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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
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Rigid cellular plastics — Determination of water vapour
transmission properties

1 Scope

This document specifies a method of determining the water vapour transmission rate, water vapour
permeance,water vapour permeability and water vapour diffusion resistance-index for rigid cellular

ethod is applicable for the testing of rigid cellular materials that have thicknesses|from 10 mm
upwalrds and can, as an integral part of the material, contain natural skins or adhered fadings of some
differfent material.

Threg different sets of temperature and humidity conditions are provided, as follows:
a) 3B °Cand arelative-humidity gradient across the test specimen of.0 % to 88 %
b) 2B °Cand arelative-humidity gradient across the test specimen of 0 % to 85 %
c) 2B °Cand arelative-humidity gradient across the test specimen of 0 % to of 50 %

The results obtained by this method are suitable for design purposes and production control, and for
inclugion in product specifications.

The method is suitable for materials which haveldvater vapour transmission rates in the range 3 pg/
(m2-s] to 1400 pg/(m?-s).
2 Normative references

The fpllowing documents are reférred to in the text in such a way that some or all of their content
constjtutes requirements of this'document. For dated references, only the edition cited applies. For
undafed references, the latest edition of the referenced document (including any amendménts) applies.

ISO 291, Plastics — Standard atmospheres for conditioning and testing

ISO 1923, Cellular plastics and rubbers — Determination of linear dimensions

3 Terms.and definitions

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

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

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

31

water vapour transmission rate

quantity of water vapour transmitted through unit area of a test specimen in unit time under specified
conditions of temperature, humidity, and thickness

Note 1 to entry: It is expressed in micrograms per square metre per second (pg-m-2-s71).

Note 2 to entry: The values obtained for the water vapour transmission rate are specific to the thickness of the
test specimen.

©1S0 2023 - All rights reserved 1
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3.2
water vapour permeance

ratio of the water vapour transmission rate (3.1) for a test specimen to the vapour pressure difference

between the two specimen faces during the test

Note 1 to entry: It is expressed in nanograms per square metre per second per pascal (ng-m=2-s1.Pa-1).

Note 2 to entry: Water vapour permeance values are specific to the thickness at which the specimen was tested.

3.3
water vapour permeability
numerical value of the product of permeance and thickness

Note 1 to entrjy: It is the quantity of water vapour transmitted per unit time through a given area of the m
per unit vapour pressure difference between its faces for a unit thickness.

Note 2 to entry: It is expressed in nanograms per metre per second per pascal (ng-m-1-s1.Pa-1)

Note 3 to entry: For homogeneous materials, values obtained for water vapour permeability are a property
material.

3.4
water vapour diffusion resistance index
ratio of the water vapour permeability (3.4) of air to that of the material\concerned

Note 3 to entyfy: For homogeneous materials, values obtained“or water vapour diffusion resistance indej
property of the material.

4 Principle

A test specinen is sealed to the open mouth of a test dish containing a desiccant. The assembly i
placed in an|atmosphere whose temperature and humidity are controlled. Periodic weighing
assembly is made to determine the 'rate of water vapour transmission through the specimen in
desiccant.

5 Apparatus and materials

5.1 Shallow circular open containers, made of a material impermeable to water vapour, st
glass or met4l, of 65" mm minimum diameter and with tops slightly belled out to admit a wax sez
Annex A for fypical assemblies and 5.3 for assemblies requiring a template.
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5.2 Measuring instruments, capable of determining linear dimensions in accordance with the

requirements of [ISO 1923.

5.3 Circular template (with edge tapered to facilitate removal after use), to duplicate the exposed

area of the specimen to the nearest 0,1 cm?. The template shall have an area that is at least 90 %
exposed surface of the specimen to reduce the edge effect due to a non-linear vapour seal.

