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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.

The proced

e are

described in the ISO/IEC D1rect1ves Part 1.In partlcular the dlfferent approval crlterla needed fpr the
different types of ISO documents should be noted. This document was drafted in accordanee with the

on the ISO lis

Any trade ng
constitute ar

For an expl3
expressions

the World T

www.iso.or

This docum
Subcommittg

This third ed
revised.

The main ch

— in 5.4, Fi

— in6.3.10

Any feedbacl
complete list

inges are as follows:
pure 1 has been divideduinto a) and b);

0 (delay time) hasbeen added to the key in Figure 3.

rawn to the possibility that some of the elements of this document may\be the subject of
4. ISO shall not be held responsible for identifying any or all such patent rights. Details of
ights identified during the development of the document will be in the Introduction and/or
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Introduction

The measurement of the permeability of rubber-or plastics-coated fabrics to gases is important in the
evaluation of materials for products such as leisure boats, balloons or hoses, and other gas containers
in addition to the materials for seals and diaphragms. The permeability of the material is crucial when a
product is exposed to differential pressure conditioned environment in its service field.
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INTERNATIONAL STANDARD IS0 7229:2022(E)

Rubber- or plastics-coated fabrics — Measurement of gas
permeability

WARNING — 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
conform to any national regulatory conditions.

1 Sicope

This flocument specifies two methods for measuring gas transmission through))rubbert or plastics-
coatel fabrics, a property known as permeability.

2 Normative references

The fpllowing documents are referred to in the text in such a waythat some or all of their content
constjtutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced documeént (including any amendmegnts) applies.

ISO 2231, Rubber- or plastics-coated fabrics — Standard atmospheres for conditioning and testing

ISO 2P86-3, Rubber- or plastics-coated fabrics — Determination of roll characteristics — Pqrt 3: Method
for determination of thickness

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

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

et

$0 Online browsing platform: available at https://www.iso.org/obp

]

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

31
gas transmissionTate
volunpe of test/gds passing through a test piece per unit area, per unit time with unit parfial-pressure
difference between the two sides of the test piece

3.2

gas pet luca'ﬁi}it_y coefficient
volume of test gas passing through a test piece of unit thickness, per unit area, per unit time with unit
partial-pressure difference between the two sides of the test piece

3.3

gas transmission curve

curve plotted against time, in the pressure sensor method, of the pressure change on the low-pressure
side of the test cell until the gas transmission reaches a steady state after starting the test

Note 1 to entry: See Figure 3.

©1S0 2022 - All rights reserved 1
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4 Principle

A test piece is placed between two parts of a hermetically sealed measurement cell. Each part of the
cell is vacuumed, then one part is filled with test gas to a certain pressure level. The quantity of gas
that permeates through the test piece to the lower pressure side is measured and determined by a
pressure sensor or by a gas chromatograph. In the gas chromatograph method, measurement condition
using equal pressure between two parts of the cell divided by the test piece is given for information in

Annex A.

5 Test pieces

5.1 Shape

The test pie

and dimensions

fe shall be of uniform shape and have a thickness of more than 0,10 mm~and lesq than

4,00 mm. When using test pieces other than this, the thickness shall be agreed betweén the interfested

parties. The

5.2 Measurement of thickness

Measure the
transmissior

5.3 Numbler of test pieces

Three or mo

5.4 Sealin

A substrate g
is fixed in th
the substrate
a solid type ¢
during the te

When a test

‘e test pieces shall be used.

g and masking

st.

fest piece shall be large enough to cover the full area of the test cell.

thickness of the test piece at five or more points including the centre part of the gas
area to the nearest 0,01 mm in accordance with ISO 2286%3 and take the arithmetic mean.

enerally passes gas much more easily than coating materials, and even after the test]piece
e cell, the test gas permeated through the coating material can leak out of the cell through
. Cross section cut at the edge aroiind the test piece shall be sealed or masked with wax or
f adhesive which shall not cause any crack nor affect the gas permeability of the test{piece

piece of single-faced eoated fabric is used, the surface of the fabric substrate outsige the

gas permeabijility measurement@area shall be masked besides the edge as shown in Figure 1 a) and b).

