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NOTE. This Section is to be read in conjunction with BS 1902 : Section 3.0 ‘Introduction’ and BS 1902 : Section 3.1 ‘Guidance
on sampling’. Section 3.0 shows the general arrangement of BS 1902 and lists the Sections of Part 3.

Foreword

This Section of this British Standard has been prepared
under the direction of the Refractory Products Standards
Committee.

This Section is based on ISO 5018 ‘Refractory products
and raw materials— Determination of true density’.

1. Scope

This Section specifies a method for measuring the true
density of refractory products and raw materials.

2. References

The titles of the standards publications referred to in this
Section of this British Standard are listed on page 3.

3. Designation

The method specified in this Section may be referred to by
the following designation:
Method BS 1902-304.

4. Definitions

For the purposes of this Section of this British Standard,
the following definitions apply.

4.1 true volume V,. The volume of the solid material in a
body that may be porous.

4.2 true density p,. The ratio of the mass of a quantity of a
substance to its true volume.

*1 bar=10°N/m%=100 kPa
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4.3 closed pores. Pores that are not penetrated by a liquid
in which the substance is immersed.

5. Principle

5.1 The true density is determined by measuring the dry
mass and the true volume of a sample of the material after
it has been crushed and ground to such a particle size that
as far as possible no closed pores remain. The volume of
the ground material is determined using a pycnometer and
a liquid of known density, the temperature of the liquid
being controlled or carefully measured.

5.2 Unfired refractory products and basic products may
be pre-heat treated, the conditions of such pre-treatment
being agreed between the parties concerned in the test.

6. Apparatus
The following apparatus is required.

6.1 Pycnometer, of 25 ml, 50 ml or 100 mi capacity, fitted
with a ground stopper having a capillary bore.

6.2 Balance, with an accuracy of £ 0.1 mg.

6.3 Vacuum equipment, capable of reducing the pressure
to a value not greater than 25 mbar*. A means of
measuring the pressure shall be provided.

6.4 Thermostatically controlled bath, capable of being
maintained at a temperature from 2 °C to 5 °C above the
ambient temperature, with an accuracy of + 0.2 °C*.
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7. Preparation of test material

7.1 The samples to be measured shall be selected in
accordance with a standard sampling plan agreed
between the parties concerned in the test (see clause 6 in
BS 1902 : Section 3.1:1981).

7.2 In the case of a shaped refractory product, the number
of test pieces to be tested for each item (brick) shall be
agreed between the parties concerned and shall be stated
in the test report. If several bricks are tested, the same
number of test pieces shall be taken from each brick, in
order to facilitate statistical evaluation.

7.3 The test material shall be crushed and ground to pass
completely through a test sieve with a nominal aperture
width of 63 um (see BS 410). Care shall be taken such
that the crushing and grinding operations do not introduce
foreign matter or moisture into the material.

7.4 Before the test, the material to be tested shall be dried
at a temperature of 110 + 5 °C to constant mass, i.e. until
two successive weighings made before and after at least
2 hin the drying oven do not differ by more than 0.1 % of
the mass of the test material. Before each weighing, the
test material shall be placed in a desiccator until it has
cooled to room temperature. During the preparation of
basic refractory materials, care shall be taken to prevent
any hydration.

8. Determination of the initial mass of the

test material

8.1 Clean the empty pycnometer and ensure that it is
perfectly dry on the outside. It is recommended that
leather fingers be used to manipulate the pycnometer.
Allow it to come to a temperature near to the ambient
temperature.

8.2 Weigh the cleaned and empty pycnometer with its
stopper in position to the nearest 0.0002 g.

8.3 Introduce into the pycnometer a quantity of the dry
test material equal to approximately one-third of the
volume of the pycnometer. When the pycnometer and its
contents have again come to the ambient temperature,
weigh it to the nearest 0.0002 g. The difference in the two
masses is the initial mass of the test material (m4).

8.4 As an alternative, the following procedure may be
adopted, in the place of that specified in 8.1 to 8.3, if the
test material is difficult to wet with the liquid and if, after
subsequent addition, its suspension in the liquid is not
very good. Pour into the dry pycnometer a quantity of
de-aerated boiled water or of another liquid of known
density, the pycnometer being filled to no more than
one-quarter of its capacity. Weigh the pycnometer and
liquid to the nearest 0.0002 g. Introduce into the
pycnometer an amount of dry test material equivalent to
approximately one-third of the pycnometer volume. Again
weigh the pycnometer to the nearest 0.0002 g. The
difference between these two masses is the initial mass
of the test material (m).

9. Determination of the mass of the pycnometer
filled with a quantity of the test material and with
test liquid

9.1 Add to the pycnometer (weighed in accordance

with 8.3 or 8.4) a quantity of de-aerated boiled water or
another liquid of known density, so that the pycnometer is
filled to one-half or two-thirds of its capacity. Place the
pycnometer in a desiccator and expose it to a vacuum
whose pressure is not greater than 25 mbar until no more
bubbles of air are seen to rise. The pycnometer may be
shaken by means of a shaking device mounted in the
desiccator, or by some other method, to ensure complete
wetting. When a liquid other than water is used, care shall
be taken to ensure that it does not boil under the pressure
used.

9.2 Fill the pycnometer almost completely with water or
with the other chosen liquid and allow its contents to
settle until the supernatant liquid is only slightly cloudy. (It
is normally sufficient to allow the contents to settle
overnight.)

9.3 Cautiously fill the pycnometer, insert the glass stopper
and carefully eliminate the liquid that overflows. Put the
pycnometer into the thermostatically controlled bath and
raise its temperature to between 2 °C and 5 °C above the
ambient temperature (this temperature is the temperature
of the test to which the whole determination is related).
Maintain the temperature constant to within + 0.2 °C.

9.4 When the temperature approaches the temperature of
the test, a little liquid will escape from the capillary bore of
the stopper. Carefully remove this overflowing liquid by
absorbing it with filter paper. The pycnometer has
attained the test temperature when no more liquid comes
from the capillary bore. Take the pycnometer from the
thermostatically controlled bath and take precautions that
heat from the hand does not warm the pycnometer and
cause any further escape of liquid (such warming can be
prevented by plunging the body of the completely filled
pycnometer into cold water for a few seconds, avoiding
wetting the top of the neck or the stopper). Carefully wipe
and dry the outside of the pycnometer and weigh it to the
nearest 0.0002 g (mass m).

10. Determination of the mass of the pycnometer
filled with the liquid used

10.1 Empty and clean the pycnometer and fill it almost
completely with water or with the other chosen liquid.

10.2 Repeat the procedure detailed in 9.3 and 9.4 so as to
ascertain the mass of the pycnometer filled with the liquid
used (mass m3).

11. Expression of results
Calculate the true density p, from the expression:

m
pr=——"""""—X/
m3+mq — mjp
where
p1 is the density of the liquid used at the temperature of
the thermostatically controlled bath (for the density of

water, see table 1);

* This accuracy of temperature control is necessary because the method is very sensitive to variations in temperature. If there are

variations in the temperature, significant errors arise because of the different coefficients of thermal expansion of the vess

liquid.
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