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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
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Plastics — Film and sheeting — Determination of
gas-transmission rate —

Part 2:
Equal-pressure method

1 |Scope

Thig part of ISO 15105 specifies a method for the determination of the gas-transmission rate off any plastic
matgrial in the form of film, sheeting, laminate, co-extruded material or flexible-plastic-coated material.

Specific examples, currently in use, of the method are described in the annexes.

2 |Normative references

Thel| following referenced documents are indispensabléZfor the application of this document| For dated
references, only the edition cited applies. For undated references, the latest edition of the|referenced
docpment (including any amendments) applies.

1ISO|[4593:1993, Plastics — Film and sheeting = Determination of thickness by mechanical scannipg

3 |Terms and definitions
For [the purposes of this document; the following terms and definitions apply.

31
gasrtransmission rate
GT
volyme of gas passing through a plastic material, per unit area and unit time, under unit partjal-pressure
diffgrence between the two sides of the material

NOTE When the gas used is oxygen, the value obtained is the oxygen-transmission rate (O,GTR).

3.2
gas permeability

coefficient of gas permeability

P

volume of gas passing through a plastic material of unit thickness, per unit area and unit time, under unit
partial-pressure difference between the two sides of the material

NOTE 1 The theoretical value of P is given by the equation

P=GTR xd
where
P is expressed in mole metres per square metre second pascal [mol-m/(m?2-s-Pa)];
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GTR i

d i

NOTE 2
orientation a

4 Princ

nature

6.2 Test

s expressed in moles per square metre second pascal [mol/(m2-s-Pa)];

s the average thickness of the specimen, expressed in metres.

nd crystal structure will have an effect on the permeation properties.

iple

Although P is a physical property of a polymeric material, differences in film preparation affecting polymer

test gas. The total pressure is identical (atmospheric) in each chamber but since the partial pressure)of the

test gas is higher in the second chamber, the test gas permeates through the barrier into the carrier)gas in the

first chamber.

The test ggds which permeates through the specimen is carried by the carrier gas to a sensor the natune of

which will depend on the material under test and the test gas used.

5 Test gspecimens

5.1 Test [specimens shall be representative of the material under investigation, free from shrivelling, fplds

and pinholgs, and of uniform thickness. They shall be larger than’ the gas-transmission area of|the

measuremgnt cell and be capable of being mounted airtight.

5.2 Use three specimens unless otherwise specified or agreed.dpon among the interested parties.

5.3 Mark|the side of the material facing the permeating gas.

NOTE In principle, the test should replicate the actual_conditions of use, with the permeating gas passing fronj the

inside to the putside of e.g. packaging material, or vice versa.

5.4 Meadure the thickness of each speciménjin accordance with ISO 4593, to the nearest 1 um, at at least

five points distributed over the entire test area, and record the minimum, maximum and average values.

6 Condjtioning and test temperature

6.1 Condlitioning

The specimens shall be

— either dried fornot less than 48 h at the same temperature as that at which the test is to be carried |out,
using dalcium chloride or another suitable drying agent in a desiccator;

of the material under test.

temperature

Carry out the test in a room kept at 23 °C + 2 °C, unless otherwise specified.

or conditioned at the temperature and humidity specified for the test for a length of time appropriate to the

© ISO 2003 — Al rights reserved
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Apparatus and materials

General

Figures A.1 and B.1 show examples of apparatus for determining gas-transmission rate.

The apparatus consists of a gas-transmission cell designed to allow a test gas to permeate through a
specimen, a sensor to measure the amount of test gas which has permeated through the specimen, and gas-
conditioning devices and flowmeters for the test gas and carrier gas.

7.2

Test gas

Theltest gas may be either a single gas, or a mixture of gases.

In the first case, the pressure of the gas shall be equal to atmospheric pressure.

In t
indi

7.3

7.3.
und

7.3.

idual component will be determined by its concentration in the mixture.

Transmission cell

1 The transmission cell is divided into two chambers by a-tést piece, cut from the sheet
er test, to allow permeation of the test gas (see 1 in Figures Al1vand B.1).

P The test gas flows, under defined conditions, into.ehamber A and leaves this chambe

ne second case, the pressure of the gas shall also be atmospheric and, the partial presslire of each

of material

r through a

suitpbly dimensioned outlet at ambient atmospheric pressure.