1

i
N/

a) Test piece
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b) Sealing and masking equipment

Key

1 1D mm - 150 mm (see 6.1.1) 5 testpiece

2 gas transmission area A4 (see 5.7) 6  wax or adhesives
3 sg¢aling and masking zone 7  vessel

4  plate to support for test piece 8  heater

Figure 1 —Example of the sealing and masking equipment

5.5 |Conditioning

The minimum time{bgtween vulcanization and commencement of conditioning of test pieces shall be
16 h.

Unlesys otherwise required in the material specification, the material shall be conditioned Hefore testing
for 16 h to;24 h using the method of conditioning “1” specified in ISO 2231. When using a test piece
that dan_ be easily affected by moisture, dry it for more than 48 h at test temperature in a desiccator

Contq'n;nn— a2 cnitahlo druing aagont cuich e anhudrane caleinym chlarida
dHHH Sa-StHeaure- gy R e Rt SHena SRy e rouS e - e e Hae-

5.6 Testatmosphere
5.6.1 Laboratory conditions shall be (23 + 2) °C (atmosphere “D”), in accordance with ISO 2231.

5.6.2 When conducting test at a temperature different from the standard laboratory temperature, the
temperature shall be agreed between the interested parties. The test temperature shall be recorded.

5.7 Gas transmission area

The gas transmission area A (m?2) shall be calculated from the internal diameter of the test cell. If a
sealing ring is used, calculate the gas transmission area from its internal diameter.

©1S0 2022 - All rights reserved 3
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6 Pressure sensor method

6.1 Apparatus

The testing apparatus consists of the test cell, pressure sensors, test gas supply reservoir, vacuum
pump and associated pipes and valves. An example of the testing apparatus is shown in Figure 2.

6.1.1 Test cell, consisting of a low-pressure side and a high-pressure side, such that when a test piece
is mounted in it, the gas transmission area is clearly defined. The high-pressure side has an inlet port
to the supply test gas, and a pressure sensor is connected to the low-pressure side to detect the change
of pressure caused by the transmitted gas The mounting surfaces of the cell ‘rm](‘hing the cnmplp shall

be smooth aj
to the test gz
the face of t
considerably]
The diamete
to the range
heating jacks
be controlled

6.1.2 Test
the test piec
not affect th

used in chenpical analysis is recommended, of thickness 0,1 mm*to 0,3 mm according to the de

low-pressurg

6.1.3 Pres
capable of rg

sensor or other suitable sensor shall be used; b), to'measure the pressure of the test gas supply|

capable of re

6.1.4 Test
pressure sid
pressure dra
side through

6.1.5 Vacuum pump, capable of evacuating the test cell to 10 Pa or lower.

6.1.6 Tem
reading at le

nd flat to prevent leakage of gas. The material of the test cell shall be inactive with)r
s and shall not absorb the gas used. A seal such as an O-ring may be used to seal bet
he test cell and the test piece, in which case, the transmission rate of the seal sh
smaller than that of a test piece so that it does not affect the result of gas transmissio
I of the gas transmission surface shall be within the range of 10 mm tg4150'mm accd
bf gas transmission rates expected. The cell may be equipped with an-electric or hot
t system capable of raising the temperature up to 80 °C. The temperature accuracy
within #2 °C from 40 °C to 80 °C.

piece support, installed in the low-pressure side in ordetto prevent the deformat
e due to the pressure difference. Any material such as filter paper or wire mesh tha
e result of gas transmission test may be used. When using filter paper, paper such a

side of the cell.

kure sensors, a) to measure the change ihpressure on the low-pressure side of th
ading at least to 5 Pa — vacuum gauge,with no mercury, an electronic diaphragm

ading at least to 100 Pa.

gas supply reservoir, with.a-pressure control system to supply test gas to the
e at a constant pressure. The volume of the reservoir shall be sufficient to ensure th
p on the high-pressure(side due to the transmission of the test gas to the lower pr¢
a test piece is contralled within at least 1 % or less.

perature-sénsor, installed in the test cell for measuring test temperature, and capd
hst to 0;1.°C.

egard
ween
all be
h test.
rding
water
shall

ion of
F does
s that
pbth of

e cell,

-type
tank,

high-
at the
ssure

ble of
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3
1 2& \
4 5 6
\ 7
8 ( [ /
I4
9
X /[><] 10511 12
13
ﬁll +
14 - 1 N}
st gas tank 9 ““'vacuum pump
hlve 1 10 test piece support
st gas supply reservoir 11 low pressure side of test cell
st cell 12 temperature sensor
gh pressure side of test cell 13 wvalve 3
baling ring 14 pressure sensor
st piece 15 data processor
hlve 2

Test gas

gas

‘e 2 — Example of apparatus for gas permeability measurement (pressure sens

single,gas or a mixture of gases such as air, nitrogen, oxygen, hydrogen, liquefied p
seous'form) and coal gas. The purity of the single gas or the purity of each componer
ixture shall be 99,5 % of the volume fraction or higher. When using a gas of purity 1

or method)

btroleum gas
it used in the

bss than this,

it shall be agreed between the interested parties. The test gas shall not include any impurity that can
affect the measurement.

