INTERNATIONAL
STANDARD

ISO

3233-3

First edition
2015-05-15

Paints and varnishes — Determ
of the percentage volume of no
volatile matter —

Part 3:

nation

Determination by calculation from

the non-volatile-matter content
determined in accordance with |
3251, the density of the coating
material and the density of the s
in the' coating material

Peintures et vernis — Détermination du pourcentage en v
matiére non volatile —

Partie 3: Détermination par calcul a partir de la teneur en
non volatile déterminée conformément a I'lSO 3251, de la
volumique du produit de peinture et de la masse volumiqu
du produit de peinture

SO

olvent

blume de

matiere
masse
e du solvant

Refer

ence number

IS0 3233-3:2015(E)

©1S0 2015


https://standardsiso.com/api/?name=f64be6b540845d483eabe5c2f967564f

ISO 3233-3:2015(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2015, Published in Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form
or by any means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior
written permission. Permission can be requested from either ISO at the address below or ISO’s member body in the country of
the requester.

ISO copyright office

Ch. de Blandonnet 8 « CP 401
CH-1214 Vernier, Geneva, Switzerland
Tel. +41 22 749 01 11

Fax +41 22 749 09 47
copyright@iso.org

WwWw.iso.org

ii © ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=f64be6b540845d483eabe5c2f967564f

ISO 3233-3:2015(E)

Contents Page
FFOT@WOTM ........ooccccceeeesse e85 5588585555555 iv
IIUETOQUICEION........cco s \%
1 S0P .. 1
2 Normative references
3 Terms and definitions
4 Principle
5 PTOCEAUIE. ...t ese PN B e 2
5.1 Determination of the theoretical dry film density ... e 2
5.2 Determination of the density .3
5.3 Determination of film thiCKNess ... £ e 3
6 {07 1 Lot 1 = 1 o) OSN3 [
6.1 Calculation of the theoretical dry film density
6.2 Calculation of the non-volatile matter by volume using the theoretical dry film|density .... 4
6.3 Determination of the theoretical spreading rate...........fe.. e 4
7 50 04 ] (0 O SOt IS 5
7.1 Repeatability HIMIT. ... e e 5
7.2 L2300 06 10T 011 1120 ' 0L O S OSSR I 5
8 Test report
Anngx A (informative) Derivation of the theoretical(dry film thickness
Anngx B (informative) Derivation of the theoretical spreading rate...........od 8
Anngx C (informative) Example for the calculation of the theoretical spreading rate......|.............. 11
Anngx D (informative) Overview on the existing methods for determination of non-volatile-
matter content and volume of non-volatile matter ..., 12
BIDIEOZGTAPIY . ... ettt 14
© 1S0 2015 - All rights reserved iii


https://standardsiso.com/api/?name=f64be6b540845d483eabe5c2f967564f

ISO 3233-

Forewo

3:2015(E)

rd

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
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determination of dry film density on coated test panels by the Archimedes principle

Part 1: Method using a coated test panel to determine non-volatile matter and to determine dry film

Part 2: Method using the determination of non-volatile-matter content in accordance with 1SO 3251 and

Part 3: Determination by calculation from the non-volatile-matter content determined in accordance

with ISO 3251, the density of the coating material and the density of the solvent in the coating material
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Introduction

This method is used to determine the volume of the dry coating obtainable using a coating material by
calculation of the percentage volume of non-volatile matter. The value obtained by this method might
not be the same as that measured or calculated by adding together the masses and volumes of the raw
materials in a formulation. The volume occupied by a combination of resin and solvent might be the
same as, greater than, or less than the combined volume of the separate components, since contraction
or expansion of resin and the solvent can occur. A second factor affecting the volume of a dry coating is
the degree to which the spaces between pigment particles are filled with binder. A third factor is the use
of volatile components in reactive systems that, by their reaction, change into non-volatile film-building

matg¢rials, i.e. amines and reactive solvents in high-build two-component coating materials.

Aboye and close to the critical pigment volume concentration, the volume of a dry paint fili
thanthe theoretical volume, due to an increase in unfilled voids between pigment particles. T
of the film means that this method is unsuitable.

