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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
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Rigid cellular plastics — Determination of water vapour
transmission properties

1

This International Standard specifies a method of determining the water vapour transmissid
vapour permeance, water vapour permeability and water vapour diffusion resistancerindex fo
plastigs.

The sgope of this method provides for the testing of rigid cellular materials that have thicknesse

upwa
differd

Three
a) 3
b) 2

c) 2

The results obtained by this method are suitablelfor design purposes and production control, an

in pro

The method is suitable for materials which have water vapour transmission rates in the range

200 n

2 N

The f
refere

document (including'any amendments) applies.

ISO 2

ISO 4

cope

n rate, water

F rigid cellular

5 from 10 mm

s and which may, as an integral part of the material, contain natural.sKins or adhered fagings of some

nt material.

different sets of temperature and humidity conditions are provided, as follows:
B °C and a relative-humidity gradient across the test specimen of 0 % to 88 %;
B °C and a relative-humidity gradient across the test.specimen of 0 % to 85 %;

B °C and a relative-humidity gradient across thestest specimen of 0 % to of 50 %.

juct specifications.

h/(m2-s).

ormative references

bllowing referenced documents are indispensable for the application of this docume

hces, only the edition cited applies. For undated references, the latest edition of th

D1, Plastics — Standard atmospheres for conditioning and testing

B3, Plastics — Small enclosures for conditioning and testing using aqueous solutions ta

humidity at a constant value

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

3 Terms and definitions

For th

e purposes of this document, the following terms and definitions apply.
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3.1

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

NOTE 2

3.2

It is expressed in micrograms per square metre per second (ug-m=2-s71).

water vapour permeance

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

ratio of the water vapour transmission rate for a test specimen to the vapour pressure difference between the
two specimen| faces during the test

NOTE 1 It i3 expressed in nanograms per square metre per second per pascal (ng-m=2.s~1.Pa").

NOTE 2  Wdter vapour permeance values are specific to the thickness at which the specimen was(tested.

3.3

water vapour resistance

inverse of waler vapour permeance

34

water vapour permeability

numerical valye of the product of permeance and thickness

NOTE 1 It ig the quantity of water vapour transmitted per unit time through a given area of the material per unit vapour

pressure differg

NOTE 2  Itis
NOTE3 Fo
3.5

water vapou

ratio of the wa

NOTE 1
temperature.
NOTE 2 It i

NOTE 3
material.

Fo

It ifdicates how much less permeable the material is than an equally thick layer of stationary air at the

nce between its faces for a unit thickness.

expressed in nanograms per metre per second per pascal (ng-m~'-s~1.Pa~").

diffusion resistance index
ter vapour permeability of airto that of the material concerned

dimensionless.

homogeneoqus materials, values obtained for water vapour diffusion resistance index are a property

4 Princi

PN
L]

homogeneous materials, values obtained for.water vapour permeability are a property of the materigl.

same

of the

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

5 Apparatus and materials

5.1

Shallow circular open containers, made of a material impermeable to water vapour, such as glass or

metal, of 65 mm minimum diameter and with tops slightly belled out to admit a wax seal. See Annex A for

typical assem

blies and 5.3 for assemblies requiring a template.
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5.2

I1ISO 1

Measuring instruments, capable of determining linear dimensions

requirements of ISO 1923.

5.3

5.4
5.5

5.6

requiri
monit
if the
switch

NOTE
5.7

5.71
contai

5.7.2
exces

NOTE
requirg

NOTE
alterng

a)

N O

b)

N Q

More
5.8

5.8.1
polyis

663:2007(E)

in accordance with the

Circular template (with edge tapered to facilitate removal after use), to duplicate the exposed area of
the specimen to the nearest 0,1 cm2. The template shall have an area that is at least 90 % of the exposed
surface of the specimen in order to reduce the edge effect due to a non-linear vapour seal.

Pot or dish, for melting the sealant wax (5.8).

