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Paints and varnishes — Determination of density —

Part 2:
Immersed body (plummet) method

1 Bcope

This [part of ISO 2811 specifies a method for determining the density of paints, varnishes and related products,
using balls or other round bodies as immersion bodies (plummets).

The method is limited to materials of low or medium viscosity, and is particularly suitable for production control.

2 Normative references
The [following referenced documents are indispensable ferothe application of this documeni. For dated
references, only the edition cited applies. For undated?references, the latest edition of thg referenced
document (including any amendments) applies.

ISO [1513, Paints and varnishes — Examination and-preparation of test samples

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

3 [ferms and definitions

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

31
dengity

Yo
mass divided by.the volume of a portion of a material

NOTE Itissexpressed in grams per cubic centimetre.

4 rinciple

The method is based on Archimedes' principle. A container is filled with the product under test and placed on
the analytical balance. The plummet is attached to a tripod and is immersed in the product under test. The
density is calculated from the balance readings before the plummet is immersed in the material under test and
after it is immersed.

5 Temperature

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

© 1SO 2011 — All rights reserved 1
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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. However, it can be more convenient 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).

The test sample and plummet shall be conditioned to the specified or agreed temperature, and it shall be
ensured that the temperature variation does not exceed 0,5 °C during testing.

6 Apparatus

Ordinary labpratory apparatus and glassware, together with the following.

6.1 Plummets, of non-corrodible metal, e.g. copper-zinc alloy (brass), stainless steel or alaminium, as
illustrated in[Figure 1. The type illustrated is available with a volume of 10 cm3 or 100 cm?3.

Dimensions in millimjetres

S

=

Key
1 volume 1P0 cm3 or 10 cm3 té-the centre of the constriction in the stem
d 3 mm forthe 100 cm?3 pldummiet or 1 mm for the 10 cm3 plummet

Figure 1 — Plummet

Each plummetshall be marked with its volume, the reference temperature and the surface tension and density
of the reference liquid in the following form:

100cm3 23°C  25mN/m 1,2 g/lcm3
6.2 Analytical balance, accurate to 10 mg.
6.3 Thermometer, accurate to 0,2 °C and graduated at intervals of 0,2 °C or finer.

6.4 Temperature-controlled chamber, capable of accommodating the balance, plummet and sample and
maintaining them at the specified or agreed temperature (see Clause 5).

2 © 1S0O 2011 — All rights reserved
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6.5 Tripod or other suitable device, for suspending the plummet and accurately adjusting its depth of
immersion.

7 Sampling
Take a representative sample of the product under test, as described in ISO 15528. Examine and prepare the

sample, as described in ISO 1513.

8 rocedure

8.1 | General
Carry out a single determination on a fresh test sample.

The yolume of the plummet shall be calibrated.
8.2 | Determination

8.2.1 Selection of procedure

Therg are two procedures, one for all paints in general and one\for those products containing fastrevaporating
solvents.

8.2.2 Procedure A — For all paints in general

Ensyre the plummet (6.1) is thoroughly clean befare use. Place the plummet and the test samplg next to the
balance (6.2) in the temperature-controlled chamber (6.4) for approximately 30 min.

Placg a sufficient volume of the test sample in a vessel of suitable size and capacity, e.g. 400 cm3 for a
100 ¢m3 plummet and 100 cm3 for a 10_cm3 plummet.

Using the thermometer (6.3),~measure the temperature of the test sample. Check thrpughout the
detefmination that the temperature of the chamber remains within the specified limits.

Place the vessel plus test.sample on the balance and record the mass, m{ (uncorrected for buoygncy), to the
neargst 10 mg. Clamp-the plummet onto the tripod (6.5) in such a way that it can be immersed in the sample
withgut touching the(sides of the vessel (see Figure 2).

Immerse the plummet in the sample until the surface of the liquid reaches the middle of the consfriction in the
plummet stem.and record the mass, my, to the nearest 10 mg.

NOTE If the balance is tared between weighings, mass m4 = 0.

© 1SO 2011 — All rights reserved 3
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0,00 g

8.2.3 Procedure B — For paints containing fast-evaporating solvents

Ensure that
the balance

Using the t
determinatio

Place a vess
Clamp the p

can be imm
vessel. Recq

Raise the la
stem and re

Equation (1)

4

is the mass of'the retort stand and plummet after immersion of the plummet in the sample;

Figure 2 — Determination of density by the plummet method

the plummet (6.1) is thoroughly clean before use. Place thé plummet and the test sample ng
6.2) in the temperature-controlled chamber (6.4) for approximately 30 min.

hermometer (6.3), measure the temperature, t3, of the test sample. Check throughou
n that the temperature of the chamber remains‘within the specified limits.