5.4 Potor dish, for melting the sealant wax (5.8).

5.5 Analytical balance, capable of weighing the test assembly to an accuracy of 0,1 mg.

2 © IS0 2023 - All rights re
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5.6 Constant-temperature, constant-humidity chamber, capable of being maintained within +5 %
of the required relative humidity and within +1 °C of the required temperature, and with a provision
for continuous monitoring of the temperature and humidity during the test period. The chamber may
be a room. Alternatively, if the chamber corresponds to that shown in Figure 1, then the air circulation
shall be capable of being switched off to permit accurate weighing.

NOTE Ifa conditioned room is used for the test, then it is not necessary to use the chamber shown in Figure 1.

5.7 The following solutions can be used with non-injection-type humidity cabinets:

5.7.1 For testing at 38 °C and a relative humidity of 88 %: saturated potassium nitrate solution
contalining a large excess of the undissolved salt at 38 °C.

5.7.2| For testing at 23 °C and a relative humidity of 85 %: saturated chloride solution|containing a
large fexcess of the undissolved salt at 23 °C.

NOTE For testing at 23 °C and a relative humidity of 50 %, there is no suitable.salt which meetg the tolerance
requitfed by 8.1.

5.8 |Sealant wax, unaffected by the test conditions. The following are examples of suitable sealants:

5.8.1| A mixture of 90 % microcrystalline wax and 10 % of a/plasticizer (for example lof-molecular-
mass [polyisobutylene).

5.8.2] A mixture of 60 % microcrystalline wax and 40.% refined crystalline paraffin.

5.9 |Anydrous calcium chloride desiccant, with particles about 5 mm in diameter, frge from fines,
which) would pass a No. 30 (600 um) sieve.

5.10 |Limiting ring, for use with thin-specimens (see Figure A.1).

6 Sample

The sample shall be representative of the material. It may contain the natural skin or facings adhered to
it whilch constitute part 6fthe material.

Some|cellular plastics have skins of a density significantly different from that of the corg material. If
it is intended to.determine the permeability of the material, the specimen shall be homdgeneous and
testedl withoutthe skin and facing.

©1S0 2023 - All rights reserved 3
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Key

1  controlledl-environment test chamberwith “glove box” type access door
2 balance

3 suspended weighing platform

4  testassembly during weighing

Figure 1 4 Recommended specimen exposure and measurement when operator cannot epter
controlled environment

7 Test specimens
7.1 Dimensions

7.1.1 Shape and fit

Specimens shall be cut to fit the dimensions of the test assembly used (see Annex A).

7.1.2 Thickness

The thickness of specimens shall not be less than 10 mm, except for materials produced thinner
than 10 mm which shall be tested at the manufactured thickness. A specimen thickness of 25 mm is
preferred.

4 © IS0 2023 - All rights reserved
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Exposed area

The diameter of specimens shall not be less than four times the specimen thickness. The minimum
exposed area shall be 50 cm?.

7.2

Number

A minimum of five specimens shall be tested.

When the material to be tested is suspected of being anisotropic, the test specimens shall be cut such
that the parallel faces are normal to the direction of vapour flow through the material in its intended

use.
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8.2
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the material is faced with natural skins or adhered facings which are differentfort
st specimens shall be tested with the vapour flow in the same direction as that in
F the direction of vapour flow in the intended use is not known, a duplicate'set of spe
bpared so that tests can be made and reported for each direction of vapour flow.

Conditioning

Fecise measurement, test specimens shall be conditioned in.ofié of the atmospheres
D1.

rocedure

Select the desired test environment from the following sets of conditions:

B8 + 1) °C and a relative humidity of 0 % of*one side of the specimen and (88 + 5) %
de;

p3 + 1) °C and a relative humidity.of.0 % on one side of the specimen and (85 + 5) %
de;

p3 + 1) °C and a relative humidity of 0 % on one side of the specimen and (50 + 5) %
de.

A tolerance is not\applied to the 0 % RH condition because it is the condition deemed tq
the desiccant.

se the values“obtained under one set of test conditions can differ from the valj
a differentset of conditions, the conditions selected shall be those most closely app
kions of{ise.

