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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
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Introduction

ISO 7783 is one of a series of standards dealing with the sampling and testing of paints, varnishes and related
products. It describes a method for determining the water-vapour transmission rate of self-supporting and non-
self-supporting coatings.

The water-vapour transmission rate is not necessarily a linear function of film thickness, temperature or relative-
humidity difference. A determination carried out under one set of conditions will not necessarily be comparable
with one carried out under other conditions. Therefore, it is essential that the conditions of test are chosen to
be as close as possible to the conditions of use.

WaterFvapour transm o] Ol greate nterest anaer conaitions o gh numidity. For son, the wet-
cup method has been adopted as the reference method. By agreement, other procedures and ‘gonditions, like
the drly-cup method, may be used.

© 1SO 2011 — All rights reserved \%
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INTERNATIONAL STANDARD ISO 7

783:2011(E)

Paints and varnishes — Determination of water-vapour
transmission properties — Cup method

1 Scope

This International Standard specifies a method for determining the water-vapour transmission properties of

coatin

gs of paints, varnishes and related products.

It sup
taken
under

Water
thickn
Intern

blements ISO 12572. As far as possible, the procedure, the definitions and the calculatio|
over from ISO 12572. It is recommended that ISO 12572 be consulted, if necessany,)to g
standing of the procedure specified in this International Standard.

Lvapour transmission rates of more than 680 g/(m2d) (i.e. water-vapour diffusion-equiv
esses, sq, of less than 0,03 m) will not be accurately quantified by thetest method des
btional Standard.

2

The fpllowing referenced documents are indispensable for the “application of this docume
referepces, only the edition cited applies. For undated referenéés; the latest edition of the referen

(inclu
ISO 1
ISO 2

ISO 3
the dg

ISO 3
ISO 1

3 T
For th

31
watern
vV

mass

ormative references

ing any amendments) applies.
513, Paints and varnishes — Examination and preparation of test samples
B08, Paints and varnishes — Determination of film thickness

P33, Paints and varnishes — Determihation of percentage volume of non-volatile matter
nsity of a dried coating

596, Water for analytical laboratory use — Specification and test methods

528, Paints, varnishes gnd-raw materials for paints and varnishes — Sampling

brms and definitions

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

Fvapour.transmission rate

ns have been
btain a better

blent air layer
cribed in this

ht. For dated
ted document

by measuring

of water vapour that is transmitted over a given period through a given surface area of a te

5t piece under

specified constant conditions of relative humidity at each face of the test piece

NOTE

NOTE

NOTE

1 It is measured in grams per square metre per day [g/(m2d)].

2 A water-vapour transmission rate measured at atmospheric pressure, p, can be converted to the equivalent
value at standard atmospheric pressure, pg, by multiplying by p/po. This allows a linear correlation with the water-vapour
diffusion-equivalent air layer thickness (sq) value (see 3.3) by the factor 20,4.

3 The term “water-vapour transmission” is often incorrectly used for water-vapour transmission rate.
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3.2

rate of flow of water vapour through the test piece

G

mass of water vapour that is transmitted over a given period through a test piece under specified constant
conditions of relative humidity at each face of the test piece

NOTE It is measured in grams per hour.

3.3

water-vapour diffusion-equivalent air layer thickness
sd

thickness of a static air layer that has, under the same conditions of measurement, the same water-vapour
transmission f[ate as the coating tested

NOTE It i measured in metres.
34

water-vapouf resistance factor
)7

factor that indjcates how many times greater the water-vapour resistance of a materialis compared with a layer
of static air off{the same thickness at the same temperature and pressure

NOTE 1 It i$ dimensionless.

NOTE 2  The calculation and use of a water-vapour resistance factor is meaningful only if the water-vapour transmission
rate of a particplar material is a constant, i.e. independent of the thickness,qwhich, however, is normally not the case for
coatings.

