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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.
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Introduction

This document 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.

the wet-cup method has been adopted as the reference method. By agreement, other"prgcedures and

Wat‘(i/[—vapour transmission is of greatest interest under conditions of high humidity. For this reason,
conditions, like the dry-cup method, may be used.

© ISO 2018 - All rights reserved v
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INTERNATIONAL STANDARD
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Paints and varnishes — Determination of water-vapour
transmission properties — Cup method

1 Scope

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

Coatingc of pninfc’ varnishes and related prndllhfc

It supplements ISO 12572. As far as possible, the procedure, the definitions and.the
have peen taken over from ISO 12572. ISO 12572 can be consulted, if necessary,|to ob
undeygstanding of the procedure specified in this document.

Water-vapour transmission rates of more than 680 g/(m2-d) (i.e. water-vapdur diffusion-¢
layer thicknesses, sq, of less than 0,03 m) are not accurately quantified bylthe test method

this

cument.

2 Normative references

The

fpllowing documents are referred to in the text in such a way that some or all of

constjtutes requirements of this document. For dated references, only the edition cited
undafed references, the latest edition of the referenced*document (including any amendms

[SO 1513, Paints and varnishes — Examination and-preparation of test samples

ISO 2808, Paints and varnishes — Determination of film thickness

ISO

3R33-1, Paints and varnishes — Determination of the percentage volume of non-volat

Part 1: Method using a coated test panel to determine non-volatile matter and to determine dr
by thq Archimedes principle

ISO 3696, Water for analytical laboratory use — Specification and test methods

[SO 4618, Paints and varnishes — Terms and definitions

[SO 15528, Paints, varhishes and raw materials for paints and varnishes — Sampling

3 Terms and definitions

For the punposes of this document, the terms and definitions given in ISO 4618 and the fol

calculations
tain a better

quivalent air
described in

their content
applies. For
ents) applies.

le matter —
y film density

owing apply.

ISO anddEC maintain rprminn]ngira] databases for use in standardization at the Fn]]nv\n'ng

3.1

ddresses:

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

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

water-vapour transmission rate

|4

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

Note 1 to entry: It is measured in grams per square metre per day [g/(m?2-d)].

© ISO 2018 - All rights reserved
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Note 2 to entry: 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.

Note 3 to entry: The term “water-vapour transmission” is often incorrectly used for water-vapour
transmission rate.

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 1 to entrjy: 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 trangmission rate as the coating tested

Note 1 to entrjy: It is measured in metres.

3.4
water-vapouir resistance factor
u
factor that indicates how many times greater the water-vapouy, resistance of a material is compared
with a layer ¢f static air of the same thickness at the same temiperature and pressure

Note 1 to entrjy: It is dimensionless.

Note 2 to entfy: The calculation and use of a water-vapour resistance factor is meaningful only if the water-
vapour transrhission rate of a particular material is a‘cbnstant, i.e. independent of the thickness, which, hoever,
is normally nqt the case for coatings.

3.5
test piece
<non-self-supporting coatings> supporting substrate with the coating applied to it

3.6
test piece
<self-supporfing coatings>{oating alone

3.7
wet-cup method
method of mleasuting water-vapour permeability in which the test piece is sealed to the rim of|a cup
containing alsaturated aqueous solution of ammonium dihydrogen phosphate

Note 1 to entry: This is the most convenient manner of carrying out determinations of water-vapour permeability
under conditions of high relative humidity (between 93 % and 50 %).

3.8

dry-cup method

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

Note 1 to entry: This is the most convenient manner of carrying out determinations of water-vapour permeability
under conditions of low relative humidity (between 50 % and 3 %).

2 © ISO 2018 - All rights reserved
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3.9

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)

3.10
test area
area of the face of the test piece through which the water vapour flows during the test

Note 1 to entry: It is measured in square metres.

4 Principle

A tesf assembly consisting of a self-supporting coating, or a non-self-supporting.€oatinjg on porous
substfate, 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 % Hy means of a
desic¢ant (dry-cup method). Because of the difference between the partidlpressure of the water vapour
insid¢ the test cup and the partial pressure of the water vapour in-the test enclosure, water vapour
diffudes 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 arda, 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 homogenous, porous material which has a water-vapour transmission rate above 240 g/(m2-d)
is suifable for use as the substrate for non-self-supporting coatings, for instance polyethylene frits,
cellulpr-concrete discs, glass frits, unglazed ceramic tiles.

