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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of nationa

| standards

bodies (ISO member bodies). The work of preparing International Standards is normally carried out through

ISO technical committees. Each member body interested in a subject for which a technical

committee

has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types

of ISO document should be noted. This document was drafted in accordance with the editorial

rules of the

ISO/IEC Dl[ \.tiVCD, Pdl t 2 (DCC VV VV VV.iDU.Ul ;(/Idil CLtiVCD).

[SO draws gttention to the possibility that the implementation of this document may invalve‘t

e
patent(s). I$O takes no position concerning the evidence, validity or applicability of, any claitn

rights in regpect thereof. As of the date of publication of this document, ISO had not.received
patent(s) which may be required to implement this document. However, implementers are cay
this may ndt represent the latest information, which may be obtained from the patent database
www.iso.ong/patents. ISO shall not be held responsible for identifying any or all;stich patent righ

Any trade

constitute gn endorsement.

For an expl
related to
Organizatig

hnation of the voluntary nature of standards, the meaning of ISO specific terms and
conformity assessment, as well as information about ISO's adherence to the W
n (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.org/iso/for¢

use of (a)
ed patent
hotice of (a)
tioned that
available at
ts.

hame used in this document is information given for the convenience of users and does not

pxXpressions
Yorld Trade
pword.html.

This documlent was prepared by Technical Committee ISO/TC 45, Rubber and rubber products, Sul
SC 2, Testing and analysis.

This eighth
revised.

edition cancels and replaces the seveiith edition (ISO 1817:2022), which has been

The main clhanges are as follows:

Clause f: examples for methods A-and C added;

-

Clause p: text added for metalwerking fluids;

9.6: a ethod added to.*€nhable very short periods between taking the samples out of 3
registration of the supface change by the use of photography.

Any feedba

complete liting of these bodies can be found at www.iso.org/members.html.

bcommittee

technically

liquid and

ck or questiens on this document should be directed to the user’s national standajrds body. A
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Introdu

ISO 1817:2024(en)

ction

The action of a liquid on vulcanized or thermoplastic rubber can generally result in:

a)

absorption of the liquid by the rubber;

b) extraction of soluble constituents from the rubber;

a chemi

9

cal reaction with the rubber.

The amount of absorption [a)] is usually larger than that of extraction [b)], so that the net resultis an increase
in volume, commonly termed “swelling”. The absorption of liquid can profoundly alter physical and chemical
properties and hence change tensile strength, extensibility and hardness of the rubber, so it is important to

measure these properties after treatment of the rubber. The extraction of soluble constituenty, especially

plasticizers
after drying
immersion
following p

— change

extract]
— change

Although iq
behaviour i
service. Th
is time-dep
projected s

b (assuming the liquid to be volatile). Therefore, it is necessary to test these properti
hnd drying of the rubber. This document describes the methods necessary'for’ dete
foperties after immersion and after immersion and drying:

in mass, volume and dimensions;
nble matter;
in hardness and tensile stress-strain properties.

some respects these tests can simulate service conditions, no direct correlation v
5 implied. Thus, the rubber giving the lowest change.involume is not necessarily the
e thickness of the rubber needs to be taken into account, since the rate of penetrati
endent and the bulk of a very thick rubber product can remain unaffected for the v
ervice life, especially with viscous liquids. Moereover, it is known that the action of

rubber, esp
described i
with a give
to oils, fuels

The effect
document, {

}

ecially at high temperatures, can be affected by the presence of atmospheric oxyge
this document can, however, provide valuable information on the suitability of a ru
liquid and, in particular, constitute a useful control when used for developing rubbe
or other service liquids.

bf a liquid can depend on the'nature and magnitude of any stress within the rub
est pieces are tested in an unstressed condition.
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Rubber, vulcanized or thermoplastic — Determination of the
effect of liquids

WARNING 1 — Persons using this document should be familiar with normal laboratory practice. This
document does not purport to address all of the safety problems, if any, associated with its use. It is
the responsibility of the user to establish appropriate safety and health practices and to determine
the applicability of any other restrictions.

WARNING
substance
should be

1 Scope

This docum
the action o
The liquids
chemical re

2 Norm

The followi
requiremen

— Certain procedures specified in this document can involve the use or ge

£or the generation of waste, that could constitute a local environmental hazard

ade to appropriate documentation on safe handling and disposal after.use.

ent describes methods of evaluating the resistance of vulcanized.and thermoplastic
fliquids by measurement of properties of the rubbers before apd\after immersion in
concerned include current service liquids, such as petroledm derivatives, organic s
hgents, as well as reference test liquids.

htive references

hg documents are referred to in the text in such\a'way that some or all of their content
ts of this document. For dated references, only the edition cited applies. For undated

the latest edlition of the referenced document (including any amendments) applies.

ISO 37, Rubl

ISO 48-2, R
10 IRHD ang

[SO 18899:]
[SO 23529:2

ASTM D596
ASTM No. 2,

3 Terms

ver, vulcanized or thermoplastic — Determination of tensile stress-strain properties

ubber, vulcanized or thermoplastic — Determination of hardness — Part 2: Hardn
{ 100 IRHD

0013, Rubber — Guide to-the/calibration of test equipment
016, Rubber — General procedures for preparing and conditioning test pieces for physical

4, Standard Practice for Rubber IRM 901, IRM 902, and IRM 903 Replacement Oils for
and ASTM No).30ils

and definitions

neration of
Reference

rubbers to
test liquids.
olvents and

constitutes
references,

bss between

fest methods

ASTM No. 1,

No terms allld definitions are listed in this document.

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

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

IEC Electropedia: available at https://www.electropedia.org/

4 Apparatus

4.1 General

Five different methods are defined, all with different equipment.

© IS0 2024 - All rights reserved
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Method A - Glass vessel with glass lid. Suitable for test with non-volatile and volatile liquids, below the
boiling point. Examples of non-volatile liquids are different type of oils (mineral or synthetic), for example
engine, gearbox and hydraulic oils.

