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Indian Standard

METHODS OF TEST FOR
COAL AND COKE

PART 1l DETERMINATION OF CALORIFIC VALUE

( First Revision)

0. FOREWORD

0.1 This Indian Standard (Part II) (First Revision) was adopted by the
Indian Standards Institution on 16 March 1970, after the draft finalized
by the Solid Mineral Fuels Sectional Committee had been approved by
the Chemical Division Council.

0.2 The ‘ Indian Standard methods of test for coal and coke — Proximate
analysis, total sulphur and calorific value' was first published in 1959.
Since then, the experience gained with those methods in the country and
a study of the various rccommendations made by the Technical Commit-
tee, TC 27, ‘ Solid Minecral Fuels' of the International Organization for
Standardization (ISO) necessitated the present revision. \While taking up
this revision the concerned Sectional Committee decided that the
standard should be issued in three parts as follows:

Part I Proximate analysis,
Part Il Determination of calorific value, and
Part III Determination of sulphur.

0.3 The methods covered in this part are based largely on the documents
under consideration by TC 27 ISO. In the case of the isothermal bomb
method, the conventional method of stirring by electric motor is
prescribed for stirring the water in the jacket. However, for a more
convenient and accurate determination, reference may be made to the
following published article:

WHITAKER (JW), GHosH (AK) and CHAKRAVORTY (RN). Air
stirring in bomb calorimetry. Fuel XXXIV; No. 3 (1955).

3
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0.4 In reporting the result of a test or analysis made in accordance with
this standard, if the final value, observed ‘or calculated, is to be rounded
off, it shall be done in accordance with IS: 2-1960*.

1. SCOPE

1.1 This standard (Part II) prescribes the methods of test for coal and
coke relating to the determination of calorific value.

2. TERMINOLOGY

2.0 For the purpose of this standard, the following definitions shall apply.

2.1 Air-Dried Coal — The sample of coal, which for the purposes of
analysis, is exposed to the atmosphere of the laboratory to bring it in
equilibrium with the humidity conditions prevailing there, so that the
sample does not lose or gain weight during weighing.

2.2 Units of Heat
a) Alsolute Joule — The basic unit, equivalent to 107 ergs.

b) Mean Gram Calorie — One hundredth part of the amount of heat
required to raise the temperature of one gram of water from 0°
to 100°C. It is equal to 41897 joules.

c) Gram Calorie (cal) — Amount of heat required to raise the tem-
perature of one gram of water from 14-5 to 15-5°C, used as an
international standard for calorimetry. It is equal to 4-1855
joules and it differs from the mean calorie by only one part in
1000, which is not significant enough to require correction for
practical purposes.

d) International Steam Talle Calorie — Equal to 4-1868 joules

(exactly) and differs from gram calorie by approximately 0-3 part
in 1000.

2.3 Calorific Value

a) Gross Calorific Value — Number of heat units liberated when a unit
mass of the fuel is burnt at constant volume in oxygen saturated
with water vapour, the original material and final products being
at approximately 25°C. The residual products arc taken as
carbon dioxide, sulphur dioxide, nitrogen and water; the residual

*Rules for rounding off numerical values (revised).
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water other than that originally present as vapour, being in the
liquid state.

NoTe 1 — The gross calorific value at constant volume is the one usually used
in coal technology. It is assumed that all the heat produced 1s available,
including the heat of condensation of any stecam, resulting from the combustion
of hydropen of the fuel, to water at room temperature.

NOTE 2 — To comvert gross calorific value to net calorific value, employ the

formula:
Ne=Ge—53 H
where
Nc¢ = net calorific value in Kcal/kg,
Ge = gross calorific value in Keal/kg, and

H = percentage of hydrogen present in the coal sample, including
bvdrogen of moisture and of water of constitution.

b) Net Calorific Value — Number of heat units liberated when a unit
mass of the fuel is burnt at constant volume in oxygen saturated
with water vapour, the original and final materials being at
approximately 25°C. The residual products are taken as carbon
dioxide, sulphur dioxide, nitrogen and water vapour.

3. QUALITY OF REAGENTS

3.1 Unless specified otherwise, pure chemicals and distilled water (see
1S:1070-1960*) shall be employed.

NoTE —' Pure chemicals’ shall mean chemicals that do not contain impurities
~which aftect the results of analysis.

4. SAMPLING

4.1 Methods of Sampling - - Mcthods of sampling shall be as prescribed
in IS:436(Part 1)-1964t for coal and IS: 436(Part 11)-1965% for coke.

4.2 Preparation of Samples for Test

4.2.0 General — It is expected that methods of sampling preseribed in
IS: 436(Part 1)-1964% and IS: 436(Part 11)-1965% shall have been followed
in the preparation of samples sent to the laboratory.  Besides the labora-
tory samples to be used for the analysis of coal and coke, special samples
are recommended for moistuore.

*Specification for water, distilled quality (revised).
tMethods for sampling of coal and coke: Part 1 Sampling of coal (sevised).
tMethods for sampling of coal and coke: Part 11 Sampling of coke (revised).
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4.2.1 The samples prepared in accordance with IS:436(Part I1)-1964*
and IS: 436(Part I1)-1965% shall be received in sealed containers and shall
consist of the following:

a) Analysis sample of about 300 g of air-dried coal or coke, ground
to pass 212-micron IS Sieve (see 1S:460-1962%); and

b) Special moisture sample of 1 kg of coal or 2-5 kg of coke, crushed
to pass 12-5-mm square-mesh screen (see [S:460-1962%), to be
sent in duplicate.

4.2.2 Where air-drying has been adopted in the preparation of the
samples, the percentage loss of moisture in this operation shall be required
to Le recorded on the label together with the method of sampling used.

4.2.3 Samples received in the laboratorv, if alreadv ground to pass
212-micron IS Sieve, shall be re-sicved to verify that all the material
passes this sieve, and then air-dried for 24 hours and mixed and bottled
as above. Should d sample of coal or coke be transported to anv distance
between the point of preparation and the laboratory under conditions in
which it may be shaken down and may cause segregation to any degree,
the entire contents of the bottle shall be remixed before analvtical work
is started. The use of mechanical devices is recommended.

