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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.
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Paints and varnishes — Determination of the percentage

volume of non-volatile matter —

Part 2:
Method using the determination of non-volatile-matter
contentinaccordance-with

entage of non-volatile matter in paints, varnishes and related products by measuring
of a |[dry coating for any specified temperature range and peried of drying or curing. The
matter content is determined in accordance with ISO 3251,

Usinjg the non-volatile matter by volume results obtained in accordance with this doc
posdible to calculate the practical spreading rate of ¢gating materials.

This|method specifies an additional shape of plate'to those described in ISO 3233-1 and is
all products which can be applied by dipping.

This| document is not applicable to codting materials which exceed the Critical Pigm
Congentration (CPVC).

Anngx A gives an overview of theexisting methods for the determination of non-volatile ma
and pf non-volatile matter volume:

2 Normative references

e (NVy) of
the volume
the density
non-volatile

iment, it is

suitable for

ent Volume

Lter content

The [following documents are referred to in the text in such a way that some or all of their content

congtitutes requirements of this document. For dated references, only the edition cited

hpplies. For

undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 1513,sRaints and varnishes — Examination and preparation of test samples

ISO 2808, Paints and varnishes — Determination of film thickness

[SO 2811 (all parts), Paints and varnishes — Determination of density
[SO 3251, Paints, varnishes and plastics — Determination of non-volatile-matter content

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

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
ISO and IEC maintain terminological databases for use in standardization at the following a

— ISO Online browsing platform: available at https://www.iso.org/obp
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ctropedia: available at http://www.electropedia.org/

non-volatile matter

NV

residue by mass obtained by evaporation under specified conditions

Note 1 to entry: Instead of the term “non-volatile matter”, different terms, such as solid, dry residue, dry matter,
solid matter, stoving residue are being used commonly with the respective abbreviations. The term “non-volatile
matter” which is also applied in ISO 3251 should be used together with the abbreviation “NV” instead of these terms.

[SOURCE: 1SQ0.4618:2014, 2 176]

3.2

non-volatile matter by volume

NVy
percentage

[SOURCE: I§

3.3
spreading
surface are
thickness

Note 1 to en
Note 2 to en

[SOURCE: 1
been delete

3.4
practical s
Sp

spreading rqte (3.3) which is obtained in practice on the particular substrate being coated

[SOURCE: I

3.5
practical d

Py
practically

[SOURCE: I

4 Princi

|

residue by volume obtained by evaporation under specified conditions

04618:2014, 2.177]

rate
h that can be covered by a given quantity of coating materialto give a dried film of requ

ry: It is expressed in m?/1 or m?/kg.
ry: See also practical spreading rate (3.4).

b0 4618:2014, 2.238, modified — “Application‘rate” and “theoretical spreading rate”
d from Note 2 to entry.]

breading rate

0 4618:2014, 2.203, modified — Symbol, Sp has been added.]

ry-film density
letermined density of a dried and cured coating

0 3233-122013, 3.4]

ple

isite

have

The non-volatile matter by volume is calculated from the quotient of the density of the coating material
and the dry film, with the dry-film density being determined practically.

5 Apparatus

Standard la

boratory apparatus together with the following:

© ISO 2019 - All rights reserved
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5.1 Metal plate, (40 £ 1) mm x (85 * 1) mm, with a small hole at least 2 mm to 3 mm from the
upper edge. A plate with a tip on one of the shorter edges is easier to immerse in the coating material

(see Figure 1).

The material of the plate shall be suitable and adapted to the coating material under test. In addition,
the material of the plate shall not change its volume during contact with the coating material under test.
The thickness of the plate shall be about 0,7 mm or it shall be agreed between the interested parties.

Smaller plates may be used, subject to agreement between the interested parties, provided that the
coated surface area is at least 5 600 mm?2.

Dimensions-§ millimetres

LO £ 1

20

Figure 1 — Suitable plate-for immersion

5.2 | Hook, made of stainless material or synthetic thread, for attaching the plate to the balance during
weighing operations. The diameter of the wire shall not exceed 0,30 mm because of surface tension
effeqts.

5.3 | Beaker, of a size convenient for imimersing the plate with a clearance of at least 10 mm and which
can be accommodated in the balance case.

5.4 | Analytical balance, accurate to 0,1 mg. A single-pan balance is most convenient, gnd a useful
modiification is to replace/the balance pan by a standard counterweight attachment.

5.5 | Support, for holding the beaker under the balance stirrup without jamming the pan damper, if a
courjterweight agmvéeommended in 5.4 is not available.

5.6 | Immersion liquid of suitable density, in which the plate is immersed.

NOTE Water is a suitable immersion liquid for most coating materials. Other organic liquids arefalso suitable
provided that they do not attack the coating

5.7 Desiccator containing a suitable desiccant.

5.8 Air oven, capable of maintaining the specified or agreed test temperature to * 2,0 °C (for
temperatures up to 150 °C) or * 3,5 °C (for temperatures above 150 °C and up to 200 °C). An air oven
with forced ventilation shall be used.

WARNING — To protect against explosions and fire, careful handling of products containing
flammable volatile materials is essential.