WARNING — Appropriate precautions should be ‘taken with respect to the use, recovery, recycling
and/or disposal of hazardous gases (toxic gases, flammable gases, etc.).

7.3.8 A carrier gas flows through the other chamber (chamber B) of the cell, under defined conditions, such
that|{the pressure difference between the two chambers is as low as possible to prevent distortiof of the test
piede.

7.3.

B The shape of the cell shallbe such that the test specimen is swept on both sides by laming

In particular, the ratio of the effective permation area to the volume of each chamber shall be s
veldcity of each gas is lower than a specified limit, depending on the shape of the cell.

7.3.
gen

b The effective)permation area shall be adapted according to the range of values to be dete
erally between’™t 'cm?2 and 150 cm?2.

The| effectivespermation area of the test specimen may be reduced by means of a mask placed |

two
whi

chambers. In this case, the mask shall be glued on the test specimen and carefully checke
th-would affect the measurements.

r gas flows.

ich that the

rmined. It is

etween the
d for leaks,

7.3.6  When the cell is fitted with gaskets, the material used for the gaskets shall have a gas-transmission
rate which is negligible compared to that expected for the material under test.
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7.4 Detection and measurement

Of several different methods available for measuring the amount of gas permeating through a specimen, two

such methods are described in the annexes:

— Annex A: coulometric sensor (for oxygen-transmission rate);

— Annex B: chromatographic sensor.

NOTE The method used will depend on:

— the permeability of the material to the test gas;

— the sensitivity required.

8 Diffusion conditions

Unless oth¢rwise specified, the test gas and the carrier gas shall be conditioned (uhder one of the sef
conditions of temperature and relative humidity given in Table 1.

Table 1 — Conditions for diffusion

Set of Temperature Relative humidity
conditions °c %
1 23 0
2 23 50
3 23 60
4 23 75
5 23 85
6 10 85
NOTE 40 % is the relative humidity nermally used for conditioning when using a test gas at 0 % RH and a carrie

at 100 % RH

9 Procedure

9.1 Remove a test.specimen from the conditioning atmosphere.

9.2 Inserf the specimen in the cell.

s of

gas

9.3 Inspect the specimen for visual defects such as creases made during insertion.

9.4 Connect the cell to the sensor.

9.5 Using the two valves immediately upstream of the cell, allow the carrier gas to flow through both

chambers, A and B. The gas flow rate is generally set at between 5 ml/min and 100 ml/min.

9.6 Inspect the apparatus for leaks, then purge the apparatus completely, taking into account possible
desorption from the specimen. Continue to purge the apparatus until a constant signal is received from the

sensor.

© ISO 2003 — Al rights reserved
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NOTE
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Once a constant signal has been obtained, record this value as the zero value.

the material under test, its thickness and the test conditions.

The time taken for the apparatus to stabilize may vary from less than one hour to several hours, depending on

9.8 Allow the test gas to flow into chamber A, under the specified conditions of flow, temperature and
humidity. The gas flow rate is generally set at between 5 ml/min and 100 ml/min.

9.9

Proceed until a constant signal is obtained. Record this signal.

9.10 Repeat with the remaining specimens.

10

See

11

The)
labg

12

See

Expression of results

Clause A.6 or B.7, depending on the method used.

Precision

precision of these methods is not known because interlaboratory’data are not available.
ratory data are obtained, a precision will be added at the following revision.

Test report

Clause A.7 or B.8, depending on the method used:

Vhen inter-
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Annex A
(normative)

Method for the determination of the oxygen-transmission rate using a

coulometric sensor

A.1 General

This method is used to determine the amount of oxygen permeating through the material, using a ‘coulomgtric
sensor whi¢gh measures the amount of oxygen which has permeated through the material and peen cafried
out of the cgll by the carrier gas.

The sensor|generates an electric current proportional to the amount of oxygen flowing through the sensoi per
unit time.

A.2 Apparatus

Figure A.1 $hows a typical apparatus.

Valve 12 bypasses the sensor (9), thus avoiding the cell (1) being swamped with air when the test specimen
(2) is being|placed in the cell. The valves (7) immediately upstream of the transmission cell allow either cafrier
gas or test|gas to be passed into chamber A of the cell. The catalyst bed (11) is intended to eliminate|any
traces of oqdygen which might be present in the carrier gas.

NOTE Any other suitable means of removing oxygen from the carrier gas is acceptable.

