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Foreword

This British Standard is Part b of a series of sixteen Parts
issued under the same number, BS 1016, dealing with
methods for the analysis and testing of coal and coke; the
other Parts are as follows.

Part 1 Total moisture of coal

Part 2 Total moisture of coke

Part 3 Proximate analysis of coal

Part 4 Moisture, volatile matter and ash in the analysis
sample of coke

Part 6 Ultimate analysis of coal

Part 7 Ultimate analysis of coke

Part 8 Chlorine in coal and coke

Part 9 Phospho'us in coal and coke

Part 10 Arsenic in coal and coke

Part 11 Forms of sulphur in coal

Part 12 Caking and swelling properties of coal
Part 13 Tests special to coke

Part 14 Analysis of coal ash and coke ash
Part 16 Fusibility of coal ash and coke ash
Part 16 Reporting of results
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Page

8. Procedure 3
9. Corrections 4
10. Calculation and expression of results 5
11. Precision of the determination 6

12. Determination of effective heat capacity of the

calorimeter 6
Appendix
A. Examples to illustrate a method of calculating
results 7

The methods given in BS 1016 are specified for the analysis
of coal or of coke or, in some instances, for the analysis of
both coal and coke. Experience has shown that, in general,
the methods given in this Part may be also used for the
analysis of manufactured smokeless fuels other than coke
made by a conventional process.

The revision of Part 5 has been undertaken to bring the
standard closely into line with 1SO 1928 and to adopt a
uniform presentation.

The only technical change made in this revision is the
deletion of the clause requiring the drying of the thermo-
chemical standard. This recognizes that laboratory purified
benzoic acid, with an assumed heat of combustion, has been
superseded in practice by specially produced material

tested by the National Physical Laboratory; and that there
should be no change of condition once the standard has
been certified.
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British Standard Methods for

Analysis and testing of coal and coke

Part b. Gross calorific value of coal and coke

1. Scope

This Part of BS 1016 describes the determination of the
gross calorific value at constant volume of coal or coke,
using an adiabatic, an isothermal or a static bomb
calorimeter,

For the calculation of results to bases other than ‘as
analysed’ reference should be made to Part 16 of this
standard.

The methods of calculating from the gross calorific value
determined at constant volume, i.e. gross calorific value at
constant pressure, net (or lower) calorific value at constant
volume, and net (or lower) calorific value at constant
pressure, are also described in Part 16 and discussed in fuller
detail in BS 526.

2. References

The titles of the standards publications referred to in this
standard are listed on the inside back cover.

3. Definitions

For the purposes of this Part of BS 1016 the following
definitions apply.

3.1 unit of heat. The joule * (J).

1J = 1 newton metre (N m)
= 1x107 erg
= 0.238 846 International Table calories (caln_)
= 0.947 817 x 1072 British thermal units
(Btu = 1 055.06 J)
(1 caIlT) = 4,1868 J)
3.2 unit of temperature. The kelvin (K).
1K = atemperature interval of 1 degree Celsius (°C)

The international reference temperature for thermo-
chemistry of 25 °C is used as the reference temperature -for
calorific value, although the temperature dependence of the
calorific value of coal or coke is small (about 1 J (g-K)).

3.3 gross calorific value at constant volume. The number of
heat units measured as being liberated when unit mass of
solid fuel is burned in oxygen in a bomb under standard
conditions; the materials after combustion are taken to
consist of the gases oxygen, carbon dioxide, sulphur dioxide

and nitrogen, liquid water (in equilibrium with its vapour
and saturated with carbon dioxide) and solid ash.

3.4 effective heat capacity of the system. The heat
required o cause unit rise of temperature in the calorimeter
system under the conditions of a calorimetric determination.

3.5 repeatability. The maximum acceptable difference
between duplicate determinations carried out at different
times in the same laboratory on the same analysis sample
by the same operator using the same apparatus.

3.6 reproducibility. The maximum acceptable difference
between the mean of duplicate determinations carried out
in one laboratory and the mean of duplicate determinations
carried out in any other laboratory on representative
samples taken from the same gross sample after the last
stage of the reduction process.

4. Introduction

The principle of the method is that a known mass of the
sample is burned in oxygen in a bomb calorimeter under
standardized conditions. The gross calorific value is
calculated from the temperature rise of the water in the
calorimeter vessel and the mean effective heat capacity of
the system. Allowances are made for the heat released by
the ignition fuse, for thermochemical corrections and,
where appropriate, for heat losses from the calorimter to
the water jacket.

Full discussion of the principles involved in the determina-
tion of calorific value, the theoretical derivation of the
corrections that have to be applied and the importance of
the precautions that have to be taken are to be found in
published paperst.

5. Sample

The coal or coke used for the determination of calorific
value shall be the analysis sample, having an upper size not
greater than 0.2 mm (ground to pass a 212 pm test sieve

as specified in BS 410}, taken and prepared according to the
requirements of BS 1017, Part 1 or Part 2 as appropriate.
The sample should be exposed in a thin layer for the
minimum time necessary for the moisture content to reach
approximate equilibrium with the laboratory atmosphere.

The sample shall be mixed, preferably by mechanical
means, immediately before the determination®. Portions for

*This unit was, prior to the SI, known as the absolute joule, but it is now simply the joule (J). The ‘international’ joule, which became

obsolete in 1948, was approximately equal to 1.000 19 J.

tStudies in bomb calorimetry |—XI, Fuel (London), 33 (1954) to 38 (1959). British Coke Research Associati ! inati
calorific value of coke’, Coke Research Report 9. Chesterfield, 1961, 12 pp. Daiﬁﬁm @ﬁtg

$A suitable type of mixer is described in BS 1017.
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duplicate determinations shall be weighed out at the same
time. The moisture content of the sampie shall be deter-
mined at the same time as the determination of calorific
value, so that the appropriate correction can be made.