Method B - Glass vessel with stopper or lid, in order to prevent and minimize evaporation of the test liquid
and the ingress of air. Suitable for test with non-volatile and volatile liquids, below the boiling point.

Method C - Glass vessel with reflux condenser. For test with high volatile liquids, near the boiling point.

Method D - Pressure vessel with hermetically closed lid, allowing for test at overpressure. For test, for
example, above the boiling point, with flammable liquids, or where evaporation of the liquid and ingress of
air shall be completely hindered.

Method E -

Apparatus for testing one surface only.

In method /
shall be 10
report. This

In methods
the volume

The test pie
test piece. |
holder prevj

The materiz:
example, m

Stirring of t

Heating of t
heating ma

Example on

4.2 Appd

The glass v
seals to the
size of the
sealant on t

Measurems

\, the liquid to test piece volume ratio shall be (80 + 10):1 and the amount of air aboy
Do + 2 % of the total vessel volume. If the test deviates from this, it shall be clearly s
means that the size of the vessel depends on the size and the amount of tesf pieces t

B to D, the volume of liquid shall be at least 15 times the combined volume of the tes
of air above the liquid shall be kept to a minimum.

Cces in methods A to D shall be mounted hanging on a rod or wireand separated from g
or a greater number of test pieces, use of a test piece holder can be useful. A possib
enting the contact and the floating of samples with lower deusity is shown in Figureg

11s of the hanger, as well as of the apparatus, shall be inért'to the test liquid and to the
hterials containing copper shall not be used.

he liquid is not permitted except in method C.

he vessels shall be done by storing the vessélin an air heated oven, except for metho
htle is recommended.

apparatus for methods A to D are shewn in Figure 1 to 7.

ratus for method A

essel shall be of flange type with ground surface. The lid shall have a ground surfz
vessel flange and shall be’clamped by suitable means, for example by a wire or steel |
essel shall be so that'the liquid to test piece volume ratio is (80 * 10):1. Greasing or u
he flanges is notpermitted.

nts are need€d to avoid sticking of test pieces in a vessel (shown in Figure 3).

re the liquid
tated in the
b be tested.

L pieces and
ny adjacent

e test piece
| 1 and 2.

rubber; for

d C where a

ce where it
racket. The
e of rubber

Figure 1 — Example of test piece rack with trays and test pieces (S2 dumbbells and discs)

© IS0 2024 - All rights reserved
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Figure 2 — Example of tray and tray-weight for test pieces with low density
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Figure 3 — Example of glass vessel with lid and inside oven

For pressurfe reliefyif the vessel is closed with a glass stopper it could be necessary to open this shortly after
the desired|temperature is stable inside the oven (vessel).

4.3 Apparatus for method B

A glass vessel with stopper or lid shall be used to prevent the ingress of air.
4.4 Apparatus for method C

4.4.1 General
A glass vessel fitted with a reflux condenser shall be used.

Vessel usually heated up on a heating plate with a magnetic stirrer.

© IS0 2024 - All rights reserved
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4.4.2 With air contact

Figure 4 gives an example configuration of a reflux condenser and, if necessary, additional openings to have
contact to the atmosphere so that a contact of air or oxygen is possible via the surface of the test liquid.

4.4.3 Wit

To prevent

Figure 4 — Example configuration of reflux condenser with air contact

hout air contact

hir (oxygen) contact with the atmosphere, it is possible to connect the reflux condens

bottles with a separation liquidy The liquid should not react or generate volatiles which can re3

test liquid.

[his is shown in Figure 5.

er with two
ict with the

© IS0 2024 - All rights reserved
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/

Figure 5 — Example reflux condenser to prevent air (oxygen) contact with the atmosphere.

4.5 Appdqratus for method D

A pressure [vessel of suitable quality for the liquid to be tested shall be used. The lid shall be hermetically
closed by stiitable type of sealing and clamping. The vessel shall be designed to withstand the tpmperature
and pressufe it will be exposed to.

© IS0 2024 - All rights reserved
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Key

1 method|A
2  method|B
3 method|C
4 method|D

Fi@? 6 — Possible apparatus for methods A to D

9
4.6 Appgratus for@od E

An apparatfis for
its surfaces| shal

A Suitab]e "Y\av‘ﬂi-nc icilluctratad in Bionra 7 It coamniricac 2 hacanlata (A) and an anan_anda
d T ottt To oot ot T o o/ o pr ot oS E=pidr oo p ettt

g one surface only, which holds the test piece in contact with the liquid on

used.

g

only one of

cylindrical

chamber (B), which is held tightly against the test piece (C) by wing nuts (D) mounted on bolts (E). A hole of
approximately 30 mm diameter is allowed in the base-plate for examination of the surface not in contact with
the liquid. During the test, the opening on the top of the chamber shall be closed by a close-fitting plug (F).

© IS0 2024 - All rights reserved
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Dimensions in millimetres

dial gauge,
form to the

raduated in
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. T | .
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] %\ . . 2 |

| | | NN

| | |

| =30 |

50 31 "
Key
A base plgte
B  open-erjded cylindrical chamber
C testpiege
D  wing nufts
E  bolts
F  close fitfing plug
Figure 7 — Apparatus fermethod E (testing one surface only)

4.7 Additional equipment
4.7.1 Balance, accurate to 1 mg,
4.7.2 Instrument for measuring the thickness of the test piece, consisting of a micrometrg
of adequate accuracy, firmly held in a rigid stand over a flat base-plate. The instrument shall cor
requiremerlts given for{such apparatus in ISO 23529:2016, method A.
4.7.3 Instrument for measuring the length and width of the test piece, having a scale g
divisions of 0;01 mm and preferably operating without contact with the test piece, for examy

le using an

optical system conforming to the requirements given for such apparatus in ISO 23529:2016, method D.

4.74

Instrument for measuring the change in surface area, capable of measuring the lengths of the

diagonals of the test piece. It shall have a scale graduated in divisions of 0,01 mm and should preferably
operate without contact with the test piece, for example using an optical system conforming to the
requirements given for such apparatus in ISO 23529:2016, method D.

