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INTERNATIONAL STANDARD

1ISO 1817-1985 (E)

Rubber, vulcanized — Determination of the effect

of liquids

0 Introduction

1 Scope and field of application

The action d
result in

a) absor
b) extrag

c) chem

The amount
extraction [b
commonly te
foundly alter
change tensil

f a liquid on a vulcanized rubber may generally

ption of liquid by the rubber;
'tion of soluble constituents from the rubber;

cal reaction with the rubber.

of absorption [a)] is usually greater than that of
] so that the net result is an increase in volume,
med “swelling”’. The absorption of liquid can pro-
physical and chemical properties and hence
strength, extensibility and hardness, of the rub-

ber, so that it is important to measure these properties of the

rubber after

eatment. The extraction of soluble constituents,

This International Standard describes methodp of evaluating
the resistance of vulcanized rubbers to the actipn of liquids by
measurement of properties of the ‘rubbers b¢fore and after
immersion in selected test liquids. The liquids| considered in-
clude petroleum derivatives, Jorganic solventy and chemical
reagents.

2 References

ISO 37,%Rubber, vulcanized — Determination of tensile stress-
strain(properties.

ISO 48, Vulcanized rubbers — Determinatioph of hardness

especially platicizers and antidegradants, can likewise alter the
physical properties and chemical resistance shown by the rub-
ber after dryjng out the liquid (assuming this to be volatile);
physical test$ on the rubber after immersion and dryinglare
therefore reqiiired. The methods described in this International
Standard acdordingly comprise determinations of :

— change in volume, dimensions and mass$
— extragted soluble matter;

— tensilp stress-strain properties ‘of the rubber after im-
mersion;

— hardress of the rubbefafter immersion;

— tensilg stress-strain\properties of the rubber after drying
out the tept liquid;

— hardness of\the rubber after drying out the test liquid.

Although, in

(Hardness between 30 and 85 IRHD).

ISO 175, Plastics — Determination of the effects of liquid

chemicals, including water.

ISO 471, Rubber — Standard temperatures,

ISO 1826, Rubber, vulcanized —
vulcanization and testing — Specification.

humidities and
times for the conditioning and testing of test p

eces.

Time-interval between

ISO 2592, Petroleum products — Determinatidn of flash and

fire points — Cleveland open cup method.

ISO 2977, Petroleum products and hydrocarbpn solvents —
Determination of aniline point and mixed aniling¢ point.

ISO 3104, Petroleum products — Transparerl

t and opaque

liquids — Determination of kinematic viscosity gnd calculation

service conditions, no direct correlation with service behaviour
is implied; thus, the rubber giving the lowest change in volume
is not necessarily the best in service. The thickness of the rub-
ber must be taken into account since the rate of penetration of
liquid is time-dependent and the bulk of a very thick rubber
product may remain unaffected for the whole of the projected
service life. It is known, moreover, that the action of a liquid on
rubber, especially at high temperature, can be markedly af-
fected by the presence of atmospheric oxygen. The tests
described in this International Standard, however, can provide
valuable information on the suitability of a rubber for use with a
given liquid, and, in particular, constitute a useful control when
used comparatively for developing rubbers resistant to oils,
fuels, or other liquids.

of dynamic viscosity.

ISO 3675, Crude petroleum and liquid petroleum products —

Laboratory determination of density or relati

Hydrometer method.

ISO 4661, Rubber — Preparation of test pieces.

ve density —

ISO 5282, Aromatic hydrocarbons — Determination of sulfur
content — Pitt-Ruprecht reduction and spectrophotometric

method.

ISO 5661, Petroleum products — Hydrocarb
Determination of refractive index.

on liquids —
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3 Test liquids

3.1 The selection of the test liquid depends on the purpose of
the test.

3.2 When information is required on the probable service
behaviour of a vulcanized rubber in contact with a particular
liquid, this liquid should preferably be used in the test. Com-
mercial liquids, however, are not always constant in compo-
sition, and the test should, therefore, whenever practicable,
include a control material of known change in volume charac-
teristics; abnorma o0 unsuspected variations in the

series of tests.