4.2.4 Certaih coals may be found to give irregular results on analysis.
In such cases, and for analvtical work only, the analvsis sample should
be further ground to pass 125-micron IS Sieve and remixed. This final
grinding will normally be found to ensure reasonable agreement between
repeat determinations. The normal method of mixing coal in the labora-
tory is to roll it on a sheet of rubber cloth and turn it over at intervals
with a large spatula or flat spoon. This method is not entirely satis-
factory, since the movement of the coal tends to cause segregation. The
difficulty may be overcome in part by spreading the mixed sample in a
thin layer and filling the analysis bottle by means of small increments
taken with the spoon from places spaced uniformly over the surface of
the layer. This method of filling is particularly necessary when more
than one bottle is being filled. A laboratory mechanical mixer is, how-
ever, preferable.

5. CALORIFIC VALUE OF COAL AND COKE

5.0 General — Two methods have been described to determine the
calorific value of coal or coke. They are: (1) making use of calorimetric
bomb immersed in a static or isothermal water jacket (see 5.4), and
(b) making use of calorimetric bomb immersed in an adiabatic jacket
(see 5.5).

———— e

*Methods f:r;;;;)ling of coal and coke: Part T Sampling of coal (revised).
tMethods for sampling of coal and coke: Part 11 Sampling of eoke (revised).
4Specification for test sieves (revised).
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5.0.1 The calorific value as determined in these methods is the gross
calorific value of coal and coke at constant volume expressed in calories
per gram.

5.0.2 Temperature Dependence of Calorific Value — The calorific value
of coal and coke decreases with increase of temperature. The magnitude
of dependence varies between 0-1 and 0-3 cal/g°C, the lower value being
for anthracites; correction for variation in temperature of determination
is, therefore, usually negligible.

5.1 Principle - The coal or coke is burned in a bomb calorimeter of
known heat capacity. The principal observation is that of a temperature
risc which, when corrected for the errors of the thermometer and multi-
plied by the effective heat capacity at the mean temperature of the chief
period, gives the heat release. Further, allowance is necessary for
(a) the cooling loss; (b) the heat gain due to the heat released by the
ignition system; and (c) the heats of formation of sulphuric and nitric
acids from sulphur dioxide and nitrogen.

5.1.1 This method is applicable to all bituminous coals and anthra-
cites provided sufficient excess of oxygen is present to ensure complete
combustion. With bombs near the upper limit of size, an initial oxvgen
pressure of 25 atmospheres is sufficient when using one gram of sample
but for smaller capacity bombs it may be necessary to increase the initial
oxyvgen pressure to 30 atmospheres or to reduce the weight of the sample
to 0:8 g. A redetermination of the heat capacity (see 5.6) for the use of
the higher pressure is not necessary. The heat capacity varies slightly
with the crucible in use; adjustments mav be based on the calculated
heat capacities (mass X specific heat) of the different crucibles used on the
basis of the following specific heats:

Platinum 0-03 cal/g°C
Nickel-chromium alloy 0-11 cal/g°C
Silica 0-18 cal/g°C

5.2 Apparatus

5.2.1 Combustion Bomb — A high pressure bomb, preferably of the
three-piece Berthelot tvpe with separate cup, cap and union nut. The
cup and cap are machined from rolled bar of an austenitic chromium-
nickel-molybdenum steel resistant to intercrystalline corrosion. The union
nut, which does not come into contact with acidic gases, should be made
of free-cutting austenitic steel or of rolled aluminium bronze with a 0-5
percent proof stress of not less than 2 000 kg/cm2.  This ensures that the
bomb will be capable of (a) burning completely one gram of coal using an
initial oxygen pressure of 30 atmospheres and (b) withstanding, with an
adequate safety factor but without excessive mass, the maximum pres-
sure likely to be produced. The union nut shall not be made of the same

7
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type of austenitic stecl as that used for the cup and cap; this is important
to prevent damage due to seizing of the threads; aluminium bronze is
given as an alternative to low-molvbdenum (frec-cutting) austenitic steel
and, if used, may be plated to improve the finish.

The bomb shall also be:

a) of 250 to 350 ml capacity (existing bombs of up to 500 ml capa-
city, if resistant to intergranular corrosion, may be used but their
replacement is advised);

b) of not more than 3-25 kg weight; and

¢) capable of withstanding under test, for ten minutes and without
permanent deformation, an internal pressure of 210 kg/em?®.

5.2.2 Calorimeter Vessel — The calorimeter vessel for containing the
bomb shall be of plated copper or brass, polished on the outside and fitted
with a cover. It shall hold two litres of water with the boml covered
with water, to a depth of at least two centimetres above the lid of the
bomb. ,

5.2.3 Water-Jacket — A water-jacket should be provided for containing
the vessel and this may be of the static, isothermal, or adiabatic type.
The vessel should be insvlated from the jacket by being supported on the
minimum amount of a non-conducting material, prefdrably on a three-
point support. The air space between the vessel and the jacket should beg
approximately 1 ¢cm to eliminate convection currents.  The water-jacket
should be provided with a cover.

5.2.3.1 The static water-jacket should contain at least 12-5 litres of
water to eliminate the effect of external temperature change on the
temperature in the calorimeter.

5.2.3.2 The isothermal jacket should be provided with means of keep-
ing its temperature constant throughout the determination to within
+ 0-1°C.

5.2.3.3 The adiabatic jacket is fitted with cither electrode or immer-
sion heaters capable of supplying energy at a rate sufficient to heat the
water contained in the jacket so that its temperature is maintained within
0:1°C of the calorimeter vessel temperature after the homb has been fired.
The sensitivity of the temperature control system is such that the tem-
perature drift of the calorimeter vessel, when in balance at 20°C, does not
exceed 0-000 5°C.

5.2.4 Stirring Arrangement (see 0.3) — The water in the calorimeter shall
be efficiently stirred by a constant speed motor and the rate of stirring,
which shall be constant, shall be such that the temperature readings
plotted against time shall approximate to a smooth curve which in

8
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the preliminary and the after periods, shall be as straight line. To ensure
this, the stirrer shall operate at a speed slightly greater than the minimum
necessary. The stirrer shaft shall contain, at or above the level of the
cover of the calorimeter vessel, a non-conducting section to prevent
transmission of heat to or from the calorimeter.