Drying in a vacuum can be beneficial for certain applications. In such cases, the conditions shall be
agreed. Air ovens of the same type shall be used by all parties for referee tests.

© IS0 2019 - All rights reserved 3
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6 Sampling

Take a representative sample of the coating material to be tested, in accordance with ISO 15528.

Examine and prepare the samples for testing in accordance with ISO 1513.

7 Procedure

7.1 Number of determinations and preparation

Carry out tIe determination 1n duplicate.

Degrease a
cool in the ¢

7.2 Dete

d clean the plate (5.1). Dry the plate and hook at the specified temperature for 10 min
lesiccator.

rmination of the practical dry-film density

7.2.1 Determination of the mass of the uncoated plate in air and in the immersion liquid

Weigh the ¢

Then place
1 mg (m,).

leaned and dried plate plus hook in air to an accuracy of 1 mg (f2y).

the plate in the beaker with the immersion liquid, e.g. water, and weigh to an accura
Ensure that the plate is always immersed to the same.dépth, with the liquid about 10

above the t¢p of the plate. There shall be no air bubbles at any place on the plate (see Figure 2).

NOTE If
thorough wej

water is used as the immersion liquid, it is beneficial'to-add 1 or 2 drops of a wetting agent to e
tting of the plate.

CGEEEEEERD)

and

Cy of

mm

sure

7.2.2 Weighing the coating material and determination of the mass of the plate with coating

material

The coating material shall always be ready to use when it is tested.

The dry-film thickness on the plate shall correspond approximately to the dry-film thickness of the

coating material used in practice and the minimum mass of the coating on the plate shall be 25 mg.

In the case of thixotropic or high viscous coating materials, they may be diluted in accordance with the
manufacturer's instructions until the sample is uniformly spread over the plate.

© ISO 2019 - All rights reserved
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The preferred method of coating the plate is to immerse it in the coating material. Withdraw it at a
steady rate and remove any excess coating material by, for example, drawing a glass rod along the lower
edge of the plate. No thick edge shall be allowed to form on the lower edge. If any air bubbles form on

the c

oated surfaces, burst them with a needle.

Dry/cure the coated plate product-specifically in accordance with the instructions of the manufacturer
of the coating material under test.

Cool

the coated plate to room temperature after drying/curing in the desiccator.

After cooling, weigh the coated plate in air to an accuracy of 1 mg (mj).

Thef place the coated plate in the beaker with the immersion liquid, e.g. water, and weigh to
of 1 mg (m,). Ensure that the coated plate is always immersed to the same depth, with-the
m above the top of the plate. There shall be no air bubbles at any place on the coated plate.

10 nf

7.3

The
accul

7.4

Detd

7.5

Detd

8.1

Calc
dete

whe

Determination of the density

racy of 0,001 g/cm3, in accordance with one of the methods specifiedin the ISO 2811 sg

Determination of the non-volatile-matter content

rmine the non-volatile-matter content in accordance with ISO 3251.

Determination of film thickness

rmine the dry film thickness using one of the methods described in ISO 2808.

Evaluation

Calculation of the practical dry-film density

ilate the practical dry-film-density (p,), in grams per cubic centimetre, as follow,
rmined mass values and-the density of the immersion liquid in Formula (1):

m3 —my
Op: "P1

e

14 is'the mass of the uncoated plate weighed in air, in grams;

AN accuracy

iquid about

density of the immersion liquid (p;) and the coating material (p3), shall be determined to an

ries.

5 using the

M)

u® is the mass of the uncoated plate weighed in the immersion liquid, in grams;

ms is the mass of the coated plate weighed in air, in grams;

my is the mass of the coated plate weighed in the immersion liquid, in grams;

P1 is the density of the immersion liquid, in grams per cubic centimetre.

© IS0 2019 - All rights reserved
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8.2 Calculation of the non-volatile matter by volume using the practical dry-film density

The conversion in Formula (2) yields the following for the practical determination of the percentage
non-volatile matter by volume, NVy, .:

Py [ My+mz3—my—m P
NVy ,=Nv.=2| =23 1 % |_Ny.=2 (2)
P1 mg —my Pp
where
NV ) t}lC IIIds55 fl aLtiUll Uf thC 11UI1 vulatilc 1uattr:1 Uf thC \.uatius llldtCl ia}, ill lJCl \.Cllt,

m; |s the mass of the uncoated plate weighed in air, in grams;

m, s the mass of the uncoated plate weighed in the immersion liquid, in grams;
ms s the mass of the coated plate weighed in air, in grams;

my s the mass of the coated plate weighed in the immersion liquid, in grams;
Pp s the practical dry-film density, in grams per cubic centimetre;

P1 s the density of the immersion liquid, in grams per cubic centimetre;

P2 s the density of the coating material, in grams per cubiccentimetre.

8.3 Determination of the practical spreading rate

The practicpl spreading rate (sp) is a value which is caloulated solely from the non-volatile matt¢r by
mass or by yolume.

The practichl spreading rate is the quotient of the-surface area coated and the mass required for thjs, in
square metfes per kilogram or the volume, in'square metres per litre.