Mineral oils and fuels are liable to vary appreciably in chemical
composition evgén when supplied to a recognized specification.
The aniline poift of a mineral oil gives some indication of its
aromatic conterjt and helps to characterize the action of the oil
on rubber, but [aniline point alone is not sufficient to charac-
terize a mineral oil; other things being equal, the lower the
aniline point thg more severe is the action. If a mineral oil is
used as the test]liquid, therefore, the test report should include
the density, reffactive index, viscosity and the aniline point or
aromatic contept of the oil. For the standard mineral oils
described in thelannex, mineral oil raffinates are employed. Ser-
vice oils, having similar fluid characteristics to the standard oils
(see the annex,| clauses A.1 to A.3), will not necessarily have
the same effect|on the material as the latter. Some fuels, par-
ticularly gasoling, vary widely in composition and, in the case of
some possible ¢onstituents, minor variations can have a large
influence on the effect on rubber. Full details of the compo-
sition of the fugl used should therefore be included in the test
report.

3.3 As commgprcial liquids may not have an entirely constant
composition, a|standard immersion liquid cofsisting of well
defined chemi¢al compounds or mixtures of compounds
should be used [for the purposes of classification of vulcanized
rubbers or qua]:ty control; some sujtable” liquids are recom-
mended in the gnnex.

When testing td determine the‘effect of chemical solutions, the
concentration of the solutions:Should be appropriate to the pro-
posed applicatipn.

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

5 Conditioning of test pieces

Test pieces of rubber required for test in the ““as received”’ con-
dition shall be conditioned for not less than 3 h in one of the
standard Iaboratory temperatures specified in I1ISO 471. The
one test or

any series of tests intended to be comparable.

6 Temperature of immersion

The immersion should preferably be carried out at|one or more
of the following standard temperatures listed in 1$0 471:

-70+1, -55+1, —-40% 1, -26+1, -10+1,[ O0x1°C
20+2, 23+2,X27+2°C
40+1, 55%1, 701, 85%1, 100x1[°C

1256+2,¢150+2, 175+2, 200+2, 225+2, 260+ 2°C

As elevated temperatures greatly increase oxidation of the rub-
ber; volatilization or decomposition of the immgrsion liquid,
and also the effects of any chemically active addlitives in the
liquid (for example in “‘service liquids”), appropripte selection
of the test temperature and of the degree of accesg of air is very
important.

In tests intended to simulate service conditions, and using the
actual liquid with which the rubber will be used, the test con-
ditions should approximate to those found in serv|ce using the
lowest standard temperature equal to or higher than the service
temperature.

7 Period of immersion

Since the rate of penetration of liquids into rubberg depends on
the particular material, liquid and temperature, thg adoption of
one standard period of immersion is precluded. Fof acceptance

purposes, it is recommended that determinatior}s should be
. Lt 1 izati i made and recorded after several periods of |mmer1|on so as to
4 Time-int indi s with time;

testing

Unless otherwise specified for technical reasons, the following
requirements, in accordance with 1ISO 1826 for time-intervals,
shall be observed.

4.1 For all test purposes, the minimum time between
vulcanization and testing shall be 16 h.

4.2 For non-product tests, the maximum time between vul-
canization and testing shall be four weeks and, for evaluations
intended to be comparable, the tests, as far as possible, should
be carried out after the same time-interval.

the total period should, if possrble extend well beyond the
point of maximum absorption. For control purposes, it may not
be necessary to reach maximum absorption; in such cases, a
single period of immersion may suffice and one of the following
should then be used:

2 +025h 72 _9h

7days £ 2h multiples of 7 days = 2 h.

In tests for change in volume, mass or dimensions, in which the
period of immersion used is insufficient for maximum absorp-
tion to be reached, the test piece shall be of substantially con-
stant thickness (see note 2 to 8.2.2).
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In tests for change in physical properties, it is preferable to use
a period of immersion sufficient to allow equilibrium to be
reached.

NOTE — Since the amount of liquid absorbed is initially proportional to
the square root of time rather than time itself, it is advisable to assess
the time to ““maximum absorption’’ by plotting the amount absorbed
against the square root of time.

8 Determination of change in volume,
change in mass or change in dimensions

ISO 1817-1985 (E)

2 In tests where the maximum absorption is not reached, a smaller
thickness tolerance of +0,1 mm should be used as the percentage
volume change during the early stages of absorption is inversely pro-
portional to the test piece thickness.