3.5

test piece
(non-self-supporting coatings) supporting substrate with the'coating applied to it or {(self-supporting coatings)
the coating alpne

3.6
wet-cup method
method of mgasuring water-vapour permeability in which the test piece is sealed to the rim of a cup containing
a saturated aqueous solution of ammonium dihydrogen phosphate

NOTE This is the most convenient, manner of carrying out determinations of water-vapour permeability| under
conditions of high relative humidity (between 93 % and 50 %).

3.7
dry-cup method
method of mgasuring water-vapour permeability in which the test piece is sealed to the rim of a cup containing
a desiccant

NOTE This ,is‘the most convenient manner of carrying out determinations of water-vapour permeability| under
conditions of Igw telative humidity (between 50 % and 3 %).

3.8

test assembly

assembly consisting of a test piece sealed to the rim of a test cup containing saturated ammonium dihydrogen
phosphate solution in contact with undissolved ammonium dihydrogen phosphate crystals (wet-cup method) or
containing desiccant (dry-cup method)

3.9
test area
area of the face of the test piece through which the water vapour flows during the test

NOTE It is measured in square metres.

2 © 1SO 2011 — Al rights reserved
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4 Principle

A test assembly consisting of a self-supporting coating, or a non-self-supporting coating on porous substrate,
sealed to the rim of a cup is placed in a test enclosure kept at a specified temperature (e.g. 23 °C) and relative
humidity (e.g. 50 %). The relative humidity in the cup is maintained at a constant level — either at 93 % by
means of a saturated salt solution (wet-cup method) or at 3 % by means of a desiccant (dry-cup method).
Because of the difference between the partial pressure of the water vapour inside the test cup and the partial
pressure of the water vapour in the test enclosure, water vapour diffuses through the coating under test. By
weighing the test assembly at suitable time intervals, the change in mass of the test assembly is followed.
From the change in mass and the test area, the water-vapour transmission rate and the water-vapour diffusion-
equivalent air layer thickness are calculated.

5 Apparatus and materials

5.1 [Substrate for non-self-supporting coatings

Any hpmogenous, porous material which has a water-vapour transmission rate-above 240 g/(m+-d) is suitable
for usg¢ as the substrate for non-self-supporting coatings, for instance polyethylene frits, cellular-cpncrete discs,
glass frits, unglazed ceramic tiles.

When| using cellular-concrete substrates, the coating shall be applied.oh the smooth side.

If the foating system under test does not include a primer and it.issnecessary to use one befor¢ applying the
coating system under test, do so, but the transmission rate ofi.the primed substrate will have to e determined
separgately.

5.2 [Test cup

Test qups are made of glass, plastic or metal. (the test cup used shall be resistant to corrosjon under the
condifions of the test.

NOTE For aluminium test cups, a wall thickness of 1 mm has been found to be satisfactory.

The ekact surface area of the test piece exposed is defined by the design of the cup. The area gf the exposed
surfade shall be at least 50 cm?2 fof non-self-supporting coatings and at least 10 cm2 for self-suppofting coatings.

The cuip shall be so designed that an efficient seal is made between it and the test piece, using sgaling material
(see §.5), if necessary.

When|the saturated-solution (5.3) or desiccant (5.4) has been placed in the cup, the area of the purface of the
saturgted solution-0Or desiccant shall be similar to that of the exposed surface of the test piecg. The air gap
between the test piece and the surface of the solution or desiccant shall be between 10 mm and 30 mm.

5.3 JAmmonium dihydrogen phosphate (NH4H2PO4) solution for wet-cup method

Prepare a saturated solution of ammonium dihydrogen phosphate (analytical grade) in contact with undissolved
crystals, using water of at least grade 3 purity as defined in ISO 3696.

In the wet-cup method, which is the reference method, the relative humidity in a cup containing this saturated
solution will be 93 %. The resulting water vapour pressure difference relative to the test enclosure, in which the
relative humidity is maintained at 50 %, is 1 207 Pa at standard temperature (23 °C) and pressure (101 325 Pa).