5.2.5 Thermometer — The thermometer shall be of 6-degree range and
duly certified by the National Physical Laboratory or any other Institu-
tion recognized by the Indian Standards Institution. It shall be
graduated to 0-01°C and used with certified corrections which shall be
given to within 0 002°C at intervals of not more than 0-5°C. The thermo-
meter shall be tapped before each reading in order to prevent the mercury
thread from sticking. If a thermometer of the Beckmann type is used,
and the certificate of testing does not show the changing value of the
degree, due to the variable amount of mercury in the bulb, determinations
of the water equivalent shall be done to various temperatures, say, when
the zero of the thermometer corresponds to 10°C, 15°C, 20°C (about), etc,
and the appropriate value, found by interpolation, shall be used when
calorimetric determinations are made. A solid stem thermomecter is
preferable.

5.2.6 Thermometer Vicwer —- A viewer with a magnification X5 shall
be used to permit the reading of temperatures by estimation to 0-001°C.
A cathetometer may be used to avoid the possibility of parallax error;
with a single lens in a tube, parallax errors shall be avoided by ensuring
that the operator’s eye is at the correct level and bv illuminating the
scale through a circular hole in the tube and not a cut-away aperture at
the end of the tube.

5.2.7 Crucible —— While a variety of shapes of crucibles are suitable, it
may be desirable, in order to avoid ejection of ash during the determina-
tion, to use a crucible with the walls vertical or tapering inwards and
upwards. Alternativelv, the coal briquctte may be covered by a few
silica chips approximately 10x5x 1 mm to prevent cjection of the com-
bustible material or ash. The crucibles may be of silica, nickel-chromium
o~ platinum having flat base with a diameter of about 25 mm and a
height of nut n.ore than 20 mm.  Silica crucibles should be about 1-5 mm
thick and metal crucibles about 0-5 mm thick. To reduce any error from
incomplete combustion when testing Ligh ash coals, a shallow crucible of
nickel-chromium l¢il about 0-25 mun thick is recommended.

5.2.7.1 The production of carbon smecais when determining effective
heat capacity with benzoic acid may be avoided bv the use of a smaller
nickel-chromium crucible, about 0:25 mm thick, 15 mm in diameter and
7 mm deep.
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5.2.8 Ignition Circuit — An electrical supply of 6 to 12 volts, for ignit-
ing the sample with the controls mounted on a wall or bench and not on
the calorimeter shall be used. An ammeter mav be included in the
circuit to indicate breakage of the firing wire. The circuit may con-
veniently consist of a six-volt battery connected through an open key.
If the supply is provided by means of a transformer, a 5-ampere fuse shall
be fitted in the secondary circuit.

CAUTION — The firing switch should not be mounted on the
calorimeter.

5.2.9 Timer — A timer, reading in minutes and seconds, shall be fixed
m a convenient position. A stop-watch mayv be used.

5.2.10 Pressurc Regulator and DPressure Gauge — A regulater shall be
provided in control filling of the homb and a pressure gauge [0 to
5>10% N/m? (50 atm)] fitted to indicate the pressure in the bomb. To
avoid overtilling of the bomb, a reliel valve or bursting disc operating at
3:5:x 10 N/m? (35 atm) mayx be installed in the filling line.

CAUTION --- Equipment for high-pressure oxyvgen must be kept free
from oil and grease.

5.3 Reagents
5.3.1 Benzoic Acid - pure, preferably of thermochemical quality.

5.3.2 Oxygen — free from combustible matter and hydrogen and avail-
able at a pressure of not less than 25 atmospheres. Oxygen prepared by
the clectrolvtic process may contain a small percentage of hydrogen,
which invalidates its use.

5.3.3 Firing Wire — platinum wire of about 0-08 mm diameter, or
nickel-chromium wire of about 0:10 mm diameter.

5.3.4 Cotton Thread -— white sewing cotton thread.

5.3.5 Standard Sodium Hydroxide Solution — 0-1 N.

5.3.6 Standard Hydrochloric Acid Solution — 0-1 N.

5.3.7 Methyl Orange Indicator — 1 percent (wfv) in water.

5.3.8 Phenolphthalein Indicator -— 0-1 percent (w/v) ethyl alcohol.
5.3.9 Concentralcd Hycrochloric Acid — sp gr 1-16 (see IS:265-1962%).
5.3.10 Standard Barinm Hydroxide Solution -— 0-1 N.

5.3.11 Standard Sodium Carbonate Solution — 0-1 N.

*Specification for hydrochloric acid (revised).
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5.4 Isothermal Calorimeter Method
5.4.1 Procedure

5.4.1.0 Coal used for the determination of calorific value is the
analysis sample ground to pass through 212-micron IS Sieve. The sample is
exposed in a thin layer for the minimum time necessary for the moisture
content to reach equilibrium with the laboratory atmosphere.

5.4.1.1 Weigh the crucible to the nearest 0-1 mg and introduce into
it sufficient quantity of the sample to cause a temperature rise of 2° to
3°C. Weigh the crucible and contents to determine the weight of sample
taken. Also determine the moisture content of the sample at the same
time.

NoTE — Normally 1 g of coal will be required. For high ash coals, the use
of 075 g of the sample and the shallow crucible of nickel-chromium foil should
reduce errors of incomplete combustion. If considered desirable, the sample
may be previously compressed into a cylindrical pellet before weighing. Bitu-
minous coals can often be burnt with more certainty when compressed, whereas
anthracite cannot be compressed sufficiently. Anthracite also cannot be bri-
quetted satisfactorily and is, frequently, incompletely burned if weighed into the
crucible in the ordinary way. It is best weighed on a thin disc of mica or a
layer of fine ignited sand or silica, placed on the bottom of the crucible and a
known weight, say 0-01 to 0-02 g of benzoic acid. With a silica crucible the
use of mica is unnecessary. Coals containing a high percentage of inorganic
matter give a fused residue which may enclose a considerable proportion of un-
burnt carbon. In such cases, combustion in a crucible, the bottom of which is
covered with a thin layer of coarsely powdered quartz, is recommended. The
quartz breaks up the fused ash into minute globules, thus minimizing the pro-
portion of unburnt carbon; it also facilitates the removal of the residue if it should
appear desirable to determine the quantity of unburnt matter. (see 5.4.2.5
and 5.5.2.4).

