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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
ical standardization.
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Introduction

The rate of water vapour penetration through a barrier is an important property in many applications,
for example, in building and in packaging. ISO 2528 describes a dish method for the determination of
the transmission rate and this method has wide acceptance. It does, however, have three disadvantages.
Results take several days to obtain, it is not suitable for transmission rates less than 1 g/(m?2-d) and it is
not recommended for materials thicker than 3 mm.

The methods described in this document can, depending on the material being tested, produce results
in a matter of hours and are suitable for materials with transmission rates considerably less than 1 g/
(m2-d). Depending on the specific apparatus, they are also suitable for materials up to 38 mm thick.
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Paper and board — Determination of water vapour
transmission rate of sheet materials — Dynamic sweep and
static gas methods

1 S

cope

This dlocument describes general test methods for determining the water vapour transmjssion rate of

sheet
and s
rates

instrymental techniques is briefly described. Advice on calibration is given inAnnex B.
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pecific apparatus employed, materials up to 38 mm thick and with water vapeur
in the range from 0,05 g/(m2-d) to 65 g/(m?-d) can be tested. The basis ©f the fu

ormative references

bllowing documents are referred to in the text in such a way-that some or all of
tutes requirements of this document. For dated references; only the edition cited
ed references, the latest edition of the referenced document (including any amendmg

B6:2002, Paper and board — Sampling to determine average quality

528:2017, Sheet materials — Determination “of water vapour transmission rate
metric (dish) method

erms and definitions

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

1d [EC maintain terminological databases for use in standardization at the following

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

" vapour transmission rate
of water~vapour transmitted through unit area in unit time under specified ¢
prature-and humidity. It is expressed in grams per square metre per 24 h [g/(m?2-d)]

drys

materials by means of a dynamic gas method or a static gas method. Dependidg on the method

[ransmission
hction of the

their content
applies. For
ents) applies.

(WVTR) —

addresses:

onditions of

ide

side of the test cell which is exposed to low humidity

3.3

wet side
side of the test cell which is exposed to high humidity

4 Method A: Dynamic sweep gas method

4.1

Principle

The test piece is mounted between two chambers. One at a known relative humidity and the other
swept by a dry gas. The amount of water vapour picked up by the dry gas stream is detected by an
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electrical sensor and converted to a reading which directly, or after calculation, is a measure of the rate
of water vapour transmission through the test piece.

4.2 Apparatus

4.2.1 Testcell, designed to clamp a test piece having a defined area, between two chambers, one swept
by a dry gas (the dry side) and the other containing an atmosphere of high relative humidity (the wet

side) (see Figure 1).
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Key
1 flowmetef 8 by-pass
2 desiccanticolumn or eleetrolytic cell 9 recorder or display
3  testpiece 10 sensor (infra-red, electrolytic cell or electrical
4 dryside resistance element)
5 testcell A gasrecirculation in some systems
6  enclosurd maintained at required temperature B drygasin
7  water or saline solution

Figure 1 — Schematic diagram of dynamic system

4.2.2 C(Clamping arrangements, to allow rapid insertion and removal of the test piece, equipped with
suitable gaskets against which the test piece is sealed by the clamping force.

4.2.3 Provision for maintaining humidity on the wet side at the desired level. The required level of
relative humidity may be obtained with saturated saline solutions containing a solid phase as described
in Annex A or by distilled water if 100 % relative humidity is required.
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4.2.4 Inertdry gas (as required by the specific apparatus to be used), for purging on the dry side.

NOTE The gas is normally desiccated air or dry nitrogen.

4.2.5 Sensor, with rapid response and high sensitivity capable of detecting levels in the moisture
content of the sweep gas equivalent to 0,05 % relative humidity or less. The sensor may take a number of
forms: an electrical resistance element, an electrolytic cell, or an infrared detector.

4.2.6 Means to convert the output from the sensor into a signal that can be used to calculate the
amount of moisture passing through the test piece being tested in unit time.

4.2.7| Means of maintaining the test chamber and the sweep gas and the sensor at|the required
tempegrature.

NOTE The normal test temperature is either 23 °C + 1 °C or 38 °C £ 1 °C, but other temperaturgs can be used.

4.2.8| Specimen of stated water vapour transmission rate supplied by the instrument manufacturer
for standardization of the test cell.

5 Method B: Static gas method

5.1 |Principle

The test piece is mounted in a cell containing an electrolytic element and the cell placed in a humidity
cabingt at the required temperature and relative humidity. The water vapour penetratipg the cell is
electiolyzed and consequently the relative humidity within the cell remains very low (<1 %). After
equilibrium, the electric current is a direct measure of the rate of electrolysis (according|to Faraday's
law of electrolysis) and the water vapour tratismission rate.