5.4 Desiccant for dry-cup method

The desiccant shall be either dried silica gel in the form of granules passing a 4 mm sieve but retained on a
1,6 mm sieve, or anhydrous calcium chloride which has been dried at 200 °C.

It shall be possible to complete the test before the efficiency of the desiccant is reduced appreciably.

© 1SO 2011 — Al rights reserved 3
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In the dry-cup method, the relative humidity in the cup shall be 3 %. The resulting water-vapour pressure
difference relative to the test enclosure, in which the relative humidity is maintained at 50 %, is 1 400 Pa at
standard temperature (23 °C) and pressure (101 325 Pa).

5.5 Sealing material

It shall be ensured that the test assembly is fully sealed, with the exception of the test area. The sealing
material shall be impermeable and free from cracks. For sealing, mechanical clamps, wax or two-component
sealing materials have been found suitable. The use of molten wax for sealing the test assembly is described

in Annex B.

The sealing
the coating o

NOTE
incorporate a |
has a rough su

5.6 Teste

The test encldg
can be contrg
capable of mz
as defined in
outer surface
corrected to §

NOTE M4
the test pieces

When cups h
established n
for the shorte

5.7 Balang

The balance
of 1 mg or be
50 cm?2.

The most suif
shall be taker]

6 Preparg

The

to weighing errors caused by the evaporation of solvent.

lead

most usual way of sealing the cup is to fit the cup with a mechanical clamp or screw device whi
aling ring made of a suitable polymeric material. Mechanical sealing might not be suitable)if the tes
face or if it is very fragile. In such cases, the use of molten wax is more satisfactory.

closure

sure shall be of a design such that both the temperature and the relative humidity in the enc|
lled at the levels required for the test. Thus, for the referenceimethod, the enclosure sh
intaining the temperature at (23 + 2) °C and the relative humidity-at (50 + 5) % (standard con
SO 3270). To ensure uniform conditions during the test, the air shall be caused to flow oy
of the test piece at a speed between 0,02 m/s and 0,3:m/s. The ambient air pressure sl
tandard pressure (1 013,25 hPa) as described in 8.1,

intaining the air speed at the correct level is the secondimost important source of error after prepara
ave to be removed from the test enclosure for weighing, the specified conditions shall

bt more than 15 min after the door of the:enclosure has been closed. The door shall remair
5t possible time. This is especially important with materials having a high permeability.

e

Ised shall be suitable for'determining the change in mass of the test assembly with an acq
ter for cups giving atést/area of 50 cm? or less, or 10 mg for cups giving a test area greate

pble arrangement is to have the balance located in the test enclosure. If this is not possiblg
that no los$»in mass occurs during the transport of the test assembly to the balance.

tion for the test

6.1

Sampling of coating material

nge in

ch can
t piece

osure
all be

jitions

er the
all be

tion of

be re-

open

uracy
r than

, care

Take a representative sample of the product to be tested (or of each product in the case of a multi-coat system),

as described

Examine and

in ISO 15528.

prepare each sample for testing, as described in ISO 1513.

6.2 Preparation of test pieces

6.2.1 Prepa

ration of non-self-supporting coatings on a porous substrate

The substrate shall be clean and dry.
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Apply the coating material to be tested to the substrate in accordance with the manufacturer’s application
instructions. Do not apply less than the amount indicated by the manufacturer and not more than 50 % more,
e.g. by applying a larger number of coats or by applying the first coat as a primer coat after dilution. It is
essential that the coating be complete, continuous, homogeneous and free from visible imperfections. If the
amount necessary to produce such a coating is more than 50 % greater than the amount indicated by the
manufacturer, use another substrate or another test method.

Dry the test pieces for 7 days in freely circulating air at (23 + 2) °C and (50 £ 5) % relative humidity.

