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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 S0, also take part in the work. SO collaborates closely with
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part’2.
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Introduction

0:2005(E)

A wide range of rubber products are used in contact with liquids and other chemicals, in some cases
throughout their service life, and thus require suitably resistant rubber formulations. Rubber hoses are used to
convey a range of fluids from hot water to fuels, conveyor belting may have to carry aggressive slurries, seals
and gaskets are installed to prevent leakage of gases and liquids, rubber-covered rollers manipulate webs as
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Rubber materials — Chemical resistance
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Scope

5 Technical Report describes a classification system for the reporting and tabulation~of t+ chemical
stance of rubber materials. It also provide guidance on the testing and evaluation of rubber with particular
rence to test chemicals described in a number of ISO standards.

5 document gives guidance on the behaviour of rubber in contact with chemicals such as aggregsive gases
fluids, e.g. acids, alkalis, aqueous solutions, oil and solvents.

information given in this document is based on the practical experience’of manufacturers ahd users of
ber materials.

pss there is prior knowledge or experience of the application,<a selection based on the tables should

pys be confirmed by tests on the proposed rubber compounds using the actual product under the
ropriate service conditions. In such tests, attention should also be given to the possibility off the rubber

Types of chemical and physical change

Physical penetration

sical penetration and absorption of'an agent into a rubber material, for instance of isooctanI into SBR,
occur. These phenomena cause ‘swelling of the rubber, sometimes combined with extraction of soluble

matferial from the rubber. If the_absorbed fluid is removed, for instance by drying, most of the physical

pro
resi

Gas

rub
selé

2.2

Theg

perties return to their original“level. If the antidegradants in the rubber are extracted, a losg in ageing
stance may result. If extender oil or plasticizer is extracted in quantity, the rubber will harden anld shrink.

es may penetrate throughout the thickness of thin-walled products without any swelling or damage to the

per. Gas permeabhility falls outside the scope of this document but may need to be considered when
cting a rubberymaterial.

Chemical attack

categoaries:

a)

b)

©IS

effect of reactive chemicals on rubber can in most cases be referred to one or more of the following

Hydrolysis. This is a chemical reaction between water and the rubber polymer, especially under acid and
alkaline conditions, which results in degradation of physical properties. At the same time, swelling could
take place but this is not always the case. A typical example is the attack of hot water on polyester
urethanes.

Oxidation. All organic materials are more or less sensitive to oxidation. The oxidation is often associated
with chemical and thermal processes. This attack will result in degradation of physical properties. Usually,
the tensile strength will decrease, but hardness and elongation at break can either increase or decrease
depending on the rubber type and the environment. If liquid oxidizing media are used, oxidation may be
combined with swelling. A typical example of the latter is the effect of nitric acid on SBR and NBR. As with
most other forms of chemical attack, the rate of oxidation increases with temperature.

O 2005 - All rights reserved 1
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NOTE Thermal or thermal-oxidative ageing may be the main consequence of exposure to some chemically inert

fluids at high

c) Specific effects. Examples are those due to reaction with chlorine, bromine, ozone, etc. Attack by these
chemicals is usually confined to the surface of the rubber, but can become progressively deeper with time.

temperatures.

Hardened surfaces can crack due to thermal or physical movement.

3 Rubber polymers

The rubber materials considered in this document are based on the following rubber paolymers:
Rubber polymer Symbol
Natural rubper NR
Butadiene flubber BR
Isoprene rubber IR
Styrene-butadiene rubber SBR
Isobutene-isoprene rubber (butyl rubber) IR
Bromo- or ¢hloro-isobutene-isoprene (halobutyl) rubber BIIR/CIIR
Ethylene-piiopylene-diene rubber (terpolymer) EPDM
Ethylene-priopylene rubber (copolymer) EPM
Acrylonitrilg-butadiene rubber NBR
Hydrogenafed acrylonitrile-butadiene rubber HNBR
Chloropreng rubber CR
Chloropolygthylene rubber CM
Chlorosulfgnyl-polyethylene rubber CSM
Acrylate rulbber (copolymer) ACM
Ethylene-agrylate rubber (ethylene acrylic\rubber) AEM
Ethylene-vinylacetate rubber EVM
Epichlorohydrin rubber (homopélymer) CcoO
Epichlorohydrin rubber (copolymer) ECO
Polyester urethane rubber AU
Polyether urethane rubber EU
Polysulfide rubber T
Silicone rubber MQ
Fluorinated silicone rubber FMQ
Fluorinated rubber FKM

About half of the rubbers in the list are marketed as “oil-resistant”. Care should be exercised when using this
term for chemical resistance because “oil-resistant” is usually defined in terms of resistance to swelling by
mineral oils (or, in test terms, to swelling in one of the ISO 1817 reference oils). It should be appreciated that a
rubber resistant to such oils is not necessarily resistant to oils of other types.