5 Calibration

The test apparatus shall be calibrated in accordance with the requirements in Annex B.

© IS0 2024 - All rights reserved
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6 Testliquids

The choice of the test liquid shall depend on the purpose of the test.

When information is required on the service behaviour of a vulcanized or thermoplastic rubber in contact
with a particular liquid, then this liquid shall, if possible, be chosen for the test. Commercial liquids are
not always constant in composition, and the test shall, whenever practicable, include a reference material
of known characteristics. Any abnormal results due to unexpected variations in the composition of the
commercial liquid will thus become apparent. It can then be necessary to set aside a bulk supply of the liquid
for a particular series of tests.

Mineral oils and fuels are liable to vary considerably in chemical composition even when supplied at a
recognized spec1f1cat10n The amlme pomt ofa mmeral 011 glves some 1nd1cat10n of its aromatlc content and

a mineral 9
mineral oil
aniline poin

Service oils
necessarily
vary widely,
on the effed
the testrep

Metalworking fluids (MWFs) are used in workshops worldwide for the.cutting and forming of m

main purpd
swarf. MW
synthetic, d
can be a mi
alpha-olefiy

Water-misc

il; other thmgs belng equal, the lower the anlhne point, the more pronounced the
is used as test liquid, the test report shall include the density, refractive index, vi
t or aromatic content of the oil.

having similar fluid characteristics to the reference liquids (see Clauses A.1 to Al
have the same effect on the material as the reference liquids. Somefuels, particulay

in composition and, for some possible constituents, minor variations‘can have a lar
t on rubber. Complete details of the composition of the fuel used'shall therefore be
prt.

ses are to cool and lubricate tools, work pieces andimachines, inhibit corrosion

s are available as non-water-miscible oils, water-nfisc¢ible or emulsifiable concentr:
il-free products. Non-water-miscible MWFs mainly,consist of base oil (usually over
heral oil, ester oil (e.g. unrefined or chemically modified rapeseed oil) or synthetic o
). For testing, they can be used as they are shipped.

ible MWFs are mixed with water before-use, in concentrations of 2 % to 25 %, deper

product and type of machining. This type of MWF\s based on oil and shares of 20 % to 80 % 4
To combine|this oil with water to yield an oil-in-=water emulsion, an emulsifier is necessary. Full

ogharacterize

action. If a
scosity and

.3) will not
ly gasoline,
re influence
included in

etals. Their
ind remove
ites or fully
95 %). This
il (e.g. poly-

ding on the
re possible.
y and semi-

synthetic fluids types of MWFs are water-iniscible and do not require emulsifiers. They can e based on

water-misc
compatibili
solution. F
The standafd concentration is a-mass fraction of 10 %, but other concentrations can be used i
The metalworking fluid concentrate should be added slowly to water with agitation (e.g. by ¢
magnetic stfirrer), to avoid gelling or splitting of the emulsion.

ble glycol compounds, for example. Mixing in water yields a transparent water-mixe
'y tests can be performed-gither with the delivered concentrate or fresh prepared

As commeryial liquids do-hot always have a constant composition, a standard liquid consist
defined chgmical compounds or mixtures of compounds, according to Annex A, shall be used 4
liquid for tHe purpose’of classification of vulcanized or thermoplastic rubbers or quality control

When testipng’te 'determine the effect of chemical solutions, the concentration of the soluti
appropriatdtothe intended use

Depending on the temperature, the composition of the test liquid can change significantly during

1 MWF. Seal
bmulsion or

r mixing a test emulsion er solution, de-ionised water at ambient temperature shouyld be used.

f necessary.
mploying a

ing of well-
s reference

on shall be

immersion.

The ageing of the test liquid and any interaction with the test pieces shall be taken into consideration. If there
are chemically active additives in the liquid, or if there is a significant change in composition by extraction,

absorption or reaction with the rubber, either the volume shall be increased or the liquid shall
with fresh liquid at specified intervals. See 9.2 for more information.

be replaced

Some liquids are sensitive to oxidation. Thus, they will change significantly when exposed to air at elevated

temperature, which may be the case in Method C.

NOTE

It has been shown that when using commercial oils containing additives, it is not only importan

t to prevent

the entry of air, but also the escape of volatiles from the immersion vessel (degradation products of the oil or its

additives can be very aggressive).

© IS0 2024 - All rights reserved
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7 Test pieces

7.1 Preparation

Test pieces shall be prepared in accordance with ISO 23529.

7.2 Dimensions

Data obtained on test pieces having different original thicknesses are not always comparable. Therefore,
where possible, test pieces shall be of uniform thickness of (2 + 0,2) mm.

Test pieces cut from commercial articles may be used. For products thinner than 1,8 mm, use the original

thickness. |

the materialisthickerthan 2 2 mm reduce the thicknessto (7 +0 7) mm (QPP ISQ 2

3529).

Test pieces
Test pieces

Test pieces
25 mm and
in [SO 37).1

Test pieces
cleanly and
approximat
length of th

NOTE F
pieces, for ex
can differ fn
results.

Test pieces
are preferr
test piece ¢

For tests wj
about 60 m

7.3 Timg

Unless othe
for time int

For all test

for the determination of the change in volume and mass shall have a volume of 1.cn3

or the determination of the change in hardness shall have lateral dimensions’f o less

50 mm in length, or circular with a diameter of 44,6 mm (internal diameter of type
'his type of test piece can also be used for the determination of mdssand volume.

for the determination of the change in surface area shall bé rhomboid, with th
at right angles to the top and bottom surfaces. This can be~achieved by two consect
ely right angles to each other, with a cutter consisting of two'parallel blades, suitably
e sides shall be nominally 8 mm. Circular test pieces with a diameter of 44,6 mm can a

br the determination of the change in surface area, it(can be convenient to use smaller or

ample when cut from products or when rapid attainfnent of equilibrium is required. Howeve
om those obtained using the specified thickness:*Smaller test pieces will reduce the pre

for the determination of tensile properties shall be in accordance with ISO 37. Type 2
bd because their size makes them mdre convenient to immerse in liquid than type 1
in also be used when determining the change in mass, volume or hardness.

ith liquid contact on one surface only, the test piece shall consist of a disc with a
m.

interval between'vulcanization and testing

rwise specifiedfor technical reasons, the following requirements, in accordance wit
ervals, shallbe-observed.

burposes;the minimum time between vulcanization and testing shall be 16 h.