A.3 Carrjer gas and test gas

A.3.1 Theg carrier gas shall be a mixture of dry nitrogen with 0,5 % to 3 % by volume of hydrogen. [The
volume fradtion of oxygen in the carriepgas shall not exceed 100 pl/l.

A.3.2 The test gas shall be dry_oxygen containing at least 99,5 % by volume of O,.

NOTE for materials with-a"high permeability to oxygen, a mixture of nitrogen and oxygen, such as air (21 % oxygen),
may be usefl. It is also_possible to decrease the effective permeation area of the specimen by means of a mask as
indicated in 7.3.5.

A.3.3 Gas-conditioning devices (see 4 in Figure A.1) shall be placed upstream of the cell in order to achjeve
one of the dets’of conditions given in Table 1. Devices for monitoring the humidity of the gases may be fitted in

the carrier and/or test gas circuits.

© ISO 2003 — Al rights reserved


https://standardsiso.com/api/?name=5debc373d98ff82b95deb692cc65abea

ISO 15105-2:2003(E)

13

Key

fransmission cell with chambers A and B
Specimen
pxygen inlet

gas-conditioning device
carrier gas inlet
flowmeter

N O O WODN -

3-way valves

-

A.4 Calibration

8
9
10

oxygen outlet {ar carrier gas outlet when purging)

—10

coulometric)sensor for measurement of O, in cafrier gas

carrier gas outlet

11 catalyst’bed, to eliminate traces of O, in carrier gas

12
13

3-way valve
carrier gas outlet when purging the chambers

It isfrecommended that the.sensor be checked periodically against known reference materials.

NOTE The oxygen-sensor used in this method is a coulometric device that yields a linear output as
Fargday’s law. In prineiple, the sensor produces four electrons for each molecule of oxygen passing into it
that|the sensor is kitown to have a basic efficiency of 95 % to 98 %, it may be considered an intrinsic stand
not require calibration, and this method can thus be used as a reference method. However, a sensor may bg damaged or
may|becomé depleted to the extent that efficiency and response are impaired.

igure A.1 — Typical example of apparatus for determination of oxygen-transmission rate using a
coulometric sensor

predicted by
Considering
brd that does
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A.5 Proc

A.5.1

edure

Clause 9, and adjust the test conditions to the values applicable to the material and the specification.

A.5.2 Pur

ge both chambers (A and B), setting the carrier gas flow rate at the following value:

5 ml/min to 25 ml/min for 30 min.

Insert a test specimen, conditioned as indicated in Clause 6, into the transmission cell as indicated in

For materials of very low permeability, increase the purge time, setting the carrier gas flow rate at the following

values:

25 ml/n
then 5
A5.3 Ins

A.5.4 The

parallel with a voltage-measuring device. Wait until the sensor signal stabilizes and record this value as

zero value.

A.5.5 Reg
and wait un

While some

complex materials may require several hours to reach a steady state of oxygen transmission. Record the

required in

A.5.6 Repeat the procedure with the remaining specimens:

nin to 50 ml/min for the first 3 min to 4 min;

ml/min to 25 ml/min for the next 30 min.
bect the apparatus for leaks.

electric current generated by the sensor is measured by passing it through a shunt fitte

et the two valves (7) immediately upstream of the cell to allow aexygen to pass through chamb
til a constant signal is obtained. Record the value of this signal

thin films with high transmission rates may reach equilibtitm in 30 min to 60 min, thicker or n

he test report.

d in
the

hore
ime

scal

A.6 Expression of results
A.6.1 Oxygen-transmission rate
The oxygerJ-transmission rate is calculated using the following equation:
0,6TR=Y Y0, Pa
A 20
where
O,GTR is theoxygen-transmission rate, expressed in moles per square metre second pa
[miot(m?-s-Pa)];
U is the voltage for the specimen, expressed in volts;
Uy is the zero-value voltage, expressed in volts;
k is the calibration constant for the apparatus;
Pa is the ambient atmospheric pressure, expressed in pascals;
Po is the partial pressure of oxygen in the test gas, expressed in pascals;
A is the effective permeation area, expressed in square metres.
NOTE In practice, the voltages U and U, include the calibration constant for the apparatus.
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.2 Oxygen permeability, or coefficient of oxygen permeability

The gas permeability, or coefficient of permeability, P is a physical characteristic of a polymer material, only
depending on the test gas and the test conditions.