6. Special reagents

All reagents unless otherwise specified shall be of analytical
reagent quality. Distilled or deionized water complying

with the requirements of BS 3978 shall be used throughout.

6.1 Barium hydroxide solution 0.1N.
6.2 Sodium carbonate solution 0.1N.
6.3 Sodium hydroxide solution 0.1n.
6.4 Hydrochloric acid solution 0.1N.

6.5 Screened methyl orange indicator solution, Dissolve
0.25 g of methy! orange and 0.15 g of xylene cyanol FF in
50 ml of 95 % (v/v) ethanol and dilute to 250 ml with
water,

6.6 Phenolphthalein solution. Dissolve 2.5 g of phenol-
phthalein in 260 mi of 95 % (v/v) ethanol.

6.7 Thermochemical standard. Dry benzoic acid of
thermochemical standard quality certified by the National
Physical Laboratory (NPL)

The heat of combustion of the benzoic acid listed in the
certificate for the conditions of use should be adopted in
calculating the effective heat capacity of a calorimeter
(see clause 12).

6.8 Oxygen at a pressure capable of filling the bomb to
30 bar® and free from combustible matter (oxygen made
by the electrolytic process may contain up to 4 % of
hydrogen and is therefore unsuitable}.
6.9 Fuse material of the following types:
(a) firing wire : nickel-chromium
0.16 mm to 0.20 mm diameter; or
platinum
0.06 mm to 0.10 mm diameter;

(b) cotton : white cellulose cotton.

6.10 Paste. Fused aluminosilicate cement passing a 63 yim
test sieve and suitable for use up to a temperature of

1400 °C, mixed with water.

6.11 Alumina. Fused alumina of analytical reagent quality,
passing a 180 pm sieve and retained on a 106 ym sieve. .

7. Special apparatus

The apparatus shall be shielded from direct sunlight and
housed in a draught-free room that can be kept at a
reasonably uniform temperature during the time required
for a determination.

7.1 Bomb as specified in BS 4791.

CAUTION, Bomb parts should be inspected regularly for
wear and corrosion; particular attention should be paid to
the condition of the threads of the main closure.

7.2 Calorimeter, made of metal, highly polished on the
outside and capable of holding sufficient water to cover
completely the flat upper surface of the bomb while the
water is being stirred.

*1 bar = 10° N/m? = 100 kPa.
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7.3 Stirrer, driven at a constant speed. The stirrer shaft
shall contain a non-conducting section below the cover of
the water jacket to minimize the transmission of heat to or

from the system. |f a cover is used for the calorimeter vessel,

the non-conducting section shall be above this cover.

NOTE. For isothermal and static bomb calorimeters the rate of
stirring should ensure that the length of the chief period (see 8.3)
in determinations of effective heat capacity using benzoic acid (see
clause 12} does not exceed 10 min.

7.4 Water jacket, which may be éfther an adiabatic, an
isothermal or a static type, enclosing the calorimeter vessel
with an air gap of approximately 10 mm separating the
vessel and water jacket.

The adiabatic water jacket shall have either electrode or
immersion heaters capable of supplying energy at a rate
sufficient to maintain the temperature of the water in the
jacket within 0.1 K of that of the calorimeter vessel after
the charge has been fired. When in balance at 25 °C, the
temperature drift of the calorimeter vessel should not
exceed 0.0005 K/min.

NOTE. It is essential to check the stability of the system periodically

by taking additional readings at the end of a determination. If the
temperature drift is greater than 0.005 K over a period of 10 min, a
fresh balance point should be established in accordance with the
manufacturer’s instructions.

The isothermal water jacket shall be provided with a means
of keeping its temperature constant to £ 0.1 K.

The static water jacket shall have a thermal capacity big
enough to restrict changes of temperature of the water in
it, From the time of firing the charge to the end of the
after-period or during a period of 15 min, whichever is the
greater, with a cooling constant () of 0.0020 (see 9.2),
the rise in temperature of the water in the jacket shall be
less than 0.16 K; with a cooling constant {d) of 0.0030,
the rise in temperature shall be less than 0.11 K.

NOTE. For an insulated metal jacket the specified performance

can be ensured by making the capacity at least 12.5 litres, contained
in a wide annular jacket.

7.5 Temperature measuring instrument, capable of indicat-
ing temperatures that when corrected have an accuracy of
0.002 K, so that temperature intervals'of 2 K to 3 K can be
determined with an accuracy of 0.004 K. It shall be cali-
brated against a known standard by a national testing
authority, at intervals not larger than 0.5 K over the range

of use or, for mercury-in-glass thermometers, over the whole

graduated scale.
Examples of suitable equipment are as follows.

{a) Mercury-in-glass thermometers that comply with the
requirements of BS 791. A viewer with about X 6
magnification is needed for reading the temperature to
the required accuracy. A mechanical vibrator to tap the
thermometer for a period of about 10 s before reading
the temperature is desirable to prevent sticking of the

mercury column; if this is not available, the thermometer

should be tapped manually, for example with a pencil.
(b) Resistance thermometers composed of a platinum
resistance, resistance bridge and galvanometer.

7.6 Crucible, of silica, nickel-chromium or platinum. For

coal, it shall be about 25 mm in diameter, flat based and
not more than 20 mm deep. Silica crucibles shall be about
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