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

c tant.t .l iditv cl | le of bei intained withi
bd relative humidity and within + 1 °C of the required temperature, and with a provision f
bring of the temperature and humidity during the test period. The chamber may be agcoom
chamber corresponds to that shown in Figure 1, then the air circulation shall ‘be cap
ed off to permit accurate weighings.

If a conditioned room is used for the test, then it is not necessary to use the chamber shown in

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

For testing at 38 °C and a relative humidity of 88 %: saturated potassium nitr
hing a large excess of the undissolved salt at 38 °C.

For testing at 23 °C and a relative humidity of 85 %: saturated chloride solution cont
5 of the undissolved salt at 23 °C.

1 For testing at 23 °C and a relative humidity of 50.%, there is no suitable salt which would meg
d by 8.1.

2  For laboratories which do not have a suitable humidity chamber, the following solutions arg
tives, although the user should be aware that.they do not comply with this International Standard:

saturated aqueous solution of magnesium nitrate hexahydrate containing a large excess of the ung
B °C;

saturated aqueous solution-of-sodium dichromate dihydrate containing a large excess of the und
B °C.

nformation about.constant-humidity solutions may be found in ISO 483.
Sealant wax;unaffected by the test conditions. The following are examples of suitable sed

A mixture of 90 % microcrystalline wax and 10 % of a plasticizer (for example low-m
bbutylene).

n+5 % of the
or continuous
Alternatively,
able of being

Figure 1.

ate solution

pining a large

bt the tolerance

suggested as

issolved salt at

ssolved salt at

lants:

blecular-mass

5.8.2

A mixture of 60 % mir\rnr\rycfnllinn wax-and 40 % refined r\rycfnllinn paraffin

5.9 Anydrous calcium chloride desiccant, with particles about 5 mm in diameter, free from fines, which

would

5.10

pass a No. 30 (600 um) sieve.

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

which

constitute part of the material.

© 1SO 2007 — All rights reserved
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Some cellular plastics have skins of a density significantly different from that of the core material. If it is
intended to determine the permeability of the material, the specimen shall be homogeneous and tested
without the skin and facing.

2

N [TITTT] :

1 controlled-environment test chamber with “glove box” type access door
2 balance

3 suspended weighing platform

4 test assembly during weighing

Figure 1 — Recommended specimen exposure and measurement when operator
cannot enter controlled environment

4 © 1SO 2007 — All rights reserved
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7 Test specimens

71

711

Dimensions

Shape and fit

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

663:2007(E)

r than 10 mm

such that the

sides, the test

e prepared so

specified in

7.1.2 Thickness

The thickness-of Qpnr\imnne shallnot be less than 10 mm, except for materials Ir_\rr\r‘lnr\nr‘l thinne

which|shall be tested at the manufactured thickness. A specimen thickness of 25 mm is preferred.

7.1.3 | Exposed area

The djameter of specimens shall not be less than four times the specimen thickness. The minimum exposed
area ghall be 50 cm2.

7.2 |Number

A minjmum of five specimens shall be tested.

When|the material to be tested is suspected of being anisotropiethe test specimens shall be cut

parall¢l faces are normal to the direction of vapour flow through the product in its intended use.

When|the material is faced with natural skins or adhered facings which are different for the two

specimens shall be tested with the vapour flow incthe same direction as that in the intended use. If the
direction of vapour flow in the intended use is not-known, a duplicate set of specimens shall bg

that tgsts can be made and reported for each direction of vapour flow.

7.3 |Conditioning

For pfecise measurement, test specimens shall be conditioned in one of the atmospheres

ISO 2p1.

8 PRrocedure

8.1 [Select the desired test environment from the three sets of conditions below:

— (38 + 1)2C.and a relative humidity of 0 % on one side of the specimen and (88 + 5) % on thg

— (2

3% 1) °C and a relative humidity of 0 % on one side of the specimen and (85 £ 5) % on the

b other side;

b other side;

— (23 £ 1) °C and a relative humidity of 0 % on one side of the specimen and (50 + 5) % on the other side.

NOTE
use of

A tolerance is not applied to the 0 % RH condition because it is the condition deemed to be generated by the

the desiccant.