Wher] using cellular-concrete substrates, the coating shall be applied on the smooth side.

If the|coating system under tést does not include a primer and it is necessary to use one before applying
the cqating system under €est, do so, but the transmission rate of the primed substrate will have to be
determined separately.

5.2 [Test cup

Test qups arg'made of glass, plastic or metal. The test cup used shall be resistant to corrosjon under the
condifions‘ofthe test.

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

The exact surface area of the test piece exposed is defined by the design of the cup. The area of the
exposed surface shall be at least 50 cm? for non-self-supporting coatings and at least 10 cm? for self-
supporting coatings.

The cup shall be so designed that an efficient seal is made between it and the test piece, using sealing
material (see 5.5), if necessary.

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

© ISO 2018 - All rights reserved 3
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5.3 Ammonium dihydrogen phosphate (NH4H2P04) 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 desiccarlt shall be either dried silica gel in the form of granules passing a 4 mm sieve but retfained
on a 1,6 mm fieve, or anhydrous calcium chloride which has been dried at 200 °C.

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

In the dry-cpp method, the relative humidity in the cup shall be 3 %. The resulting water-vhpour
pressure difference relative to the test enclosure, in which the relative humidity is.maintained at{50 %,
is 1 400 Pa af standard temperature (23 °C) and pressure (101 325 Pa).

5.5 Sealing material

It shall be epsured that the test assembly is fully sealed, with the exception of the test ared. The
sealing matdrial shall be impermeable and free from cracks. Fét\sealing, mechanical clamps, wax or
two-compongnt sealing materials have been found suitable. THé use of molten wax for sealing the test
assembly is described in Annex B.

The sealing material shall not contain solvents or other*volatile constituents which could caude any
change in th¢ coating or lead to weighing errors caused by the evaporation of solvent.

NOTE The most usual way of sealing the cup is.to fit the cup with a mechanical clamp or screw device[which
can incorporalte a sealing ring made of a suitable/pglymeric material. Mechanical sealing might not be suitfable if
the test piece has a rough surface or if it is very fragile. In such cases, the use of molten wax is more satisfagtory.

5.6 Testenclosure

The test enclosure shall be of a design such that both the temperature and the relative humidity fn the
enclosure can be controlled atthetevels required for the test. Thus, for the reference method, the enclosure
shall be capgble of maintainiing the temperature at (23 + 2) °C and the relative humidity at (50 45) %
(standard copditions as_defined in ISO 3270). To ensure uniform conditions during the test, the air shall
be caused to[flow overthe outer surface of the test piece at a speed between 0,02 m/s and 0,3 m/k. The
ambient air gressureshall be corrected to standard pressure (101 325 Pa) as described in 8.1.

NOTE Mdintaining the air speed at the correct level is the second most important source of errof after
preparation of the test pieces

When cups have to be removed from the test enclosure for weighing, the specified conditions shall be
re-established not more than 15 min after the door of the enclosure has been closed. The door shall
remain open for the shortest possible time. This is especially important with materials having a high
permeability.

5.7 Balance

The balance used shall be suitable for determining the change in mass of the test assembly with an
accuracy of 1 mg or better for cups giving a test area of 50 cm? or less, or 10 mg for cups giving a test
area greater than 50 cm?2.

The most suitable arrangement is to have the balance located in the test enclosure. If this is not possible,
care shall be taken that no loss in mass occurs during the transport of the test assembly to the balance.
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6 Preparation for the test

6.1

Sampling of coating material

Take a representative sample of the product to be tested (or of each product in the case of a multi-coat
system), as described in ISO 15528.

Exam

6.2

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

Preparation of test pieces

6.2.1
The s

Apply
applid
more
coat 3
visibl
than {

Dryt

6.2.2

Use 4
subst
is fre
a soly
soaki
affect

Coat the substrate by the methodsspecified by the manufacturer and dry it for 7 days in free

air at
thatt

Remo

Use a

test piieces visually*and discard any which appear to have pinholes.