Othg

[SO B233-1 and ISO 3233-2. The method described in this part of ISO 3233 is a quick md

need

of the solvents for the calculation. The precision of the method depends mainly on the de
e non-volatile matter content and the unknown densities./But’'the precision of the dombination

of th
of m

meapurements. The simple practical method is often used in the automotive industry, eg
commercial vehicles.

The method described in this part of ISO 3233 differs from the methods described in ASTM
ASTM D 5201-05, 5.5 and gives different results.

r methods for determination of the percentage volume of non-volatile imatter are d

s only the results of the non-volatile matter and the density of the Goating material and|

easurements and calculation is better than the precisiafiyof pure calculation methd
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INTERNATIONAL STANDARD ISO 3233-3:2015(E)

Paints and varnishes — Determination of the percentage
volume of non-volatile matter —

Part 3:
Determination by calculation from the non-volatile-

51,
f the

a
U U U O U U Y

density of the coating material and the density o

This|part of ISO 3233 a simple practical method for calculating the non-volatile matter by vplume, NVy,
of a Foating material from the non-volatile-matter content, NV, the density of the coating nlaterial, and
the density of the solvents. Using the non-volatile matter by volume results and the density obtained
in agcordance with this part of ISO 3233, it is possible to cal€ulate the theoretical spreading rate of a
coatjng material.

This| part of ISO 3233 is not applicable to coating materials which exceed the critical pigment volume
condentration (CPVC).

2 Normative references

The [following documents, in whole or in-part, are normatively referenced in this documpent and are
indigpensable for its application. Foridated references, only the edition cited applies. Hor undated
refefences, the latest edition of the referenced document (including any amendments) applies.

[SO 2808, Paints and varnishes~~Determination of film thickness

[SO 2811-1, Paints and varnishes — Determination of density — Part 1: Pyknometer method
ISO 2811-2, Paints and'varnishes — Determination of density — Part 2: Immersed body (plummet) method
ISO 2811-3, Paints)and varnishes — Determination of density — Part 3: Oscillation method
ISO 2811-4, Paints and varnishes — Determination of density — Part 4: Pressure cup method

ISO B254, Paints, varnishes and plastics — Determination of non-volatile-matter content

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

3.1

spreading rate

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

Note 1 to entry: It is expressed in m2/1 or m2/kg.

Note 2 to entry: See also practical spreading rate and theoretical spreading rate.

[SOURCE: ISO 4618:2014, 2.238, modified — Application rate was deleted in Note 2.]

© IS0 2015 - All rights reserved 1
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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, and 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: ISO 4618:2014, 2.176]

3.3
practical s
spreading r

[SOURCE: I

3.4
practical d
practically

3.5
theoretica
spreading r

[SOURCE: I

3.6
theoretica
coating den

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

04618:2014, 2.203]

ry film density
letermined density of a dried and cured coating

spreading rate
pte calculated solely from the volume of non-volatile matter

04618:2014, 2.256]

dry film density
sity calculated from the densities of the solyents, coating materials, and the non-vol3

matter content of the coating material

3.7

non-volatile matter by volume

NVy
percentage

[SOURCE: I
4 Princi
The non-vo

and the den

5 Proce

residue by volume obtained by evaporation under specified conditions

04618:2014, 2.177]

ple

atile matteryywolume is calculated from the quotient of the density of the coating mat

sity of the dry film, with the dry film density being determined theoretically.

dure

tile-

erial

5.1 Determination of the theoretical dry film density

The dry film density can be determined theoretically, although the density of the solvents and of the
coating material and the coating material’s non-volatile matter by mass also has to be determined. Since
it is often not possible to specify the density of all the solvents present in the coating material, the
density of the solvent in highest proportion is used in the calculation.

Determine the non-volatile matter by mass (NV) as described in ISO 3251.

© ISO 2015 - All rights reserved
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Determination of the density

Determine the density of the coating material (p1) and that of the solvents in the coating material (p2)
to the nearest 0,001 g/cm3 in accordance with one of the methods specified in the series of standards
1SO 2811-1, IS0 2811-2, 1SO 2811-3, and ISO 2811-4.

