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European foreword

This document (EN ISO 6504-1:2019) 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 December 2019, and conflicting national standards
shall be withdrawn at the latest by December 2019.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 6504-1:2006.

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 ISO 6504-1:2019 has been approved by CEN as ENISO 6504-1:2019 without any
modification.
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Introduction

1S0 6504-3(1] specifies a method for determining the hiding power of paints at a fixed spreading rate,
by applying paint films to black and white charts and to polyester film respectively. It depends on the
observation that there is a linear relationship between hiding power and reciprocal film thickness, at
least over a limited range of film thickness.

Hiding power of paints is generally defined as the spreading rate required to give a hiding power of
98 %. To determine this by the method specified.in I1SO 6504-3[1] would be time-consuming and require
considerable extrapolation which often exceeds the limit of linearity of the relationship between hiding
power and spreading rate. Therefore, this-method for the determination of hiding power, involving
the Kubelka-Munk (K-M) equations which relate scattering and absorption coefficients to.optical
properties, has also been standardized:
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5 Kubelka-Munk equations
The Kubelka-Munk (K-M) equations required are

W | R 5
2 R

b=a-R_

1

Rps——M—
a+ becoth bSt

1-R, (a—bcothbSt)
N a+bc0ﬂ1b$t—ﬁ!g

where

(1)

(2)

(3)

(4)

Ra is the reflectivity, i.e. the reflectance of a paint film of such thickness that fufther increase in

thickness gives noe further change in reflectance;

Rg isthe reflectance of a paint film of thickness t applied over a black background;

R is the reflectance of a paint film of thickness t applied over a white background of determined

reflectarce Rg;

§ is'the scattering coefficient per micrometre (um-1);

k-0 is the thickness, in micrometres, of the paint film.

When using Formulae (1) to (4) with this method, the measured CIE tristimulus values Y divided by 100

are inserted for R, Rg and R., respectively.

The hiding power Vygg is the spreading rate necessary to give a hiding power (Rg/R) of 0,98, and is

determined via the equivalent film thickness tgsg according to the formula

1000
t

4

where

V' is the hiding power, in square metres per litre;

t  isthe thickness,in micrometres, of the wet paint film.

@ IS0 2019 - All rights reserved
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From Formulae (3) and (4), when the hiding power (Rg/R) is equal ta 0,98
a—-0,8+bcothbSt og

=0,98
[a+bcothbSt oq |{1-0,8]a-beothbSt o |}
or after, rearrangement
1 0,02++/D
ty o =—arcoth| ——— 5
0% b [ 1,568 b ] ()
where
D=3,136a[1-098(1 - 0,8a)] - 2,508 4
and
V=1UUD= 1000 bS o § ©)
t 0,02+\D
arcoth| ————
1,568 b

NOTE1 [Ify=céthx, x=arcothy
NOTE2  Itean be seen that for constant values of Ry and hiding power [Vi9a), factor a is a function of Re.

The scattering coefficient § is determined from a rearrangement of Formula (3), the values of a and b
being known by calculation from Formulae (1) and (2) respectively, as follows:

St :% arcoth [ 1;;:'3 ] (7)

To simplify the calculations, graphs are available for the determination of the product St from measured
values of Ry and Re,.

The scattering coefficient § is calculated by dividing St by the film thickness ¢, and Vj g is obtdined
from Formulae (5) and (&). A table of values of a for various values of Rw (see Tahle B.1) simplifies the
calculation.

NOTE3  Suitable tables and graphs are for example referred to in ASTM D2805. Table Bl is taken, with
modifications, from ASTM D2805~80I[2] and the graphs in Annex A are from Reference [3].

6 Apparatus and materials
6.1 Substrates
6.1.1 Determination of Rp

6.1.1:.1  Glass plates, black, plane, polished, not less than 6 mm thick and of dimensions at least
200 mm = 200 mm, or

6.1.1.2 Polyester film, clear, untreated, transparent, of uniform thickness between 30 pm and 100 pm,
and of dimensions at least 100 mm x 150 mm, together with a glass plate as specified in 6.1.1.1.