5.4.1.2 Connect a piece of firing wire tautly across the terminals of
the bomb. Tie a known weight of cotton to the firing wire and arrange
the ends of the cotton so that they touch the sample.

NoTE — For convenience, a measured length of cotton of known weight per
unit length may be used; the length used in each determination of calorific value
should be the same as used in the determination of effective heat capacity of the
system.

5.4.1.3 Put 1 ml of distilled water in the bomb. Assemble the bomb
and charge it slowly with oxvgen to a pressurc of 3-0x 10* N/m* (30 atm)
without displacing the original air. Put sufficient water in the calorimeter
vessel to cover the flat upper surface of the bomb cap. This quantity of
water should be the same, within 1 g, as that used in determining the
mean effective heat capacity. The tempcrature of the water shall be
about 2:5°C lower than that of the water jacket.

11
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NoTrE — Use of one millilitre is recommended. Any other quantity up to
5 millilitres may be used provided the same quantity is used in all determinations
of both heat capacity and calorific value.

5.4.1.4 Transfer the calorimeter vessel to the water-jacket; lower
the bomb into the calorimeter vessel and check that the bomb is gas-tight.
If gas escapes from the bomb, discard the test.

5.4.1.5 Assemble, start up the apparatus and keep the stirrer and the
circulation arrangements in continuous operation throughout the deter-
mination. Use a constant rate of stirring. After an interval of not less
than ten minutes, read the temperature to 0-001°C and continue the read-
ings for five minutes, that is, the preliminary period, at equal intervals
of not more than one minute, tapping the thermometer lightly during
10 seconds prior to each reading. If, over a period of five minutes, the
average deviation of the individual values of the rate of change of tem-
perature is less than 0-000 72°C per minute, close the battery circuit
momentarily to fire the charge and continue the observations of the
temperature at intervals of similar duration to those of the preliminary
period. If the rate of change of temperature is not constant within this
limit, extend the preliminary period until it is constant.

5.4.1.6 In the chief period, which extends from the instant of firing
until the time after which the rate of change ol temperature again be-
comes constant, take the earlier readings to the nearest 0-01°C since it
will not be possible to take the earlier readings to 0-001°C. Resume the
readings to this precision as soon as possible. Determine the rate of
change in the after period (which follows the chief period) by taking
readings at 1 minute intervals for at least five, preferably ten minutes.

NoTE — It is desirable to keep the jacket temperature and the room tem-
perature as close to the calorimeter temperature as possible. Hence the jacket
and room temperatures should be recorded.

5.4.1.7 Remove the bomb from the calorimeter vessel, relcase the
pressure and dismantle the bomb. Examine the bomb interior and dis-
card the test if unburnt sample or sooty decposits are found.

5.4.1.8 Wash the contents of the bomb into a beaker with distilled
water. Wash the underside of the bomb cap and the outside of the cruci-
ble with distilled water; add the washings to the beaker. Dilute to
approximately 100 ml and boil to expel carbon dioxide. While still hot,
titrate with standard barium hydroxide solution using phenolphthalein
solution as indicator. Add 20 ml of sodium carbonate solution, warm,
filter and wash the precipitate with distilled water. When cold, titrate
the filtrate with the hydrochloric acid solution, using the methyl orange
solution as indicator. ignoring the phenolphthalein colour change.

NoTr — These titrations may be omitted if the sulphur content of the coal
and the nitric acid correction are known.

12



IS :1350(Part II) - 1970

5.4.2 Corrections — The following corrections are made to the experi-
mental observations.

5.4.2.1 Thermometcr corrections — If a mercury-in-glass thermometer
is used the corrections prescribed in the certificate issued with the thermo-
meter are applied to the observed firing temperature £, and the final tem-
perature {,.

5.4.2.2 Cooling correction — The cooling correction includes the effects
of the heat interchange between the vessel and the jacket due to conduc-
tion, convection and radiation, and of the heats of stirring and evapora-
tion. This is minimized by having (a) the temperature of the water in
the vessel below that of the water in the jacket at the time of firing and
within +1-0°C, preferably +0-5°C, of it at the end of the chief period;
(b) a low heat of stirring; and (c) a low loss by evaporation. The correc-
tion shall be determined as follows by the use of the Regnault-Pfaundler
formula or the Whitaker formula which gives, for a representative series
of coals, a mean correction differing by not more than one part in 1 000
from that given by the Regnault-Pfaundler formula.

a) The Regnault-Pfaundler (R-P) correction

Correction = nv’ + :’, }; ~{ET(8) 4 3t + ta) —nt}
=nv' 4+ kS
where

n = number of minutes in the chief period (5 to 10 minutes);

v’ = rate of fall of temperature per minute in the preliminary
period. (If the temperature is rising during che preliminary
period, then v’ is negative);

v" = rate of fall of temperature per minute in the after period;

" == average temperature during after period;

!’ = average temperature during preliminary period;

¢, = firing temperature;

1 (#) = sum of the temperatures (,, £, fg, . .. . . , t,—1) recorded
during the chief period;

by by g ool , tn = successive temperatures recorded during the
chief period. The final temperature, ¢,, is
the first temperature after which the rate of
change is constant;

13
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3(ty -+ ts) = mean of firing temperature ¢, and temperature ¢, at
the end of the chief period after which the rate of fall
becomes constant again;

k =z—);:-z{, is the ‘cooling canstant’ of the calorimeter system
t"~% which shall be determined for each set of conditions;
and

S = the expression within the brackets.

From the nature of the formula it is seen that the temperature
difference (¢,—¢,) to which this correction is added to obtain the
corrected temperature rise is not necessarily the maximum observed
rise. In fact, within reasonable limits, the corrected temperature
rise should be the same irrespective of how far ¢, is taken along
the cooling curve, provided that the period of uniform fall of tem-
perature has been reached.

b) Whitaker correction — In place of the Ragnault-Pfaundler cooling
correction, which is cumbersome, the Whitaker correction may be
adopted, provided that it has also been employed to find the water
equivalent or the heat capacity of the apparatus. The heat capa-
city will be found by the Whitaker correction to be about 0-25 to
0-3 percent lower than the value given when R-P correction is
used — a difference of 7 to 9 in 3 000.