The‘environment in the test chamber (5.6) shall be monitored continuously and the

he two sides,
the intended
cimens shall

specified in

on the other

on the other

on the other

be generated

les obtained
roaching the

temperature

ained within +2 °C of that of the test room

8.3

Select a test assembly from the configurations given in Figure A.1.

8.4 Prepare the test specimens such that they fit the selected test assembly configuration.

8.5

In accordance with ISO 1923, measure the thickness of the test specimens at each quadrant to the

nearest 0,1 mm, or to an accuracy of 5 %, whichever is the more precise. Calculate the average result for
each test specimen.

8.6 Place the desiccant (5.9) in a layer (20 + 5) mm thick at the bottom of each container. Heat the
sealant wax (5.8) in its container until liquid. Then follow the procedure in Annex A which corresponds
to the configuration selected. The air space between the desiccant and the specimen shall be

© IS0 2023 - All rights reserved
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(15 £ 5) mm. The diameter of the exposed area shall be at least 90 % of the diameter of the specimen.
See Figure 2,

which shows a typical test assembly.

2

specimen|
diameter

specimen|

1

2

3

4 air gap [w
5 desiccant
6

sealant w

8.7 Ifitis

diameter d

of exposed area (= 0,9d)
thickness (> 10 mm)
idth (15 = 5) mm]
[depth (20 = 5) mm)]

AX

Figure 2 — Typical test assembly

pressure shalll be measured-and recorded daily.

8.8 Condit
nearest 100

on each-test assembly in the selected environment for a period of 24 h and weigh
LS.

intended to determine the water vapour diffusion resistance index, the atmospheric

o the

8.9 Atregular intervals of 24 h, weigh each test assembly. If a test assembly is removed from the test
environment for weighing, then it shall be returned to the test environment with a minimum delay.

8.10 Continue the weighing until five successive determinations of change in mass per unit time are
constant, within +2 % of the mean value (see 9.1). A plot of mass change against time will indicate when

the state of c

onstant rate of change is reached.
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9 Expression of results
9.1 Calculation of constant rate of change of mass

9.1.1 If m, - my is the difference in mass between any two successive weighing of the test assembly,
in pg, and t, - t; is the time interval between two successive weighing of the test assembly, in h, then
Formula (1) is the change in mass per unit time for the two successive weighing, in pg/h.

my —my

Gip =— 1)
tr —t4

wher¢ G is the average of five successive values of G;,, in pg/h.

The test is completed when each of five successive values of G, is within the range 0,980G|to 1,020G.

9.1.2| Blank specimen

The ufse of a blank specimen will balance out the test specimen mass changeés and atmosphgric pressure
changes throughout the duration of the test.

Blanl specimens are prepared in the same way as test specimens®but without desiccant material used
in the pan.

Let m}, be the initial mass of the blank specimen. Subseéguent weighing are labelled 1, £, 3, ... i. The
blankfadjustment is shown as Formula (2)

Mp,a =My o - My ; (2)
For eqch weighing, the adjusted mass for the pan is given by adding my, , to each measurement.

9.2 |Calculation of water vapourtransmission rate

The water vapour transmission rate g, in pg/(m?s), is given by Formula (3):

_G_ 100

236 (3)

9

wherg A is the area ofthe side of the test specimen exposed to humidity, in cm2. Calculafion of water
vapoyr permeance

9.3 |Uncorrected calculation of water vapour transmission rate

9.3.1| “The water vapour permeance W, in ng/(m?:s-Pa), is given by Formula (4):

G 10°
X_

AP 36 ®

P

where P is the water vapour pressure difference, in pascals, and has one of the following values:
5860 Paat38°Cand0to 88 % RH
2390 Paat23°Cand 0 to 85 % RH
1400 Paat23°Cand 0to 50 % RH

©1S0 2023 - All rights reserved 7
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9.3.2 Corrections are applied when the measured perm is more than 1,14 ng/(m?2-s-Pa).