Calculate the practical spreading rate relative to the mass (s, ), using Formula (3):

sp’m:-i: NV 10 (3)
Mo tq-Pp

Calculate tHe practical spreading rate relative to the volume (s, y), using Formula (4):

Sp,v =i%= l:dvgz -10= N\;:'p 10 (4)
p
where
A is the coated surface area, in square metres;
my is the mass required for coating, in kilograms;
v is the volume required for coating, in litres;
NV is the mass fraction of the non-volatile matter of the coating material, in per cent;

NVV'p is the volume fraction of the practical non-volatile matter, in per cent;

6 © IS0 2019 - All rights reserved
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tq is the dry-film thickness of the coating, in micrometres;
Pp is the practical dry-film density, in grams per cubic centimetre;
P2 is the density of the coating material, in grams per cubic centimetre.

9 Precision

9.1

Repeatability

2:2019(E)

The
(eac
cong

in the same laboratory within a short period of time in accordance with the standard test n

Two
dens
they

9.2

The
(eac
mat
tech

Two
dens
they

10
The

repeatability limit, r, is the value below which the absolute difference between two

itions. The test results shall be determined on the same test material by the sadme tes

results of the non-volatile matter by volume calculated on the basis of the theoreti

do not differ by more than the following value: 0,48 + (0,008 6 x NV{,).

Reproducibility

reproducibility limit, R, is the value below which the absolute difference between two
n being the average of two valid determinations) of\this test method can be expg
hing conditions. The test results shall be determirfed’on the same test material by d
hicians in different laboratories in accordance with’the standard test method.

results of the non-volatile matter by volumeé:calculated on the basis of the theoreti
ity are regarded as acceptable and in conformity with the standard for the reproducik
do not differ by more than the followingwyalue: 1,06 + (0,009 6 x NVy,).

lTest report

Lest report shall contain at least the following information:

h1l details necessary to identify the product tested;

h reference to this dectiment, i.e. (1ISO 3233-2:2019);

hn indication af the test method used for the dry-film density;
the type of plate used;

the immersion liquid;

Lhetype of air oven used,;

test results

h being the average of two valid determinations) of this test method can be expected-umnder similar

[ technician
ethod.

tal dry-film

ity are regarded as acceptable and in conformity with the standard for the repeatabjlity limit if

test results
cted under
fferent test

ral dry-film
ility limit if

g) the application method for the sample coating on the plate, including drying/curing conditions for

the coating;

h) the dry-film thickness of the coating, in micrometres;

i) the result of the test, as specified in Clause 8;

j)
k)

any deviation from the specified test method;

any unusual features (anomalies) observed during the test;

1) the date of testing.
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Annex A
(informative)

Overview of existing methods for determination of non-volatile
matter content and volume of non-volatile matter

Table A.1 providesamroverview of existing methodsfor determimationrof mon=volatite mattercontent
and volume|of non-volatile matter.

Table A.1 + Overview of existing methods for determination of non-volatile mattercontentfand

volume of non-volatile matter
Internatignal Result Determined Calculated
Standard (practical) (theoretical)

IS0 3233-1 Practical Mass of the uncoated disc or plate |Practical drysfibm density p, of the tesf
percentage |inair my portion, mean value of 3 determinatiofs
volume Of. Mass of the uncoated disc or Non-vaelatile-matter content NV, 2 of the
non-volatile . . . . 2 m =
matter NV plate immersed in the immersion |test portion, mean value of 3 determinja-

V. |liquid m, tions
Mass of the wet coated disc or Non-volatile matter by volume NV, caJcu-
plate my lated from the mean values above
Mass of the dry coated disc or: Spreading rate relative to the mass s,
plate in air m, Spreading rate relative to the volume gy
Mass of the dry coated.disc or
plate immersed in/the immersion
liquid mg
Density of imimersion liquid p;
Density of'the coating material p,

1SO 3233-2 (this |Practical Mass'ofthe uncoated plate in air m, | Practical dry-film density p, of the tesf

document) percentage Miarss of the uncoated plate im- portion, mean value of 2 determinatiofs
volume of . . S . .
non-volatild mersed in the immersion liquid m, | Practical non-volatile matter by Vqlume
matter NV, |Mass of the dry coated plate in air NVy,,, mean value of 2 determinations

ms Practical spreading rate relative to thd
Mass of the dry coated plate im- mass Spm
mersed in the immersion liquid m, |Practical spreading rate relative to the
volume s,y
P,
Daxcit. IO P el LT T P2 |
Bensttyoftmmerstonteguidpr
Density of the coating material p,
NV of the coating material in ac-
cordance with [SO 3251

1SO 3233-3 Theoretical [NV of the coating material inac- |Theoretical dry-film density p, of the test
percentage |cordance with ISO 3251 portion, single determination
volume Of. Density of the coating material p; |Theoretical non-volatile matter by vol-
non-volatile ume NV
matter NVy . | Density of the solvents in the coat- Vit

ing material p, Theoretical spreading rate relative to the
mass S,
Theoretical spreading rate relative to the
volume s, y
8 © IS0 2019 - All rights reserved
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