6.2.2 Preparation of self-supporting coatings

Use a-suk j sati 2 i st suitable substrates
from surface
defects. Other techniques may be used, for example precoating a substrate with a solubfe, material such as
poly(vinyl alcohol) which will permit the coating to be removed easily by soaking in water. [Fhis method should
be uspd with caution, however, since water-soluble material can affect the water-vapour permgability of the

Coat {he substrate by the method specified by the manufacturer and dry it for.7 days in freely [circulating air
at (23] 2) °C and (50 £ 5) % relative humidity (if stoving is required, care‘shall be taken to epsure that the
substfate chosen is not affected at the relevant temperature).

Remaove the coating carefully from the substrate.

Use 4 cutting template (see Figure B.1) to cut out specimens ofa size suitable for the cup. Examine the test
pieces$ visually and discard any which appear to have pinholes:

6.2.3 | Conditioning
Methqd A

For cqatings which, in use, will not be exposéd-to rain, e.g. coatings for interior use or for arid plages, condition
the tegt pieces at (23 + 2) °C and (50 + 5),%-relative humidity for 28 days or until the difference in mass between
two consecutive weighings, carried out at24 h intervals, is less than 1 %.

Methqd B

Since| in use, the volatile angforwater-soluble constituents of a coating can be removed by the influence of the
weathier (in particular, water-soluble constituents can be leached out by rainwater), coatings which are affected
by rain shall be conditiened prior to the determination of the water-vapour transmission rate by subjecting the
test pieces to 3 cycles under the following conditions:

— 24 hin water\(tap water) at (23 + 2) °C;
— 2# hdrying at (50 £ 2) °C.

During the weekend or any interruption of the conditioning for other reasons, store the test pieceg at (23 £ 2) °C
and (50 * 5) % relative humidity.

After the last cycle, continue to dry the test pieces at (50 + 2) °C for at least another 24 h. Then condition the
test pieces at (23 £ 2) °C and (50 + 5) % relative humidity for at least 24 h before carrying out the test.

6.3 Determination of the thickness of the coating

6.3.1 General

The thickness, d, of the coating is required for the calculation of the water-vapour resistance factor, u. It may
be determined by calculation or by optical, mechanical or other suitable methods.

NOTE Optical determination of the thickness of the coating can also be used to check the test piece for pores, holes,
etc., and to determine the depth of penetration of the coating material into the substrate.

© 1SO 2011 — Al rights reserved 5
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6.3.2 Determination of the thickness of the coating by calculation

Calculate the dry-film thickness, d, in micrometres, from the application rate (the amount of coating material
applied), using the following equation:

CxNV
-V (1)
100
where
C is the application rate, in millilitres per square metre;
NVy is[fhe non-volatile-matier content, expressed as a percentage by volume, determined in
aqcordance with ISO 3233.

6.3.3 Deterlnination of the thickness of the coating by optical, mechanical or other suitable methods
Determine thg¢ mean thickness of the coating by a suitable method selected from thosé specified in ISO[2808.
6.4 Preparnation of the test assemblies
Clean and dry the cups, together with any ancillary fittings.
Into each cup|introduce a quantity of saturated ammonium dihydrogen phosphate solution (5.3) and additional
ammonium dihydrogen phosphate crystals (for the wet-cup method).or'desiccant (5.4) (for the dry-cup method)
such that there will be an air gap of at least 10 mm below the test\piece. An air gap larger than 10 mm, Qut not
larger than 30 mm, is better if ammonium dihydrogen phosphate solution is used, to make handling of the test
assembly durjng weighing easier.
Seal each test piece to a cup with a vapour-tight seal.
If a non-self-gupporting coating is being tested, the'coated side of the test piece shall face the atmosphere in
the test enclopure (50 % relative humidity). It is important that the air gap remain the same throughout the test
(see 8.2.1).
NOTE If the test assemblies are remoyed-from the enclosure for weighing, it might be helpful to cover each asgembly
with a lid markgd to indicate the identification’ of the test assembly.
7 Procedpre
Carry out the|determination-using at least three test pieces.
Weigh the teft assemblies on the balance (5.7) and place them in the test enclosure maintained jat the
conditions of [the“test. Ensure, in particular, that the speed of the air flow over the outer surface of the test
pieces is between 0,02 m/s and 0,3 m/s as this has a significant influence on the rate of flow of water apour

through the test piece (see 5.6).