9.3.2.1 Corrections for still air and surface resistance

The permeability of the still air layer contained inside the test pan is given Formula (5)

2,306x107°.P,( T 8!
a” R, TP (273,15) )

where

8, isthe permeability of still air, kg:-m1-s"1-Pa’l;

T isthe temperature, K;

P is the ambient barometric pressure, Pa;

P, is the standard barometric pressure, that is, 101 325 Pa;

R, isthe ideal gas constant for water, that is, 461,5 J-K1-kgl.
The permealility of the surface resistance is approximated by Lewis’ Relation as =4 x 10 Pa-s'm? -kg_1
9.3.2.2 Correction for edge mask
When specimens are masked, the correction given in Formula((6) is applied

E= fro‘;f log = ©)

1+e \ ¢t

where

E  exceps WVT, %

t spedimen thickness, m;

b  width of masked edge, m;

S; four|times the te§tafrea divided by the perimeter, m.
From Figure|2, the width of the edge mask is the difference between the specimen radius (1) and the
exposed areg radius\(2).
9.4 Calculationofwatervapourpermeability
The water vapour permeability ¢, in ng/(m-s-Pa), is given by Formula (7):

S Wp xs (7)

10°

where s is the specimen thickness, in mm.

9.5 Calculation of water vapour diffusion resistance index

Calculate the average daily atmospheric pressure for each period between weighing. Use these values
to interpolate values for H (defined below) from Table 1.

© IS0 2023 - All rights re
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Table 1 — Determination of the value of H for the calculation of water vapour diffusion
resistance index

Test conditions .
Temp. RH Atmospheric pressure a

oc % kPa

23 0to 50 90 26,7
95 25,3
100 24,0
105 22,9
110 21,8

23 0to 85 90 45,3
95 43,0
100 40,8
105 38,9
110 371

38 0to 88 90 115,8
95 109,7
100 104,3
105 99,3
110 94,8

The water vapour diffusion resistance index u can then be calculated using Formula (8):

=11,574><L (8)
gXxs

=

where

s| isthe specimen thickneéss, in mm;
g| isthe water vapour transmission rate (see 9.2);
H is the numerical value of the expression 24 000 x §; x (p; — p,) (see Annex B) for the particular

test conditions used and the atmospheric pressure, taken from Table 1.

10 Precision

The precision of this test method 1s not kKnown because Interlaboratory data are not available at the
time of publication.

11 Test report
The test report shall contain the following information:
a) areference to this document,i.e. ISO 1663:2023;

b) acomplete description of the material tested, including its thickness, details of any facings and the
location/date of manufacture and/or manufacturing-lot identification;

c) the temperature and relative-humidity gradient used for the determination;

©1S0 2023 - All rights reserved 9
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d) the test configuration used;
e) the conditioning used and how the test conditions were achieved;

f) the water vapour transmission property or properties calculated (transmission rate, permeance,
permeability and/or diffusion resistance index) (where appropriate, all properties shall be
reported), including the direction of the vapour flow relative to the facings if the two facings are
different;

g) theindividual test results;

h) the arithmetic mean of the test results;

i) any deviation from this document, and details of any incidents which may have influghced the
results;

j)  thelocatlion where the test was conducted and the date when the test exposure was.completdd;

k) the corr¢ctions used and the magnitude of the adjustment.

10 © IS0 2023 - All rights reserved
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Annex A
(normative)

Preparation of test assemblies

A.1 Procedure A

This ILrocedure describes the preparation of assembly A in Figure A.1.

a thin film of liquid sealant wax (5.8) to the inside floor of the upper ring of the cg
point where the test specimen will be seated. Put the specimen into position sd
iddle of the container. Place the template (5.3) in position in the middlejof, and re
men. In stages, fill with liquid wax the space between the container and the specimen with its
ate, such that the space is filled up to the rim of the container without air bubbles and the wax is
‘mly touching the edge of the specimen. When the wax has cooledto room temperatiyire, carefully
Ve the template.

ntainer (5.1)
that it is in
sting on, the

Apply
at thd
the nj
speci
templ
unifo
remo

Figure A.1 shows assembly A immediately before removal of the\template.