NOTE Commercially available polyester sheet has been found to be satisfactory.
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t is the wet film thickness, in micrometres;
m is the mass, in grams, of the paint film;
A isthe area, in square millimetres, of the template;

p is the density, in grams per millilitre, of the paint, determined by the method specified in
I1SO 2811-1;

NV is the non-volatile matter content, expressed as a percentage by mass, of the paint, determined
by the method specified in 150 3251.

10.2 Calculation of hiding power

Calculate the hiding power, Vg gg, using the formulae given in Clause 5, from the measured values of Rg
and t for each film, and from the mean value of Re..

Examples of the calculations, using both the table and graphs and directly from the formulae, are given
in Annex C.
11 Precision

11.1 Repeatability (r)

The walue below which the absolute difference between two single test results on identical material,
obtained by one operator in one laboratory using the same equipment within a short interval of time
using the standardized test method, may be expected to lie with a 95 % probability, is 2 %.

11.2 Reproducibility (R)

The value below which the absolute difference between two single test results on identical material,
obtained by operators in different laboratories, using the standardized test method, may be expécted
to lie with a 95 % probability, is 6 %.

12 Test report

The test report shall containat least the following information:
a) all details necessary to identify the paint tested;

b) areference to this document (i.e. ISO 6504-1);

¢) the result of the test;

d) the paint density and the non-volatile matter content, expressed as a percentage by mass, used in
the@alculation of the test result;

e) “«the drying time (and/or stoving conditions);

f} whether black glass plates or polyester film were used as the substrate;
g) any deviation, by agreement or otherwise, from the procedure specified;
h) any unusual features (anomalies) observed during the test;

i) the date of the test.

@ 150 2019 - All rights reserved 7
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Annex A
(informative)

Graphs for determination of St from Rg and R for Ry = 0,80

For Ry = 0,80, after determination of Rg for each film_and the mean value of R, refer to the graph in

to ascertain which of the larger scale graphs (Figure A.2 to Figure A.24) is appropriate (this
is indicated by the encircled number).

In each of the graphs, 5t (the product of theé'scattering coefficient § and the film thickness t) is plotted
against Rg (the reflectance of a paint film of thickness t applied over a black background) for a range of
values of R (the reflectivity), which are recorded on each curve. An example of the use of these graphs

is given in Annex C.

8 @ IS0 2019 - All rights reserved
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Figure A.17 — Values of 5t for the ranges
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0,39 < R, 0,46
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Figure A.21 — Values of 5t for the ranges
0,40 < Rgp = 0,47
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Figure A.24 — Values of 5t for the ranges
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Annex B
(informative)

