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suitable,
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British Standard Methods of testing
Refractory materials

Part 3. General and textural properties
Section 3.6 Determination of grain density (methods 1902-306)

NOTE. This Section is to be read in conjunction with BS 1902 : substance, the appropriate precautions should be taken and used
Section 3.0 ‘Introduction’ and BS 1902 : Section 3.1 ‘Guidance on test samples (which may contain mercury in the pores of the
sampling’. Section 3.0 shows the general arrangement of BS 1902 grains) should be disposed of in accordance with the requirements
and lists the Sections of Part 3. of the local authority.

2. Designation

The methods for determining grain density described in
Of the four methods of test described in this Section, tWwo this Section are referred to by the following designations:
(method 1 and method 2) have been adopted by the

0. Introduction

subcommittee of the International Organization for Method 1

Standardization (ISO) concerned with the determination of {mercury-with-vacuum) Method 1902-306/1
the physical properties of refractory materials. Method 2 . Meth 902.306/2
Method 1 {the mercury-with-vacuum method) has been (arrested water absorption) ethod 1902
accepted as the definitive method suitable for referee Method 3 .

purposes (despite the serious drawback that it involves the (mercury in burette) Method 1902-306/3
use of quite a large quantity of mercury in a glass container Method 4

that is carried about and weighed) because no other method (mercury in Amsler volumeter) Method 1902-306/4

has such good reproducibility.

Method 2 (the arrested water absorption method) is free of 3. Definitions

the hazard to health associated with the use of mercury, For the purposes of this Section of BS 1902 the following
but suffers from the disadvantage that it requires skill to definitions apply.

achieve reproducible results. |t cannot therefore be
recommended as a referee method, but for routine purposes
it may be preferred to any mercury method on health
grounds.

Methods 3 and 4 (the mercury-without-vacuum methods)
have quite good reproducibility if performed carefully (no
great skill is required) and, although the use of mercury is
involved, it is not held in a glass container and is not
carried about for weighing. Although not adopted by the
ISO subcommittee, these methods may be considered
suitable for routine use because of their better
reproducibility in unskilled hands than the arrested water

3.1 grain density (bulk density of a granular material).
The ratio of the mass of a quantity of the material to the
total volume of its grains, including the volume of any
closed pores within the grains.

3.2 closed pores. Pores that are not penetrated by a liquid
in which the grains are immersed.

4. Principle

4.1 The volume of a given mass of a granular material is
measured by the displacement of a liquid, using one of the
following methods in the determination:

absorption method. (a) mercury-with-vacuum method (method 1);
For the future, a method is sought that will have the (b) arrested water absorption method (method 2);
reproducibility of the mercury-with-vacuum method but (c) mercury-without-vacuum method (methods 3 and 4).

not use mercury; this might be a method based on water

. NOTE. A numb f f f vol f
provided the dependence on the operator can be reduced. ALmoer of forms ot vo'umeter may be used for the

mercury-without-vacuum method. Two types are described which

Proposals for such a method would be welcomed by the have been found to be suitable and which can be obtained

Technical Committee responsible for this Section. commercially, either in whole or in part. This Section is therefore
presented as if there were four methods of determination.

1. Scope 4.2 Depending on the nature of the material tested, the

This Section of BS 1902 : Part 3 describes four methods methods may give different results. It is necessary therefore

for the determination of the bulk density of granular for any statement of the value of grain density to be

materials with a grain size larger than 2 mm. accompanied by an indication of the method used, or to be

NOTE 1. For a discussion on the respective uses of the four used in any case of arbitration.

methods, see clause 0. 4.3 Whichever of the methods is used for the determination

NOTE 2. The titles of the publications referred to in this standard of the volume of a sample, the same method is used for

are listed on the inside back cover. selecting and preparing the sample, f t]'fh | I tlg
WARNING NOTE. All the methods except method 2 involve the density and for presenting th» tuct remﬁ. E
use of mercury. With the risks to health associated with that Document Sharing Hub
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5. Apparatus for determination of the mass of a
test sample

5.1 Balance, to weigh to the nearest 0.1 g.

5.2 Drying oven.

5.3 Desiccator.

NOTE. Equipment for the measurement of the volume of the
sample, is described in 8.2, 9.1, 10.1 or 11.1.