A.2 |Procedure B

This procedure describes the preparation of assembly B in Figure A.1.

Cut the specimen such that the edges are tapered and so that the larger surface fits sn
contafiner. Warm the walls of the containerin the region where the specimen will be g
softening temperature of the wax. Coat liberally and uniformly the edges of the specimen ¥

ugly into the
laced, to the
vith hot wax.

wax. Quickly
iddle of, and
h the desired
to the rim of
'hen the wax

The warmed inside walls of the container may also be coated with a thin film of liquid

place|the specimen on top of the container and place the template in position in the m
restirjg on, the specimen. Immediately push uniformly down on the specimen until it is i
horizpntal position. Fill with liquid wax the space between the container and the template
the cgntainer, making sure that the wax is uniformly touching the edge of the specimen. W
has c¢oled to room temperature, carefully remove the template.

Figure A.1 shows asseémbly B immediately before removal of the template.

A.3 |Procedure C

This progedure describes the preparation of assembly C in Figure A.1.

Warn : 3 g ature-o A Fa-Hh m-film of liquid
wax to the rim and immediately position the specimen on it. Inmediately, while the wax is still warm,
apply adhesive tape completely around the joint, ensuring that the wax adheres uniformly, without air
bubbles, to both the specimen and the container. Apply a liberal coat of wax to the tape and to the joints
of the tape with the specimen and with the container. Ensure that the edge of the specimen is sealed, as
are both joints and the tape. Allow the wax to cool to room temperature.

A.4 Procedure D

This procedure describes the preparation of assembly D in Figure A.1 and is suitable for thin specimens.

Apply a thin film of liquid wax to the inside floor of the upper ring of the container at the point where the
test specimen will be seated. With the wax still soft, put the specimen into position so that it is centred
in the container. Place the limiting ring (5.10) in position in the middle of, and resting on, the specimen.

©1S0 2023 - All rights reserved 11
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The inside diameter of the limiting ring shall be the same as the inside diameter of the container. Fill the
space between the container and the limiting ring in stages with liquid wax free of air bubbles, building
it up to the rim of the container. Allow the wax to cool. Leave the limiting ring in position for the test.

Key

A U1 A W DN

12

desiccant]
specimen|
sealant
tape
template
limiting r

ng

S

N

igure A.1 — Permissible test assemblies
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B.1
The

layer would have to be to have the same resistance to water vapour diffusion as a’Specimer

s. It

wher¢ u is the water vapour diffusion resistance index.

The eguivalent air layer thickness S, is calculated using Formua.¢B.2):
sl =8 xaxBLPz g

where
9 is the permeability of water vapour in air, in kg/(m-h-Pa);
A is the test area of the specirien, in mZ;

In thq case of homogen€ous substances which are also used in thicknesses other than that
, the diffusionesistance index u is calculated from Formula (B.3):

test

For

ISO 1663:2023(E)

Annex B
(informative)

Derivation of the formula for calculating the water vapour

diffusion resistance index

General
gquivalent air layer thickness S, for water vapour diffusion indicates how thick’a s

is|given, in metres, by Formula (B.1):
Si =UXSs

pl, p,  arethe partial pressures of water vapour at the specimen surface, in Pa;
1 is the water vapour/diffusion rate, in kg/h;

St is the mean-thickness of the layer of air in the test vessel beneath the specim

=

=1(5LxAXM_SLJ
S I

tationary air
of thickness

(B.1)

(B.2)

bn, in m.

used for the

(B.3)

sqmples with an equivalent air layer thickness > 1,0 m, S; may be ignored.

The permeability of water vapour in air §; depends on the atmospheric pressure and the atmospheric
temperature during measurement, and can be derived from Figure B.1 or calculated using Formula (B.4):

o,

__D _008 py( T \*
RyxT RpxT  p 273

© IS0 2023 - All rights reserved
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