In every case where measurements are made as a function of 
time, it is recommended that corresponding graphs be plotted. 
The values obtained (including the original value), or the dif- 
ferences in value, shall be plotted as the ordinates, and the 
durations 0) as the abscissae. If it is necessary to shorten the 
duration scale, either a Jscale or a log t scale may be used. 

5 Determination of changes in mass and (or) 
dimensions and (or) appearance 

These determinations 
same specimens. 

may, if necessary, be carried out on the 

At least three specimens shall be used. 
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IS0 1754981 (E) 

5.1 Apparatus 

5.1.1 Beakers, of suitable dimensions and fitted with lids 
(airtight, if necessary, and fitted with condensers in the case of 
volatile liquids or those which give off vapours). 

5.1.2 Enclosure, thermostatically controlled at the test 
temperature. 

5.1.3 Thermometer, of suitable range and accuracy. 

5.1.4 For determination of changes in mass : 

5.1.4.1 Weighing bottle. 

. 

5.1.4.2 Balance, accurate to within 0,001 g in the case of 
specimens of mass equal to or greater than 1 g, or to within 
0,000 1 g in the case of specimens of mass less than 1 g. 

5.1.5 For determination of dimensional changes : 

5.1.5.1 Dial micrometer, with flat anvils, accurate 
to 0,Ol mm. 

5.1.5.2 Caliper gauge, capable of measuring to an 
accuracy of 0,l mm. 

5.1.6 Ventilated oven, if required, capable of being con- 
trolled at the chosen drying temperature. 

NOTE - In the absence of any special instructions, use an oven con- 
trolled at 50 + 2 OC. 

5.2 Test specimens (see also 4.4) 

5.2.1 Moulding materials 

Specimens shall have a diameter of 50 + 1 mm and a thickness 
of 3 + 02 mm. They shall be moulded to shape under the con- 
ditions specified in the appropriate product specification (or 
under the conditions prescribed by the supplier). 

NOTES 

1 The general principles for the preparation of moulded specimens 
are the subjects of IS0 293, IS0 294 and IS0 295. 

2 In certain specialcases,a squarespecimen5Omm x 50mm x 4mm, 
may be used by agreement between the interested parties. 

5.2.2 Extrusion compounds 

Specimens shall have a diameter of 50 + 1 mm and a 
thickness of 3 * 02 mm. They shall be cut from a sheet of this 

1) For example, in accordance with IS0 2818. 

thickness, prepared under the conditions prescribed in the 
appropriate product specification (or under the conditions 
prescribed by the supplier of the material). 

NOTE - In certain special cases, a square specimen, 
50 mm x 50 mm x 4 mm, may be used by agreement between 
the interested parties. 

5.2.3 Sheets and plates 

Specimens shall be 50 & 1 mm square and shall be machined 
from the sheet or plate submitted for test.‘) 

The thickness of the specimens shall be the same as that of the 
sheet or plate submitted for test, if its nominal thickness is less 
than or equal to 25 mm. 

If the nominal thickness is greater than 25 mm, and in the 
absence of special provisions in the relevant specification, 
reduce the thickness of the specimen to 25 mm by machining 
one face only. 

5.2.4 Tubes and rods 

5.2.4.1 Tubes 

If possible, reference shall be made to the relevant International 
Standards for the material under test.2) In the absence of 
specific International Standards, the specimen shall be a piece 
of tube, of length 50 + 1 mm, obtained by cutting it at right 
angles to its longitudinal axis. 

For tubes of outside diameter greater than 50 mm, a length of 
50 * 1 mm shall be cut and the test specimen prepared from 
this length by making a cut along each of two planes containing 
the longitudinal axis of the tube, so as to give a developed 
width of 50 + 1 mm when measured on the outer surface. 

5.2.4.2 Rods 

For rods of diameter less than or equal to 50 mm, the test 
specimen shall be a piece of the rod of length 50 * 1 mm, 
obtained by cutting it at right angles to its longitudinal axis. 