Determine the loss in mass at appropriate time intervals. The interval between successive weighings should
preferably be 24 h, 48 h or 96 h, but shorter time intervals (for example 3 h, 4 h or 8 h) might be necessary
for coatings with a high transmission rate. Use a time interval which will give a change in mass between two
successive weighings which is at least 5 mg if a balance with an accuracy of 1 mg is used or at least 50 mg if a
balance with an accuracy of 10 mg is used. If the first two weighings show a change in mass which is too large
or too small, adjust the time interval for subsequent weighings.

Carry out the weighings in a way which will avoid, to the greatest possible extent, any interference in the
transmission of the water vapour by the test piece.

Continue the weighings until the change in mass per unit time becomes constant.

© 1SO 2011 — All rights reserved
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It is essential that wetting of the test pieces by the ammonium dihydrogen phosphate solution is avoided. If
wetting takes place, repeat the test.

8 Expression of results
8.1 Water-vapour transmission rate, 7, of self-supporting coatings

8.1.1 Rate of flow of water vapour, G, through the test piece

For each test assembly, plot the change in mass, in grams, against time, in hours. The test is considered to be
complete when three or more points lie in a straight line.

In thellinear part of the plot, determine the best-fit straight line through at least three meastrement points. The
slope [of this straight line is the rate of flow of water vapour, G, in grams per hour, through the tedt piece.

8.1.2 | Water-vapour transmission rate, /, of the coating
The water-vapour transmission rate, ¥, in grams per square metre per.day, of the coating, at standard
atmogpheric pressure, po (i.e. the pressure at mean sea level), is given by*Equation (2):
M=24ax Ly C )
po A

where

{ s the rate of flow of water vapour, in grams per hour, through the test piece;

Al is the area, in square metres, of the test piece through which the water vapour flows;

the factor - corrects the water-vapourtransmission rate, ¥, to standard atmospheric presjsure;

Po
he factor 24 converts G from grams-per hour to grams per day.

—

The afmospheric pressure, p, in pascals, at the place of measurement during the test can be cplculated with
sufficient accuracy from the equation:

h
— _ 3
P|= Po 85 3)

where
h| is the-héight above sea level, in metres, of the test laboratory;

ph isithe standard atmospheric pressure, in pascals (po = 101 325 Pa).

NOTE In the calculation of the water-vapour transmission rate, 7, in Equation (2), the air gap below the coating is not
taken into account because its influence on the water-vapour transmission rate of self-supporting coatings is negligible.

Take as the result the mean value of at least three individual determinations, but include in the calculation of
the mean every individual value of I above 680 g/(m2.d). If all the individual values of V" are above 680 g/(m2.d),
the mean value shall be reported as “¥ > 680 g/(m2.d)” (see Clause 1).

8.2 Water-vapour transmission rate, V, of non-self-supporting coatings

8.2.1 General

When calculating the water-vapour transmission rate of a non-self-supporting coating, the water-vapour
transmission rate of the substrate has to be taken into account. The air gap between the ammonium dihydrogen
phosphate solution or the desiccant and the test piece will not need to be taken into account since the water-

© 1SO 2011 — Al rights reserved 7
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vapour transmission rate of the coating is obtained by subtracting that for the substrate plus coating from that
for the substrate alone, so the influence of the air gap therefore disappears provided the air gap remains the
same throughout the test.

8.2.2 Rate of flow of water vapour through the substrate, Gs, and through the substrate plus coat-

ing, Gcs

For each test assembly, plot the change in mass, in grams, against time, in hours. The test is considered to be
complete when three or more points lie in a straight line.

In the linear part of the plot, determine the best-fit straight line through at least three measurement points.

The slope of

his. cfrnighf line is the rate of flow of water iV-TaVallld n grams-per hnnr’ throu |gh the substrat

e plus

coating, Gcs.