el of suitable size, containing a sufficient volume of test sample, on a laboratory jack.
lummet onto a retort stand and place the stand on the balance in such a way that the plur

brsed in the sample by raising the Taboratory jack without the plummet touching the sides g
rd the mass, m,, of the stand.plus plummet.

boratory jack until the surface of the liquid reaches the middle of the constriction in the plun
tord the mass, m.

can be used tocalCulate the density, except that m4 and m, are as follows:

my i tTe mass of the retort stand and plummet before immersion of the plummet.

xt to

the

nmet
f the

nmet

9 Calcul

ation

Calculate the density, p, of the product, in grams per cubic centimetre, at the test temperature, 1, using

Equation (1)

m
p=—2

—my

Vi

(1)
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where

m4 is the mass, in grams, of the vessel containing the sample before immersion of the plummet;

my is the mass, in grams, of the vessel after immersion of the plummet;

V, is the volume, in cubic centimetres, of the plummet up to the middle of the constriction in the stem at
the test temperature, ¢, determined in accordance with Annex B.
NOTE The result is not corrected for air buoyancy because the uncorrected value is required by most filling-machine

control procedures and the correction (0,001 2 g/cm?) is negligible in relation to the precision of the method.

If th
Equg

10

10.1

The

contain no entrapped air, the values in 10.2 and 10.3 are valid.

10.2

The
by o
expe

10.3

The
oper
prob

e test temperature used is not the reference temperature, the density may be caIcJJIated using
tion (B.2).

Precision

General

precision of the method depends on the characteristics of the product to be tested. For materials which

Repeatability limit, »

value below which the absolute difference between two single test results, obtained on identical material
ne operator in one laboratory, within a short interyalof time using the standardized test method, may be
cted to lie, with a 95 % probability using the same equipment is

D,002 g/cm3 for solvents,

D,011 g/cm3 for coating materials using'the 10 cm3 plummet, and
D,003 g/cm? for coating materials using the 100 cm3 plummet.
Reproducibility limit, R

value below which\the absolute difference between two test results, obtained on identical material by
htors in differentJaboratories using the standardized test method, may be expected to lie, |with a 95 %
Ability, is

D,004 g/em? for solvents,

D,030. g/cm3 for coating materials using the 10 cm3 plummet, and

— 0,004 g/cm3 for coating materials using the 100 cm3 plummet.

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 2811-2:2011;

c) the type of plummet used and its volume (e.g. 100 cm?3 ball);
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d) the test temperature;

e) the result of the density measurement, in grams per cubic centimetre, rounded to the nearest
0,001 g/cm3;

f)  any deviation from the test method specified,;
g) any unusual features (anomalies) observed during the test;

h) the date of the test.

6 © 1SO 2011 — All rights reserved
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Annex A
(informative)

Example of a calibration method

Procedure

Clea

Plac
temg
prod
400

Usin
temp

Plac

plum
vess

Imm
plum

Imm
take

NOT

h the plummet thoroughly with a suitable solvent which does not leave a residue on evaperati

b the plummet and the liquid to be used for the determination of its volume next-o the b3
erature-controlled chamber for approximately 30 min. Use a liquid of density similaf to that
Licts to be examined using the plummet. Pour a sufficient amount of the liquid into a suitable V
em3 beaker for 100 cm3 plummets or a 100 cm3 beaker for 10 cm3 plummets

j the thermometer, measure the temperature of the liquid. Check throughout the determing
erature of the chamber remains within the specified limits.

b the vessel plus liquid on the balance and record the massim4, to the nearest 10 mg
met onto the tripod in such a way that it can be immersed i the liquid without touching the|
el (see Figure 2).

brse the plummet in the liquid until the surface of thediquid reaches the middle of the const
met stem and record the mass, m,.

bdiately after the second weighing measure-the temperature of the liquid. It is this temperat
n as the calibration temperature.

Distilled water can be used as-the’calibration liquid, but it has the disadvantage that its sy

(72 mN/m) is higher than that of paints, vatnishes and similar coating materials and their diluents. If water

dropg
orgar
pykn

A.2

Calc

of wetting agent are usually added to reduce the surface tension to about 30 mN/m to 40 mN/m. Al
ic solvent with a surface tensiontin, the above range and whose density has been determined precisely|
bmeter can be used.

Determination of volume of plummet

Llate the volunte, V,, in cubic centimetres, of the plummet using Equation (A.1):

on.
lance in the

of the paint
essel, e.g. a

tion that the

Clamp the
sides of the

riction in the

ure which is

rface tension
s used, a few
ernatively, an
using a glass

y, L2 (A1)
Jole
where
m4 is the mass, in grams, of the vessel containing the liquid before immersion of the plummet;
m, is the mass, in grams, of the vessel after immersion of the plummet;
pc is the density, in grams per cubic centimetre, of the calibration liquid.
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