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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

The measurement of the permeability of rubber to gases is important in the evaluation of compounds for
products such as inner tubes, tubeless-tyre liners, hoses, balloons and other gas-containing products,
as well as seals and diaphragms. The measurement is also of theoretical importance in the study of the
characteristics of gas diffusion and gas solubility in relation to polymer structure.
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Rubber, vulcanized or thermoplastic — Determination of
permeability to gases —

Part 2:
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Itis the responsibility of the user to establish appropriate safety and health/pract
rmine the applicability of any other restrictions.

Scope

heability coefficient of vulcanized or thermoplastic rubber under conditions in which|
sure on each side of the rubber test piece is the same, using‘gas chromatography to de

method applies to vulcanized and thermoplastic tibbers of hardness not less thg
rnational rubber hardness degrees) and to both single gases and mixtures of gases.

Normative references

titutes requirements of this documeént. For dated references, only the edition cited
p782-1:2016, Rubber, vulcanized or thermoplastic — Determination of permeability to gas|
rential-pressure methods

| 8899:2013, Rubber —.Guide to the calibration of test equipment

13529, Rubber — General procedures for preparing and conditioning test pieces for physical

Terms and definitions

he purposes of this document, the terms and definitions given in ISO 2782-1 apply.

y practice.
ed with its
ices and to

document specifies a method for the determination of the“gas transmission rate and gas

the overall
termine the

n 35 IRHD

following documents are referred to:ifuthe text in such a way that some or all of their content

hpplies. For

ited references, the latest edition-ofithe referenced document (including any amendmerts) applies.

es — Part 1:

est methods

ISO

Nd)IEC maintain terminological databases for use in standardization at the following a

ddresses:

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

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

4 Principle

A test cell, maintained at constant temperature, is divided by a test piece into a gas supply side and a
gas transmission side (see Figure 1). The test gas is supplied to the gas supply side and a carrier gas is
passed through the gas transmission side. The pressure on both sides of the cell is equal (atmospheric
pressure) but, since the partial pressure of the test gas is higher on the gas supply side, it diffuses
through the test piece into the gas transmission side. The quantity of test gas passing through the test
piece is measured using a gas chromatograph.
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In this method, measurements are possible on test gases containing water vapour, and it is also possible
to analyse mixtures of gases to determine the components.

5 Apparatus

The apparatus consists of the test cell, a gas chromatograph, test gas and carrier gas supply systems

and associa

ted tubing and valves. An example of a test apparatus is shown in Figure 1.

5.1 Test cell, consisting of a gas supply side and a gas transmission side, such that, when a test piece
is mounted in it, the gas transmission area is clearly defined. The gas supply side has a test gas inlet port

and an exhgust port and the gas transmission side is connected to the carrier gas supply and, thr
a sampling Joop, to the gas chromatograph. The material of the test cell shall be unreactive with.re
to the test gas and shall not absorb the gas used. The surfaces of the two halves of the cell which 1

contact wit
may be use
shall be con
test. The di
onthegast

The cell sh
temperatur

NOTE E
and test gas

5.2 Gas (
hydrogen fl
and of the r:

5.3 Testg
54 Two
the second

the test piece shall be smooth and flat to prevent any leakage of gas. A seal such as an O
1 between these areas and the test piece, in which case the gas transmissiph [rate of the|
siderably lower than that of the material being tested so that it does not affect'the result g
imeter of the gas transmission area shall be within the range 10 mm_to 150 mm, depen|
ransmission rate expected.

hll be equipped with a heating system capable of raising the~temperature to 80 °C.
e accuracy shall be +1 °C for temperatures from 40 °C to 80 2€.

kamples of a heating system are an electric heating jacket and@n oven designed to hold the tesg
supply.

hromatograph, having a detector such as asthermal conductivity detector (TCD)
hme ionization detector (FID). The detector and\column shall be suitable for the test gas
bquired sensitivity.

bas controller, in accordance with 7.1.4'0f ISO 2782-1:2016.

emperature sensors, the first fitted in the test cell for measuring the test temperature
fitted in the flow of carrier.gas to measure the temperature of the carrier gas. The sen

bugh
gard
nake
ring
seal
f the
ding

The

it cell

or a
used

and
sors

shall be cappble of reading to within 0,1)°C or better.
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1  gassupply side 6  testgas supply 11 testgas controller
2 gastransmission side 7  carrier gas supply 12 carrier gas controller
3  testpiece 8  three-way valve 13 sampling loop with thermometer
4  sealingring 9  gas chromatograph 14 gas transmission area
5 temperature sensor 10 data-processing unit

Figure 1 — Example of gas permeability measuring apparatus
(diagram at right shows an exploded view of the test cell)
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6 Calibration

The test apparatus shall be calibrated in accordance with the schedule given in Annex A.

7 Testgas

Use a single gas, such as nitrogen, oxygen or hydrogen, or a mixture of gases, such as air, liquefied
petroleum gas (in gaseous form) or coal gas. The purity of a single gas or the purity of each component
in a gas mixture shall be 99,5 % by volume or higher, unless otherwise agreed between the interested
parties, in which case a gas of lower purity may be used. The test gas shall not include any impurity that
mighttaffect the measurement.

Whsd
instiy

Whd
reco

8

See

9.1

See

9.2

See

9.3

See

9.4

See

9.5

n using a gas mixture, the purity of each component shall be verified in advance\wit
ument, such as a gas chromatograph.

n using a toxic and/or flammable gas, all necessary precautions should betaken in its u
very or disposal.