8.2.3 Procedure

8.2.3.1 Use three test pieces. Weigh each test piece in air to
the nearest milligram (mass m4), and then reweigh each test
piece in distilled water at the standard laboratory temperature
(mass my,) (see note 1 to 8.2.4), taking care to ensure that all
air bubbles are removed (see note 2 to 8.2.4). If the density of

8.1 Genertal

The volumetfic method is more precise than the dimensional
change methpd and is the preferred method when it is required
to know the change in volume due to immersion. The dimen-
sional chang¢ method is useful for detecting anisotropy in the
rubber, and should be used when it is required to determine
changes in lihear dimensions because these cannot always be
calculated frgm the volume change owing to anisotropy in the
rubber. The gravimetric method can be used as a quality con-
trol test and|may be combined with the volumetric method,
much of the procedure being common to both methods.

8.2 Volunetric and gravimetric methods

8.2.1 Appalatus

The apparatup to be used is determined by the)temperature of
immersion and the volatility of the test(liquid. For tests at
temperatures| appreciably below the boiling point of the test
liquid, a stoppered glass bottle or tube-should be used, of such
dimensions that the test pieces remain completely immersed in
the specified yolume of test ligdid)and are freely exposed on all
surfaces withput restraint. For-tests at temperatures near the
boiling point |of the test-ligliid, the bottle or tube should be
fitted with g reflux condenser or other suitable means of
minimizing evaporatioh. of the test liquid.

The balance to-be used for weighing the test pieces shall be

. fabric that does not deposit lint¢

the material is less than 1 g/cm?, it will be nedessary to use a
sinker when weighing in water to ensure that'the test pieces are
completely immersed. If a sinker is used,the’'mgss of the sinker
alone in distilled water shall be- determined separately
(mass ms). Blot the test pieces dry.with filter paper or a textile

8.2.3.2 Place the test pieces, suitably separdted, in a glass
container with a volume-of the test liquid that is at least
15 times the combined'volume of the test pieces and sufficient
to keep them totally immersed. If the condition§ of test do not
necessitate the{use of a reflux condenser, the cpntainer should
be stoppered¢ The test liquid should be kept at the test
temperature;. and the rubber test pieces shouyld be shielded
from light-during the test.

Only. test pieces of the same vulcanizate should be placed in
any one container. If the density of the rubber is less than that
of the liquid, means should be provided for hplding the test
pieces completely below the surface of the liqyid.

At the end of the period of immersion, bring the test pieces, if
necessary, to the standard laboratory temperafure, preferably
by quickly transferring them to a fresh portion of the test liquid
at this temperature for a period of not less than {10 min and not
more than 30 min. Surplus test liquid should bd removed from
the surfaces of each test piece (see note 3 to §.2.4).

8.2.3.3 Immediately determine the mass of eath test piece in
air (mass mj3) to the nearest milligram, and then weigh them in
distilled water (mass m,) at the standard laboratory tempera-
ture. If the test liquid is appreciably volptile at room
temperature, an evaporation curve should be plotted for the
test pieces freely suspended on the balance arm. A plot of mass
versus the square root of time will give a strgight line. This
should be extrapolated to zero time which shall pe taken as the
time at which the test piece is removed from thelliquid or is free
i i ould be deter-

of surnh
134

accurate to 1 mg.

8.2.2 Test piece

The test piece should be 1 to 3 cm3 in volume with a uniform
thickness of 2 + 0,2 mm. Test pieces cut from sheet or
products may be any convenient shape.

NOTES

1 Test pieces cut from finished products may be used, including test
pieces from finished products thinner than 1,8 mm; products, thicker
than 2,2 mm should, however, be reduced to a thickness of
2+ 0,2mm.

The method of preparation should be in accordance with 1SO 4661.

mined at 20 or 30 s intervals for not more than 2 min; this is
easily possible with an automatic balance. The test piece
should be returned immediately to the test liquid for 30
to 60 min before carrying out the weighing in distilled water.
Alternatively, a weighing bottle method may be used in which
the time for transfer of the test piece shall not exceed 30 s after
removal from the liquid.

The weighings in distilled water (m, and m,) and of the sinker
(mg) may be omitted if change in mass only is to be determined.

If the test is being continued, replace the test pieces im-
mediately in the test liquid and return to the thermostatically
controlled oven or bath.
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8.2.4 Expression of results

Calculate the percentage change in volume AV;y and/or

percentage change in mass Amjq by means of the formulae

8.3 Dimensional change methods

8.3.1 Methods for determining changes in length, width

and thickness

AV (mz — my + mg) — (mq — my + mg) 8.3.1.1 Apparatus
100 =
(my — my + mg) . . .

L 2 5 The apparatus for immersion of the test pieces shall be as

described in 8.2.1.

