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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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Paints and varnishes — Determination of the percentage

volume of non-volatile matter —

Part 2:

Method using the determination of non-volatile-matter

This| part of ISO 3233 specifies a method for determining the non-yolatile matter by voluj
coatjng materials by determining the practical dry-film density. This method determines
perdentage of non-volatile matter in paints, varnishes and related/products by measuring th
a dry coating for any specified temperature range and period-of drying or curing.

Usinlg the non-volatile matter by volume results obtained.inraccordance with this part of IS
posdible to calculate the practical spreading rate of coating materials.

Thisjmethod specifies an additional shape of plate to those described in ISO 3233-1 and is su
products which can be applied by dipping.

This| part of ISO 3233 is not applicable to ceating materials which exceed the critical pign;
condentration (CPVC).

2 Normative references

The [following documents, in 'whole or in part, are normatively referenced in this docum
indigpensable for its application. For dated references, only the edition cited applies. H
refefences, the latest editien of the referenced document (including any amendments) appli

[SO 1513, Paints andvdrnishes — Examination and preparation of test samples
[SO 2808, Paintsrand varnishes — Determination of film thickness

ISO 2811 (all'parts), Paints and varnishes — Determination of density

ion of

ne (NVy) of
the volume
e density of

0 3233, itis
table for all

ent volume

ent and are
or undated
bS.

ISO B251, Paints, varnishes and plastics — Determination of non-volatile-matter content

ISO 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.

3.1

non-volatile matter

NV

residue by mass obtained by evaporation under specified conditions

[SOURCE: ISO 4618:2006, 2.161]
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3.2

non-volatile matter by volume

NVy
percentage

3.3

residue by volume obtained by evaporation under specified conditions

spreading rate

S

surface area that can be covered by a given quantity of coating material to give a dried film of requisite

thickness

Note 1 to enfryrITisexpressed in mz/Tormz/Kkg:

3.4
practical s
Sp
spreading r

3.5
practical d

Pp
practically

4 Princi

The non-vo
and the dryj

5 Appa

lljltus
Standard laporatory apparatus together with the:following:

5.1 Meta
with a tip o1

The materid
material of
thickness o

Smaller pla
coated surf

breading rate

hte which is obtained in practice on the particular substrate being coated

ry-film density

letermined density of a dried and cured coating

ple

atile matter by volume is calculated from the quotient of the density of the coating mat
film, with the dry-film density being determined\practically.

plate, (40 £ 1) mm x (85 = 1) mm, with a small hole 2 mm to 3 mm from the edge. A |
1 one of the shorter edges isseasier to immerse in the coating material (see Figure 1).

he plate shall not change its volume during contact with the coating material under test
the plate is about\0;7 mm or it shall be agreed between the interested parties.

fes may be used subject to agreement between the interested parties, provided thaf
hce area is @tleast 5 600 mm?2.

Dimensions in millim

erial

blate

1 of the plate shall be suitable and adapted to the coating material under test. In addition the

The

the

etres

Figure 1 — Suitable plate for immersion
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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 effects.

5.3 Beaker, of a size convenient for immersing 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, and a useful
modification 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 as recommended 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 organicliquids arefalso suitable
provjded 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 4 2,0°C (for
temperatures up to 150°C) or * 3,5°C (for temperatures above 450°C and up to 200°C). An alr oven with
forced ventilation shall be used.

WARNING — To protect against explosions and fire; careful handling of products [containing
flampmable volatile materials is essential.

Drying in a vacuum can be beneficial for certainvapplications. In such cases the conditigns shall be
agreled. Air ovens of the same type shall be usedby all parties for referee tests.
6 PBampling

Takg a representative sample of the coating material to be tested, in accordance with ISO 13528.

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

7 Procedure

7.1 | Number 6f-determinations and preparation
Carny out thedetermination in duplicate.

Degrease.and clean the plate (5.1). Dry the plate and hook at the specified temperature for L0 min, and
coollin:the desiccator.

7.2 Determination 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 cleaned and dried plate plus hook in air to an accuracy of 1 mg (m1).

Then place the plate in the beaker with the immersion liquid, e.g. water, and weigh to an accuracy of
1 mg (my). Ensure that the plate is always immersed to the same depth, with the liquid about 10 mm
above the top of the plate. There shall be no air bubbles at any place on the plate (see Figure 2).