For non-p

r
evaluation;Tintended to be comparable, the tests shall be carried out using, as far as possible, th

du€t ‘tests, the maximum time between vulcanization and testing shall be 4 wee

to 3 cm3.

than 8 mm.

for the determination of the change in dimensions shall be quadrilaterdl with sides between

A test piece

e sides cut
itive cuts at
spaced. The
Iso be used.

thinner test
r, the results
cision of the

dumb-bells
The type 2

diameter of

h 1SO 23529

ks and, for

P same time

interval.

For product tests, whenever possible, the time between vulcanization and testing shall not exceed 3 months.
In other cases, tests shall be made within 2 months of the date of receipt of the product by the customer.

7.4 Conditioning

Test pieces for test in the “as received” condition shall be conditioned for not less than 3 h at one of the
standard laboratory temperatures specified in ISO 23529. The same temperature shall be used throughout
any test or any series of tests intended to be comparable.

© IS0 2024 - All rights reserved
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8 Immersion in the test liquid

8.1 Temperature

Unless otherwise specified, the immersion shall be carried out at one or more of the temperatures listed in
1SO 23529:2016, 10.2.2.

As elevated temperatures can greatly increase the oxidation of the rubber, volatilization or decomposition
of the immersion liquid and the effect of any chemically active additives in the liquid (e.g. in service liquids),
appropriate selection of the test temperatures is very important.

If necessary, heating cabinets with explosion protection shall be used.

In tests int ber will be
used, the tdst conditions shall approximate those found in service, using the closest standard’temperature
equal to or higher than the service temperature.

8.2 Duration

e of penetration of liquids into rubbers depends on the temperature, the type of rublper material
acceptance

Since ther
and the type of liquid, the use of only one standard period of immersion.is precluded. For

purposes, it is recommended that repeated determinations be made and recorded after succes;

of immersi
extend well

For controll
absorption
7 days + 2 h
NOTE 1 S
itself, it is hd
root of time.
NOTE 2 T

thickness. T
not reached.

9 Proce

9.1 Gensd

Use three t
immersion.

Immerse th

n to indicate the change in properties with time. The totdl immersion time shall
beyond the point of maximum absorption.

purposes, a single period of immersion can suffice,xpreferably chosen such tha
is reached. For such purposes, one of the following periods shall be used: 24_(2)
; multiples of 7 days + 2 h.

nce the amount of liquid absorbed is initially,pfoportional to the square root of time rath
Ipful to assess the “time to maximum absorption” by plotting the amount absorbed againj

he percentage change during the early stages of immersion is inversely proportional to t
nerefore, lower tolerances for thickness will give more consistent results when maximum :

dure

ral

est pieces ifor each set of measurements and make any identification marks requ

ive periods
if possible,

[ maximum
h; 72_3 h;

er than time
t the square

he test piece
ibsorption is

ired before

e test(pieces in the appropriate apparatus described in 4.2, 4.3, 4.4, 4.5 or 4.6, usi

selected (sé

e‘€lause 6) and the temperature selected (see 8.1).

r1g the liquid

For methods A to D, place the test pieces at a distance of at least 5 mm from the sides of the container and
at least 10 mm from the bottom and top surfaces. If the density of the rubber is less than that of the liquid,
means shall be provided for holding the test pieces completely below the surface of the liquid.

At the end of the period of immersion, bring the test pieces to the standard laboratory temperature within
30 min. This can be done by quickly transferring the test pieces to a fresh portion of the test liquid at this
temperature and allowing to stand for a period of 10 min to 30 min.

Remove surplus test liquid from the surface. When volatile liquids are used, remove and quickly wipe the
test pieces with a filter paper or a piece of lint-free fabric. Viscous non-volatile liquids can be removed by
filter paper and, if necessary, by quickly immersing the test pieces in a volatile liquid, such as ethanol or
petroleum ether, then quickly wiping them.

© IS0 2024 - All rights reserved
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Following removal of the test pieces from volatile test liquids, it is important that each subsequent
manipulation takes place as soon as possible. Carry out the tests immediately after the removal of surplus
liquid or, for change in mass or volume, by placing the test piece immediately in a weighing bottle.

If, after the measurement of mass or dimensions, the same test pieces are used for the measurement of
other properties, immerse the test pieces in the volatile liquid again. The total immersion time shall be in
accordance with 8.2. For a volatile liquid, the maximum time between removal from the test liquid and the

end of the measurement shall be:

— change in dimensions: 1 min;
— change in hardness: 2 min;
— tensileftest 2 TITIT:
If the immefsion is to be continued, put the test pieces back in the liquid immediately and returnfthem to the

temperatur

The change
an absolute
difference 4
and conditi

9.2 Repl

No replacen

If liquid rep
intervals fo

e-controlled oven or bath.

s in properties can also be determined after drying. For this purpose, diy; the test p
air pressure of approximately 20 kPa at approximately 40 °C to constant mass, i
etween successive weighing at 30 min intervals does not exceed 1 mg-Cool to room t
bn by keeping at the standard laboratory temperature for not less than 3 h.

hcement of test liquid
hent of the test liquid is permitted, unless otherwise stated.

lacement is prescribed, it shall be clearly stated ifvthe test description and the test
I liquid replacement shall be according to Table 1.