It must also be observed that the classification of chemical resistance is also directly dependent on the
compounding variations (see Annex A).

2 © ISO 2005 — All rights reserved
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Thermoplastic rubbers have not been included because of insufficient experience and test data. Consult
suppliers for information on chemical resistance.

4 Chemicals

The chemicals listed in this document are thought to be representative of those coming into contact with
rubber, and as far as possible at least one member or each class of commonly used organic chemical has
been included. Proprietary materials have not been included except those representative of a particular class
of service or industrial fluids.

The
to g
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oXig
maferials and the type and level will vary from supplier to supplier. It should also be néted that min
fuels vary appreciably in composition even when supplied to a recognized specification. Th
conpposition governs the extent to which a rubber can swell, whereas the ojk viscosity governs
penetration into the rubber. A viscous oil diffuses more slowly than a less visgous one.

classification is for normal technically pure chemicals. The same performance may not ne¢essarily apply
ommercial chemicals even of broadly similar composition because of any effect contaminarjts or minor
ve constituents may have. Several commercial chemicals for example may contain.'ttace quantities of
izing agents or pro-oxidants. Detergents provide another example: these contain chemigally active
ral oils and
e chemical
the rate of

Common chemical names are used in this document.

5 |Effect of service conditions

Thg amount of change which may be tolerated in a rubber material depends to some extent on the| application
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whether it is static or dynamic. If, for instance, an @=ting is used in a dynamic application, the
me change or shrinkage has to be much lower than in a static application. Several chemic
ck the rubber at its surface and, in the case, of 0zone, a tensile strain must be present for ¢
n form of degradation with ozone) to occur: The service temperature is also important [
ease will normally raise the rate of penetration of a fluid and raise the level of swelling.

Criteria applied for the ranking of chemical resistance

criteria for the chemical resistance in this document the degradation of the physical propert
hge in volume are taken, and it is presumed that standard 2 mm thick test pieces are
merged in the medium. The data referred to for gases and organic solvents are, as far as posg
1 weeks at 23 °C,-fop oils 14 days at 100 °C and for aqueous solutions 4 weeks at 70 °C
ditions are stated-If no temperature is reported, this is unknown and therefore caution must b
n assessingthe’level of resistance. In many cases, no time is reported in the reference
centration isisted, it is in aqueous solution.

istancenis divided into four classes as defined in Table 1. For chemicals absorbed by the rubb
stance is classified primarily according to the extent of volume swell (column B of Table

critgrion applies as long as the hardness change accompanying the swelling is lower than the charj
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ge given in

column C for the same class. Tf the hardness decrease is higher than that indicated for a given volume swel,
the material is classified by hardness change.

For chemicals which do not cause swelling, shrinkage or a significant hardness change, the material is
classified in terms of the effect on other properties using the descriptions in column D of Table 1. These
properties will include tensile stress/strain characteristics, especially in the case of chemicals able to penetrate
into the bulk of the rubber, and surface changes such as crack appearance, crazing, erosion and discoloration
in the case of chemicals attacking at the rubber surface.

The descriptions used in column D should not be regarded as being equivalent to the changes given in

columns B andC. For most applications, a change in hardness as large as 20 IRHD will be considered much
more than a “minor effect”, regardless of its importance to product service.

© 1SO 2005 - All rights reserved
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Table 1 — Classification of chemical resistance

A B Cc D
Change in volume 2 Change in hardness . .
Grade (if applicable), % (if applicable), IRHD Effect on physical properties

1 Less than 10 Max. 10 No significant effect

2 10 to 30 Max. 20 Minor effect

3 30 to 60 Max. 30 Moderate effect

4 More than 60 Above 30 Severe effect
@8  Contact with some chemicals may cause some rubber vulcanizates to shrink. For some applications, this is unacceptable apd it
may be necegsary to include specific requirements in product specifications to cover this point.
In the clasgification, the rate of diffusion of gases or liquids into the rubber material has’not been taken |into
consideratipn. Sufficient time should be allowed for diffusion before effects onswelling and property
deterioration are examined.