NOTE If water is used as the immersion liquid, it is beneficial to add 1 or 2 drops of a wetting agent to ensure
thorough wetting of the plate.

© ISO 2014 - All rights reserved 3
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7.2.2 Welghing the coating material and determination of the mass ofthe plate with coating

material

The coating

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

coating matf

In the case
manufactuy

The prefery
steady rate
edge of the

coated surf;

Dry/cure the coated plate product-specifically in accordance with the instructions of the manufac]

of the coatil
Cool the co4
After coolin

Then place
of 1 mg (my
10 mm aboy

Figure 2 — Weighing the plate

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

erial used in practice.

F the

bf thixotropic or high viscous coating materjals they may be diluted in accordance witl the

er’s instructions until the sample is uniformly spread over the plate.

ed method of coating the plate is to, immerse it in the coating material. Withdraw it
and remove any excess coating matenial by, for example, drawing a glass rod along the |
blate. No thick edge shall be allowed to form on the lower edge. If any air bubbles form on

hces, burst them with a needle.

1g material under test.,

ted plate to room-témperature after drying/curing in the desiccator.
g, weigh the eoated plate in air to an accuracy of 1 mg (m3).

he coatedplate in the beaker with the immersion liquid, e.g. water, and weigh to an acc
. Ensure-that the coated plate is always immersed to the same depth, with the liquid
re the\top of the plate. There shall be no air bubbles at any place on the coated plate.

b

7.3 Determination of the density

at a
wer

the

urer

acy
out

The density of the immersion liquid (p1) and the coating material (p3) is determined to an accuracy of

0,001 g/cm3 in accordance with one of the methods specified in ISO 2811 (all parts).

7.4 Determination of the non-volatile-matter content

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

7.5 Determination of film thickness

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

© ISO 2014 - All rights reserved
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8 Evaluation

8.1 Calculation of the practical dry-film density

Calculate the practical dry-film density (pp), in grams per cubic centimetre, as follows using the
determined mass values and the density of the immersion liquid:

ma—m
— 3 1
Pp= "P1 (1)
My +M3z —M—My

where

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

uy) is the mass of the uncoated plate weighed in the immersion liquid, in gfams;
M3 is the mass of the coated plate weighed in air, in grams;

M4 is the mass of the coated plate weighed in the immersion liquid)in grams;

D1 is the density of the immersion liquid, in grams per cubic’centimetre.

8.2 | Calculation of the non-volatile matter by volumeé using the practical dry-film den-
sity

The fonversion below yields the following for the practical determination of the percentage hon-volatile
matfer by volume, NVy p:

NVy _Ny.P2| M tms—my =My | yn P2 (2)
P P1 mz—my Pp

whefe

NV isthe non-volatile matter of the coating material, as a percentage by mass;
mq1 is the mass of theauncoated plate weighed in air, in grams;

my is the mass.ofthe uncoated plate weighed in the immersion liquid, in grams;
m3 is themiass of the coated plate weighed in air, in grams;

m4  is‘the mass of the coated plate weighed in the immersion liquid, in grams;

pp< Y is the practical dry-film density, in grams per cubic centimetre;

PT 15 the density of the Imersiomn Hquid, 1T gTars Per CubiC CentImnetrs,;

p2  isthe density of the coating material, in grams per cubic centimetre.

8.3 Determination of the practical spreading rate

The practical spreading rate (sp) is a value which is calculated solely from the non-volatile matter by
mass or by volume.

The practical spreading rate is the quotient of the surface area coated and the mass required for this, in
square metres per kilogram or the volume, in square metres per litre.