6.2.3

Preparation of non-self-supporting coatings on a porous substrate
ibstrate shall be clean and dry.

the coating material to be tested to the substrate in accordance with the mg
ation instructions. Do not apply less than the amount indicated by the manufact
than 50 % more, e.g. by applying a larger number of coats or by applying the first co3
fter dilution. It is essential that the coating be complete, continuous, homogeneous 3
e imperfections. If the amount necessary to produce such a coating is more than J
he amount indicated by the manufacturer, use another substrate or another test met

e test pieces for 7 days in freely circulating air at (23 £ 23 °C and (50 * 5) % relative

Preparation of self-supporting coatings

substrate from which the coating can be easily detached when dry/hard. The n

e from surface defects. Other techniques may be used, for example precoating a sy
ble material such as poly(vinyl alcohol)" which will permit the coating to be remoj
hg in water. This method should beused with caution, however, since water-soluble
the water-vapour permeability ©fjthe coating.

(23 £ 2) °C and (50 £ 5)% relative humidity (if stoving is required, care shall be tak
he substrate chosen is net affected at the relevant temperature).

ve the coating carefully from the substrate.

cutting template (see Figure B.1) to cut out specimens of a size suitable for the cup.

Conditioning

Meth

bdA

inufacturer's
hrer and not
tasaprimer
nd free from
0 % greater
hod.

humidity.

host suitable

Fates are glass plates coated with high-density polyethylene or polytetrafluoroethylene which

bstrate with
red easily by
material can

y circulating
en to ensure

Examine the

For coatings which, in use, will not be exposed to rain, e.g. coatings for interior use or for arid places,
condition the test pieces at (23 = 2) °Cand (50 £ 5) % relative humidity for 28 days or until the difference
in mass between two consecutive weighings, carried out at 24 h intervals, is less than 1 %.

Method B

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

24 h in water (tap water) at (23 + 2) °C;

24 h drying at (50 * 2) °C.
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During the weekend or any interruption of the conditioning for other reasons, store the test pieces at
(23 £ 2) °Cand (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) °Cand (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, p. It
may be detefmined by calculation or by optical, mechanical or other suitable methods.

NOTE Opttical 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.

6.3.2 Detdrmination of the thickness of the coating by calculation

Calculate thg¢ dry-film thickness, d, in micrometres, from the application rate“{the amount of c¢ating
material applied), using Formula (1):

CxNVy
— 1
100 (1

d=

where

C is the application rate, in millilitres per square,metre;

NVy is the non-volatile-matter content, expressed as a percentage by volume, determined in
accordance with ISO 3233-1.

6.3.3 Detdarmination of the thickness of the coating by optical, mechanical or other suitable
methods

Determine the mean thickness of the\. coating by a suitable method selected from those speciffjed in
[SO 2808.

6.4 Preparation of the testassemblies
Clean and drjy the cups, together with any ancillary fittings.

Into each cup introduee a quantity of saturated ammonium dihydrogen phosphate solution (5.3) and
additional athmonjum dihydrogen phosphate crystals (for the wet-cup method) or desiccant (5.4) (for
the dry-cup fnethed) such that there w1ll be an a1r gap of at least 10 mm below the test plece An aj
larger than 110-mm . ation is
used, to make handling of the test assembly durmg welghmg easier.

Seal each test piece to a cup with a vapour-tight seal.

If a non-self-supporting coating is being tested, the coated side of the test piece shall face the
atmosphere in the test enclosure (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 removed from the enclosure for weighing, it can be helpful to cover each
assembly with a lid marked to indicate the identification of the test assembly.
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7 Procedure

Carry out the determination using at least three test pieces.

Weigh the test assemblies on the balance (5.7) and place them in the test enclosure maintained at 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 vapour 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 1ntervals [for example 3 h, 4 h or 8 h) might be
a e a change 1n

neces
mass
used
chang

Carry
the tr

Conti
It is

avoid

8 E
8.1

8.1.1

For ed
to be

In the

point
the téd

8.1.2

The W
atmo

V

out the weighings in a way which will avoid, to the greatest possible extént, any in|
Ansmission of the water vapour by the test piece.

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

essential that wetting of the test pieces by the ammonium dihydrogen phosphat
bd. If wetting takes place, repeat the test.

xpression of results
Water-vapour transmission rate, V, of self-supporting coatings

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

ich test assembly, plot the change inmass, in grams, against time, in hours. The test
complete when three or more pa@ints lie in a straight line.

linear part of the plot, determine the best-fit straight line through at least three 1
5. The slope of this straightline is the rate of flow of water vapour, G, in grams per i
st piece.