To employ the Whitaker correction ten temperature readings
are taken in the after period in order to obtain a more reliable value
of the cooling rate per minute. If this rate be denoted by df and the
time from the instant of firing to any chosen temperature reading in
the steady cooling period be x minutes, then the cooling correction is
simply (¥ xdt) °C. The ‘ observed rise ' is the difference between the
temperature at the instant of firing and the temperature taken x
minutes later (as above) in the cooling range. It is not necessary,
nor is it desirable, to take the actual maximum temperature reading.
Generally, a temperature taken 2 or 3 minutes later in the steady
range of cooling forms a more reliable and definite ‘ observed maxi-
mum ‘. The temperature value at x, of course, depends upon the
magnitude of x, but the same corrected temperature rise is obtained
provided that d¢ is constant.

NoTe — Of the two corrections, the Whitaker formula is preferable. It is
simpler; it is equally accurate and there is far less chance of arithmetical error
in the calculations.

5.4.2.3 Heat of ignition — The heat release from the cotton and
firing wire is subtracted from the total heat release. The heat release

14
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from the cotton is calculated from the weight, after drying at 105°C, of a
known length of cotton thread, and using the calorific value of cellulose
(4180 cal/g). Determinc the weight of a piece of wire equal in length to
the distance between the poles of the bomb, and calculate the heat release
by allowing 335 cal/g for nickel-chromium wire, or 100 cal/g for platinum
wire.

5.4.2.4 Heat of formation of acids — The heat gain due to the forma-
tion of sulphuric acid and nitric acid is subtracted from the total heat
released. These corrections amount to 3-60 cal/ml of 0-1 N sulphuric acid
and 1-43 cal/ml of 0-1 N nitric acid present in the bomb washings and are
<alculated as follows:

Sulphuric acid correction = 3:60 (a -+ 5—20) cal; and
Nitric acid correction = 1-43 (20—a) cal

where
a = vol in ml of 0-1 N hydrochloric acid used (see 5.4.1.8), and
b = vol in ml of 0-1 N barium hydroxide used (see 5.4.1.8).

Note — The sulphuric acid correction may also be computed using the sulphur
content determined by the Yschka method using the relatfonship that 0-01 g
of sulphur (that is. one percent sulphur content on one gram of fuel) amounts
to 22'5 cal.

5.4.2.5 Correction for unburned carbon (see 5.4.1.1) — If unburned
carbon is suspected, its heat equivalent, on the basis of 1 mg of carbon
equals 8 calories shall be added to the determinced heat release.  Unburned
carbon is determined as the loss in weight on ignition of the residue
from the crucible.

5.4.3 Calculation — The following example illustrates the method of
calculation using the R-P and the Whitaker corrections respectively:

a) Calculation using R-P correction

Weight of crucible 4- thread =52984 g
Weight of crucible 4 thread 4 coal =63017 g
Weight of air-dried coal =10033 g
Mean calorimeter temperature = 26-5°C
Effective mean heat capacity at 26-5°C == 2 871 cal/°C
Correction for sulphur (0-71 percent) in coal = 16 cal
Temperature of calorimeter jacket = 26-7°C
Temperature of thermometer setting = 24-6°C
Room temperature = 26:6°C
Moisture in coal = 1-90 percent
Ash = 12-1 percent

15
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Time Minutes Temperature
0 1-881
. 1 1-882 ]
Preliminary 2 2 1-883
period 3 1884 I
4 1-885
L S 1-886(¢,)
(6 3-250(z,) b
7 4-160(¢,)
8 4-315(t,)
. . 9 4-362(t,)
Chlef pel‘lOd ‘. 10 4'376(‘5) }
11 4-377(t,)
12 4-372(t,)
(13 4:366(t=t,)
[ 14 4-360 "
15 4-354
16 4-349
17 4-343
J 18 4-336
After period 19 4-330 »
20 4-324
21 4-318
22 4-312
23 4-306
24 4-300 |

Correction Using

Regnault-Pfaundler
Formula
t' = 1-883
v’ =—0-001
n=2_8
ny' =—0-008

S = {1 + 3t -+ ta)—nt}
= 29-212 + 3-126—15-064"
= + 17274

Cooling correction =y’ + ks
= 0-049 4—0-008 = 0-041 4

Uncorrected temperature rise (£,—¢,)

Add cooling correction

Add thermometer correction
Corrected temperature rise
Heat liberated

Subtract nitric acid correction

Subtract correction for heat of ignition

Heat from 1-003 3 g coal
Heat from 1-000 0 g coal
Subtract sulphur correction
Calorific value of air-dried coal

16

2-480°C

0-041 4°C
0-014°C

2:535 4°C
2871x2-535 4
8 c

2

7

7

1

L

= 7 279 cal

1 cal
250 cal
226 cal
6 cal

7 21Q cal/g

e wnn
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b) Calculation using Whitaker correction

Moisture in coal 1-90 percent

Weight of crucible 4- thread = 5298 4 ¢
Weight of crucible 4 thread 4 coal =63017 g
Weight of air-dried coal = 10033 g
Mean calorimeter temperature = 26-5°
Effective mean heat capacity at 26-5°C = 2863 cal/°C
Correction for sulphur (0-71 percent) in coal = 16 cal
Temperature of calorimeter jacket = 26:7°C
Temperature of thermometer setting = 24-6°C
Room temperature = 26-6°C

Ash = 12-1 percent
Time Minutes Temperature Correction Using
°C Whstaker Formula
(0 1-881
1 1-882
Preliminary 2 1-883 dt, =—0-001
period {3 1-884 n=8
4 1-885
L5 1-886(t,)
(6 3-250(¢)
7 4-160
8 4-315
Chief period 49 4-362
‘ 10 4-376
11 4-377
12 4-372
13 4:366(¢,,)
(14 4:360
15 4-354
16 4-349
17 4-343
J 18 4:336 dty = 0-006
After period 19 4-330 » nxdty = 0-048
20 4-32¢
21 4-318
22 4312
23 4-306
L 24 4-300 |