If separate m
water vapour,

If the substr
representativ
be measured

8.2.3 Water

The water-va
Equation (4):

Vg =24 x[—
where

Gs isth

As isth

the facto

the facto
8.2.4 Water

The water-va

in grams per hour, through the substrate, Gs.

24 converts Gg from grams per hour to grams per day.

tvapour transmission rate, /¢s, of the substrate plus coating

@, s

Ves =24

where

basurements were made on the substrate alone, calculate, in the same way, the fate of flow of

te used is sufficiently similar to substrates previously used under the”same conditions, a
mean value may be used as the value of Gs. If this is not the case, thelvalue of G will have to
prior to the determination.
Lvapour transmission rate, s, of the substrate
bour transmission rate, Vs, in grams per square metre per day, of the substrate is gien by
G
P Zs )
po A4
b rate of flow of water vapour, in grams-per hour, through the substrate;
P area, in square metres, of the test-piece through which the water vapour flows;
L corrects the water-vapour transmission rate, Vs, to standard atmospheric pressure;
Po

bour transmission rate, V¢s, in grams per square metre per day, of the substrate plus coating is
given by Equation (5):

(®)

I o) Acs

Gcs is the rate of flow of water vapour, in grams per hour, through the substrate plus coating;

Acs is the area, in square metres, of the substrate plus coating through which the water vapour flows;

the factor

p

Po

corrects the water-vapour transmission rate, Vs, to standard atmospheric pressure;

the factor 24 converts G¢s from grams per hour to grams per day.
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8.2.5 Water-vapour transmission rate, V, of the coating

The water-vapour transmission rate, ¥, of the coating is calculated, in grams per square metre per day, from
the difference between the water-vapour transmission rate of the substrate, Vs, and that of the substrate plus
coating, Vs, as shown in Equation (7), which is derived from Equation (6):

1 1 1
L (6)
Vo Ve Vs
Ve XV,
_"cs 5 (7)
Vs - Vcs

Take JIS the result the mean value of at least three individual determinations, but include in the ¢algulation every
indiviqual value of I above 680 g/(m2-d). If all the individual values of ¥ are above 680 g/(m#d); tHe mean value
shall e reported as “V > 680 g/(m2d)” (see Clause 1).

8.3 lWater-vapour diffusion-equivalent air layer thickness, sq

If requiired, the water-vapour diffusion-equivalent air layer thickness, sq, in metres, is also calclilated. This is
given py Equation (8) (for the derivation of this equation, see Annex A):
Ogq XA
sh = a X pV (8)
V
where

oh is the water-vapour permeation coefficient of+air at standard temperature and pressurej, in grams per
metre per day per pascal [at 23 °C (= 296.K) and standard pressure (= 101 325 Pa), the value of 65
is 0,016 9 g/(m-d-Pa)];

Apy is the difference between the partial water-vapour pressure in the test cup and tHat in the test
enclosure (i.e. between the two sides of the coating), in pascals.

For the wet-cup method, for whichyApy = 1 207 Pa, the diffusion-equivalent air layer thicknesg is calculated
using [Equation (9):

20,4

v ©)

For the dry-cup method, for which Apy = 1 400 Pa, the diffusion-equivalent air layer thicknesg is calculated
using [Equation{(10):

2347
= 10
425 (10)
8.4 Water-vapour resistance factor, u
If required, the water-vapour resistance factor, u, may be calculated using Equation (11):
Sd 6
=—x10 11
==gx (11)

where d is the dry-film thickness, in micrometres (see 6.3).

In the case of textured products like rendering, the particle size of the material may be taken instead of the
measured or calculated film thickness.
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When calculating values of sq for different dry-film thicknesses of a particular material, using the equation
sqd = u x d x 1078, 1 shall not be treated as a constant for that material. As can be seen from Equation (8),
u depends on Apy and therefore changes with ambient temperature and relative humidity.