5.3

Dete

Determination of film thickness

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

6

6.1

Calc
usin

of thie solvents or main solvent in the coating material:

whe

alculation

Calculation of the theoretical dry film density

1late the theoretical dry film density (p¢t), in grams per cubic centimetre;as given in
b the determined non-volatile matter by mass, the density of the coating nraterial, and

p1-NV
)t =
100- 1 .(100-NV)
P2
e

b1 is the density of the coating material, in grams per’cubic centimetre;

py is the density of the solvents or the main solvent in the coating material, in grams p
centimetre;

NV is the non-volatile matter of the coating material, expressed as a percentage by mag

Formula (1)
the density

)

er cubic

S.

In the case of waterborne coating matefials, the density of the solvents (p2) shall be the dgnsity of the
tota] solvent composition, including water or the density which is recommended in Table 1.
Table 1 — Recommended density values of solvents in waterborne coating materials
Compositionof the solvent Recommended values for py, if the dengity of the
solvents is not known
g/cm3

predominantly aliphdtic hydrocarbons 0,80

predominantly aromatic hydrocarbons 0,87

watgr, VOG5 %a 1,00

a

JQC.Volatile organic compound.

© ISO 2015 - All rights reserved
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6.2 Calculation of the non-volatile matter by volume using the theoretical dry film density

The theoretical non-volatile matter by volume, NVy, expressed as a percentage by volume, is given
by Formula (2):

NVy, =L (2)

NV is the non-volatile matter of the coating material, expressed as a percentage by mass;

P1 s the density of the coating material, in grams per cubic centimetre;

Pt s the theoretical dry film density, in grams per cubic centimetre.

6.3 Determination of the theoretical spreading rate

The theoretical spreading rate is a value which is calculated solely from the(non-volatile mattgr by
volume. Th¢ practical spreading rate, on the other hand, is a value which is Qbtained when coating an
individual work specimen in practice.

Therefore, hased on the definition of the spreading rate, the theoretical'spreading rate, s, is the quofient
of the surfafe area coated and the mass required for this [Formula (3)] or the volume [Formula (4)]:

Stm =10 3)
Pl tq
Ny - NV

sey =—-21.10=—YL 10 0)
At tq tq

where

stm 1§ the theoretical spreading rate relative to the mass, expressed in square metres per Kkilp-

gram;

sty 1§ the theoretical spreadingrate relative to the volume, expressed in square metres per litre;

NV  is the non-volatile niatter content of the coating material, expressed as a percentage by
mass;

NVy; i$ the theoretical non-volatile matter of the coating material by volume, expressed as a per-

centage by volume;
tq i$ the dry film thickness of the coating, in micrometres;
pt i th\, thburbt;bal dr_y f;llll d\,llo;t)’, ;11 Sranua lJ\,r \,ub;\v \,bllt;lll\,trb’

p1  isthe density of the coating material, in grams per cubic centimetre;
10  isafactor relating to the conversion of various units.

For information on the derivation of the dry film thickness and of the theoretical spreading rate, see
Annex A and Annex B, respectively. An example for the calculation of the theoretical spreading rate is
given in Annex C.

4 © IS0 2015 - All rights reserved
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7 Precision

7.1

Repeatability limit

The repeatability limit, r, is the value below which the absolute difference between two test results
(each being the average of two valid determinations) of this test method can be expected under similar
conditions. The test results shall be determined on the same test material by the same test technician in
the same laboratory within a short period of time 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 rpgnrdpd as acceptahle and in compliance with the standard for the repeata

ility limit if

theyldo not differ by more than the value given in Formula (5):

7.2

The
(eac

conditions. The test results shall be determined on the same test material by different test
in different laboratories in accordance with the standard test method.