Table 1 — Intervals for replacement of test liquid

ieces under
e. until the
emperature

report. The

.. Temperature Recommended replacemen{ interval
Liquid
°C h
_ _ 125 to 140 504
Engine type|of oils
141 to 150 336
Hypoid (gearbox type) ofl 125 to 140 336
(0]} earnox €) O11S
yp 8 yP 141 to 150 168
For other type of fluids, replacement intervals shall be agreed between interested parties.
9.3 Change in mass
NOTE The rubber industry uses the term equation for the relationships herein termed formula.
Weigh each test piece to the nearest milligram at the standard laboratory temperature befoie and after
immersion.
Calculate the percentage change in mass Am;,, using Formula (1):
m; —my
0
where
m, is the initial mass of the test piece;

my

is the mass of the test piece after immersion.

© IS0 2024 - All rights reserved
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Report the result as the median value for the three test pieces.

9.4 Change in volume
The water displacement method is used for test liquids which are immiscible with water.

Weigh each test piece in air to the nearest milligram (mass m,), and then reweigh each test piece in distilled
water at the standard laboratory temperature (mass m ), taking care to ensure that all air bubbles are
removed (a detergent can be used). If the density of the material is less than 1 g/cm3, it will be necessary to
use a sinker when weighing in water to ensure that the test pieces are completely immersed. If a sinker is
used, determine the mass of the sinker alone in distilled water separately (mass m Blot the test pieces
dry with filter paper or lint-free fabric.

s,w)'

piece in air
1), also at

Immerse ed
(mass m;) t
the standan

Ch TEST piece in the test 1iquid. At the end of the period of Immersion, weigh eacn tes
b the nearest milligram, and then reweigh each test piece in distilled water (mass’n
d laboratory temperature.

Calculate tHe percentage change in volume AV}, using Formula (2):
AVjg0 7 [ M "M T ow g ]x 100 (2)
my =My, +Mg
where
m is the initial mass of the test piece;
m; is the mass of the test piece after immersion;
my ., is the initial mass of the test piece (plus sinker if used) in water;
m ., is the mass of the test piece (plus sinker if used) after immersion in water;
mg., is the mass of the sinker, if used,in water.
Report the result as the median value for the three test pieces.

If the test li
test liquid i
the test liqy

AV 7

where

p

juid is readily miscible with-water or reacts with it, water cannot be used after imme
b not too viscous or volatile at room temperature, a fresh portion of the test liquid ca

1 +.m

p

M =M liq 7 Ms1iq

my — M-y + mg ,

|

= jhe

is the density of the liquid;

id is not suitable, use anether liquid after immersion and calculate using Formula (3]:

rsion. If the
n be used. If

(3

my iq

ms,liq

fsthemass of the test piece {plussinker; if used) i the tiquid;

is the mass of the sinker, if used, in the liquid.

9.5 Change in dimensions

Measure the initial length of each test piece along its centre line to the nearest 0,5 mm at the standard
laboratory temperature (taking measurements along the top and bottom surfaces and averaging the two
results). Similarly, measure the initial width by taking four measurements in all (top and bottom, both sides)
near each end of the test piece.

Measure the initial thickness with the thickness gauge at four different points along the test piece and
calculate the average of the results.

© IS0 2024 - All rights reserved
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After immersion, re-measure the length, width and thickness of each test piece.
Make all measurements with the test piece at the standard laboratory temperature.

Calculate the percentage change in length Al using Formula (4):

I -1
Alygp =1—2x100
0
where
I,  istheinitial length;

l O R | £l o fr : :
i ls LIIC lcllslll dAI'LUT 1TIITITICT OIUIL.

(4)

Similarly, cglculate the percentage changes in width and thickness.

Report the fesults as the median values for the three test pieces. The change in surface
from the vallues obtained for the length and the width.

O
4

9.6 Charnge in surface area

Y
{r\é(zkan b
N

b calculated

Measure the initial lengths of the diagonals of each test piece to theQné}l est 0,01 mm at the standard

laboratory femperature.

After immefrsion, re-measure the lengths of the diagonals. If an g
be done in 4 suitable glass container without removing the test pi

For method|
calibrated 1

photo from|the bottom through a glass surface. By fi
photo within 10 seconds of removal from the 1iégt

the photo taken, without hurry. Use of circular pieces can make it easier.

T

6

I

il

D, an alternative to an optical measuring syste i@%king a photo of the test piece and
uler together (see example in Figure 8). Esp@ja ly for high evaporating media, thig
and the dinjensions are frozen shortly after taking t g@est pieces out of the medium. It is easie

g the camera with a set focus it is possi
d gas. The dimensions can be measured af

OV 2022-104

al measuring system is us¢d, this may
es from the test liquid.

an accurate
saves time
st to take a
le to take a
erwards on

IIH‘IE‘HI*||IL_|||II|||IL| |||||||L|w

Figure 8 — Photos of test pieces after immersion from below with a ruler
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Calculate the percentage change in area AA,, using Formula (5):

where

[,and I,

[yand!

If required,

]x 100

are the lengths of the diagonals before immersion;

g are the lengths of the diagonals after immersion.

the percentage volume change AV, can be calculated using Formula (6):
I

(5)

AVip0

Formula (6

specified in|

For circulay

[alg
Ialb

3//2 -1
M J —1J><100

) assumes isotropic swelling. If any doubt exists, determine the percentage volum
9.4, which is the preferred method.

test pieces use Formula (7)

A ' 3/2
AV1()0 i after immersion ~1|x100
Abefore immersion
2

where A:7'x(%)
Report the Tesult as the median value for the three test pieces.
9.7 Charge in hardness
Measure the IRHD hardness using the micro test.described in ISO 48-2 on each test piece befo
immersion.
As an alternative, the normal IRHD hardness may be used with three plied-up test pieces, but

express the
Calculate th

AH =H,

where
H,
H.

result as the apparent hardness.
e change in IRHD hardness AH, before and after immersion, using Formula (8):
— HO

is the.nitial hardness;

is‘the hardness after immersion.

1

(6)

b change as

(7)

e and after

in this case

(8)

Report the result as the median value for the three test pieces.

Alternatively, the method specified in ISO 48-4 may be used.
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9.8 Change in tensile stress-strain properties

Measure tensile stress-strain properties before and after immersion in accordance with I1SO 37.