A s 7™M 00
Mygg = ———— X

100 m, The instrument for measuring the thickness of the test pieces
shall consist of a micrometer dial-gauge of adequate accuracy
where firmly held i igi . The gauge

shall have a scale graduated in unit divisions 6f-0,01 mm. The
plunger shall be fitted with a flat circular gontagt of area ap-
proximately 100 mm?2 which should be nermal tq the plunger
and parallel to the base-plate. The dial-gauge shall operate to
give a pressure on the rubber of approximately 2|kPa.

my is the ifitial mass of the test piece in air;

m, is the ipitial apparent mass of the test piece (plus the
sinker if used) in water;

The instrument for measuring-the length and width of the test
pieces shall have a scale graduated in unit divisions of 0,01 mm
and should preferably operate without contact with the test
piece, for example an optical system.

mgy is the mass of the test piece in air after immersion;

my is the apparent mass of the test piece (plus the sinker if
used) in water after immersion;

mg is the gpparent mass of the sinker in water. 8.3.1.2 Test piece
The test piece shall be rectangular, 50 mm long and 25 mm
wide. The thickness should be uniform| preferably
2 +.0;2'mm. The sides shall be cut cleanly and at right angles
to thetop and bottom surfaces. When the directign of calender

grain is known, the test piece should be cut with its long axis
parallel to the grain.

Take as the rej:lt the average of the values obtained for the
three test piec

NOTES

1 The above prpcedure may not be suitable if the test liquid (other

than water) is reddily miscible with water or reacts with it. NOTE — Test pieces cut from finished products may be used, in-

cluding test pieces from finished products thinner than 1,8 mm;
products thicker than 2,2 mm should, however, be reddced to a thick-
ness of 2 £ 0,2 mm.

For such a liquid, |if it is not too viscous or volatile at room temperature,
the masses m,, m, and mg may be determined in the test liquid instead
of water and thgse values used in the formula for calculating the
percentage change in volume ; masses m, and mjs should,,in this case,
be determined in|a fresh portion of the immersion liquid. 8.3.1.3 Procedure
If this is not pracficable, the same procedure should be used as for the
water displacemgnt method, except that thé final weighing in water is
omitted and the percentage change in volume is calculated from the

Use three test pieces. Measure the initial length|of each test
piece along its centre line to the nearest 0,56 mm (measure-
ments shall be taken along the top and bottom surfaces and the

formula: two results averaged). Similarly measure the initjal width but
(e — 1) taking four measurements in all, one on top and orje on the bot-
AVigy = —— ! <7100 tom, near each end of the test piece.

Q(” W1 — my + m5)
Measure the initial thickness with the thickness gauge at four
where o is the densify of the test liquid at the standard laboratory different points along the test piece and average the resuits. All

temperature ; thi§ formula may be only approximate if the test liquid is measurements shall be made with the test piece af the standard
a mixture, becaulﬁh?mm—uhhrabmﬁmﬁdﬂardiﬁe%m—mbmmymluw_

that of the bulk. Also the density of any matter extracted from the rub-
ber may differ from that of the test liquid.

Follow the procedure described in 8.2.3.2.

2 Formation of bubbles may be avoided by adding a trace of a

z Re-measure the length, width and thickness of each test piece
surface-active material, for example detergent, to the water.

as described above, with the test pieces at the standard

. Lo laboratory temperature.
3 The method of removing the surplus liquid from the surface of the

test piece will vary with the nature of the liquid. When mobile volatile
liquids, such as iso-octane and toluene, are used, remove and quickly
wipe the test piece with a filter paper or piece of textile fabric which
does not deposit lint. Some difficulty may be experienced in com-
pletely removing viscous non-volatile oils by this method and it may be
necessary to dip the test piece quickly in a suitable volatile liquid, such
as methanol or petroleum ether, and again quickly wipe with filter
paper or a piece of textile fabric which does not deposit lint.

If the test liquid is appreciably volatile at room temperature, the
measurements should be completed within 1 min of removing
the test pieces from the test liquid.

If the test is being continued, replace the test pieces im-
mediately in the liquid and return to the thermostatically con-
trolled oven or bath.
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8.3.1.4 Expression of results

Calculate the percentage change in length A/, by means of
the formula

- I
ly

A[ux) = x 100

where

lo is the initial length;

ISO 1817-1985 (E)

8.3.2.4 Expression of results

Calculate the percentage change in area A 4 1o by means of the
formula

N
Adygy = 1oo[ﬂ - 1}
Ialb

where

lpand lg are the lengths of the diagonals after immersion;

[ is the Ipngth after immersion.