WARNING — When using a toxic gas and/or inflammable gas, necessary measures shall be taken

inits

6.3

6.3.1

use and recovery.

Procedure

Install a suitable test piece support (key 10 in Figure 2) on the low-pressure side of the test cell.

6.3.2 Lightly and uniformly apply vacuum grease to the surface of the test cell where the test piece
touches and mount the test piece on this surface without any wrinkle or sag.

© IS0 2022 - All rights reserved
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6.3.3 Place a sealing ring (if used) on the test piece, followed by the upper part of cell. Clamp the two
halves of the cell together with uniform pressure so that the test piece is completely sealed in place.

6.3.4 When making measurements at a different temperature from a standard laboratory

temperature

, bring the test cell to the test temperature.

6.3.5 Closevalve 1 (key 2 in Figure 2) and valve 2 (key 8), and open valve 3 (key 13). Start the vacuum
pump and then open valve 2 (key 8). Air will be evacuated first from the low-pressure side, followed
by the high-pressure side so that the test piece stays close to the test piece support. Continue until
evacuation is complete. Since it is necessary to thoroughly remove any absorbed gas, allow sufficient

exhaustion t

The exhaust
those of low

ime for a test piece of low gas transmission rate to he fhnrm]ghlv dpgn ssed

on time required will differ for different types of samples and different conditioni
oas transmission rate, overnight is suggested. Long-time exhaustion can renfove s

vaporized component depending on the type of sample.

6.3.6 Closs
side and high

6.3.7 If th
possibility of

6.3.8 Intro
supply when|
the pressurg
P, and the t
permeation

6.3.9 Draw
Continue tak
by a straight
used.

6.3.10 Dete
The slope mz

valve 2 (key 8) and valve 3 (key 13) to maintain the pressure on beth the low-pre
-pressure side at 10 Pa or less. Stop the vacuum pump.

e pressure on the low-pressure side rises, repeat steps 63.2°to 6.3.6 since ther
gas leakage or there is gas absorbed by the sample.

duce the test gas into the high-pressure side by opening valve 1 (key 2), shutting off t]
the pressure has reached the pressure level (P ) set in the test gas supply reservoir.
of high-pressure side consistent with the accuracy of 1 % or less. Record the pre
emperature T when the pressure on the lowspressure side starts increasing due {
df the test gas.

 the gas transmission curve by plotting the pressure on low pressure side against]
ing measurements until a constant.rate of gas transmission has been reached as ind
Lline (see Figure 3). A gas transmission curve plotted by automatic recording may a

‘mine the slope of the strdight-line portion of the transmission curve (dp/dt, see Figy
y also be determined automatically from the recorder.

ah

. For
ple’s

ssure

is

e gas
Keep
ssure
o the

time.
cated
so be

re 3).

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=d8e6dd6e85e50b8ed7071f2427800a26

ISO 7229:2022(E)

dp
1
: B /
2
0 X
I 1
Key
X time (h)
Y pressure (kPa)
6 delay time
1 steady-state region
2 non-steady-state region

Figure 3 — Gas transmission curve

6.4 |Calculation and expression of results

6.4.1| Gas transmiission rate

The gps transmission rate is determined using Formula (1):

RGP w
To {7 1o X T <At
where
R is the gas transmission rate (GTR) (cm3/m2-24 h-Pa);
4 is the volume of the low-pressure side of test cell (cm3);
P, is the standard atmospheric pressure (Pa) (= 101 325);
T is the test temperature (K);
T, is the standard state temperature (K) (= 273,15);
© IS0 2022 - All rights reserved 7


https://standardsiso.com/api/?name=d8e6dd6e85e50b8ed7071f2427800a26

ISO 7229:2022(E)

P

u

A
dp/de

is the pressure of test gas in the high-pressure side of test cell (Pa);
is the gas transmission area (m?2);

is the pressure change of low-pressure side cell per unit time (Pa/24 h).