Carrier gas
.4 of ISO 2782-1:2016.
Test pieces

Shape and dimensions

b.4.1 of ISO 2782-1:2016.

Preparation

b.4.2 of SO 2782-1:2016.

Number of test pieceS

b.4.3 of [SO 2782-1:2076:

Measurementof thickness

b.4.4 of ISO2782-1:2016.

Time interval between forming and testing

b.4-5 of [SQ 2782-1:2016

See

h a suitable

se and in its

10 Conditioning

See 5.5 of ISO 2782-1:2016.

11 Test conditions

See 5.6 of ISO 2782-1:2016.

For the test gas and carrier gas, the standard pressure is atmospheric pressure.
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12 Gas transmission area

See 5.7 of IS

13 Calibr

0 2782-1:2016.

ation curve

Inject a known quantity of the test gas into the gas chromatograph using a syringe or gas sampler.
Determine the area of the peak in the chromatogram corresponding to the gas of interest. Repeat the
above measurements with at least three different levels of concentration and prepare a calibration

curve from t

he data obtained.

For a test g4

14 Proce

14.1 Apply
will make ¢
wrinkling o

14.2 Place
halves of th

14.3 When
bring the te

14.4 Purge
way valve (
and its conr

14.5 Inspe
measured b
and temper

14.6 Switc

14.7 Adjus
min. The te
sampling lo

14.8 At fix
and then pa

is mixture, a calibration curve for each component of the mixture shall be produced.

dure

vacuum grease lightly and uniformly to the flat edges of the two halvescf the test cell W
bntact with the test piece and mount the test piece in the lower part(of the cell, without

[ sagging.

a sealing ring (if used) on the test piece, followed by the uppé€r part of the cell. Clamp thd
e cell together with uniform pressure so that the test piece;is completely sealed in place.

making measurements at a temperature other than’a standard laboratory tempera
5t cell to the test temperature.

both the gas supply side and the gas transmission side with carrier gas by opening the t}
B in Figure 1) for a sufficient time, which will depend on the internal volume of the tes
ecting tubing. The flow rate is generally'set at between 5 ml/min and 100 ml/min.

ct the apparatus for leaks, then,continue purging the apparatus until the baselin
y the recording device of the gas chromatograph, is stable. Record the carrier gas flow r
hture T in the stable state.

h the three-way valvete let the test gas flow into the gas supply side of the cell only.
t the test gas controller to give a constant flow rate, generally between 5 ml/min and 100
Dp.

bd intervals of time, turn the switch valve of the sampling loop to collect a sample of thi

hich
any

two

fure,

\ree-
F cell

b, as
hte F

ml/

5t gas diffusinig through the test piece is carried by the carrier gas from the test cell int¢ the

b gas

ss’it through the column of the gas chromatograph.

14.9 Measure the area of the peak in the chromatogram corresponding to the test gas (or to each
component of the test gas if the test gas is a mixture of gases). Determine the concentration of the test gas
(or each component of the test gas) in the carrier gas by means of the calibration curve(s).

14.10 Repeat 14.8 and 14.9 until a constant value of the test gas concentration is obtained, and record

the value w.
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15 Calculation and expression of results

15.1 Gas transmission rate

NOTE The rubber industry uses the term equation for the relationships herein termed formula. The term
formula is used to describe the table of ingredients in a rubber compound.

The gas transmission rate is determined from Formula (1):

GTR=— 0777IZYPdXT><F><W><10_6 (1)
whefe

GTR is the gas transmission rate [mol/(mZ2-s-Pa)];

A is the gas transmission area (m2);

Dd is the partial pressure of the test gas on the gas supply side\(Pa);

I is the carrier gas temperature (K);

o is the standard-state temperature, in K (= 273,153;

o is the carrier gas flow rate (m3/s);

% is the test gas concentration (ppm);

0,022 7 is the volume, in m3, of 1 mol of gas-ata pressure of 0,1 MPa [the volume of 1 1101 of gas at
1 atm and 0 °Cis 0,022 4 m3 (22,4}, butitis 0,022 7 m3 (22,7 1) at 0,1 MPa (1 bar)].

Express the gas transmission rate as the.arithmetic mean of the results obtained for all the ftest pieces.

15.2 Gas permeability coefficient

NOTE The rubber industry uses the term equation for the relationships herein termed formyla. The term
formjula is used to describe the'table of ingredients in a rubber compound.

The gas permeability ceefficient is determined from Formula (2):
D=GTR xd (2)
where

) is the gas permeability coefficient [mol-m/(m2-s-Pa)];

GTR is the gas transmission rate [mol/(m2-s-Pa)];
d is the thickness of the test piece (m).
Express the gas permeability coefficient as the arithmetic mean of the results obtained for all the
test pieces.
16 Test report
The test report shall include the following information:
a) afull description of the sample and its origin;

b) afull reference to the test method used, i.e. the number of this document (ISO 2782-2:2018);

© IS0 2018 - All rights reserved 5
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c) testdetails:
1) the type of test piece used,
2) the method of preparation of the test pieces from the sample, for example moulded or cut,
3) thelaboratory temperature,
4) the time and temperature of conditioning of the test pieces prior to testing,

5) the number of test pieces tested,

6) detfails of any procedures not specitied in this doCUMent,
d) testredults:

1) theindividual test results,

2) thearithmetic mean of the individual results;

e) the datg(s) of testing.

6 © ISO 2018 - All rights reserved
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