Calculate th¢ percentage changes in width and thickness
similarly.

Take as the fesults the average of the values obtained for the
three test pieces.

8.3.2 Methpd for determining change in surface area

The apparatys for immersion of the test pieces shall be as
described in $.2.1.

The instrumet for measuring the lengths of the diagonal of the
test pieces shall have a scale graduated in unit divisions of
0,01 mm and should preferably operate without contact with
the test piecq, for example an optical system.

8.3.2.2 Test piece

The test piec¢ shall be rhomboid, with the sides cut-cleanly and
at right anglgs to the top and bottom surfaces.\ This may be
achieved by tvo consecutive cuts at approximately right angles
to each othef, with a cutter consisting of two parallel blades
suitably spaced. The thickness of the test piece shall normally
be 2 + 0,2 mm and the length of the)sSides 8 mm. It may be
convenient t¢ use thinner test pieces, for example when cut
from products or when rapid attainment of equilibrium is re-
quired, but the results may hot-be comparable with those ob-
tained using [the specified \thickness. Smaller test pieces will
reduce the precision of\the results.

8.3.2.3 Prodedure

I, and I, are the lengths of the diagonfals before im-
mersion.

If required, the percentage volume change AV}y may be cal-
culated from the formula

IAIB 3/2
AV]OO = 100 e -1
Ll

NOTE — The formula-for percentage volume change gssumes isotropic
swelling. If doubt exists, the percentage volume change should be
determined by.the ‘volumetric method which is the preferred method.

9 «‘Determination of extracted soluble matter

9.1 Introduction

If the test liquid is readily volatile, the amount of jmatter which it
extracts from the test piece can be determined|either:

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

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

Both methods are liable to errors. In the methd

d by weighing

the dried test piece, the material may have oxidized if air is

present during immersion, especially if this is af]

some loss of volatile extracted material, especi

high tempera-

lly plasticizers.

ture. In the method by evaporating the test quui%!, there may be

Both methods are described in this Internationa
the choice between them must depend on thg

Standard and
nature of the

material and the conditions of test.

Use three test pieces. Measure the initial lengths of the
diagonals of each test piece to the nearest 0,01 mm at the stan-
dard laboratory temperature.

Follow the procedure described in 8.2.3.2.

Remeasure the lengths of the diagonals as described above. If
an optical measuring system is used, this may be done in a
suitable glass container without removing the test pieces from
the test liquid.

If the test is being continued, replace the test pieces im-
mediately in the liquid and return to the thermostatically con-
trolled oven or bath.

It is difficult to define precisely what is meant by a “readily
volatile’ liquid, but it may be suggested that the procedures
described are not suitable for liquids less volatile than standard
liquids A, B, C, D and E in the annex, i.e. for liquids boiling
above 110 °C.

9.2 Test piece

The determination of soluble matter may be made after the
determination of change in volume or dimensions by the
methods described in 8.2 and 8.3 using the appropriate test
piece described in 8.2.2 or 8.3.2.2.
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9.3 Procedure

9.3.1 Method by weighing the dried test piece

Dry the test piece, after immersion, under an absolute air
pressure of approximately 20 kPa at approximately 40 °C, to
constant mass, that is, until the difference between successive
weighings at 30 min intervals does not exceed 1 mg.

9.3.2 Method by evaporating the test liquid

Transfer the liquid in which the test piece has been immersed to
a suitable vessgl-and was|
liquid which shpuld then be transferred to the same vessel.
Evaporate the liquid and dry the residue to constant mass under
an absolute aif pressure of approximately 20 kPa at ap-
proximately 40 ¢C.

Carry out a blank test to estimate the solids content of a volume
of the test liqujd equal to that used for the immersion and
washing.

9.4 Expression of results

According to the method used, the mass of extracted soluble
matter is equal fo

a) in the case of the method by weighing the dried test
piece: the difference between the original mass of the test
piece and it§ mass after immersion and drying;

b) in the dase of the method by evaporating the test
liquid: the mpss of the dried residue, corrected for the result
of the blank Jtest on the test liquid.

In both cases, ekpress the mass as a percentage of the griginal
mass of the test piece.