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

6.4.2 Gas permeability coefficient

The gas permeability coefficient is determined using Formula (2):

Q=R x JI
where
Q is khe gas permeability coefficient (cm3-m/m?2-24 h-Pa);
R is he gas transmission rate (GTR) (cm3/m2-24 h-Pa);
d is the thickness of the test piece (m).

Express the

7 Gas chi

7.1 Appaj

The test app
and a vacuur

71.1 Test
71.2 Test

71.3 Gas
hydrogen fl3
used and of
permeated g

71.4 Test
them consta

bas transmission rate as the arithmetic mean of the results obtained for all the test p

romatography method

atus

aratus consists of a test cell, a gas chrdmatograph, a test gas controller, a sampling
h pump and associated pipes and valves. An example of the apparatus is shown in Fig

cell, in accordance with 6.1.1.
piece support, in accoydance with 6.1.2.

chromatograph, . having a detector such as thermal conductivity detector (TC
me ion detector”(FID). The detector and the column shall be suitable for the te
the requiredssensitivity. The gas chromatograph shall be able to measure the quant
hs with an aecuracy of at least 5 Pa, expressed in terms of the pressure of the gas.

gas controller, capable of controlling the test gas flow and pressure, and of maints
(t-Aflowmeter having at least +3 % accuracy shall be used.

(2)

eces.

loop,
ure 4.

D) or
5t gas
ity of

1ining

7.1.5 Vacuum pump, in accordance with 6.1.5.

7.1.6 Temperature sensor, in accordance with 6.1.6.

© IS0 2022 - All rights re

served


https://standardsiso.com/api/?name=d8e6dd6e85e50b8ed7071f2427800a26

Key

1 td
2 td
3 v
4 v
5 tg
6 h
7 s¢
8 td
9 v
10 te

4
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>4

st gas tank

st gas controller

hlve 1

hlve 2

st cell

gh pressure side of test cell
baling ring

st piece

lve 3

stpiece support

18—

11
12
13
14
15
16
17
18
19

low pressure side of test cell
temperature sensor
vacuum pump

valve 4

valve 5

carrier gas tank

sampling loop

gas chromatograph

data processor

5 6 7
N 8
r L
9\

—11
13 1 12

. 14

X 16
15"
17— 19

Figure 4 — Example of apparatus for gas permeability measurement (gas chromatograph
method)

7.2 Testgas
See 6.2.
7.3 Carrier gas

Use a suitable carrier gas of purity preferably greater than 99,99 % by volume.

© IS0 2022 - All rights reserved
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7.4 Calibration curve

Inject a known quantity of test gas into the gas chromatograph using a syringe or a 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 the data obtained. For mixed test gases, it is necessary to produce a calibration curve for

each component of the mixture.

7.5 Procedure

7.5.1 Install a suitable test piece support on the low-pressure side of the test cell

7.5.2 Lightly and uniformly apply some vacuum grease to the surface of the test cell which\will be in
contact with|the test piece and mount the test piece on this surface without any wrinkle or sag.

7.5.3 Placq a sealing ring on the test piece, followed by the upper part of cell. Clamp the two halves of

the cell togetlher with uniform pressure so that the test piece is completely sealed i place.

7.5.4 Whe
test cell to th

7.5.5 Close
and valve 5
from the low

to the test p;r

remove the

The exhaust
low gas tran
the sample’s

7.5.6 Whe
closing valve
(key 2) by of
test gas will

the vacuum pump. Record the.pfessure P, and the temperature T.

7.5.7 Closg
predetermi

n
the chromatfgraphic c¢olumn (key 18) with the carrier gas (key 16). Measure the area of the peak

chromatogrd

N measuring at a different temperature from a standard laboratory temperature, brij
e test temperature.

valve 1 (key 3 in Figure 4), valve 2 (key 4) and valve:3:(key 9), and open valve 4 (k

g the

by 14)

[key 15). Start the vacuum pump. Then open valve 3-(key 9). Air will be evacuated first

-pressure side cell, followed by the high-pressure-side cell so that the test piece stayq
ce support. Continue until the evacuation is complete. Since it is necessary to thorg
bsorbed gas, allow sufficient exhaustion time;for test pieces of low gas transmission

on time will differ for different types,afysamples and different conditioning. For th
smission rate, overnight is suggested. It is possible that long-time exhaustion will re
vaporized component depending en-the type of sample.