Because the values obtained under one set of test conditions may differ from the values obtained under a
different set of conditions, the conditions selected shall be those most closely approaching the conditions of

use.

8.2 The environment in the test chamber (5.6) shall be monitored continuously and the temperature
maintained within £ 2 °C of that of the test room.

8.3

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

© 1SO 2007 — All rights reserved
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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 (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.

Key

specimen diameter d

diameter of exposed area (> 0,94)
specimen thickness (> 10 mm)

air gap [widith (15 + 5) mm]
desiccant [Hepth (20 £.5)mm]
sealant wa

o b~ WN -

Figure 2 — Typical test assembly

8.7 Ifitis intended to determine the water vapour diffusion resistance index, the atmospheric pressure shall
be measured and recorded daily.

8.8 Condition each test assembly in the selected environment for a period of 24 h and weigh to the nearest
100 ug.

8.9 At regular 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 weighings 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 constant rate of change is reached.

6 © 1SO 2007 — All rights reserved
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9 Expression of results

9.1 Calculation of constant rate of change of mass

If my —my is the difference in mass between any two successive weighings of the test assembly, in pg, and
to — t4 is the time interval between two successive weighings of the test assembly, in h,

mo —m
then G R the change in mass per unit time for the two successive weighings, in ug/h.
12 i —1
21

L t G 4l £ L : l £ H Lo
e C U aveTaytt Ul TV SUCLULTOSIVE VAIUTS Ul U12, T YT,

The tgst is completed when each of five successive values of G4, is within the range 0,980G)to 1,020G.

9.2 |[Calculation of water vapour transmission rate
The water vapour transmission rate g, in yg/(m2-s), is given by the equation

G 100
g=—x—=
A4~ 36

where 4 is the area of the side of the test specimen exposed to Rumidity, in cm?2,
9.3 |Calculation of water vapour permeance

The water vapour permeance p, in ng/(m2.s-Pa), is @iven by the equation

G 10°
=— X —
AP 36

(P

wherg P is the water vapour pressure difference, in pascals, and has one of the following values:

[¢)]

860 Pa at 38 °C and 0 to'88-% RH;

N

390 Pa at 23 °C and_0t0 85 % RH;

—_

400 Pa at 23 °C and 0 to 50 % RH.

9.4 |Calculation of water vapour permeability

The watef\vapour permeability ¢, in ng/(m-s-Pa), is given by the equation

_ WPXS
103

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 weighings. Use these values to
interpolate values for H (defined below) from Table 1.

© 1SO 2007 — All rights reserved 7
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Table 1 — Determination of the value of H for the calculation of
water vapour diffusion resistance index

Test conditions Atmospheric pressure _
Temp. RH kPa !
°C %
23 0 to 50 90 207
o5 253
100 24,0
109 22
110 218
23 0to 85 90 403
o 43,0
100 40,8
105 38,9
110 301
38 0to 88 90 1108
o 109,7
100 104,3
105 993
110 94,8

The water vapour diffusion resistance index u can then be calculated from the equation

1=115,1

where

T

is th

is th

is th
cond

H
gxs

(4 x

b specimen thickness;in mm;

b water vapodritransmission rate (see 9.2);

e numerical value of the expression 24 000 x  x (p4q — p,) (see Annex B) for the particul
itionstused and the atmospheric pressure, taken from Table 1.

ar test

10 Precision

The precision of this test method is not known because interlaboratory data are not available.
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11 Test report

The test report shall contain the following information:

a)

b)

)

a

reference to this International Standard;

a complete description of the material tested, including its thickness, details of any facings and the

lo

cation/date of manufacture and/or manufacturing-lot identification;

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

th

th

th

p
in

—

r.

th

Q

I

th

atoct nficration oA

e-test-eonfigurationused:

e conditioning used and how the test conditions were achieved;

e water vapour transmission property or properties calculated (transmission rate
ermeability and/or diffusion resistance index) (where appropriate, all propérties shall

cluding the direction of the vapour flow relative to the facings if the two facings are differen
e individual test results;

e arithmetic mean of the test results;

ny deviation from this International Standard, and details of\any incidents which may have
sults;

e location where the test was conducted and the date when the test exposure was comple

permeance,
be reported),
L;

nfluenced the

ted.
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Annex A
(normative)

