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EN ISO 7783:2018 (E)

European foreword

This document (EN 1SO 7783:2018) has been prepared by Technical Committee ISO/TC 35 "Paints
and varnishes” in collaboration with Technical Committee CEN/TC 139 “Paints and varnishes” the
secretariat of which is held by DIN.

This European Standard shall be given the status of a national standard, either by publication of an
identical text or by endorsement, at the latest by May 2019, and conflicting national standards shall be
withdrawn at the latest by May 2019,

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CEN shall not be held responsible for identifying any or all such patent rights.

This document supersedes EN ISO 7783:2011.

According to the CEN-CENELEC Internal Regulations, the national standards organizations of the
following countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, Croatia,
Cyprus, Czech Republic, Denmark, Estonia, Finland, Former Yugoslav Republic of Macedonia, France,
Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands,
Norway, Poland, Portugal, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and
the United Kingdom.

Endorsement notice
The text of [SO 7783:2018 has been approved by CEN as EN ISO 7783:2018 without any modification.
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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 detéermination 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.

Water-vapour transmission is of greatest interest under conditions of high humidity. For this reason,
the wet-cup method has been adopted as the reference method. By agreement, other procedures and
conditions, like the dry-cup method, may be used.
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1SO 7783:2018

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 entry: It is measured in grams per hour.

3.3

water-vapour diffusion-equivalent air layer thickness

5d

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

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

34
water-vapour resistance factor

factor that indicates how many times greater the water-vapour resistance of a material is compared
with a layer of static air of the same thickness at the same temperature and pressure

Note 1 to entry: It is dimensionless.

Note 2 to entry: The calculation and use of a water-vapour resistance factor is meaningful only if the water-
vapour transmission rate of a particular material is a constant, i.e. independent of the thickness, which, however,
is normally not 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-supporting coatings> coating alone

37

wet-cup method

method of measuring 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 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 %).
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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 hdryingat (50 £ 2) °C.

During the weekend or any interruption of the conditioning for other reasons, store the test pieces 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) °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 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.

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 Formula (1):

CxNV
e v (1)
100
where
4 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 IS0 3233-1.

6.3.3 Determination 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 specified
in |SO 2808.

6.4 Preparation 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, but not larger than 30 mm, is better if ammonium dihydrogen phosphate solution is
used, to make handling of the test assembly during weighing easier,

Seal each test piece to a cup with a vapour-tight seal.
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8.2.3 Water-vapour transmission rate, V,, of the substrate

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

Formula (4):

v aic Pas 4)
Py A
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where

(i is the rate of flow of water vapour, in grams per hour, through the substrate;

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

pi 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, V', of the substrate plus coating

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

coating is given by Formula (5):

G
Vo =2ax-Px2s (5)

Po "qcs

where

Ges 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;

pi is the factor to correct the water-vapour transmission rate, Vi, to standard atmospheric pressure;

0
24 is the factor to convert G 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 metre per day,
from the difference between the water-vapour transmission rate of the substrate, V;, and that of the
substrate plus coating, Vs, as shown in Formula (7}, which is derived from Formula (6):

1 1 1
LA . (6)
v 1'ill.‘s VS
e )
V= C5 5 [?]
Vs _FL'S

Take as the result the mean value of at least three individual determinations, but include in the
calculation every individual value of VV 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 “V > 680 g/(m2-d)" (see Clause 1).

8.3 Water-vapour diffusion-equivalent air layer thickness, s

If required, the water-vapour diffusion-equivalent air layer thickness, 54, in metres, is also calculated.

This is given by Formula (8) (for the derivation of Formula (8), see Annex A):
8. xAp
Sa :_E'T_JL (8)
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where

fiy 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 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 which Apy = 1 207 Pa, the diffusion-equivalent air layer thickness is

calculated using Formula (9):

20,4
.".i'd = v

(9)

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

calculated using Formula (10):

23,7
=t 10
- (10)
8.4 Water-vapour resistance factor, y
If required, the water-vapour resistance factor, 4, may be calculated using Formula (11):
Sd 6
=—x10 11
= (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.

When calculating values of sy for different dry-film thicknesses of a particular material, using the
formula sq = u x d x 10-6, u shall not be treated as a constant for that material. As can be seen from
Formula (8), 4 depends on Apy and therefore changes with ambient temperature and relative humidity.

9 Precision

9.1 Repeatability, (r)

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.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.