For rods of diameter greater than 50 mm, in the absence of any 
specification agreed between the interested parties, the test 
specimen shall be a 50 + 1 mm length of the rod with its 
diameter reduced to 50 + 1 mm by machining concentrically. 

5.2.5 Profile sections 

In the absence of specific International Standards, cut a 
50 + 1 mm long piece of the profile section and use as the test 
specimen either : 

a) this piece of the profile section; 

2) The preparation of methods of test for plastics pipes is the responsibility of ISO/TC 138, Plastics &es, fittlirgs and valves for the transport of 
fluids. The general procedures described in this International Standard have been used as a basis for the appropriate methods of evaluating the effects 
of chemical products on plastics pipes. IS0 4433 will specify the method of test for polyolefin pipes; methods of test for PVC and ABS pipes will form 
the subjects of future International Standards. 
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IS0 175-1981 (E) 

b) this piece after machining in such a manner as to 
reduce one or several of the dimensions of the profile cross 
section so that the thickness, in particular, approximates as 
closely as possible to 3 + 0,2 mm. 

In this case, the dimensions to be achieved and the machining 
conditions shall be subject to agreement between the in- 
terested parties. 

53 . Determination of changes in mass’) 

5.3.1 Procedure 

5.3.1 .I Conditioning 

Condition the specimens 
accordance with clause 4. 

and select the test conditions 

5.3.2 Calculation and expression of results 

5.3.2.1 Report, for each specimen, the masses in milligrams, 
of 

a) 

b) 

the specimen before immersion, ml; 

the specimen immediately after immersion, m2; 

c) the specimen after immersion, drying and recondition- 
ing, m3. 

Calculate the values of 

m2 - q, 

m3 - ml, 
5.3.1.2 Determination of initial mass 

and report these values with the applicable signs. 
Determine the mass ml of each specimen to the nearest 
0,001 g in the case of specimens of mass greater than or equal 
to 1 g, or to the nearest 0,000 1 g in the case of specimens of 
mass less than 1 g. 

5.3.2.2 It is permissible, subject to agreement between the in- 
terested parties, or on request, to express the results by the 
following methods. 

Immerse the specimens in the test liquid as specified in 4.6.2. 

5.3.2.2.1 Method I - Change in mass per unit area 
5.3.1.3 Measurement immediately after immersion 

Place each rinsed and wiped specimen in a tared weighing 
bottle, stopper it and determine the mass m2 to the nearest 
0,001 g or 0,000 1 g as appropriate (see 5.3.1.2). 

If the liquid used for the test is volatile at ambient temperature, 
the time during which the specimen is exposed to the air shall 
not exceed 30 s. If it is necessary to continue the test after 
weighing (test as a function of time), immediately replace the 
specimens in the test liquid and put the containers back in the 
thermostatically controlled enclosure. 

5.3.1.4 Measurement after immersion and drying 

Remove the specimens from the weighing bottles and dry them 
in the oven at the specified temperature (usually for 2 h at 
50 t 2 OC) to constant mass. Cool the specimens if necessary, 
recondition them in accordance with 5.3.1.1 and determine the 
mass m3 of each specimen. 

NOTE - In certain cases, the interested 
plastics under test require no conditioning 

parties may agree that the 

For each specimen, calculate the increase or decrease in mass 
per unit area, expressed in milligrams per square centimetre, by 
means of one of the following formulae 

tq - q)lA 

(m3 - q)lA 

ml, m2 and m3 have the same meanings as in 5.3.2.1; 

A is the initial 
the specimen. 

total surface area, in square centi 

5.3.2.2.2 Method II - Percentage change in mass 

metres, of 

For each specimen , calculate the percentage increase or 
decrease i n mass by means of 0 Ine of the following formulae 

100 Irn2 - mlVml 
5.3.1.5 Measurement only after immersion and drying 

or 
After removal from the test liquid, rinse and wipe the 
specimens in accordance with 4.6.3, then immediately place 
the specimens in the oven and proceed in accordance with 
5.3.1.4. 

100 (m3 - ml)lml 

where ml, m2 and m3 have the same meanings as in 5.3.2.1 

1) In the case of water, see IS0 62. 
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