© IS0 2014 - All rights reserved 5
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Calculate the practical spreading rate relative to the mass (sp, m), using Formula 3:

Calculate the

Sp'v

where

my

NV
td'pp

practical spreading rate relative to the volume (sp, v), using Formula 4:

-10

:i:M.m:M.lo
Vo

td'pp tq

mo

NV
NVyp
tq
Pp

p2

9 Precis

9.1 Repe

The repeat
(each being
conditions.
the same la

Two result
density are
they do not

9.2 Repr

The reprod

is the coated surface area, in square metres;

is the mass required for coating, in kilograms;

is the volume required for coating, in litres;

is the non-volatile matter of the coating material, as a percentage by-mass;
is the practical non-volatile matter by volume, as a percentage bywolume;
is the dry-film thickness of the coating, in micrometres;

is the practical dry-film density, in grams per cubic centimetre;

is the density of the coating material, in grams pes cubic centimetre.

ion
atability

hbility limit r is the value below which the absolute difference between two test re
the average of two valid determinations) of this test method can be expected under sir
The test results shall be.determined on the same test material by the same test technici
boratory within a short peériod of time in accordance with the standard test method.

of the non-volatile‘matter by volume calculated on the basis of the theoretical dry
regarded as aceeptable and in compliance with the standard for the repeatability lin
differ by mote-than the following value: 0,48 + (0,008 6 x NVy).

oducibility

(3)

(4)

sults
hilar
N in

film
hit if

hicibility limit R is the value below which the absolute difference between two test re

bults

(each being

1 sl h . 1 - - nY Falin L 1 1 1 1 1
LIIC dVET dgC UI'LWU VdlIU UCLETIIIIAUIOUIIS J O LIS TESTUITICLIIOU Call DE CAPCLLEU UITUCT ITldatt

hing

conditions. The test results shall be determined on the same test material by different test technicians

in different

laboratories in accordance with the standard test method.

Two results of the non-volatile matter by volume calculated on the basis of the theoretical dry-film
density are regarded as acceptable and in compliance with the standard for the reproducibility limit if

they do not

differ by more than the following value: 1,06 + (0,009 6 x NVy).

10 Test report

The test report shall contain at least the following information:

a) all details necessary to identify the product tested (manufacturer, product code, batch number etc.);

© ISO 2014 - All rights res
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b) areference to this part of [ISO 3233 (ISO 3233-2);

c) anindication of the test method used for the dry-film density;
d) the type of plate used;

e) theimmersion liquid;

f) the type of air oven used;

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

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

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

j) pny deviation from the specified test method;

k) hny unusual features (anomalies) observed during the test;

1) fhe date of testing.

© ISO 2014 - All rights reserved 7
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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 + Overview of existing methods for determination of non-volatile matter contentfand
volume of non-volatile matter
Standard Result Determined Calculated
(practical) (theoretical)

IS0 3233-1 | |Practical per- Mass of the uncoated disc or plate |Practical dry-film density p;, of the tesf
centage volume |in air mq portion, mean valaejof 3 determinatiohs
of non-volatile Mass of the uncoated disc or plate |Non-volatile-matter content NV, 2 of the
matter NVy . . . . S . .

immersed in the immersion liquid |test portiony/mean value of 3 determinfa-
my tions

Mass of the wet coated disc or Non-yplatile matter by volume NVy, callcu-
plate m3 lated from the mean values above

Mass of the dry coated disc or Spreading rate relative to the mass sy
plate in air mq Spreading rate relative to the volume gy
Mass of the dry coated disc on

plate immersed in the immeépsion

liquid ms

Density of immersion liquid p1

Density of the coating material p;

[SO 3233-2 | |Practical per- Mass of the uncoated plate inair | Practical dry-film density py, of the tesf
centage volume |mg portion, 2 determinations
g;i:;‘ﬁ\l/atlle Mass/of the uncoated plate Practical non-volatile matter by volumle

V.p immersed in the immersion liquid |NVy,p, mean value of 2 determinations
m3 Practical spreading rate relative to the
Mass of the dry coated plate in air |mass spm
m3 Practical spreading rate relative to thg
Mass of the dry coated plate volume spy
immersed in the immersion liquid
maq
Density of immersion liquid p1
Density of the coating material p3
NV of the coating material in
accordance with ISO 3251

ISO 3233-3  |Theoretical per- [NV of the coating material in Theoretical dry-film density p¢ of the test
centage volume |accordance with ISO 3251 portion, single determination
of non-volatile . : . : .

Density of the coating material p1 |Theoretical non-volatile matter by volume

matter NVy NV

Density of the solvents in the coat- Vit

ing material p; Theoretical spreading rate relative to the
mass St,m
Theoretical spreading rate relative to the
volume sty

8 © ISO 2014 - All rights reserved
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