17
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Uncorrected temperature rise (£,—£,) = 2-480°C
Add cooling correction = 0-048°C
Add thermomgeter correction = 0-014°C
Corrected temperature rise = 2:542°C
Heat liberated = 2 863 x2-542
= 7278 cal

Subtract nitric acid correction = 8 cal
Subtract correction for heat of ignition = 21 cal
Heat from 1-:003 3 g coal =7
Heat from 1:0000 g coal =7
Subtract sulphur correction = 16 cal
Calorific value of air-dried coal = 7209 cal/g

5.4.3.1 The calorific value recorded above, namely, 7 209 cal/g, is that
of the air-dried coal. The calorific value may be required of the coal as
received. If such coal has, say, m percent moisture, the calorific value
becomes 7 209 (100—m)/(100—1-9), as therc is 190 percent moisture in
the air-dried coal.

If it is desired to know the calorific value of the dry coal, the figure
becomes 7 209 x100/(100—1-9). The calorific value of the pure dry
mineral-matter-free coal is given by 7 209 x 100/(100—1-9 4 1-1 times ash)

100
= 7209 x 100— (19 + 1-1x121)
100
= 7209 x §579
= 8502 cal/g

5.4.3.2 Rounding off — Round off the mecan of the values or the single
value to the nearest 10 cal/g.

5.4.3.3 Precision — The results of duplicate determinations in one
laboratory should agree to within 25 calfg, and those between different
laboratory to within 50 cal/g.

5.5 Adiabatic Calorimeter Method

5.5.1 Procedure

5.5.1.1 The coal used for the d:termination of calorific value is the
analysis sample ground to pass through 212-microns IS Sieve. The
sample is exposed in a thin layer for the minimum time necessary for the
moisture content to reach equilibrium with the laboratory atmosphere.

5.5.1.2 Weigh the crucible to the nearest 0-1 mg and introduce into
it sufficient quantity of the sample to cause a temperature rise of 2°
to 3°C. Weigh the crucible and contents to determine the weight of

18
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sample taken. Also determine the moisture content of the sample at the
same time.

NoTe — Normally 1 g of coal will be required. For high ash coals, the use
of 075 g of the sample and the shallow crucible of nickel-chromium foil should
reduce errors of incomplete combustion.

5.5.1.3 Connect a piece of firing wire tautly across the terminals of
the bomb. Tie a known weight of cotton to the firing wire; arrange the
ends of the cotton so that they touch the sample.

NoTE — For convenience, a measured length of cotton of known weight per
unit length may be used; the length used in each determination of calorific value
should be the same as used in the determination of effective heat capacity of the
system.

5.5.1.4 Put 1 ml of distilled water in the bomb. Assemble the bomb
and charge it slowly with oxygen to a pressure of 3-0x 10® N/m? (30 atm)
without displacing the original air. Put sufficient water in the calori-
meter vessel to cover the flat upper surface of the bomb cap. This
quantity of water should be the same, within 1 g, as that used in deter-
mining the mean effective heat capacity. The temperature of the water
should be such that the final temperature reached in the determination is
within a degree of the standard reference temperature, 27°C.

NoTE — Use of one millilitre is recommended. Any other quantity up to
5 millilitres may be used provided the same quantity is used in all determinations
of both heat capacity and calorific value.

5.5.1.5 Transfer the calorimeter vessel to the water-jacket, lower the
bomb into the calorimeter vessel and check that the bomb is gas-tight.
If gas escapes from the bomb, discard the test.

5.5.1.6 Assemble, start up the apparatus and keep the stirrer and
the circulation arrangements in continuous operation throughout the
determination. Use a constant rate of stirring such that the length of
the predetermined interval does not exceed 10 minutes. Select the setting
of the bridge circuit that will result in the minimum drift in the tempera-
ture of the calorimeter vessel at the final temperature. After 10 minutes
tap the thermometer lightly for 10 seconds and read it to 0-001°C (the
‘ firing temperature’, ¢,). Fire the charge; hold the switch closed long
enough to ignite the fuse.

5.5.1.7 After the predetermined interval, established when the mean
effective heat capacity of the system is determined, tap the thermometer
again for 10 seconds and read 1t to 0-001°C (the ‘ final temperature ’, f,).
The observer should take care to avoid parallax errors when using the
magnifying viewer to read mercury-in-glass thermometer.
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5.5.1.8 Remove the bomb from the calorimeter vessel, release the
pressure and dismantle the bomb. Examine the bomb interior and dis-
card the test if unburnt sample or sooty deposits are found.

5.5.1.9 Wash the contents of the bomb into a beaker with distilled
water. Wash the underside of the bomb cap and the outside of the
crucible with distilled water; add the washing to the beaker. Dilute to
approximately 100 ml and boil to expel carbon dioxide. While still hot,
titrate with standard barium hydroxide solution using the phenolphthalein
solution as indicater. Add 20 ml of sodium carbonate solution, warm,
filter and wash the precipitate with distilled water. When cold, titrate
the filtrate with the hydrochloric acid solution using the methyl orange
solution as indicator, ignoring the phenolphthalein colour change.

NoTE — These titrations may be omitted if the sulphur content of the coal
and the nitric acid correction are known.

5.5.2 Corrections — The following corrections are made to the experi-
mental observations.

5.5.2.1 Thermometer corveclions — If a mercury-in-glass thermometer
is used the corrections prescribed in the certificate issued with the thermo-
meter are applied to the observed firing temperature, ¢, and the final
temperature ¢,.

5.5.2.2 Heat of ignition — The heat release from the cotton and firing
wire is subtracted from the total heat release. The heat release from the
cotton is calculated from the weight after drying at 105°C a known length
of cotton thread, and using the calorific value of cellulose (4 180 cal/g).
Determine the weight of a piece of wire equal in length to the distance
between the poles of the bomb, and calculate the heat release by allowing
335 cal/g for nickel-chromium wire or 100 cal/g for platinum wire.

