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INTERNATIONAL STANDARD 1SO 2811-2:2011(E)

Paints and varnishes — Determination of density —

Part 2:
Immersed body (plummet) method

1 Scope

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 for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

IS0 1513, Paints and varnishes — Examination and preparation of test samples

IS0 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.

31

density

il

mass divided by the volume of a portion of a material

NOTE It is expressed in grams per cubic centimetre.

4 Principle
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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 laboratory apparatus and glassware, together with the following.

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

Dimensions in millimetres
-

|
|
|
|

Key
1 volume 100 cm? or 10 cm? to the centre of the constriction in the stem

d 3 mm for the 100 em?® plummet or 1 mm for the 10 ecm? plummet

Figure 1 — Plummet
Each plummet shall be marked with its volume, the reference temperature and the surface tension and density
of the reference liquid in the following form:
100em?® 23°C 25mN/m 1,2 glem?
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).
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Figure 2 — Determination of density by the plummet method

8.2.3 Procedure B — For paints containing fast-evaporating solvents

Ensure that the plummet (6.1) is thoroughly clean before use. Place the plummet and the test sample next to
the balance (6.2) in the temperature-controlled chamber (6.4) for approximately 30 min.

Using the thermometer (6.3), measure the temperature, iy, of the test sample. Check throughout the
determination that the temperature of the chamber remains within the specified limits.

Place a vessel of suitable size, containing a sufficient volume of test sample, on a laboratory jack.
Clamp the plummet onto a retort stand and place the stand on the balance in such a way that the plummet
can be immersed in the sample by raising the laboratory jack without the plummet touching the sides of the

vessel. Record the mass, ms, of the stand plus plummet.

Raise the laboratory jack until the surface of the liquid reaches the middle of the constriction in the plummet
stem and record the mass, m;.

Equation (1) can be used to calculate the density, except that m4 and m; are as follows:
m4 is the mass of the retort stand and plummet after immersion of the plummet in the sample;

ms is the mass of the retort stand and plummet before immersion of the plummet.

9 Calculation

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

" Mg — My

c (1)
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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? ball);
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my 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;

A is the density, in grams per cubic centimetre, of the calibration liquid.
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Annex B
(informative)

Temperature variation

B.1 Correction for thermal expansion of the plummet

If the test temperature, ¢, differs by more than 5°C from the temperature at which the volume of the plummet
is known, the density should preferably be corrected for the change in volume of the plummet.

Calculate, to five significant figures, the volume, F, in cubic centimetres, of the plummet at the test
temperature using Equation (B.1):

V,=Ve[1+rpltr —tc)] (B.1)
where -

Vg is the volume, in cubic centimetres, of the plummet at the calibration temperature, i¢;

“fp: is the volume coefficient of thermal expansion, in reciprocal degrees Celsius (°C-1), of the material

T

fc

fram which the plummet is made (see Table B.1);
is the test temperature, in degrees Celsius;

is the calibration temperature, in degrees Celsius.

Table B.1 — Coefficient of thermal expansion, j;, of materials used for plummets

Material ¥p

pc-1

06

Copper-zinc alloy (brass) 54 %1
[value for CuZn37 (Ms63}]

Austenitic stainless steel 48 = 10-9

Alurminium 69 = 108
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B.2 Calculation of density at the reference temperature from measurements at other
temperatures

If the density of the product under test is determined at a temperature different from the reference temperature,
the density, o, in grams per cubic centimetre, at the reference temperature can be calculated as given by
Equation (B.2):

= £y
C [+ rmltg -17)]

=p,[1-ymltc —11)] (B.2)

where
p, s the density, in grams per cubic centimetre, of the product at the test temperature;

¥m 18 the volume coefficient of thermal expansion of the product under test, the approximate value of yr,
being 2 x 104 °C-1 for waterborne paints and 7 x 104 °C-1 for other paints;

fc is the reference temperature, in degrees Celsius;

t1 is the test temperature, in degrees Celsius.