The theoretical value of P is given by the equation:
P=0,GTR xd
where
P is the oxygen permeability, or the coefficient of oxygen permeability, expressed in.r

NOT
gas

NOT

NOT

A.7
The
a)

b)

d)

per square metre second pascal [(mol-m)/(m2-s-Pa)];

O,GTR is the oxygen-transmission rate, expressed in moles per square metre sec
[mol/(m2-s-Pa)];

d is the thickness of the specimen, expressed in metres.

E1 O,GTRis generally expressed in cubic centimetres per square metre 24-f'[cm?/(m?-24 h)], the
being converted to standard conditions.

E2  Pis often expressed in cubic centimetre millimetres per square metre 24 h atmosphere [(cm3-mm)/(1

E 3 dused to be expressed in millimetres.

Test report
test report shall include at least:
a reference to this part of ISO 15105;
all details necessary for identification'of the test apparatus used (make, manufacturer, etc.);
a description of the test specimens, including:
— adescription of the sample from which the specimens were taken, i.e. film, sheeting, lami
— the method of preparation, i.e. cast, blown, laminated, etc.,

— identification of the two sides, if they were different, and a statement as to which side wa
oxyger

thesnumber of specimens tested;

nole metres

ond pascal

olume of the

nZ.24 h-atm)]

hate, etc.,

s facing the

e)
f)
9)
h)
i)
)
k)

the-averageminimum-and-maximum-thickness-of each-specimen:
details of test specimen conditioning;

the effective permeation area;

the temperature of the specimen during the test;

the barometric pressure at the time of the test;

the partial pressure of oxygen in chamber A, and a statement as to how it was determined (see A.3.2);

the rate of flow of the carrier gas during the test;

© 1SO 2003 — Al rights reserved
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I) the time taken to reach the steady state after introduction of oxygen into chamber A of the transmission
cell;

m) the value obtained for the oxygen-transmission rate (and also the permeability P if required) for each
specimen tested;

n) the date of the test.

10 © 1SO 2003 — Al rights reserved
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Annex B
(normative)

Detection by gas chromatography

B.1 General

Thig method is used for the determination of the gas-transmission rate of various gases or mixturges of gases
using a gas chromatograph with columns suited to the nature of the gas or gases concerned,

B.Z Principle
Gag molecules which permeate through the test specimen in the transmission cell are carried by the carrier
gas|to a sampling loop which allows the total contents of the sampling ladopto be injected repedtedly into a
gas|chromatograph.

Thel peaks in the chromatogram obtained are compared with a calibration graph prepared from
chrgmatograms produced using calibration standards.

NOTE Automatic injection valves may induce a pressure back=up and hence an overpressure in the trangmission cell.
In siich cases, it is necessary to compensate for this overpressuté to avoid the test specimen being distorted.

Figyre B.1 shows a typical apparatus.

B.3 Chromatograph

B.3l1 General
Varfous gas-chromatographic columns and detectors are suitable, depending on the test gas invglved. Some

are |described here. Other ¢olumns and detectors may be used for specific test gases or to|ensure the
required sensitivity.

B.3l2 Packed column used with thermal-conductivity detector (TCD)

Thig equipment'is applicable to:

— [0,,, €05 and/or No;

— Lmixtures of these qases or other gases
7 ~J

NOTE Gas conditioning (see Table 1) may be carried out upstream of the transmission cell, but it is not advisable to
condition the carrier gas when using a TCD sensor.

B.3.3 Packed column used with flame-ionization detector (FID)

This equipment is applicable to:

— CO, where high sensitivity is required, the chromatograph being fitted with an upstream methanization
oven;

— various organic gases.
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3
——1 L
8
Key
1 transmisgion cell with chambers A and B 8 _test gas outlet (or carrier gas outlet when purging)
2 specimeh 9 ““carrier gas outlet
3 testgas|nlet 10 sampling loop
4 gas-conglitioning device 11 chromatography carrier gas inlet
5 carrier gps inlet 12 chromatographic column
6 flowmetgr 13 TCD or FID detector
7 3-way vglves
Figune B.1 —Typical-example of apparatus for determination of gas-transmission rate using
gas-chromatographic detection

B.3.4 Capillary.column used with ionization detector (FID)
This equipmentisapplicable to high-molecular-mass organic vapours, such as odouwrs oraromas.— |

In such cases, care shall be taken to avoid condensation of the vapour as it passes through the transmission
cell and the chromatographic column and detector.
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