10 Determjnation of change in physical
properties after immersion

10.1 Tensile|stress-strain tests
10.1.1 Appardtus

10.1.1.1 Appdratus for immersion, as described in 8.2.1.

10.1.1.2 Tensitetestapparatus, as describedim1S6-37—10:2.3—Test piece

10.1.2 Test piece

The test piece shall be either a ring or a dumb-bell as described
in 1ISO 37.

10.1.3 Procedure

Measure the cross section of the test piece as described in
1ISO 37. Follow the procedure described in 8.2.3.2. (The im-
mersion temperature should be selected in accordance with the
considerations given in clause 6 and the period of immersion
should preferably be sufficient to reach maximum absorption.)

In the case of dumb-bells, gauge marks should be applied on
the swollen test piece as described in ISO 37. In the case of
rings, measure the internal diameters by means of a suitable
cone gauge. Carry out the tensile test at the standard
laboratory temperature within 3 min of final removal from the
immersion liquid. Tests should be carried out on unimmersed
test pieces for comparison.

10.1.4 Expression of results

Calculate the tensile strength per unit area of the original cross-
section of the test piece before immersion and report the result
€ change expressed as a percentage o alue for un-
immersed material.

Calculate the elongation at break as a percentage ¢f the gauge
length for dumb-bell test pieces after, immersi¢pn, or as a
percentage increase in the internaleircumferencqg of the ring
test piece after immersion, and report the result ag the change
expressed as a percentage (of the value for pnimmersed
material.

Calculate the stress at a‘given elongation on the ofiginal cross-
section before immersion of the test piece, and repprt the result
as the change eXptéessed as a percentage of the \alue for un-
immersed material (note, however, that the elongation at
which modulus is measured is that of the rubber after im-
mersion):

10.2 Hardness tests

10.2.1 General

The hardness shall be measured using the micro-tgst described
in ISO 48. Alternatively, the normal hardness test [described in
ISO 48 may be used with two plied-up test pieces|(see 10.2.3)
in which case the result shall be expressed @s apparent
hardness.

10.2.2 Apparatus
10.2.2.1 Apparatus for immersion, as describgd in 8.2.1.

10.2.2.2 Apparatus for measuring hardness, gs described
in 1SO 48.

The test piece shall have flat parallel faces, and shall be of
uniform thickness of 2,0 = 0,2 mm with other dimensions of
not less than 8 mm.

10.2.4 Procedure

Measure the hardness of the test piece at a standard laboratory
temperature as described in ISO 48. Then follow the procedure
described in 8.2.3.2. (The immersion temperature should be
selected in accordance with the considerations given in
clause 6 and the period of immersion should preferably be suf-
ficient to reach maximum absorption.)
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Remeasure the hardness as described in ISO 48 at the standard
laboratory temperature within 3 min of final removal from the
test liquid.

10.2.5 Expression of results

Report the hardness before immersion in International Rubber
Hardness Degrees (IRHD) as described in ISO 48. Report also
the change in hardness as the difference between the value
obtained after immersion and the value obtained before im-
mersion.

1ISO 1817-1985 (E)

Calculate the stress at a given elongation on the original cross-
section before immersion of the test piece, and report the resuit
as the change expressed as a percentage of the value for un-
immersed material (note, however, that the elongation at
which modulus is measured is that of the rubber after immer-
sion and drying).

11.2 Hardness tests

11.2.1 General

The hardness shall be measured using the micro-test described

-S0-48—-Alternatively—the-normat-hardresstast described in

NOTE — It wil[ not usually be possible to have the same thickness of
test piece befofe and after immersion. An increase after immersion will
make the hardfess reading slightly lower and hence not strictly com-
parable with tHe reading taken before immersion. However, with test
pieces of the thickness recommended, provided that the change in
volume does npt exceed an increase of 200 %, the resulting error will
not exceed abgut 2 IRHD.

11 Determination of change in physical
properties after immersion and drying

11.1 Tensile stress-strain tests

11.1.1 Apparatus

11.1.1.1 Apparatus for immersion, as described in 8.2.1.
11.1.1.2 Tensile test apparatus, as described in 1SO 37,

11.1.2 Test jpiece

The test piecqg shall be one of those described iniSO 37.

11.1.3 Procedure

Follow the prdcedure specified in 10.1.3 up to and including the
immersion tregatment. Then dry the tést piece under an absolute
air pressure of approximately20-KPa at approximately 40 °C to
constant masg, that is until\the difference between successive
weighings at B0 min intérvals does not exceed 1 mg. Cool to
room temperdture and\.condition by keeping at the standard
laboratory temperature for not less than 3 h. Determine the
tensile properties-by the procedure specified in 1ISO 37.