Calculate the selected tensile properties using the initial cross-section of the test piece for stress calculations.
Calculate the change in the property AX;,, as a percentage of the value for un-immersed material using

Formula (9):

AX. _Mxloo
100 — X

where
Xy, s

X

. s

Report the

9.9 Testing with liquid on one surface only

This test is
to liquid on

Measure th

Next, place
testliquid t
temperatur]

At the end d

Remove the

wiping with filter paper or a lint-free fabric. Then weigh the test piece to the nearest milligraj

and measuy
If the testlid

Express the
AmA =1

where

i

0

9

the 1nitial value o the property;

the value of the property after immersion.

‘esult as the median value for the three test pieces.

applicable to relatively thin sheet materials, for example rubber*diaphragms, which
one surface only during use.

e nominal thickness of the test piece and then weigh it ind@ir'to the nearest milligram

Lhe test piece in the apparatus as indicated in Figure!Z.Fill the chamber of the appara
b a depth of approximately 15 mm and insert the plig (F). Maintain the apparatus at ]
e for the duration of the test.

f the contact period, bring the apparatus, ifHécessary, to the standard laboratory ter

liquid and release the test piece. Remove any surplus liquid from the surface of the

e the thickness at the standard laboratory temperature.
uid is volatile at room temperature, make the measurement within 2 min of removal fro
change in mass per unit surface area Am,, in grams per square metre, using Formul

m; —m
A

s thednitial mass, in grams, of the test piece;

i

hre exposed

(mass my).
fus with the
he required
hperature.
lest piece by

n (mass m)

m the liquid.
h (10):

(10)

s‘the final mass, in grams, of the test piece;

Report the result as the median for the three test pieces.

Calculate the change in thickness as specified in 9.5.

© IS0 2024 - All rights reserved
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9.10 Determination of extractable matter

9.10.1 General

If the test liquid is readily volatile, the amount of matter which it extracts from the test piece can be
determined by one of the following methods:

a) drying the treated test piece and comparing its mass with the mass before immersion;

b) evaporating the test liquid to dryness and weighing the non-volatile residue.

Both methods are susceptible to error. In the method in which the dried test piece is weighed, the material
can be ox1dlzed 1f air is present durlng immersion, espec1ally at hlgh temperatures In the method in which

the test liqut

methods arf

and the co

It is difficu
procedures

Annex A, i.dg.

The determ
9.3), the chg

Report the

9.10.2 By

Dry the test
40 °C to co
exceed 1 m

The extract

descrlbed in thls document and the ch01ce between them depends on the nature of
ditions of test.

It to define precisely what is meant by a “readily volatile” liquid, but itpis\suggest
described are not suitable for liquids less volatile than standard liquids A, B, C,
for liquids boiling at above 110 °C.

ination of extractable matter shall be made after having determirfed the change i
inge in volume (see 9.4) and the change in dimensions (see 9.5)

result as the median for the three test pieces.

veighing the dried test piece

piece, after immersion, under an absolute air pressure of approximately 20 kPa at ap]

\stant mass, i.e. until the difference betweenssuccessive weighing at 30 min interv{

D
3

able-matter content is taken as the difference between the original mass of the test

mass after immersion and drying, expressed as-a-percentage of the original mass of the test pied

9.10.3 By

Transfer th
25 ml of fre
to constant

Carry out a
immersion

The extract
blank test, ¢

bvaporating the test liquid

e liquid in which the testpiece was immersed to a suitable container and wash the tes
5h liquid, collecting the washings in the same container. Evaporate the liquid and dry

blank test to estimate the solids content in a volume of the test liquid equal to that
plus that used-for washing.

able-matter content is taken as the mass of the dried residue, corrected for the 1
bxpressed as a percentage of the original mass of the test piece.

mass under an abselute air pressure of approximately 20 kPa at approximately 40 °d.

cizers. Both

he material

ed that the
D and E in

h mass (see

broximately
hls does not

iece and its
e.

t piece with
the residue

ised for the

esult of the

10 Precision

Precision results of an interlaboratory test programme (ITP) are given in Annex C.

11 Test report

The test report shall include the following information:

a)

sample

details:

1) afull description of the sample and its origin;
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2) the method of preparation of test pieces from the sample, for example whether moulded or cut;
b) areference to this document (i.e. ISO 1817:2024);
c¢) testmethod and test details:

1) the method used;

2) the type(s) of test piece used (dimensions);

3) the testliquid used (detailed enough to enable repeating to test);

4) the standard laboratory temperature used;

5) detaisofconditioning;
6) thgperiod and temperature of immersion;
7) liqiid replacement or not during the exposure;
8) any deviation from the specified procedure;
d) testredults:
1) thgresults, expressed in the form stated in the relevant subclause;
2) theappearance of the test piece (e.g. cracking, delaminationy};ifappropriate;
3) thegappearance of the test liquid (e.g. discoloration, sedimentation), if appropriate;

e) the datg of the test.

© IS0 2024 - All rights reserved
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Annex A
(normative)

Reference liquids

WARNING — Appropriate safety precautions should be taken when preparing and handling test
liquids, especially those known to be toxic, corrosive or flammable. Products giving off fumes should
be handled only under an efficiently ventilated hood, corrosive products should not be allowed to
come into contact with the skin or ordinary clothing and flammable products should be kept away

from any s

A.1 Standard simulated fuels

Commercia
same sourg
based fuels
these addit
the situatio

purce of ignition.