6. Sampling and number and preparation of test
samples

6.1 Sampling shall be carried out in accordance with a
standard sampling plan.

6.2 The material to be tested shall consist of fractions or
groups of fractions with grain sizes above 2 mm.
Laboratory samples shall be produced by sieving, after any
preliminary comminution of the material above 5.6 mm
grain size. Test results can be affected by the comminution
technique and the equipment used.

6.3 Any dust or loose particles adhering to the grains shall
be removed before testing by washing or, with materials
sensitive to moisture or humidity, by air blowing.

6.4 At least three test samples shall be taken from the
laboratory sample and one determination of bulk density
shall be carried out on each test sample.

NOTE. The mass of test samples to be taken depends on the grain
size and the homogeneity of the material being tested.
Recommended masses of test samples are shown in table 1.

Table 1. Mass of test samples

Grain fraction Method Mass of test samples
Good Poor
homogeneity homogeneity
mm g 9
20to56 Method 1 100 200
Method 2 50 50
Method 3 100 200
Method 4 100 200

7. Determination of the mass of a test sample

7.1 Dry the test sample in the drying oven at 110+ 5 °C
and cool it to room temperature in the desiccator.
Weigh the test sample to the nearest 0.1 g.

7.2 Repeat the procedure described in 7.1 until there is no
further loss in mass. The final mass is that of the sample
(mp).

8. Determination of the volume of a test sample,
method 1 (mercury-with-vacuum method)
(method 1902-306/1)

8.1 Principle. The volume of the test sample is determined
by a mercury displacement method with a vacuum below
30 mbar® residual pressure, preferably with a residual
pressure of 1.33 mbar.

8.2 Apparatus
8.2.1 Vacuum pycnometer.

*1 mbar = 100 N/m? = 100 Pa.

Full document details: BS 1902-3-3.6:1984

8.2.2 Vessel, as shown in figure 1 and incorporating conical
ground glass joints complying with BS 572.

8.2.3 Test arrangement, as shown in figure 2.

8.3 Determination of the mass of the empty vacuum
pycnometer, m . Clean and dry the empty vacuum
pycnometer and weigh it to the nearest 0.1 g.

NOTE. This weighing is unnecessary if all the determinations are
carried out at the same temperature.

8.4 Determination of the mass of the pycnometer filled
with mercury, mg . Evacuate the vacuum pycnometer and
fill it with mercury by suction until mercury emerges from
the capillary tube (see figure 2). Close the stopcocks (2} and
(5) of the pycnometer, in that order, and disconnect the
apparatus from the vacuum pump. Pour off the surplus
mercury that has come out of the capillary tube and
remove the mercury remaining in the suction tube, up to
stopcock (2), with a steel wire. Weigh the pycnometer
filled with mercury to the nearest 0.1 g. Empty the
pycnometer of mercury.

NOTE. The numbers in parentheses refer to items shown in figure 2.

8.5 Determination of the mass of the pycnometer
containing test sample and filled with mercury, m-.
Transfer the dried and weighed test sample (see clause 7),
without loss, into the pycnometer and fill the pycnometer,
under vacuum, with mercury as described in 8.4. This will
give an average pressure on the grains of about 265 mbar.
Weigh the pycnometer and contents to the nearest 0.1 g.
Fit the pycnometer to the extraction bush (10), close
stopcock (16} and evacuate the mercury reservoir.

Open stopcock (2) and drain the pycnometer while under
vacuum. Determine the amount of mercury stil! remaining
in the test sample by weighing the sample after the mercury
adhering to it has been removed and by finding the
difference from the original mass of the test sample.

If the mass of mercury remaining in the test sample is over
5 % of the original mass of the sample, state the amount, as
a mass percentage, in the test report.

NOTE. The numbers in parentheses refer to items shown in figure 2.

8.6 Calculation of the volume of the test sample. If the
weighings in accordance with 8.4 and 8.5 were made
at a constant temperature (and therefore with a constant
mercury density), the volume of the tests sample, Vg, is
given by:
VH — mg +mp - mv
P

If the weighings in accordance with 8.4 and 8.5 were made
at different temperatures (and thus with different mercury
densities), the volume of the test sample, Vg, is given by:

VR =mG —my _m-r —m_ —mp

P P2
where
mg is the mass of the pycnometer filled with mercury
only (in g);

m+y is the mass of the evacuated pycnometer filled with
test sample and mercury (in g);

my_ is the mass of the empty pycnometer (in g);
mp is the mass of the test sample (in g);

p is the density of mercury if calibration and measure-
ment were carried out at the same temperature;
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