5.2 |[Apparatus

5.2.1| Control box, containing

&
[s5)

h electric power supply;

b) almicroammeter, graduated directly in grams per square metre per 24 h [g/(m?-d)];

&
%]

blector and rdnge switches;

d) cpnnection points for cells and, if desired, a recorder.

See Flgure 2.
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Key
1  electrolytic element 5 recorder
2 dryside 6  microammeter
3 testpiece 7  powersupply
4  enclosurd maintained at required temperature

and relative humidity

Figure 2 — Schematicdiagram of static system

5.2.2 Hun’iidity cabinet, for storing-the cells at the required conditions and having a fan fpr air
circulation and small openings for entry-of the plugs and cables of the cells. The required level of rglative
humidity may be obtained as preseribéd in 4.2.3.

5.2.3 Stainless steel test.cells, designed to clamp a defined area of a test piece and containing an
electrolytic element whiclhcan be connected to the control box by means of a cable and plug.

5.2.4 Elecfrolytic'element, consisting of two platinum wires wound at constant pitch round ar inert
former (glask andypolytetrafluorethylene are suitable materials). A film of phosphorus pentoxjide is
deposited overthe surface or the wires and former.

5.2.5 Means of drilling holes in test pieces.

5.2.6 Specimen of stated water vapour transmission rate.

6 Sampling

Select samples in accordance with ISO 186.

4 © IS0 2021 - All rights reserved
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reparation of test pieces

Test pieces shall be representative of the sample and shall take into account, where appropriate,
variations within and between sheets and batches. The test area shall be free from faults likely to affect
the determination.

The faces shall be designated one and two respectively. Where the two faces or the material can be

distin

guished, face one shall denote the face exposed to the wet side in service.

Carefully, in order to avoid damage to the test area, cut 10 test pieces to the required size and drill holes
as necessary for the test cell being used.
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osite materials may have a core of permeable material which can provide a second
ure permeation if the edges are left exposed. In this case apply aluminium foil tapg,tc
est pieces. The foil tape shall cover the edges and overlap the face by at least 10\ mm.
be of the self-adhesive type, using dead soft tempered foil at least 40 pm thick,

hould also be treated as above.

No definitive statement can be given about the thickness at<which sealing the e
ary, but as a general rule this should not be necessary for thicknegses-less than 5 mm.

rocedure

recise method to be used shall be obtained from the manufacturer's operation
al procedure is as follows.

Method A

e lower part of the test cell with wateror the appropriate saturated saline solution
phase in order to obtain the required humidity and clamp the test piece in the cell ¥
ds the wet side of the cell. Set the/apparatus to the required temperature. Operate t
ordance with the manufacturer's instructions to obtain a reading, ensuring that a
ben reached. Record this reading and repeat the procedure for the remaining test
padings are obtained with face one towards the wet side and five readings with face
et side.

Method B

b the test piece in the cell with face one towards the wet side. Place the cell in the hun]
required temperature and relative humidity. Record the rate of electrolysis of the ¥
ng into_the cell as indicated by the microammeter until a steady state has been rea

the reg

side andAive readings with face two towards the wet side.

ading and repeat the procedure so that five readings are obtained with face one tow

ary path for
the edges of
The foil tape

test pieces of homogenous construction may also allow moisture permeation through the edges

lges becomes

manual. The

containing a
wvith face one
he apparatus
steady state
ieces so that
two towards

idity cabinet
vater vapour
ched. Record
ards the wet

8.3

Barrier material having one face of uncoated paper

Where one face of a barrier material consists of uncoated paper, and this face is towards the dry side,
difficulties can be expected. All water must be removed from the paper by the dry gas before a constant
water vapour transmission rate is indicated on the meter or recorder.

The pre-conditioning can last several days and care should be taken to ensure that a true steady state has
been reached. It is recommended that the test be carried out only with the paper towards the wet side.

Where a water vapour transmission rate determination yields a value grossly different from comparable
samples of the same material, the execution of the particular determination is suspect and shall be
investigated and, if necessary, repeated.
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8.4 Creased material

For some purposes it may be necessary to determine the transmission rate of creased material; in
such cases carry out the creasing procedure described in ISO 2528:2017, Annex A and then follow the
procedure of method A or method B as appropriate.

9 Expres

sion of results

Calculate the mean and standard deviation of the separate determinations carried out with face one

and face two

facing the wet side respectively.

Express the i
figures.

10 Precision

10.1 Gener

There is scef
lack of good

10.2 Methd

No firm stat
similar prin
reproducibil

from 2,3 g/(n2-d) to 24 g/(m?2-d) when tested at 38 °C and’90 % relative humidity.