Table of values of reflectivity R, and factor « for R; = 0,80

Table B.1 — Values of reflectivity R.. and factor a for Ry = 0,80

Re Factor a R Factor o Ros Factor a R Factora
0,125 13521 0,450 391,3 0,630 2494 0,805 1514
0,150 1153,1 0,460 386,3 0,635 246,2 0,810 149,0
0,175 1 006,5 0,465 381,2 0,640 2430 0,815 146,6
0,200 893,1 0,470 376,3 0,645 239.8 0,820 144,1
0,225 802,3 0,475 3714 0,650 236,6 0,825 1419
0,250 7276 0,480 366,7 0,655 233,5 0,830 139,5
0,275 664,8 0,485 3619 0,660 230,5 0,835 137,2
0,300 611,0 0,490 3573 0,665 2274 0,840 135,0
0,310 591,6 0,495 352,7 0,670 2243 0,845 132,7
0,320 573.2 0,500 348,3 0,675 22133 0,850 1304
0,330 555,2 0,505 3438 0,680 2184 0,855 128,2
0,335 546,8 0,510 3394 0,685 2154 0,860 126,0
0,340 538.8 0,515 335,1 0,690 2125 0,865 1238
(0,345 5309 0,520 3308 0,695 2096 0,870 121,7
0,350 523.,2 0,525 326,7 0,700 206,7 0,875 1196
0,355 515,5 0,530 3225 0,705 203,8 0,880 1174
0,360 508,0 0,535 3184 0,710 201,0 0,885 1154
0,365 500,7 0,540 3144 0,715 198,2 0,890 1133
0.370 493.5 0,545 310,5 0,720 195,3 0,895 111,3
0,375 486,6 0,550 30-5,5 0,725 192.,6 0,900 1094
0,380 479,7 0,555 302,6 0,730 1899 0,905 1075
0,385 473.0 0,560 2989 0,735 1872 0,910 105,5
0,390 466,4 0,565 295,0 0,740 184.,6 0915 103,7
0,395 4599 0,570 291,2 0,745 181,8 0,920 1019
0,400 453.,6 0,525 2875 0,750 179,2 0,925 100,2
0,405 4474 0,580 283,8 0,755 176,6 0,930 98,5
0,410 441,4 0,585 280,3 0,760 174,0 0,935 96,9
0,415 4354 0,590 276,7 0,765 171,4 0,940 95,4
0,420 429,5 0,595 2732 0,770 168,8 0,945 93,9
0,425 423.4 0,600 296,6 0,775 166,3 0,950 92,5
0,430 418,0 0,605 266,2 0,780 1638 0,955 91,3
0,435 412,6 0,610 2628 0,785 161,2 0,960 90,0
0,440 4071 0,615 295,4 0,790 158,7 0,965 889
0,445 401,8 0,620 256,0 0,795 156,3 0,970 88,0
0,450 369,5 0,625 252.7 0,800 153,9 0,975 87.2
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Annex C
(informative)

Examples of the calculation of hiding power from measurements
of Rg and R,

C.1 Determination of the scattering coefficient, 5

C.1.1 Determine St from the appropriate.graph relating Rp, Ro, and St. For example, for a white paint
with Rg = 0,78 and R.. = 0,92, referenée to the graph in Figure A.1 indicates that the large scale graph
required is that in Figure A.12. The intersection of the relevant lines gives St = 3,70.

C.1.2 Divide St by t (for example 18,7 um; the scattering coefficient, §, is thus 0,198 pm-1).

C.2 Determination of hiding power, VV

C.2.1 Refer to Tahle B.1 to obtain the value of & for the determined value of Re. For Re- = 0,92, &= 101,9.
Therefore,

V=a$=20,2m?/l

C.2.2 Iftables and graphs are not available, the calculations may be carried out as follows.

C.2.2.1 Determine a and b from Re, using Formulae'(1) and (2), as follows:

[ i =1{0,92+1.03596}=1,003 48
2 R. | 2

=a

b=a-R_=1,00348-0,92=0,08348

C.2.2.2 Determine S from Rg and R, using Formula (7), as follows

1-aRg ]

1
St =— arcoth
b bRy

1-(1,003 48x0,78)
=———==L arcoth
0,083 48 0,083 48x0,78

0,217 29
=——arcoth) ———
0,083 48 [u,osa 1 J

=———— arcoth 3,337 2
0,083 48
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_ 03091 _,

=————=3,703
0,083 48
Using the value of t taken for the example in C.1.2, i.e. 18,7 pum,

=¥=n*193 um

asinC1.2.
C.2.2.3 Determine tpo9g using Formula (5),as follows

0,02+JD J

1
0,083 48x0,198

tpog =

arcoth
1,568x0,083 48

Calculate D as follows

D=3,136x1,003 48x{1-0,98[ 1-(0,8x1,003 48) || - 2,508 4

=0,0303
Therefore
JDx0,174 1
and
1 0,02+0,1741 | arcoth 1,483
tﬂ 98 === arcot =
d 0,016 53 1,568x0,038 348 0,016 53
0,818
= =49,48 um
0,016 53 a2

C.2.2.4 Determine Vusing Formula (6), as follows

V= AR 20,2 m2/}
49,48
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