ISO 48 may be used with two plied-up test.piedes (see 11.2.3)
in which case the result shall be expréssefl as apparent
hardness.

11.2.2 Apparatus
11.2.2.1 Apparatus for immersion, as descfibed in 8.2.1.

11.2.2.2 Apparatus for measuring hardness$, as described
in ISO 48.

11.2.3 Testpiece

The test.piece shall have flat parallel faces, apd shall be of
uniform, thickness of 2,0 £ 0,2 mm with other|dimensions of
not'less than 8 mm.

11.2.4 Procedure

Follow the procedure specified in 10.2.3 up to an
immersion treatment. Then dry the test piece

d including the
under an air

pressure of approximately 20 kPa at approximately 40 °C to

constant mass, that is until the difference betw:
weighings at 30 min intervals does not exceed

ben successive
1 mg. Cool to

room temperature and condition by keeping at the standard
laboratory temperature for not less than 3 h.

Remeasure the hardness at the standard laboratory tempera-
ture as described in 1SO 48.

11.2.5 Expression of results

Report the hardness before immersion in International Rubber
Hardness Degree (IRHD) as described in ISO 48. Report also
the change in hardness as the difference between the value ob-
tained after immersion and drying and the vglue obtained
before immersion.

11.1.4 Expression of results

Calculate the tensile strength per unit area of the original cross-
section of the test piece before immersion, and report the result
as the change expressed as a percentage of the value for un-
immersed material.

Calculate the elongation at break as a percentage of the gauge
length for dumb-bell test pieces after immersion and drying, or
as a percentage increase in the internal circumference of the
ring test piece after immersion and drying, and report the result
as the change expressed as a percentage of the value for un-
immersed material.

NOTE — Since the thickness after immersion and drying will usually be
less than the original thickness, owing to extraction of soluble matter,
this will tend to increase the apparent hardness of the dried rubber.
However, except when large proportions of plasticizer are extracted,
this effect will probably be negligible.

12 Test with liquid on one surface only

12.1 Applicability

This test is applicable to relatively thin sheet materials, for
example rubber diaphragms, that are exposed to liquid on one
surface only.
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12.2 Apparatus

The apparatus shall be suitable for holding the test piece.
Suitable apparatus is illustrated in the figure and comprises a
base-plate (A) and an open-ended cylindrical chamber (B)
which is held tightly against the test piece (C) by the wing
nuts (D) mounted on the bolts (E). A hole of diameter approxi-
mately 30 mm may be made in the base-plate for the examin-
ation of the surface not in contact with the liquid. During the
test, the opening in the top of the chamber should be closed by
a close-fitting plug (F).

liquid and release the test piece. Any surplus liquid should be
removed from the surface of the test piece by wiping with filter
paper or a textile fabric which does not deposit lint (see note 3
to 8.2.4). Then weigh the test piece to the nearest milligram
(mass m,) at the standard laboratory temperature.

If the test liquid is appreciably volatile at room temperature, the

measurement should be completed within 2 min of removal of
the liquid (see note 3 of 8.2.4).

12.5 Expression of results

12.3 Test piece

The test piece ghall consist of a disc of diameter about 60 mm
and of the thickness of the material under test.

12.4 Procedure

Measure the nominal thickness of the test piece then weigh it in
air to the nearest milligram (mass m;). Then place the test piece
in the apparatus as indicated in the figure. Fill the chamber of
the apparatus With the test liquid to a depth of approximately
15 mm and insg¢rt the plug (F). Maintain the apparatus at the
required tempefature for the duration of the test.

At the end of| the contact period, bring the apparatus, if
necessary, to the standard laboratory temperature. Remove the

T per unit surface area Ami,, lexpressed in
grams per square metre, is given by the formula

my — my
Amp = ————
A

where
m is the initial mass, ig-grams, of the test piece;

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

A is the area, in square metres, of the circulgr surface of
the test piece in contact with the test liquid.

Take as\the result the average value for at least three test
pieces.