Water-vapour transmission rate, V, of the coating

pheric pressSure, po (i.e. the pressure at mean sea level), is given by Formula (2):

:24><L><£
A

rater-vapour transmission rate, V, in grams per square metre per day, of the coating,

erference in

e solution is

s considered

heasurement
our, through

at standard

(2)

Po

where

G is the rate of flow of water vapour, in grams per hour, through the test piece;

A is the area, in square metres, of the test piece through which the water vapour

24 isthe factor to convert G from grams per hour to grams per day.
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The atmospheric pressure, p, in pascals, at the place of measurement during the test can be calculated
with sufficient accuracy from Formula (3):

P=Po-5o5 3)
where
h is the height above sea level, in metres, of the test laboratory;
po isthe standard atmospheric pressure, in pascals (po = 101 325 Pa).
NOTE In [the calculation of the water-vapour transmission rate, , in Formula (2), the air gap beldw the
coating is notjtaken into account because its influence on the water-vapour transmission rate of self-suppprting

coatings is ne

Take as the
calculation
are above 6

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

8.2.1 Geng

When calcul
vapour tran
ammonium ¢
into account
for the subst
disappears p

8.2.2 Rate
coating, G

For each test
to be comple

In the linear
points. The s
substrate plu

If separate m
of water vap

If the substr
representative

pligible.

the mean every individual value of V above 680 g/(m2-d). If all the individual value
0 g/(m2-d), the mean value shall be reported as “V > 680 g/(m2-d)” (Se¢ Clause 1).

bral

ting the water-vapour transmission rate of a nonself-supporting coating, the v
smission rate of the substrate has to be taken~ifito account. The air gap betwegd
ihydrogen phosphate solution or the desiccant and the test piece will not need to be
since the water-vapour transmission rate ef‘the coating is obtained by subtractin

rovided the air gap remains the same tiroughout the test.

of flow of water vapour through the substrate, G5, and through the substrate plu

assembly, plot the changé in'mass, in grams, against time, in hours. The test is consi
te when three or more points lie in a straight line.

part of the plot, determine the best-fit straight line through at least three measure
lope of this straight line is the rate of flow of water vapour, in grams per hour, throug
s coating, Geg

bur, in grams per hour, through the substrate, Gs.

rate plus coating from that for the substratealone, so the influence of the air gap ther

result the mean value of at least three individual determinations, butZinclude in the

sof V

Vater-
n the
taken
b that
efore

dered

bment
rh the

easurements were made on the substrate alone, calculate, in the same way, the rate of flow

e used is suff1c1ently 51m11ar to substrates prev1ously used under the same condltl

to be measured prlor to the determmatlon

8.2.3 Water-vapour transmission rate, V, of the substrate

The water-vapour transmission rate, Vs, in grams per square metre per day, of the substrate is given by

Formula (4):

Vs =24X—X

p

GS

Po

(4)
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where
Gs is the rate of flow of water vapour, in grams per hour, through the substrate;
As is the area, in square metres, of the test piece through which the water vapour flows;
p_ is the factor to correct the water-vapour transmission rate, Vs, to standard atmospheric pressure;
0
24 is the factor to convert G from grams per hour to grams per day.
8.2.4| Water-vapour transmission rate, Vs, of the substrate plus coating
The Wwater-vapour transmission rate, ¢, in grams per square metre per day, of the substrate plus
coatimg is given by Formula (5):
W, =2ax P Ces (5)
Po Acs
where
Gks is the rate of flow of water vapour, in grams per haur;through the substrate plfis coating;
Al isthearea, in square metres, of the substrate pluscoating through which the water papour flows;
P is the factor to correct the water-vapour transmission rate, Vs, to standard [atmospheric
Ho pressure;
24 is the factor to convert G¢s from grams per hour to grams per day.
8.2.5| Water-vapour transmission(rate, V, of the coating
The water-vapour transmission rate, V, of the coating is calculated, in grams per square nletre per day,

from
subst

1
v
V]

Take

the difference between, the) water-vapour transmission rate of the substrate, Vs, an

Fate plus coating, V¢s,.as'shown in Formula (7), which is derived from Formula (6):
_ 11
Ve Vs
Vg XV
ALY

as-the result the mean value of at least three individual determinations, but in

d that of the

(6)

(7)

clude in the

calcu
680 g

8.3

o LR TR | 1 1 £yz 1 Qn 7 T LN & | IR | CO R | 1 1
dlUUII Cvely HIAIvidudl vdaiut Ol vV dDOVC O0U g/ (II="U]. 1T d1I UIC HIUIvVIUUdl vdaiucs o

/(m2-d), the mean value shall be reported as “V > 680 g/(m2-d)” (see Clause 1).