10.3 Methd

There is no f
in the Nethe

of the test vallue can be expected from materials with WVTR in the range from 2 g/(m2-d) to 5 g/(1

al statement of the precision

ticism that a proper seal can be done for paperboard and somemnenwovens. There is
‘epeatability data for these two types.

)d A

bment about precision can be made at the time of(publication. But work in the USA
fiples gave a repeatability within the range from 2 % to 8 % of the test value
ty within the range from 7 % to 13 % of the tést value based on samples within the

)d B

recise information for this method at the time of publication. According to the exper
lands, a repeatability of about 5 % of the test value and a reproducibility of 10 % to

port

rt shall includé the following:
e to this dogiment, i.e. ISO 9932:2021;

and, place of testing;

all inforpation necessary for the complete identification of the sample;

esults in grams per square metre per 24 h [g/(m+4-d)] for each side, tested to two significant

also a

using
and a
range

rience
15 %
m2-d).

11 Testre
The test repq
a) referenc
b) the date
c)
d) thetype
e)
f)
g)
h) ifnecess
i) anydevi
6

of apparatus and the type of dry gas used;

the temperature and relative humidity used as the test conditions;
the arithmetic mean of the result for each face tested;

the standard deviation for each face tested;

ary, the results after creasing;

ation from the procedure specified.
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(normative)

Saturated saline solutions

IS0 9932:2021(E)

A convenient means of obtaining a specified relative humidity is to make use of a saturated saline
solution. A wide range of relative humidities is obtainable by the use of such solutions.

Table|A.1 indicates those believed to be those most likely required by users of this docume

Table A.1 — Relative humidities

nt.

Relative humidity Temperature range
Salt 0 b

% C
Magnlesium chloride hexahydrate (MgCl,-6H,0) 332 10 ko 70
Sodiym chromate dihydrate (Na,Cr,0,-2H,0) 52+2 P0
Sodium chloride (NaCl) 754 2 10 to 100
Zinc qulphate heptahydrate (ZnS0,-7H,0) 90 + 2 20 ko 25
Sodiym tartrate dihydrate (Na,C,H,04-2H,0) 912 20 fo 40
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Annex B
(normative)

Calibration

B.1 General

No specific g
document aj
material of k
to check for ¢

Common soy

test film and

In any event

B.2 Gravi

It may on oc

damage is st

orrect functioning of the apparatus.

in the case of electrolytic cells, erosion of the phosphorus pentoxide-eoating.

the source of the problem must be found, and the appropriate remedial action taken.

metric calibration of the instrument and standard test film

cases the following procedure may be adopted.

B.2.1 Add

apparatus in
charged and
by a charged
the test cell
water has be
taken to ach
determinatiq

B.2.2 Subs
(aluminium f]
apparatus to

NOTE  m,

weighed Schwarz tube (or other{equivalent absorber) to the outlet of the test cell fol
calcium chloride tube to preyent absorption of water vapour from the atmosphere o

eve this and weigh the Schwarz tube accurately to obtain the increase in mass. Fro
n, calculate the mass.of water vapour absorbed per hour and call this m;.

run for atleast 48 h. Calculate the mass of water vapour absorbed per hour and call thi

originates from leaks in the system or incomplete drying of the sweep gas.

alibration instructions can be given in a general standard such as this, and users\d
e therefore recommended to refer to the manufacturer's instruction manual 4
nown WVTR is normally supplied with the instrument and its use as required is suff

casions be necessary to check the calibration of the instrument, if for example, leak:
spected, or it may be decided to substitute a different test film as the standard. Iy

the saturated saline solution necessaryto give the required humidity to the test c¢
humidity calinet for apparatus appropriate to method B) and fix the test film in position. Ry
accordance with the manufacturer'siinstructions until steady conditions are obtained

Run the apparatus in accerdance with the manufacturer's instructions until suff
en absorbed in the Schwarz'tube to obtain a reliable mass, at least 100 mg. Record th¢

f this
\ film
icient

rces of error are air leaks, residual moisture in the sweep gas, damage-to the "standard"

\ge or
such

1l (or
n the
Fix a
owed
tside
icient
e time
m the

itute an impermeable material such as polytetrafluoroethylene coated aluminiuin foil
ace to the wet'side) for the test film and repeat the procedure described in B.2.1 but allg

w the
; mz.

B.2.3 Calculate the WVTR of the test film as follows:

where
my isth
m, isth

A isth

e mass of water vapour absorbed per hour according to B.2.1;
e mass of water vapour absorbed per hour according to B.2.2;

e exposed surface area of the test film in square metres.
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