9 Precision

9.1

Repeatability, ()

The repeatability is the value below which the absolute difference between two test results (each the mean of
three valid determinations) may be expected to lie when using the standardized test method under repeatability

conditions, i.
a short interv

For the methd
a 95 % proba

9.2 Repro

The reproduc
three valid de

conditions, i.¢. when the test results are obtained on identical material by, ‘different operators in di

laboratories U

For the methg
with a 95 % p

10 Test report

o N 4 + 1L | ol HPA | '+ l ry H N ry H lala ry
- WIHTITUIC ICTOUTTOoUIS Al Ul dITITU UTT TUTTIiuaearitatlcridlr Uy UTTC UpPTTratul T UTic Tdurdilul' y

| of time using the standardized test method.
d specified in this International Standard, (r) is 40 % (relative to the mean of two test fesults
bility.

Hucibility, (R)

bility is the value below which the absolute difference between two téstresults (each the m
erminations) may be expected to lie when using the standardized test method under repeat

sing the standardized test method.

d specified in this International Standard, (R) is 100 % ‘(telative to the mean of two test re
robability.

within

), with

ean of
ability
ferent

sults),

The test repoft shall contain at least the following information:

a) all information necessary for identification of the product tested;

b) a referenge to this International Standafd, together with its year of issue (i.e. ISO 7783:2011);

c) the numier of test pieces tested;

d) the methpd of application of/the’/coating, the application rate (amount of coating material applied), the
number ¢f coats and details.ofany dilution carried out;

e) the dry-film thickness{in-micrometres, of the coating or coating system tested;

f)  (for non-pelf-supperting coatings) the type of substrate (including the primer, if used) and its ajerage
thicknesg, in millimetres;

g) whether fneZdry-cup or the wet-cup method was used,

h) details of the test assembly used, including the method of preparation and sealing used and the size of the
waxing template (B.2.2), if used;

i) the duration and conditions of drying (or stoving), ageing (if applicable) and conditioning (method A or
method B — see 6.2.3) of the test pieces before testing;

i)  the temperature and relative humidity in the test enclosure;

k) the results of the test, including the arithmetic mean of a valid set of values of the water-vapour transmission
rate, ¥, and, if required, the value of the water-vapour diffusion-equivalent air layer thickness, sq, for the
thickness determined;

I) (if needed for calculations relating to construction applications) the value of the water-vapour resistance
factor, u, together with the associated film thickness, reported as a pair of values;
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m) any particular observations;
n) details of any deviations from the test method specified;

o) the name of the test laboratory in which the test was carried out and the name of the person who actually
carried out the test;

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

Derivation of Equation (8) in Subclause 8.3 for the calculation of the
water-vapour diffusion-equivalent air layer thickness, sq

The calculation of the water-vapour diffusion-equivalent air layer thickness, sq, from the measured water-vapour

transmission [ate; 7 {Equation (8 imSubctause 831,15 based-omthe fottowimgequations amnd-aefimitions]

Ogxdy q0, xsg (A1)

sq can therefgre be expressed as follows:

=2

add (A.2)

Sd =< 1%a
S¢

where
da Is the water-vapour permeation coefficient of air, in grams per metre per day per pascal;

da is the thickness of the air layer (in this case 1 m);

dc is the water-vapour permeation coefficient of the coating, in grams per metre per day per pascal;
sq is the water-vapour diffusion-equivalent air layer thickness of the coating, in metres.

The water-vapour permeation coefficient of air, &5, is a function of the diffusion coefficient of water vapour in air,
D, the gas copstant for water vapour, Ry, and the temperature, 7, as given by Equation (A.3):

5= —1 (A.3)

Ry is theé gas constant for water vapour, in newton metres per gram per Kelvin [Ry = 0,462 N-m/(g{K)];

T is th¢ mean value of.the temperature, in kelvins, during the test [for the wet-cup (i.e. the referefce)
method, T'= 296.K{(= 23 °C)];

D s the diffusion*Coefficient of water vapour in air, in square metres per day.