Water-vapour diffusion-equivalent air layer thickness, sq

V are above

If required, the water-vapour diffusion-equivalent air layer thickness, s4, in metres, is also calculated.

This is given by Formula (8) (for the derivation of Formula (8), see Annex A):
63 XApV
Sq=——
|4
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where

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

Apy  isthe 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 which Apy = 1 207 Pa, the diffusion-equivalent air layer thickness is
calculated using Formula (9):

20,4
= 9
v (9)

Sq

For the dry-{cup method, for which Apy = 1 400 Pa, the diffusion-equivalent air layer thicknpss is

calculated uging Formula (10):

23,7
Sy = ’1 10
4= (10)
8.4 Water-vapour resistance factor, u
If required, the water-vapour resistance factor, y, may be calculateduising Formula (11):
s
pn=-9x10° (11)

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

In the case of textured products like rendering, thé-particle size of the material may be taken instead of
the measurefl or calculated film thickness.

When calculpting values of sq for different dry-film thicknesses of a particular material, using the
formula sq =|u x d x 10-6, u shall not betreated as a constant for that material. As can be seen| from
Formula (8),|u depends on Apy and therefore changes with ambient temperature and relative hunidity.

9 Precision

9.1 Repedtability, (1)

The repeatability isithe value below which the absolute difference between two test results (ea¢h the
mean of thrde valid determinations) may be expected to lie when using the standardized test mgethod
under repeafability conditions, i.e. when the test results are obtained on identical material by one
operator in one laboratory within a short interval of time using the standardized test method.

For the method specified in this document, (r) is 40 % (relative to the mean of two test results), with a
95 % probability.

9.2 Reproducibility, (R)

The reproducibility 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.e. when the test results are obtained on identical material by different
operators in different laboratories using the standardized test method.

For the method specified in this document, (R) is 100 % (relative to the mean of two test results), with
a 95 % probability.
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10 Test report

The test report shall contain at least the following information:

a)
b)
‘)
d)

e)
f)

g)
h)

j)
k)

D)

all information necessary for identification of the product tested;
areference to this document (i.e. [SO 7783);
the number of test pieces tested;

the method of application of the coating, the application rate (amount of coating mate
the number of coats and details of any dilution carried out;

rial applied),

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

(for non-self-supporting coatings) the type of substrate (including the prinier if y
aperage thickness, in millimetres;

hether the dry-cup or the wet-cup method was used;

details of the test assembly used, including the method of preparatiofvand sealing usec
of the waxing template (B.2.2), if used;

the duration and conditions of drying (or stoving), ageing (ifapplicable) and conditioni
of method B — see 6.2.3) of the test pieces before testing;

the temperature and relative humidity in the test enclosure;

the results of the test, including the arithmetic mean of a valid set of values of the ¥

sed) and its

| and the size

hg (method A

vater-vapour

tfansmission rate, V, and, if required, the valué'of the water-vapour diffusion-equivalent air layer

thickness, sq, for the thickness determined;

(if needed for calculations relating to censtruction applications) the value of the
resistance factor, p, together with the associated film thickness, reported as a pair of v

ahy particular observations;
dftails of any deviations from'the test method specified;

the name of the test laboratory in which the test was carried out and the name of the

Ctually carried outthe test;

o8]

the date of the test.

vater-vapour
ralues;

person who

© ISO 2018 - All rights reserved
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Annex A
(informative)

Derivation of Formula (8) for the calculation of the water-vapour

diffusion-equivalent air layer thickness, sq

The calculation of the water-vapour diffusion-equivalent air layer thickness, s4, from the measured
water-vapouf transmission rate, VV [Formula (8) in 8.3], is based on the following formulag and
definitions:
0,xd, 50, %Sy (A1)
sq can therefpre be expressed as follows:
o
S4q =2 da (AZ)
5C
where
04 is the water-vapour permeation coefficient of air, in grams per metre per day per pagcal;
da is the thickness of the air layer (in this case 1 m);
Oc is the water-vapour permeation coefficient ofithe coating, in grams per metre per day per gascal;
Sd is the water-vapour diffusion-equivalent air layer thickness of the coating, in metres
The water-viipour permeation coefficient of{air, 85, is a function of the diffusion coefficient of water
vapour in air} D, the gas constant for water, vapour, Ry, and the temperature, T, as given by Formula|(A.3):
D
0, =—1F— (A.3)
Ry xT
where
Ry is the gas constant for water vapour, in newton metres per gram per Kelvin
[Ry = 0,462N-m/(g'K)];
T is the/mean value of the temperature, in kelvins, during the test [for the wet-cup (ile. the
reference) method, T =296 K (= 23 °C)];
D is the diffusion coefficient of water vapour in air, in square metres per day.