Preparation of test assemblies

A.1 Procedure A

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

Apply a thin film of liquid sealant wax (5.8) to the inside floor of the upper ring of the containér (5.1)

point where
container. Plg
liquid wax the
to the rim of

ne test specimen will be seated. Put the specimen into position so that it is in theymiddle
ce the template (5.3) in position in the middle of, and resting on, the specimen-lna stages, f]
space between the container and the specimen with its template, such that the space is fil
he container without air bubbles and the wax is uniformly touching theledge of the speq

When the wax has cooled to room temperature, carefully remove the template.

Figure A.1 shpws assembly A immediately before removal of the template.

A.2 Procedure B

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

For this procgdure, cut the specimen such that the edges are“tapered and so that the larger surface fits

into the contginer. Warm the walls of the container, in the region where the specimen will be placed,

softening temperature of the wax. Coat liberally and uniformly the edges of the specimen with hot wa
warmed inside walls of the container may also be coated with a thin film of liquid wax. Quickly pla
specimen on|top of the container and place ttie,template in position in the middle of, and resting o
specimen. Immediately push uniformly down on the specimen until it is in the desired horizontal positid
with liquid wak the space between the container and the template, to the rim of the container, making su
the wax is unpiformly touching the edgelof the specimen. When the wax has cooled to room tempe
carefully remgve the template.

Figure A.1 shpws assembly B immediately before removal of the template.

A.3 Procefure C

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

at the
of the
Il with
ed up
imen.

snugly
to the
. The
ce the
n, the
n. Fill
re that
ature,

offtha containar tn tha caftanina tamanarat e AF tha vayay nh o P -Filnln CAH

Warm the rim

to the

$ o An pnifar aof hound sy
Ot CoTmaT IO T Ot e~ SUTC T g tC ot Tatar C Ot vwWoXT 7 YPpPTy o O itorT i O mgqorcvvaX

rim and immediately position the specimen on it. Immediately, 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 wi

th 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

10
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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. 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.

C 308 SRS Shd At ~
SO 2P AL ob et SO

Ww- v. + ¢ " ) .y s e
Bt WO xR \ '&Iq IR LA,

L

A M R TANSL Y
NS ‘-‘..::35, s
ME%&F i
AN R AT T s

C

Key

dgsiccant
specimen
seglant
tape
template
limiting ring

o O W N -

Figure A.1 — Permissible test assemblies
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Annex B
(informative)

Derivation of the formula for calculating the water vapour diffusion

B.1 Gener

resistance index

al

The equivalent air layer thickness Sy for water vapour diffusion indicates how thick a stationary air(fayer would
have to be to|have the same resistance to water vapour diffusion as a specimen of thickness s. li-is giyen, in
metres, by the equation

Sq=ux (B.1)
where u is thg water vapour diffusion resistance index.
The equivalent air layer thickness Sy is calculated from the following equatior:

Sd:5LxA><L[pZ—SL (B.2)
where

o i the permeability of water vapour in air, in kg/{m-h-Pa);

A i the test area of the specimen, in m?;

P41, P2 afe the partial pressures of water vapour at the specimen surface, in Pa;

1 i the water vapour diffusion (rate, in kg/h;

SL i the mean thickness of the layer of air in the test vessel beneath the specimen, in m.
In the case of homogeneous, stbstances which are also used in thicknesses other than that used for the test,
the diffusion resistance index 'y is calculated from Equation (B.3) below:

,uzlté'LxAxm_pz—SLj (B.3)

s 1

For samples Wwith-an-equivalent-air-ayerthickress>0-m—-S—may-be-ignrered:

The permeability of water vapour in air 6 depends on the atmospheric pressure and the atmospheric
temperature during measurement, and can be derived from Figure B.1 or calculated from the following

equation:

D

oL

_ 0,08 po( T

12

" RpxT RpxT p

S

273

(B.4)
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