7 Chemical resistance of rubber materials
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cation of the rubber materials in accordance with Clause 6.is‘'shown in Table 3 and is made on
b references listed in Annex C. The appropriate referencges for each chemical are listed in

-

olumn in the table. It is presumed that a suitable compound of the polymer is used.

ment of class 1 rating will not necessarily mean that a rubber is suitable for a given application.
bnditions may be more severe than those referred to in Table 3. Other considerations affecting
bber will include the following:

5ing and manufacturing;

cified levels of physical properties;

e of the product;

ory requirements, e.g.\for foodstuff or water contact.

Ass does not appear in Table 3, it is because no reliable information exists. An omission does
rubber material-hias poor resistance to a given chemical.

d be taken when selecting rubber coming into contact with more than one chemical.
ns given in Table 3 may not be comparable because of differences in exposure conditions
p)-and' in the formulations used. Note that mixtures of some chemicals can be more aggres

than the in

the
the
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not
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ividual components

The classes of chemical resistance have been distilled from a large number of reputable sources in order to
obtain a representative result. Nonetheless, it will be appreciated that discrepancies among similar rubber
types and related chemicals can still arise because of differences in exposure conditions and the rubber

formulation
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Methods for the evaluation of chemical resistance

General

This clause gives guidance on the evaluation of chemical resistance, with particular reference to the standard
ISO test methods available for contact with chemicals, fluids and gases.

This guidance is intended for organizations and laboratories wishing to

a)

evaluate the resistance of a specific rubber formulation to one of the chemicals listed in Table 3;

b)

c)
Uss

of
and

8.2

Essentially, four types of standard test are available:

evaluate the resistance of a rubber to a chemical under particular exposure conditions (e-gd. thperature
or concentration);

use a suitable test rubber for the evaluation of the behaviour of a chemical not listed)in’ Table 3.

of appropriate standard test procedures, reference materials and test chemicals will enable cpmparisons
bsistance to be made and reduce differences caused by variations in rubber compound, tesi conditions
the composition of a chemical.

Test methods

1) Standard methods for resistance to liquids.
The most appropriate for rubber is ISO 1817. Thé equivalent for plastics is ISO 175.
2) Standard methods for resistance to gases:
These include the following:
— IS0 188 for resistance to airloxygen under conditions that cause oxidative ageing;

— IS0 1431 for resistance to ozone attack, under static or dynamic test strain |and under
accelerated test conditions;

— IS0 4665 for resistance to weathering involving oxidative ageing, ozone attack and ¢xposure to
light with or. without water spray.

3) Standard methods for permeation of fluids.
Thesetinclude the following:
—==[SO 2782 for gas permeability;

+— IS0 6179 for the rate of transmission of volatile liquids.

©IS

NOTE  These last two standards are not intended to determine chemical resistance but are relevant when
determining the suitability of a rubber type or rubber formulation for applications such as thin membranes. A
chemically resistant rubber may not necessarily be the best choice for resistance to permeation and thus
additional measurements are needed to ascertain suitability.

4) Standard methods for product testing.

Specific tests for determining chemical resistance are described in some methods for finished
products, including rubber hoses, footwear, coated fabrics, rubber thread and rubber gloves. For the
evaluation of a rubber or rubber formulation, these methods may specify test conditions that are
directly relevant to the service environment of the intended product.

0 2005 — All rights reserved 5
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8.3 Test chemicals

The test chemical for the evaluation of a rubber is selected in one of two ways:

1)

2)

8.4 Rubber formulation

The rubber|formulation for evaluating chemical resistance is also selected in one of two ways:

1)

2)

Use of the chemical used in service.

By definition, adopting the service chemical will ensure the closest match with behaviour in service
as long as the test conditions that could influence chemical resistance are comparable. The
shortcomings of this approach are that the composition and purity of the service chemical may vary
from source to source and from site to site, resulting in a range of test results. Some service fluids
may also be unsuitable for laboratory testing

Use of a reference chemical.

THe advantage of using a reference chemical is that composition is constant and so testresults [can
be compared from one laboratory to another. Thus this approach is suitable/ for matérial
specifications, the assembly of information for a chemical-resistance database, and determining|the
effect of variations in rubber compounding. The obvious shortcoming is that areference chenyical
many not reflect variations in service chemicals that could change the order.of.chemical resistance.

THe best-known reference chemicals in the rubber industry are the destfluids given in 1ISO 1817.
Hgwever, many other internationally accepted test liquids and gas€s' are available to the rulpber
compounder and user as shown in Table 2. Some of the standards listed in the table spgcify
appropriate test procedures for evaluation.