The diffusion coefficient of water vapour in air, D, is a function of the air temperature, T, during the test
and can be calculated from Formula (A.4):

12

I

1,81
T ]

0

(A4)
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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 Dy is 1,996 m2/d].

The value of 6, at T= 296 K and at standard pressure can be calculated from Formula (A.5):

1,81

D T

= x| — (A.5)
Ry xT | T,

Substiituting 1,996 m2/d for Dy,
0,462 N-m/(g-K) for Ry,
296 K for T and

T 1,81
1,158 for | —
Ty

1,996
o =— 2
0,462%x296

gives
%x1,158=0,0169 g/(m-d-Pa)

The Wwater-vapour permeation coefficient of the\coating, 6., is a function of the water-vapour
transmission rate, I, and the water-vapour partial?pressure difference, Apy, as given by Fofmula (A.6):

4

O =——xd, (A.6)
Apy
where
%4 is the water-vapour transmission rate of the coating, in grams per square njetre per day;
Apy is the watér-vapour partial-pressure difference between the two sides of the coating, in
pascals;
da isthethickness of the air layer (in this case 1 m).
Combining Fotfmula (A.6) with Formula (A.2) gives
XA
sh =222y va A7)

Substituting 0,016 9 g/(m-d-Pa) for 6, at T = 296 K in Formula (A.7) gives

0,0169xA
sq = EPY. (A.8)
%4
: o 23,7
For the dry-cup method, taking Apy as 1 400 Pa allows Formula (A.8) to be simplified to s4 = Tt
20,

S

For the wet-cup method, taking Apy as 1 207 Pa allows Formula (A.8) to be simplified to s4 =

© ISO 2018 - All rights reserved 13
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Annex B
(normative)

Use of molten wax for sealing the test assembly

B.1 General

If wax is use
piece. In add
susceptible t
90 % relativ
the test piecq

Suitable wax

a) 60% (m
b) 80 % (m|

viscous-
c) mixture

fraction)
If the wax co

The oil contsg
paraffin wax

It is advisabl
to remove fo

If the molten
piece and lea

NOTE Th

B.2 Appa

The general
proved satisf

1 as the sealing material, it is essential that it adheres strongly to both the cup and-th
ition, it is important that it be not brittle at the test temperature, not hygroscopic ar
p oxidation. A surface of 50 cm? of freshly melted wax, when exposed for 24.h at 38 9

h

iss fraction) microcrystalline wax and 40 % (mass fraction) refined crystalline paraffiy

ass fraction) paraffin wax with a melting point of 50 °C t¢.52 °C and 20 % (mass fra
onsistency polyisobutene (relatively low degree of polymerization);

htains traces of water, these can be eliminated'by heating to 105 °C to 110 °C and stiq

humidity, shall not give a variation in mass of more than 1 mg. Wax mixtures that :
shall not be used.

compositions are:

of waxes melting over the range 60 °C to 75 °C and with an oil content of 1,5 %
to 3 % (mass fraction).

nt of the microcrystalline wax shall bechelow 3 % (mass fraction) and that of the r¢
below 1 % (mass fraction).

e to use new wax to seal each test piece. However, if wax is reused, then care shall be
Feign bodies and impurities before use.

wax is allowed to spread.on to the test area, this will reduce the effective area of th
d to erroneous results.

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

ratus

requirements specified in 5.2 apply. Figure B.1 shows examples of apparatus whig
actQry in use.

e test

1d not
C and
ttack

| wax;

ction)

(mass

ring.

rfined

taken

e test

h has

B.2.1 Circular non-porous cups, with a groove round the rim for sealing the test piece with wax. The
groove shall have a profile such that the test piece can be sealed over the opening of the cup and that no
water vapour can escape at or through the edges of the test piece.

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

14

the diameter, D.
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