h all the air has been evacuated, stop evacuating the high-pressure side of test c
3 (key 9). Introduce the tést gas into the high-pressure side through the test gas cont
ening valve 1 (key 3) ahd’maintain the high-pressure side at a constant pressure (P,

close
ughly
rate.

bse of
move

ell by
roller
. The

start permeating fram high-pressure side to low-pressure side and will be evacuatled by

valve 5 (key 15), to collect permeated gas in the sampling loop (key 17). A
d time ¢close valve 4 (key 14) and sweep the gas from the sampling loop (key 17,

m corresponding to the gas of interest. Determine, from the calibration curve prepa

7.4, the amoy

‘ter a
) into
in the
red in

ntef gas volume D, which is collected in the sampling loop during time ¢.

NOTE As

uitable predetermined time t differs depending on the gas permeability of the sample.

7.5.8 Repeat the procedure from 7.5.5 to 7.5.7 until a steady-state is reached. The steady-state is
assumed to have been reached when the measurement of the amount of gas which permeates the test
piece in time t is substantially constant. A gas transmission curve plotted by automatic recording may
also be used.

7.5.9 Either before or after the test, carry out a blank test to determine the blank quantity of
transmitted test gas D;. Do this by simultaneously closing valve 1 (key 3) and valve 3 (key 9), thus
trapping the gas which is flowing through the loop under the steady-state conditions and subsequently
determining the amount of gas Dy, trapped in time ¢.

10 © IS0 2022 - All rights reserved
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7.6 Calculation and expression of results

7.6.1 Gas transmission rate

Gas transmission rate is determined from the following Formula (3):

_ (Dy — Dy )xk 3)
(T/Ty)xAx(t/1 440)xP,
where
R is the gas transmission rate (GTR) (cm>/m#4-24 h-Pa);
T is the test temperature (K);
T,  isthe standard state temperature (K) (= 273,15);
t is the time during which test gas is collected in the sampling logp,(min);
D},  isthe blank quantity of transmitted test gas (cm3);
D}, isthe measured quantity of transmitted test gas (cm3);
P,  isthe pressure of test gas in the high-pressure side of test cell (Pa);
A is the gas transmission area (m?);
k is the device constant for determining the\total volume of the low-pressure side
NOTE The value k is the ratio of the total volume:\of the low-pressure side including pipes and $ample loop to

the volume of the sample loop which is actually used for trapping the transmitted test gas. The valjie depends on
the pafrticular type of apparatus and is given by-the manufacturer.

Exprgss the gas transmission rate as thé average of the results obtained for all the test piefes.

7.6.2| Gas permeability coefficient

The gps permeability coefficient is determined using Formula (4):
Q=R xd 4)
where

Q is-the gas permeability coefficient (cm3-m/m?2-24 h-Pa);

R isthe gas transmission rate (GTR) (rm3,/m2-74 h-P;\)'

d is the thickness of the test piece (m).

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

8 Testreport
The test report shall include the following information:
a) testpiece details:

1) afull description of the test piece and its origin;

2) the method of pretreatment of the test piece (e.g. sealing, masking, or both);

©1S0 2022 - All rights reserved 11
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b)

d)

f)

12

3) the type of test pieces used;

test method:

1) areference to this document including its year of publication, i.e. ISO 7229:2022;

2) the test method used (sensor or gas-chromatograph);

test details:

1) thel

2) the time and temperature of rnnditinning prior to test;

aboratory temperature;

3) detalils of any procedures not specified in this document;

testres

1) the

Its:

umber of test pieces used;

2) theindividual test results;

3) the
test gas:
1) theg

2) ifga

ean results;

ras used for measuring permeability;

5 mixture is used, its composition and density;

date(s) of the test.
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Annex A
(informative)

Gas chromatography method with equal pressure condition

A.1 General

A test cell, maintained at atmospheric pressure, is divided into supply side and transmissidn side by the
test pliece (see Figure A.1). The test gas is supplied to the supply side and a carrier gasis'papsed through
the tansmission side. The pressure on both sides of the cell is equal and constant. The quantity of
test gps passing through the sample is measured by gas chromatograph. In thisethod, measurements
using|a test gas containing water vapour and component analysis (if a mixed test gas is used) are also
possible.

A.2 |Apparatus

The test apparatus is the same as given in 7.1. An example of the.test apparatus assembled is shown in
Figurp A.1.
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