The diffusion [ceefficient of water vapour in air, D, is a function of the air temperature, 7, during the test and can
be calculatedlfrom Equation (A 4):

T 1,81
Ty

where
To is the standard temperature, in kelvins (= 273 K);

Do is the diffusion coefficient of water vapour in air at standard temperature and pressure [at 273 K and
standard pressure (= 101 325 Pa), the value of Dg is 1,996 m2/d].
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The value of &3 at T'=296 K and at standard pressure can be calculated from Equation (A.5):

D T 181
§a=—20 x| L (A5)
RyxT | T,

Substituting 1,996 m2/d for Do,

0,462 N-m/(g-K) for Ry,
296 K for T"and

1,81

[ x A
1,158 for L—J
Ty

gives

1,996

= mxﬂ 58 =0,0169 g/(m-d-Pa)
, X

The water-vapour permeation coefficient of the coating, &, is a function ofithe water-vapour trangmission rate,
¥, and the water-vapour partial-pressure difference, Apy, as given by Equation (A.6):

vV

8t = v xdy (A.6)
wherg

14 is the water-vapour transmission rate of the Coating, in grams per square metre per day;

Apy  is the water-vapour partial-pressure difference between the two sides of the coating,|in pascals;

dh is the thickness of the air layer.(in;this case 1 m).

Combfining Equation (A.6) with Equation (A.2) gives

A
_axfpy (A7)

Sd %

Substituting 0,016-97g/(m-d-Pa) for 65 at 7= 296 K in Equation (A.7) gives

_ 0,0169%'Apy,

(A.8)

[

For th
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Annex B
(normative)

Use of molten wax for sealing the test assembly

B.1 General

If wax is used as the sealing material, it is essential that it adhere strongly to both the cup and the testlpiece.

In addition, it|is important that it be not brittle at the test temperature, not hygroscopic and not susceptible

to oxidation. A surface of 50 cm? of freshly melted wax, when exposed for 24 h at 38 °C and 90-% re¢lative

humidity, shall not give a variation in mass of more than 1 mg. Wax mixtures that attack the test'piece shall not

be used.

Suitable wax pompositions are:

a) 60 % (by|mass) microcrystalline wax and 40 % (by mass) refined crystalline paraffin wax;

b) 80 % (by|mass) paraffin wax with a melting point of 50 °C to 52 °C and 20-%:(by mass) viscous-consigtency
polyisobytene (relatively low degree of polymerization);

c) mixture df waxes melting over the range 60 °C to 75 °C and withxan oil content of 1,5 % (by mass) {fo 3 %
(by mass).

If the wax corjtains traces of water, these can be eliminated bytheating to 105 °C to 110 °C and stirring.

The oil contept of the microcrystalline wax shall be below3 % (by mass) and that of the refined paraffin wax

below 1 % (by mass).

It is advisablg to use new wax to seal each test.piece. However, if wax is reused, then care shall be taken to

remove foreign bodies and impurities before use:

If the molten ax is allowed to spread on-to the test area, this will reduce the effective area of the test|piece

and lead to effroneous results.

NOTE The apparatus and procedures used are similar to those described in ISO 2528.

B.2 Apparatus

The general fequirements specified in 5.2 apply. Figure B.1 shows examples of apparatus which has proved

satisfactory ir use.

B.2.1 Circ -for-seatine c-te 5 e-groove

shall have a profile such that the test

piece can be sealed over the opening of the cup and that n

can escape at or through the edges of the test piece.

0 water vapour

The exact surface area to be exposed is defined by the diameter, D, of the waxing template (see B.2.2). The
internal diameter of the rim of the cup on which the test piece rests shall be equal to or very slightly greater
than the diameter, D.

B.2.2 Waxing templates, to control the application of the wax and to allow the test surface to be defined
exactly. Their diameter, D, is the diameter of the exposed area of the test piece.

These templates may be

a) covertemplates (see Figure B.1) which shall be taken off when the hot wax has been run in and has cooled
(they comprise discs with central handles, drilled with a small hole at a suitable point and having the edge
14 © 1SO 2011 — Al rights reserved
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