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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 density —

Part 1:
Pycnometer method
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part of ISO 2811 specifies a method for determining the density of paints, varnishes
ucts using a metal or Gay-Lussac pycnometer.

method is limited to materials of low or medium viscosity at the temperature of test. T
ometer (see ISO 3507) can be used for highly viscous materials.
Normative references

following documents, in whole or in part, are normatively\referenced in this docum
pensable for its application. For dated references, only“the edition cited applies. B
ences, the latest edition of the referenced document (including any amendments) appli

| 513, Paints and varnishes — Examination and preparation of test samples
8696, Water for analytical laboratory use — Specification and test methods

| 5528, Paints, varnishes and raw materialsfor paints and varnishes — Sampling

Terms and definitions

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

5 divided by the yolume of a portion of a material

1 to entry: Itdis.expressed in grams per cubic centimetre.

Principle

c¢nometer is filled with the product under test. The density is calculated from the

and related

he Hubbard

ent and are
or undated
ES.

mass of the

prod

uct in the pycnometer and the known volume of the pycnometer.

5 Temperature

The effect of temperature on density is highly significant with respect to filling properties, and varies
with the type of product.

For international reference purposes, it is essential to standardize one test temperature, and
(23,0 £ 0,5) °C is specified in this part of ISO 2811. It can be more convenient, however, to carry out
comparative testing at some other agreed temperature, for example (20,0 £ 0,5) °C, as specified by
relevant weights and measures legislation (see B.2).
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The test sample and pycnometer shall be conditioned to the specified or agreed temperature, and it

shall be ens

ured that the temperature variation does not exceed 0,5 °C during testing.

6 Apparatus

Ordinary laboratory apparatus and glassware, together with the following.

6.1 Pycnometer

6.1.1 Me
cylindrical
a hole in its

The inside

or

6.1.2 Gla
(see Figure

6.2 Analy
50mlto 10

The accurag

rm, made of a smoothly finished corrosion-resistant material with a snugly fitting lidthg
centre.

f the lid shall be concave (see Figure 1).

5s pycnometer, with a volume in the range 10 cm3 to 100-c¢m3 (Gay-Lussac t
2).

tical balance, accurate to 1 mg for pycnometers for less than*'50 ml or accurate to 10 m|
) ml pycnometers.

y of the balance required depends on the size of the’pycnometer used (see also 8.2).

ving

ype)

g for

6.3 Thermometer, with an accuracy of 0,2 °C.

NOTE Typically, a thermometer with an accuracy of 0;2,°C has a resolution of 0,05 °C.

6.4 Temperature-controlled chamber, capable of accommodating the balance, pycnometer|and
test sample|and maintaining them at the specified or agreed temperature (see Clause 5), or water hath,
capable of aintaining the pycnometer and test sample at the specified or agreed temperature.

7 Sampling

Take a reprgsentative sample.0fthe product under test as described in ISO 15528.

Examine and prepare the Sample as described in ISO 1513. The sample shall be free from any air bubles.
8 Procefure

8.1 Gendral

Carry out a single determination on a fresh test sample.

The pycnometer shall be calibrated. An example of a calibration method is given in Annex A.
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8.2

If w
sam

If w

N\

Figure 1 — Metal pycnometer

7

Figure 2 — Gay-Lussac pycnometer

Determination

brking withi a temperature-controlled chamber (see 6.4), put the pycnometer (6.1) 3
ble next-to'the balance (6.2) in the chamber maintained at the specified or agreed temp

orking with a water bath (see 6.4) rather than a temperature-controlled chamb

nd the test
erature.

er, put the

Watar ond b o tact conan o 10 b o v ot bt ot ot d o rbh o oo fiad on oo 4d

pycn

N
ofeterahttre-test SUTITPTCTIT O Watet UL, Frathtatheaattne ay\,\,jll\,u OT agTC T TtCT

Allow approximately 30 min for temperature equilibrium to be reached.

Usin

g the thermometer (6.3), measure the temperature, tt, of the test sample.

efnperature.

Check throughout the determination that the temperature of the chamber or water bath remains within
the specified limits.

Weigh the pycnometer and record the mass, mj, to the nearest 10 mg for 50 cm3 to 100 cm3 pycnometers
and to the nearest 1 mg for pycnometers less than 50 cm3 in volume.