5.5.2.3 Heat of formation of acids — The heat gain due to the forma-
tion of sulphuric acid and nitric acid is subtracted from the total heat
released. These corrections amount to 3-60 cal/ml of 0-1 N sulphuric acid
and 1-43 cal/ml of 0-1 N nitric acid present in the bomb washings and are
calculated as follows:

Sulphuric acid correction = 3-60 (a + 5—20) cal: and

Nitric acid correction = 1-43 (20—a; cal

where
a = volume in ml of 0:1 N hydrochloric acid used (sec 5.4.1.8),
and b = volume in ml of 0-1 N barium hydroxide used (sce 5.4.1.8).

NoTE — The sulphuric acid correction may also be computed using the sulphur
content determined by the Eschka method using the relationship that 0-01 g of
sulphur (that is, one percent sulphur content on one gram of fuel) amounts to
22'5 cal.

5.5.2.4 Correction for unburned carbon (sec 5.4.1.1) — If unburned
carbon is suspected, its heat equivalent on the basis of 1 mg of carbon

20



IS : 1350(Part II) - 1970

equals to 8 calories shall be added to the determined heat rclease.
Unburned carbon is determined as the loss in Weight on ignition of the
residue from the crucible.

5.5.3 Calculation - The following example illustrates the method of
calculation:

Weight of crucible + thread

Weight of crucible 4 thread -+ coal
Weight of air-dried coal

Effective heat capacity at 26-5°C
Correction for sulphur (0-71 percert) in coal
Room temperature

Moisture in coal

Ash

Uncorrected temperature rise (f,—12,)
Add thermometer correction
Corrected temperature rise

I L 1 O T O

2-1 percent
-521°C
014°C

1

2

1

= 26

: 1-90 porcont
= 1

= 2

0-

2-535°C

I I

Heat liberated 2 871 x 2-535
= 7 279 cal
Subtract nitric acid correction = 8 cal
Subtract correction for heat of ignition = 21 cal
Heat from 1-003 3 g coal == 7 250 cal
Heat from 1-0000 g coal = 7226 cal
Subtract sulphur correction == 16 cal
Calorific value of air-dried coal == 7210 cal/g

5.5.3.1 Rounding off — Round off the mean of the values or the
single value to the nearest 10 cal/g.

5.5.3.2 Precision — The results of duplicate determinations in one
laboratory should agree to within 30 cal/g, and those between different
laboratories to within 65 cal/g.

5.6 Mean Effective Heat Capacity

5.6.0 General - The effective heat capacity is the heat required to
effect unit temperature rise in the system under the conditions of a calori-
metric determination. It has a temperature dependence since the
specific heats of the constituent parts of the svstem vary with tempera-
ture; and 25°C has been chosen as the reference temperature because of
its use in thermo-chemical calculations, and because the specific heat of
water in the range of 25° to 40°C is constant within + 0-002 cal/g°C.

5.6.1 Principle —— A known weight of benzoic acid of certified calorific
value is burned in oxygen in the bomb calorimeter, which is to be used
eventually in the determinations of calorific value of coal and coke. To
the heat of combustion of benzoic acid are added the heats of combustion
of the firing wire and cotton thread, and also the heat of formation of
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nitric acid. At least five complete determinations of the effective heat
capacity should be carried out and their mean calculated and reported.

5.6.2 Procedure

5.6.2.1 Preparation of brigquette — Dry the benzoic acid carefully by
heating to not more than 5°C above its melting point (121°C), which
will cause fusion. Compress it in the form of a briquette weighing
approximately 1:2 g.
NoTE — It will be necessary to use 1-2 g of beuzoic acid in order to maintain
a heat release of about 7 500 cal. By keeping the heat release constant at
approximately this same level, the necessity for correcting for the sources of
constant heat gain (namely the heats of ignition from the fizing wire and the
cotton thread) may be eliminated.

Difficulty is sometimes experiencecd in burning 1:2 g of benzoic acid without
leaving smears of residual carbon; if these persist even when the distance be-
tween the crucible and the bomb cap has been increased to the maximum
possible, then the special crucible (see 5.2.7.1) shall be used.

5.6.2.2 Proceed as described in 5.4.1 or 5.5.1 for the determination
of calorific value, depending on the type of calorimeter used; but read
the temperature at 1 minute intervals over a period of 10 minutes, com-
mencing 5 minutes after the firing of the charge.

5.6.2.3 Dilute the bomb washings to approximately 50 ml with
distilled water. Titrate the nitric acid obtained with standard sodium
hydroxide solution using methyl orange solution as indicator.

5.6.2.4 Carry out at least five complete determinations of effective
heat capacity.

5.6.3 Corrections — The following corrections are to be applied to the
experimental observations, as applicable.

5.6.3.1 Thermometer corrections — If a mercury-in-glass thermometer
is used the corrections prescribed in the certificate issued with the therme-
meter are applied to the observed firing temperature ¢, and the final
temperature /,.

5.6.3.2 Cooling correction — The cooling correction determined as
prescribed in 5.4.2.2 should be added to the measured temperature rise,
in the case of an isothermal or static calorimeter.

5.6.3.3 Heat of vgnition — The heat gain on account of the burning
of firing wire and cotfon thread is to be added to the heat of combustion
of benzoic acid.

5.6.3.4 Nitric acid correction — The heat gain due to the formation of
nitric acid is added to the heat of combustion of benzoic acid. It
amounts to 1-43 cal/ml of 0-1 N sodium hydroxide solution used in the
titration of bomb washings (see 5.5.2.3).
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5.6.4 Calculation — The following example jllustrates the method of
calculation:

Weight of crucible + thread =52348¢g
Weight of crucible + thread + Benzoic acid = 64290 g
Weight of benzoic acid =11942 ¢
Volume of 0-1 N sodium hydroxide solution = 6-8 ml
Corrected temperature rise (including cooling = 2:641°C
correction in the case of the isothermal type)

Final calorimeter temperature = 25-5°C
Calorific value of benzoic acid at temperature = 6 321-6 cal/g

(see Note)
Heat liberated, 1:194 2x 6 3216 7 548-1 cal
Add nitric acid correction, 1-43 xX6-8 97 cal
Add correction for heat of ignition = 21 cal
Total heat release 7 578-8 cal
Effective heat capacity, 7 578:8/2:64] 2 870 cal/°C

NoTE — The calorific value of pure benzoic acid, weighed in air, for the
combustion of 1:2 g in a bomb of 300 ml capacity containing 1 g of water and
using an initial oxygen pressure of 25 atmospheres is recorded below for difterent
values of the temperature to which the products of combustion are cooled:

oy

Final Calorific Final Calorific
Calorimeter Value Calorimeter Value
1 emperature Temperature

°C (cal/g) °C (cal/g)
40 63160 25 6 3201
35 63173 20 6 321-5
30 63187 15 63229

For bombs of 250 ml capacity, add 0-3 cal/g.
For bombs of 350 ml capacity, subtract 0-2 cal/g.
If 1 g of benzoic acid is used, subtract 0-2 cal/g.