© ISO 2018 - All rights reserved 11
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10 Test report

The test report shall contain at least the following information:

a)
b)

c)
d)

€)
f)

g)
h)

i)
k)

m)

n)

p)

12

all information necessary for identification of the product tested;
a reference to this document (i.e. 1SO 7783);
the number of test pieces tested;

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

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

(for non-self-supporting coatings) the type of substrate (including the primer, if used) and its
average thickness, in millimetres;

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

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;

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;

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 water-vapour
transmission rate, ¥, and, if required, the value of the water-vapour diffusion-equivalent air layer
thickness, sy, for the thickness determined;

(if needed for calculations relating to construction applications) the value of the water-vapour
resistance factor, y, together with the associated film thickness, reported as a pair of values;

any particular observations;
details 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 person who
actually carried out the test;

the date of the test.

@ 1S0 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, s4

The calculation of the water-vapour diffusion-equivalent air layer thickness, s4, from the measured
water-vapour transmission rate, V [Formula (8) in 8.3], is based on the following formulae and
definitions:

8, xd, =8 x5y (A.1)

54 can therefore be expressed as follows:

)
Sq=—>xd, (A.2)

d;

where

(i is the water-vapour permeation coefficient of air, in grams per metre per day per pascal;

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

¢ is the water-vapour permeation coefficient of the coating, in grams per metre per day per pascal;

54 is the water-vapour diffusion-equivalent air layer thickness of the coating, in metres.

The water-vapour permeation coefficient of air, d;, 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

- A3
. Ry xT (A.3)
where
Ry is the gas constant for water vapour, in newton metres per gram per Kelvin
[Ry = 0,462 N-m/(g-K}};
T is the mean value of the temperature, in kelvins, during the test [for the wet-cup (i.e: 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):

T 1,81
b= D{,x[_] (A4)
Ty

© ISO 2018 - All rights reserved 13
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where
To is the standard temperature, in kelvins (= 273 K);
Dy 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 Dpis 1,996 m2/d].

The value of 8, at T= 296 K and at standard pressure can be calculated from Formula (A.5):

Dy T
a= s
RyxT | T,

1,81

(A.5)

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

=\ ¥ 81
1,158 for [— ]
Ty

gives

1,996

=—="""" %1,158=0,0169 -d-P
T 0,462x296 g/(m-d-Pa)

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

vV
. =——xd A6
* Apy ° (A.6)

where
Vv 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;
dy is the thickness of the air layer (in this case 1 m).
Combining Formula (A.6) with Formula (A.2) gives

54 :M (A.7)

Vv
Substituting 0,016 9 g/(m-d-Pa) for &, at T'= 296 K in Formula (A.7) gives
0,0169%
PO (A.8)
V
: o 23,7
For the dry-cup method, taking Apy as 1 400 Pa allows Formula (A.8) to be simplified to s4 = .
4

For the wet-cup method, taking Apy as 1 207 Pa allows Formula (A.8) to be simplified to 5,4 = 2[::4 .

14 © IS0 2018 - All rights reserved
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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 adheres strongly to both the cup and the test
piece. 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?2 of freshly melted wax, when exposed for 24 h at 38 °C and
90 % relative 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 compositions are:

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

b) 80 % (mass fraction) paraffin wax with a melting point of 50 °C to 52 °C and 20 % (mass fraction)
viscous-consistency polyisobutene (relatively low degree of polymerization);

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

If the wax contains traces of water, these can be eliminated by heating to 105 °C to 110 °C and stirring.

The oil content of the microcrystalline wax shall be below 3 % (mass fraction) and that of the refined
paraffin wax below 1 % (mass fraction).

It is advisable 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 wax is allowed to spread on to the test area, this will reduce the effective area of the test
piece and lead to erroneous results.

NOTE The apparatus and procedures used are similar to those described in 150 2528.

B.2 Apparatus

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

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 the diameter, D,

© ISO 2018 - All rights reserved 15
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Dimensions in millimetres

Wy

)

b) Cutting template

=

” D

¢) Cover template

54

;
d

e

d) Lid with rim to fit outside dish
(See NOTE to 6.4 for use of this assembly)

e

~J

4\ ]

e) Deep dish

Figure B.1 — Examples of circular test cups and templates
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The values given in Table B.1 for the dimensions of the cups and lids shown in Figure B.1 are inside
dimensions, except for the overall diameters of the cups, which are outside dimensions. Only dimension
D needs to be strictly respected. The other dimensions are approximate.

Table B.1 — Dimensions of test cups

Area of test piece Dimensions of test cup

A mm

cm? D b c d e
10 35,7 35 45 30 50
15 43,7 45 55 40 60
20 50,5 50 60 45 65
25 56,4 55 65 50 70
50 79.8 80 90 75 95

100 112,8 115 125 110 130
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