Fill the pycnometer with the product under test, taking care to avoid the formation of air bubbles. Place
the lid or stopper of the pycnometer firmly in position and wipe off any excess liquid from the outside of
the pycnometer with an absorbent material wetted with solvent; wipe carefully with cotton wool.

© ISO 2016 - All rights reserved
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Record the mass of the pycnometer filled with the product under test, my.

NOTE

Liquid adhering to the ground-glass surfaces of a glass pycnometer or to the areas of contact between

the lid and body of a metal pycnometer causes too high a balance reading. This source of error can be minimized
by ensuring that the joints are firmly seated and by limiting air bubbles.

9 (Calculation

Calculate the density, p, of the product, in grams per cubic centimetre, at the test temperature, tT,
using Formula (1):

p=—4
where

m1 is

my is

Ve is

in

NOTE T

filling-mach
of the metho|

If the test {
Formula (B

10 Precis

10.1 Repe

The value G
material by
using the st

0,001 g

0,005 g

10.2 Repr
The value b

—m

Vi

1

the mass, in grams, of the empty pycnometer;
the mass, in grams, of the pycnometer filled with the product at the test temperature, t

the volume, in cubic centimetres, of the pycnometer at the test temperature, tT, determ
accordance with Annex B.

he result is not corrected for air buoyancy because the unéorrected value is required by
ne control procedures and the correction (0,001 2 g/cm3)\is negligible in relation to the prec
d.

emperature used is not the reference temperature, the density may be calculated 4
2).

ion

atability limit, r

one operator in one laboratory using the same equipment within a short interval of
andardized test method, may be expected to lie, with a 95 % probability, is

cm3 for solvents;and

cm3 for coating materials.

odueibility limit, R

clow which the absolute difference between two test results, obtained on identical mat|

M

-

~

ned

Imost
ision

sing

elow which the absolute difference between two single test results, obtained on idenftical

time

erial

by operators in different laboratories using the standardized test method, may be expected to lie, with
a 95 % probability, is

— 0,002 g/cm3 for solvents, and

— 0,007 g/cm3 for coating materials.

11 Test report

The test report shall include at least the following information:

a) all details necessary to identify the product tested;

b) areference to this part of ISO 2811, i.e. ISO 2811-1;

4
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c) thetype of pycnometer used;
d) the testtemperature;

e) the result of the density measurement, in grams per cubic centimetre, rounded to the nearest
0,001 g/cm3 for pycnometers less than 50 cm3 in volume and to the nearest 0,01 g/cm3 for 50 cm3
to 100 cm3 pycnometers;

f) any deviation from the test method specified;

g) any unusual features (anomalies) observed during the test;

h) the date of the test.

© IS0 2016 - All rights reserved 5
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Annex A
(informative)

Example of a calibration method

A.1 Procedure

Clean the pycnometer carefully inside and outside using a solvent which leaves no regidu
evaporation} and thoroughly dry it. Avoid leaving fingerprints on the pycnometer as they canyfalsify
balance reading.

b on
7 the

Allow the f then

weigh it (m

ycnometer to stand next to the balance for 30 min to reach ambientgemperature,

).

Fill the pychometer with distilled or deionized water, of grade 2, as defined in 1S0°3696, which has
previously poiled and then brought to a temperature not more than 1 °C below the test tempera
and close it|with the lid or stopper. Take care to prevent the formation of butbbles in the pycnomete

peen
ture
I

each
hove

any
htely

Place the py
the test tem

cnometer on the water bath or in the temperature-controlled chamber and allow it to r
perature. Remove any overflow by wiping with absorbent material (cloth or paper). Rer]
the pycnomnjeter from the water bath or chamber and thoroughly dry its outer surface. Prevent
further heafing of the pycnometer and ensure that there is.ag“further overflow of water. Immedi
weigh the filled pycnometer (m3).

Since hand

as well as |14

Immediate
due to evap

It is essenti
under testi

correction §

ing the pycnometer with bare hands increases its temperature and causes more overflow,

aving fingerprints, the use of tongs or cellulose wadding for handling is recommended.

hnd rapid weighing of the filled pycnhometer is necessary in order to minimize loss in 1nass
pration of water through the ovérflow orifice.

duct
se, a

h1 that the pycnometer be calibrated at the same temperature as the density of the pro
5 determined, since the yolume of the pycnometer varies with the temperature. Otherw
hould be made, as specified in Annex B.