Dimensions in millimetres
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Figure — Apparatus for tests on one surface only
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13 Test report

The test report shall include the following information :

a)

b)

sample details:
1) a full description of the sample and its origin,

2) compound details, cure time and temperature
where appropriate,

3) the method of preparation of the test pieces from
the sample, for example whether moulded or cut,

c)

1ISO 1817-1985 (E)

2) the method(s) used,

3) the type of test piece used (dimensions),

4) the standard laboratory temperature adopted,
5) the period and temperature of immersion,

6) any deviation from the procedure specified ;

test results:

1) results expressed in the form stated in the relevant
clauses,

4) all-fu'H-deserrpmn-UHhe-ten—hqunwmm i toqurid of
minefal oils (other than standard oils 1, 2 and 3), this

should include the density, viscosity, refractive index
and the aniline point or aromatic content;

test method and test details:

1) the number of this International Standard,

d)

2) note of the appearance of the 't:—:st piece (for
example cracking, delamination) ;if.appropriate,

3) note of the appearance ‘of the fest liquid (for
example discolouration, sedimentation)|if appropriate;

date of test.
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Annex

Test liquids

(Forms an integral part of the standard.)

WARNING — Appropriate safety precautions should be
taken when preparing and handling test liquids,
especially those known to be toxic, corrosive or flam-
mable. 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 clqthing, and flammable products should be
kept away from any source of ignition.

A.1 Standard simulated fuels

The liquids listedl in table 1 should be used as standard fuels for
the classificatiop of vulcanized rubber or for quality control in
respect of the |behaviour of rubbers in hydrocarbon based
liquids, for example petroleum-derived fuels.

Table 1
Liquid Constituents Content % (V/V)
A 2|2,4-trimethylpentane 100
B 2/2,4-trimethylpentane 70
tqluene 30
C 22 ,4-trimethylpentane 50
tqluene 50
D 2)2,4-trimethylpentane 60
tqluene 40
E tdluene 100
F sfraight-chain paraffin
(C12 to C18) 80
1{methylnaphthalene 20

NOTES

1 Liquids B, C and-Dowill afford a-reasonable-simulation-of-the-effeet

Table 2
Liquid Constituents Content % (V/V)
1 2,2,4-trimethylpentane 30
toluene. BO.
di-isobutylene 15
ethanol 5
2 2,2,4-trimethylpentane 25,357] eqtivalent to
toluene 4225 | 845 % (V/V)
di-isobutylene 12,68 [ of |iquid 1
ethano! 4,22 ) abgve
methanol 15,00
water 0,50
3 2,2,4-trimethylpéentane 45
toluene 45
ethano! 7
methanol 3
4 2,2 ,4-trimethylpentane 42,5
toluene 425
methanol 15

Testliquids containing alcohol such as those above should not be used
if¢he fuels involved are known to be free of alcohol.

3 Liquid F is intended to simulate diesel fuel, domestif heating oils
and similar light furnace oils. A suitable test liquid is available commer-
cially. Details may be obtained from the Secretariat of ISQ/TC 45 (BSI)
or ISO Central Secretariat.

4 Analytical reagent quality materials should be used |n making up
the various test liquids.

A.2 Standard oils
A.2.1 General descriptions

A.2.1.1 OQil No. 1

This is a ““low volume increase” oil consisting of a flosely con-
trolled blend of mineral oils comprising a solvent extracted,
chemically treated dewaxed paraffinic residuum and neutral oil.

on rubbers of the majority of motor gasolines currently available. The
latter vary widely in composition, even within the same grade (i.e.
knock-rating) and within the same location, and the use of all three
liquids is necessary to cover this range of compositions.

2 Motor gasolines containing alcohol are currently available in a few
geographical areas and the availability of such fuels is expected to
become more widespread. The presence of a relatively small quantity
of alcohol produces a disproportionate effect on some conventionally
fuel-resistant rubbers. Hence, the use of a suitable test liquid contain-
ing alcohol is recommended to simulate such fuels. However, at
present, no single standard test liquid can simulate the properties of
this rapidly changing group of fuels. The liquids shown in table 2 have
been used as test liquids and may serve as guide to the formulation of
suitable test liquids.
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A.2.1.2 Oil No. 2

This is a “medium volume increase’’ oil obtained by solvent ex-
traction, acid and clay treatment of a high viscosity distillate
from selected naphthenic (Gulf Coastal) crudes.

A.21.3 Oil No. 3

This is a “’high volume increase” oil consisting of a closely con-
trolled blend of two lubricating oil fractions obtained by
vacuum distillation of selected naphthenic (Gulf Coastal) crudes.

NOTE — These oils are identical to ASTM Reference Oils No. 1, No. 2
and No. 3.
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