Two

dendity are regarded as acceptable and in compliance withrthe standard for the reproducih
they|do not differ by more than the value given in Formula (6):

The

1,06+(0,009 6-NVy, )

),48+(0,0086-NVy, )

Reproducibility limit

reproducibility limit, R, is the value below which the absolute difference between two
 being the average of two valid determinations) of this test method\can be expected und

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

Test report

test report shall contain at least'the following information:

reference to this partof 1S0O 3233 (i.e. ISO 3233-3);

ndication of the test‘method used for determination of the density;
Fesult of thetest, as specified in Clause 6;

hny deviations from the procedure specified;

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

(5)

test results
er matching
technicians

ral dry film
ility limit if

(6)

hll details necessary to identify the product tested (manufacturer, product code, batch niimber, etc.);

Hota oftha +act

T cC—OT CIrIc—teStr
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Annex A
(informative)

Derivation of the theoretical dry film thickness

The density of the coating material (p1), the density of the solvents or main solvent in the coating material
(p2), and the theoretical dry film density (ps), in grams per cubic centimetre, are defined as follows:

m i
PL=7 (A1)
1
m
pr =2 A.2)
2
my
=4 A.3
Pt v, )
where

m1 is the mass of the coating material, in grams;

V1 is the volume of the coating material, in millilitres;

my is the mass of the solvents or the main solvent in the coating material, in grams;

V7 is the volume of the solvents or the main solvent in the coating material, in millilitres;
my is the mass of the dried film, in grams;

Vi is the volume of the dried film, in millilitres.

Considering that the coating material'is containing solvents, Formula (A.4), Formula (A.5),|and
Formula (A]6) are valid:

m{-(100-NV)

m, = (A4

2 100 (A-4)

Vt =V1 “VZ AS)

mt = ml —mz A6)
where

NV is the non-volatile matter content of the coating material, expressed as a percentage by mass.

6 © IS0 2015 - All rights reserved
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Considering Formula (A.3) to Formula (A.6), the dry film density of the coating (pt), in grams per cubic
centimetre, can be calculated using Formula (A.7):

_m1(100—NV) mlNV plleV plNV

m
po= MMMy ! 100 _ 100 _ 100 _ 100 __P1-NV (A7)
Vi V-1 Vi-V; i-V, V=1, ) 100.(1_:;2)
1 1

Considering Formula (A.1), Formula (A.2), and Formula (A.4), the volume can be calculated using
Formula (A.8) and Formula (A.9):

haal

1] =—1 (A.8)
P1
my -(100—-NV)
¥, = 100 (A.9)
P2

The felation of V1 and V3 is calculated using Formula (A.10):

Va _mi-(100-NV) p; _p; 100-NV

(A.10)
/1 100/)2 mq P2 100
When inserting the dry film density, it follows that:
-NV -NV
b = P1 T P1 (A.11)
100-(1-P1. 220" 100-P1.(100-NW)
pz 100 P2

NOTE See also Formula (1).

© IS0 2015 - All rights reserved 7
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Annex B
(informative)

Derivation of the theoretical spreading rate

B.1 Spreading rate relative to the mass

The spreading rate of a coating material indicates the area which can be covered by a given quantilty of
coating matferial (see 3.1).
When considering a defined area which is covered by the minimum film thickness to give a hiding|coat
(see ISO 6504-3) and considering further that the used coating material is containing-no volatile mdtter,
Formula (B{1) is valid:

Vi=t4-A [B.1)
where

Vi is the volume of the dried film, in cubic metres;

tq isthe dry film thickness of the hiding coat, in metres;

A isthe coated area, in square metres.
Following Hormula (A.3), the dry film density equals the quotient of mass and volume of the dried film,
as shown in Formula (B.2):

my
=4 B.2

Pt v, )
Considering a 100 % non-volatile coating material,

me=pe[Ve=p-tyg-4 B.3)
where

m¢ is the mass of the dried film, in kilograms.
Many coating materials are containing non-volatile matters which need to be considered in the
calculation{ When the non-volatile matter content decreases, the coating material consumpgtion
increases. (Jonsequently, the non-volatile-matter content, NV, is given as Formula (B.4):

Nv ="t 100 (B.4)

my

where

m1 is the mass of the coating material, in kilograms.