A.2 Calculation of the Volume of the pycnometer
Calculate the volume>of the pycnometer, V; in cubic centimetres, at temperature, tt, using
Formula (Af1) or (A2):
mf —m
Ve = Pl (1 - p—A] A1)
Pw— Pa (  Pqg)
My — my
V= —————-x0,99985 (A.2)
pyw — 0,001 2
where
m1 is the mass, in grams, of the empty pycnometer;
m3 is the mass, in grams, of the pycnometer filled with distilled water at the test temperature, tT;
pw is the density, in grams per cubic centimetre, of pure water at the test temperature, t

(see Table A.1);

© ISO 2016 - All rights reserved
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pa  is the density of air (= 0,001 2 g/cm3);
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pG is the density of the balance weights used (for steel, pg = 8 g/cm3).

Table A.1 — Density of pure, air-free water

Temperature Density Temperature Density Temperature Density
tr W tt PW tt PW
°C g/cm3 °C g/cm3 °C g/cm3
10 0,999 7 22 0,997 8 25 0,997 0
11 0,999 6
12 0,999 5 22,1 0,997 8 25,1 D,997 0
13 0,999 4 22,2 0,997 7 25,2 D,997 0
14 0,999 2 22,3 0,997 7 25,3 D,997 0
15 0,999 1 22,4 0,997 7 25,4 D,996 9
16 0,998 9 22,5 0,997 7 25,5 0,996 9
17 0,998 8 22,6 0,997 6 25,6 0,996 9
18 0,998 6 22,7 0,997 6 25,7 D,996 9
19 0,998 4 22,8 09976 25,8 D,996 8

229 0,997°6 259 D,996 8
20 0,998 2 23 0,997 5 26 D,996 8
27 0,996 5
20,1 0,998 2 23,1 0,997 5 28 D,996 2
20,2 0,998 2 23,2 0,997 5 29 0,995 9
20,3 09981 23,3 0,997 5 30 0,995 7
20,4 09981 23,4 0,997 4 31 D,995 3
20,5 09981 23,5 0,997 4 32 0,995 0
20,6 0,998 1 23,6 0,997 4 33 0,994 7
20,7 0,998 23,7 0,997 4 34 D,994 4
20,8 0,998 0 23,8 0,997 3 35 D,994 0
20,9 0,998 0 239 0,997 3
21 0,998 0 24 0,997 3 36 0,993 7
37 D,993 3
21,1 0,998 0 24,1 0,997 3 38 0,993 0
212 0,998 0 24,2 0,997 2 39 0,992 6
2153 86,9979 2453 86,9972 %46 0,992 2
21,4 0,997 9 24,4 0,997 2
21,5 0,997 9 24,5 0,997 2
21,6 0,997 9 24,6 0,997 1
21,7 0,997 8 24,7 0,997 1
21,8 0,997 8 24,8 0,997 1
21,9 0,997 8 249 09971
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Annex B
(informative)

Temperature variation

If the test §femperature, tT, differs by more than 5 °C from the temperature at which the volune of
the pycnonpeter is known, the density should preferably be corrected for the change imyvelume of
the pycnonjeter.

Calculate, tp five significant figures, the volume, V;, in cubic centimetres, of the pycaometer at the test
temperaturg using Formula (B.1):

V, =Vt +7p(tr —tc)| B.1)

where
Vc  isthe volume, in cubic centimetres, of the pycnometer at:the calibration temperature, tc;

yp is|the volume coefficient of thermal expansion, in re¢iprocal degrees Celsius (°C-1), of the
mpterial from which the pycnometer is made (see*lable B.1);

tt  islthe test temperature, in degrees Celsius;

tc islthe calibration temperature, in degrees-Celsius.

Table B.1 — Volume coefficient of thermal expansion, yp, of materials used for pycnometers

Volume coefficient of thermal expansion
Material P
°oC-1
Borosilicdte-glass 10 x 10-6
Sodatlime glass 25 x 10-6
Austehitic stainless steel 48 x 10-6
Coppér-zinc alloy (brass) 54 x 10-6
[Value for CuZn37 (Ms63)]
Aluminium 69 x 10-6

8 © IS0 2016 - All rights reserved
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