. There are hydrocarbon-based fuels with and without oxygen compounds as well

h on the gasoline market and with the geographical area and.can change rapidly. He

fuels vary widely in composition even within the same grade (i.e. kneck-rating) a

The grade of gasoline is improved by adding aromatic or oxygénzcontaining com
ves increase the effect of fuels on normally fuel-resistant rubbers. The composition

nd from the
as alcohol-
bounds, but
varies with
nce, several

test liquids which are used in practice are recommended in Tables A.1&ahd A.2 to cover the range of different
compositiops. They can also serve as guidelines for the formulation*of other suitable test liquidg. Analytical
reagent qu{lity materials shall be used in making up the test liquids: Test liquids containing alcohol shall not
be used if the fuels involved are known to be free of alcohol.
Table A.1 — Standard simulated fuels without oxygen compounds
i . CAS Registry Content
Liquid Constituents Number®a % (by|volume)
A 2,2,4-Trimethylpentane 540-84-1 100
B 2,2,4-Trimethylpentane 540-84-1 70
Toluene 108-88-3 B0
C 2,2,4-Trimethylpentane 540-84-1 b0
Toluene 108-88-3 b0
D 2,2,4-Trimethylpentane 540-84-1 50
Toluene 108-88-3 10
E Toluene 108-88-3 100
F Straight-chain paraffins (C;, to C;g) 68476-34-6 B0
T-Methylnaphthalene 90-12-0 20
NOTE Liquid$ B, C and D simulate petroleum-derived fuels without oxygen compounds. Liquid F is intended to simulate diesel
fuel, domesti¢ heating oils and similar light furnace oils.
a  Chemical] Abstracts Service (CAS) Registry Number® is a trademark of the American Chemical Society (ACS). This
information is given for the convenience of users of this document and does not constitute an endorsement by ISO of the product
named. Equivalent products may be used if they can be shown to lead to the same results.
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Table A.2 — Standard simulated fuels containing oxygen compounds (alcohols)

Lo . . Content
Liquid Constituents CAS Registry Number % (by volume)

2,2,4-Trimethylpentane 540-84-1 30

1 Toluene 108-88-3 50
Di-isobutylene 25167-70-8 15
Ethanol 64-17-5 5
2,2,4-Trimethylpentane 540-84-1 25,352
Toluene 108-88-3 42,252

2 Di-isobutylene 25167-70-8 12,682
Ethanol 64-17-5 4,224
Methanol 67-56-1 15,00
Water 7732=18=5 9,50
2,2,4-Trimethylpentane 540-84-1 45

3 Toluene 108-88-3 45
Ethanol 64-17-5 7
Methanol 67-56-1 3
2,2,4-Trimethylpentane 540-84-1 42,5

4 Toluene 108-88-3 42,5
Methanol 67-56-1 15

a  Together| these four constituents are equivalent to 84,5 % (by volume) of liquid 1.
A.2 Reference oils

A.2.1 General descriptions

Oil no. 1 (IK
oil no. 3 (IR

These refer

A.2.2 Rec

The oils sha
Table A.4 ay

When these
be used for
are not ava
the require
reference o
to be carrie

M 901) is a “low volume increase” oil, oil no. 2Y(IRM 902) is a “medium volume incre
M 903) is a “high volume increase” oil.

ence oils are representative of low-additive mineral oils.
juirements

Il have the properties specified in ASTM D5964 and shown in Table A.3. The propert
e typical of the oils but cannot be guaranteed by suppliers.

referee purposes ‘@nd they shall be available for general use. However, in the eve

lable, alternative pils may be used, but for routine testing only, provided that they

Is when testing rubbers of the same type of composition as those on which the routi
d out.

ase” oil and

ies given in

reference oils are required as test liquids, only those obtained from recognized suppliers shall

ht that they
conform to

ments of Table\A.3 and also have been shown to give results similar to those obtainLeid with the

e tests are
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Table A.3 — Specifications of reference oils

Requirements
Property - - -
Oil no. 1 Oil no. 2 Oil no. 3
Aniline point, °C 124 +1 93+3 70+1
Kinematic viscosity, m2/s (x 10-6) 18,12 to 20,342 19,2 to 21,52 31,9 to 34,1
Flash point, °C, min. 243 232 163
API gravity at 16 °C 27,8t0 29,8 19,0 to 21,0 21,0 to 23,0
Viscosity-gravity constant 0,790 to 0,805 0,860 to 0,870 0,875 to 0,885
Naphthenics content, cy, % 27 (average) 35, min. 40, min.
Paraffinics content, cp, % 65, min. 50, max. 45, max.
a  Measurefl at 99 °C.
b Measurefl at 37,8 °C.
Table A.4 — Typical properties of reference oils
Requirements
Property - - -

Oil no. 1 Oil no. 2 Oil no. 3
Pour point, {C -12 -12 -B1
ASTM colouf L3.5 L2.5 .5
Refractive i]ldex at 20 °C 1,484 8 1,510 5 1,502 6
uv absorba‘]ce at 260 nm 0,8 4,0 212
Aromatics cpntent, ¢y, % 3 12 14

A.3 Simuylated service liquid

A.3.1 General

Liquid 102 §imulates certain high-pressure hydraulic oils. It is a blend comprising 95 % (mass frqction) of oil
no. 1 and 5 [% (mass fraction) of a hydrocarbon-compound oil additive containing 29,5 % (mass|fraction) to
33 % (by mpss) of sulfur, 1,5 % to 2 % {mass fraction) of phosphorus and 0,7 % (mass fraction) df nitrogen.

NOTE L]quid 102 has been removed/from this document because no supplier can be found.

A.3.2 Ligpid 101

Liquid 101 fis intended to.simulate synthetic diester-type lubricating oils. It is a blend comprising 99,5 %
(mass fractjon) of di 2lethylhexyl sebacate (CAS Registry Number: 122-62-3) and 0,5 % (mass|fraction) of
phenothiazine (CAS.Régistry Number: 92-84-2).

A3.3 Liquid 103

Liquid 103 is intended to simulate phosphate-ester hydraulic oils used in aircraft. It is tri-n-butyl phosphate

(CAS Registry Number: 126-73-8).