© ISO 2015 - All rights reserved
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When inserting Formula (B.3), it follows that:

£y A
my =2t .100=Lt"d"% 109 (B.5)
NV NV

After transformation of the formula, the spreading rate relative to the mass st n, in square metres per
kilogram, is given in Formula (B.6):

Stm_i: ANV NV (B.6)
omy A-pity-100 py-ty-100

m1 is the mass of the coating material, in kilograms;

/1 is the volume of the coating material, in cubic metres;

p1 is the density of the coating material, in kilograms per cubic metre;

my is the mass of the solvents or the main solvent in the coating material, in kilograms
I/ is the volume of the solvents or the main solvent in the coating material, in cubic m¢tres;

Dy is the density of the solvents or the main solvent in the\coating material, in kilogrars per
cubic metre;

m¢ is the mass of the dried film, in kilograms;

I/t is the volume of the dried film, in cubic metres;

bt is the theoretical dry film density, in kilograms per cubic metre;
b4 is the dry film thickness of the coating, in metres.

When converting the basic SI units ‘te the practical units measured (i.e. grams per cubic [centimetre,
micrjometres), the factor x 1 000 has to be inserted, as shown in Formula (B.7)

NV x1000'= v

Lt'm:Pt'td'loo Pt lq

10 (B.7)

NOTE See also Fofmula (3).

© IS0 2015 - All rights reserved 9
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B.2

Spreading rate relative to the volume

The volume of the coating material is the sum of the volume of the coat and the volatile matter (solvents),
in cubic metre, given in Formula (B.8):

Vl :Vt +V2 (B8)
Considering Formula (B.9) for the volume

p=m (B.9)

P

Formula (B{7) can be converted to

my = my + my (18.10)

P1 Pt P2
When inserfting Formula (B.3) for the mass of the coating materials, my, it follows Fermula (B.11):

-tq-A-100
y, =" Petd 2T (B.11)
P1 p1-NV
After transformation of the formula, the spreading rate relative to the'volume sy, in square metres per
cubic metrd, is given in Formula (B.12):
A-NV. NV.
. PL__ P1 (8.12)
V] A-pitq-100 p,-t4-100
When convgrting the basic SI units to the practical units measured (i.e. grams per cubic centimptre,
micrometrgs), the factor x 1 000 has to be inserted,as shown in Formula (B.13):
NV - NV.
Sey =—b—PL_%1000=—P1 .10 (B.13)
" pp-tq 100 Pt -lq

NOTE S¢e also Formula (4).
10 © IS0 2015 - All rights reserved
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C1

For this example of a typical filler for automotive coatings, the following usual measuremen

unit

NV 360 %

pt=
tq =

Whsd
squa3

In th

C.2

volume

For 1
NV 5
pt=
tq =

Whe
squd

1tm

1tV 5

ISO 3233-

Annex C
(informative)

Example for the calculation of the theoretical spreading

Example for the calculation of the theoretical spreading rate relative ta

5 are used:

1,8 g/cm3
B5 um

n inserting these values into Formula (3), the theoretical spreading rate relative to t
re metres per kilogram, is given in Formula (C.1):

_A_NV_ o 60

“m p.ty 1,835

-10=9,5

is example, 1 kg of the coating material can be used for coating an area of 9,5 m2.

Example for the calculation of the theoretical spreading rate relative

his example of the same filler asinC.1, the usual measurements and their units are useg

60 % p1=1,3 g/em3
1,8 g/cm3 p2=09g/cm3
B5 um

n inserting thésgvalues into Formula (4), the theoretical spreading rate relative to th
re metres pet htre, is given in Formula (C.2):

ASNV-py . 60-13

10=12,4
V" pe oty 1,835

3:2015(E)

rate

the mass

ts and their

he mass, in

€.1)

to the

d:

b volume, in

(C.2)

£ 2

Int

- 1 1.1 £l 4t 4= L | 1 d_L£ 4o 12 4
IS TAAIIIPIT, 1 TUI'UIT LUALITS TIIALTCT IdI LAl DT USTU TUT LUALIIIg dIT a1 T4 Ul 1 4,7 111=.
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