Use of the rubber intended for the application.

This will ensure the closest match with, sefvice performance as long as factors such as progluct
thickness and temperature are taken inte’account. Once again the main shortcoming is that the data
may be so specific to the formulation.that it cannot be applied to another one.

Usge of a standard or reference-formulation.

The advantages of using-a “standard” rubber formulation are that comparisons can be made between
test data from different-laboratories, the behaviour of one chemical can be compared with thdt of
another, and comparative information can be added to a chemical-resistance database. An agreed
reference formulation” can also be designed to ensure reproducible properties, not least those fhat
might influencé/chemical resistance, e.g. swelling, and to avoid additives that might cguse
arjomalous results or mask the effect the chemical has on the rubber.

THe reference formulation may be one developed in-house by the rubber supplier or manufacturgr or
onetaken from an appropriate national or ISO standard.

NOTE  The formulations for standard reference elastomers given in 1ISO 13226 may be suitable for some
evaluation work as they have been designed to characterize the effects of liquids on vulcanized rubbers.

The information given in Annex A should assist the development of suitable formulations for
reference use. Thus attention is drawn to the effects of plasticizers and oils, crosslinking and
antidegradants. Test formulations should be representative but should be as simple as possible to
ensure consistency and freedom from unexpected changes such as leaching of oils.

© ISO 2005 — All rights reserved
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8.5 Test conditions
There are again two approaches:

1) The first is to adopt as far as practicable the anticipated conditions, say of temperature, encountered
in service. On the other hand, it needs to be appreciated that more severe conditions, say also of
temperature, are required to accelerate the process to a relatively short test period. Attention is
drawn to the guidance given in ISO 188, ISO 1431 and ISO 1817.

2) The second approach is to standardize conditions, such as time and temperature, to avoid
unnecessary variations in tests, especially in those used for evaluation or data collection purposes.
The test conditions given in Clause 6 of this document may be found suitable ¢bgcause test
information for comparison already exists.

8.6| Measurement of chemical resistance

Guidance on selection of properties and other criteria for measurement of chemical resistance|is given in
Clapse 6 of this document and in the test methods listed in 8.2.

© 1SO 2005 - All rights reserved 7
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Table 2 — Reference chemicals

Media

Relevant standard for reference test liquid and gases
(see Annex B)

Acids (dilute) ISO 175

Alkalis (dilute) ISO 175

Bleaches @ ISO 105, Parts NO1 to N0O4
Brake fluid ISO 4926

Detergent ahd soap solutions P

ISO 105, Parts CO1 to C09

Disinfectants for water:

— chlorinatjon (swimming pools) ISO 105-E03
— chloramines ASTM D 6284
Dry cleaning solvent © ISO 105-DO01
Fuels ¢ ISO 1817
Hydraulic oils 1ISO 1817
Insulating ofl IEC 60296
Lubricating pils ISO 1817

Nitrogen ox|des ©

ISO 105, Parts\G01 and G02

Petroleum qils ISO 1817
Perspiratior| f ISO 105-E04

Salts (dilute ISOA75

Salt spray ISO 4611, ISO 7253
Seawater 9 ISO 105-E02
Sterilization|media h

@ Including sodium chlorite and hydrogen peroxide:
b

¢ Perchlorpethylene is a recognizedtest solvent.

f

15, pp. 28-31

d  1n1SO 1B17, standard simulated fuels are available for conventional gasoline fuels, diesel fuel and alcohol-containing fuels.

€  Use to s|mulate atméspheric fume fading and discoloration from nitrogen oxides in the combustion fumes of gases, coal, etc.

Referenges include AATCC and ECE detergents and other standardized test detergent formulations. Standard soap composifjons
are also available. The reference and test-solutions are designed to simulate the behaviour of detergents for the washing and cleaping
of textiles and so will be relevant to elasticated fabrics, garments, etc.

A simulgted perspiration is used for the assessment of elastomeric thread used in garments. For further information, |see
CAIN, M.E., Hffect‘of perspiration simulants on the degradation of uncovered natural rubber threads, Textile Institute and Industry, 1977,

on the sampling of seawater.
h

9  Should actual seawater be required instead of a prepared saline solution, attention is drawn to 1ISO 5667-9, which gives guidance

Methods of sterilizing surgical and medical products include steam autoclaving and treatment with ethylene oxide. Attention is
drawn to the standards prepared by ISO/TC 198, Sterilization of health care products.

9 Chemical resistance

See Table 3.

© ISO 2005 — All rights reserved
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