A.4 Cooling lubricants

MWFs contain between 1 to 20 (and more) different substances. Some of them can cause adverse health
effects, so it is highly recommended to have a close look to the safety data sheets. Some substances can react
during storage, namely at elevated temperatures. Therefore, soluble MWF concentrates should not be used
for testing if they are older than one year or if the concentrate got separated into different phases. There
are numerous formulations available on the market and frequent formulation changes are necessary due to

20
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health and safety legislation acts and new technical requirements. However, standard formulations can be
used that cover a wide variety of formulation concepts. These standard water miscible fluid formulations are:

— “VSI 14”: formulation based on polyalkylenglycole, boron-free and elevated pH (high amine content) in

Table A.5;1

ISO 1817:2024(en)

“VSI 22”: formulation based on esters, boron-free in Table A.6;2)

“VSI 34”: formulation based on mineral oil, boron-free and elevated pH (high amine content) in Table A.7.3)

Table A.5 — Typical composition of “VSI 14”

Key components VSI 14

CAS Registry Number

Mass fraction

%

Cyclohexylgmin and triethanlolamine reaction

products wikh carboxylic acids Based on 101-83-7, 102-71-6 and 141-43-5 20 to 40
Triethanolamine 102-71-6 5 to 10
Polyglycole,[Phenylglycole 122-99-6 2 to 10
Di-Cyclohexjylamine 101-83-7 1to5
Benzisothialozinone 2634-33-5 1,5
Others rest

Table A.6 — Typical composition of fVSI 22”

Mass fraction

Key components VSI 22 CAS Registry Number %
VMVic?cr}lloCeatliaor)l(;lli:zrﬁitlrsiethanlolamin reaction products Based on 141-43-5 and 68603-39—-4 10 to 40
Triethanolamin 102-71-6 1to3
Synthetic Edters 68920-66-1 70 to 40
Ethoxylates 61791-12-6 1,5
Butyldiglycgle 112-34-5 b to 10
Alkylophosphates 192268-65-8 1to5
Fettyalcoholes 67762-25-8 1to5
Others Rest

1) VSI 14 can be obtained commerecially.
2) VSI 22 can be obtained commercially.

3) VSI 34 can be obtained commercially.
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Table A.7 — Typical composition of “VSI 34”

Mass fraction

Key components VSI 34 CAS Registry Number %
Mineral oil, naphthenic 64742-52-5 30to 50
Fatty acids 8002-26-4, 227310-69-2 5to 10
]t)riice};il;r}llli:gii?rllirrllglrtr;gﬁgzti}:)annglgg:}cts Based on 101-83-7, 102-71-6 and 141-43-5 10 to 20
Fatty alcohol ethoxylates 68920-66-1 5to 10
Polysulfides 68425-15-0 1to5
Alcohols 2425-77-6 1to5
MEA H41=43=5 1to5
Biocide 55406-53-6 D,1to 1
Others — Rest

A.5 Chemical reagents

Tests with fhemical reagents shall be carried out using the same chemicals\abthe same conceftrations as
those to belencountered in the intended use of the product. For general purposes, where no speification is
known, thellist of chemical reagents given in ISO 175 can be useful.
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Annex B
(normative)

Calibration schedule

B.1 Inspection

Before any calibration is undertaken, the condition of the items to be calibrated shall be ascertained by

inspection and recorded In any calibration report or certificate. It shall be reported whether,c{
carried outfin the “as-received” condition or after rectification of any abnormality or fault.

[t shall be apcertained that the apparatus is generally fit for the intended purpose, including any
specified ag approximate and for which the apparatus does not therefore need to be'formally c
such paranjeters are liable to change, then the need for periodic checks shall be wFitten into {
calibration procedures.

B.2 Schddule

hlibration is

parameters
alibrated. If
he detailed

Verificationor calibration of the test apparatus is a mandatory part of this document. However, thie frequency

of calibratipn and the procedures used are, unless otherwise stated, at the discretion of thg
laboratory, using ISO 18899 for guidance.

The calibrafion schedule given in Table B.1 has been compiled by listing all of the parameters
the test method, together with the specified requirement: A parameter and requirement can T

main test apparatus, to part of that apparatus or to an\ancillary apparatus necessary for the test.

For each pdrameter, a calibration procedure is indicated by reference to ISO 18899, to another
or to a procgdure particular to the test method which is detailed (whenever a calibration procedji
more specific or detailed than that in ISO 18899 is available, it shall be used in preference).

The verifichtion frequency for each parameter is given by a code-letter. The code-letters 1
calibration gchedule are:

R use pf certified referenceé material;
C reqtiirement to be cénfirmed, but no measurement;
initjal verificationonly;

stanjdard interval as given in ISO 18899;

o w» =

in upe.

b individual

specified in
elate to the

publication
ire which is

ised in the
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Table B.1 — Calibration frequency schedule

Subclause in Verification
Parameter Requirement(s) ISO 18899:2013 frequency Notes
) guide
Volume such that test
pieces remain completely
immersed and all surfaces 158,191 U
are exposed to liquid
Volume of liquid
80 + 10 times that of the 15.8,19.1 U Method A
test pieces
Volume of liquid at least it a 101 - Method B to D
15 times that of test pieces |~ 77 TN
Total immersion apparatus |Amount of air above the
liquid 10 % * 2 % of the 15.8,19.1 U Method A
total vessel volume
Inert to test liquid and 15.8 191 U
rubber e
Stoppered bottle or tube to 191 G Metlod B
be used '
Bottle or tube to be fitted
with reflux condenser or  |19.1 U Method C
equivalent
Apparatus fpr testing one - .
surface only As shown in Figure 7 N
Balance Accurate to 1 mg 221 S
. See SO 23529:2016,
Dial gauge method A 151, 16.6 S
Instrument for measuring Scale graduated in 151 S Prefdrably
length and Width divisions of 0,01 mm ) non-contacting
Instrument for measuring Scale graduated jn 15.3 S Prefdrably
change in syrface area divisions of 0,01'mm ' non-contacting
Test liquid As specified.ih Annex A — N
Materials To be used.in 9.4 — U
— distilled water
— lint-free blotting
mediugn

In addition
accordance

a timer]

with ISQ18899:

a thern

to the items{isted in

ometer for monitoring the conditioning and test temperatures;

Table B.1, use of the following is implied, all of which shall be dalibrated in

a hygrometer for monitoring the conditioning and test humidities;

apparatus for measuring selected physical properties.
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