5.6.4.1 Variation with temperature — The correction to 25°C of an
effective heat capacity determined at ¢°C, the mean temperature during

the chief period being ‘3—:*2:-—!-". where ¢, is the temperature on firing and

¢, is the temperature at the end of the chief period, may be expressed as
follows:

C“ = C;—D
where
Cq; = effective heat capacity at 25°C;
C; == the value of effective heat capacity determined at ¢°C;
D = AW,—B(W, -+ W,/4) cal/°C;
W= weight in kg of water in the system;
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W, = weight in kg of the stainless steel parts of the system;

W = weight in kg of the bronze and brass parts of the system
(calorimeter vessel, stirrer and possibly nut); and

A and B for various temperatures are given below:

(°C) A B ¢(°C) A B
10 3-01 1:50 275 —017 —0-25
12'5 216 1-25 30 ~0-26 ~0-50
15 1-48 1-00 32:5 ~0-32 ~075
17:5 095 075 35 —0-35 ~1-00
20 0-55 0-50 37:5 —0-38 —125
225 024 0-25 40 —0-40 —1-50
25 0-00 0-00

in the determination of the calorific value of a fuel, the appropriate
heat capacity is found by adding the correct value of D to the mean value
of Cg. Correction shall only be made in whole numbers. The tem-
perature ranges over which particular integral corrections shall apply may
be determined by calculating the value of D for a series of temperatures
(covering the likely working range and plotting the data; for example,
D is taken as 2 when it lies between 1'5 and 2-5).

5.6.4.2 Reporting the result of mean effective heat capacity — The
result shall be reported at 25°C as the mean of at least 5 (preferably 10)
values with a range not exceeding 0-3 percent of the mean value; it will
then be correct to within 3 cal/°C

5.6.5 Predetermined Interval — The period between the firing of the
charge and the reading of the final temperature is the predetermined
interval. It is calculated from the temperature readings taken at inter-
vals of 1 minute in each determination of effective heat capacity.

5.6.5.1 From the recorded observations of each determination note
the shortest time in minutes from the firing of the charge to reaching the
second of three consecutive readings which do not differ by more than
0-:001°C. Calculate the mean of the five values to the nearest whole
minute to obtain the length of the predetermined interval; this should not
exceed 10 minutes.

5.6.5.2 Use the predetermined interval for all determinations of
calorific value until a new value is established. [t is re-established
when commissioning a new calorimeter and checked after changing any
component.

5.6.6 Redetermination of the Mean Effective Heat Capacity — When any
part of the system is changed, the mean cffective heat capacity is re-
determined at intervals not longer than six months. Where a change to
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the svstem is not involved, the redetermined mean should be within

5 cal/°C of that previously determined. If the difference is greater
than 5 cal/°C experimental procedures should be examined and carefully
checked.

6. REPORTING OF RESULTS

6.0 The results of calorific value may be reported in the following manuer
making use of the symbols recommended.
6.1 Air-Dried Basis
6.1.1 The following symbols shall be used without any suffix:
M = percentage of moisture in the sample,
A = percentage of ash in the sample,
= percentage of volatile matter in the sample,
= percentage of fixed carbon in the sample,

== calorific value of the sample, and
= percentage of total sulphur in the sample.

6.1.2 It is to be noted that volatile matter V' is the total loss recorded
during volatile matter determination minus the moistute given off on
drying at 105° to 110°C.

Fixed carbon = F == 100 (M + A4 { V)
Fixed carbon = coke residue after volatile matter test minus ash.
6.2 As-Received Basis
6.2.1 The svmbols indicated in 6.1.1 shall be used with suffix 1.
6.2.2 The results on the as-received basis are then obtained as follows:
Moisture = M,
A > (100 —-211,)

T

dv= =503
L Vx(100 1)
1= U100 A7
F, ___I‘_vi(()l(g)o WVL) or, as a check, 100—(M, 4 A, + V)
_ Qx(100--21,)
G = “qoo—a1
G _ Sx(100--21,)
°1 T T00TAT

6.3 Air-Dry Basis (Sample Equilibrated at 40°C and 60 Percent
Relative Humidity)

6.3.1 The symbols indicated in 6.1.1 shall be used with suffix 2.
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6.3.2 The results on the air-dry basis are then obtained as follows:
Moisture = M,
Ax(100-211,)

Ay = ——Z-~

100 -V
L _Vx(100- 1)
T T1I00-M
< (100 -3
F, = F_}(()_IG___W‘L,) or, as a check, 100— (M, + Ay + 1V7y)
0, QX (100-1,)
U100
S, =X (10021,
2 100— A1

6.4 Dry Basis
6.4.1 The symbols indicated in 6.1.1 shall be used with suffix 4.

6.4.2 The results on the dry basis are then obtained as follows:

Ay = Ax100

$ = 1507

V- V %100

4= 00—
F, =%>Oil_0?[ or, as a check, 100— (A, + V4)

Q% 160

Ce = fo0=x7

S % 100

S¢ = jo0=31

6.5 Dry Mineral-Free Basis

6.5.1 The symbols indicated in 6.1.1 shall be used with suffix dm/f.
‘ Mineral-matter-free ’ is conveniently shortened to ‘ mineral-frec’
6.5.2 The results of the dry mineral-free basis are then obtained as
follows:
For e Fx100
=100~ (I + 1-1 )
Viamg = 100 —F 4y
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6.5.3 The following points may be noted while making calculations on
the dmf basis:

a)

b)

f)

The above calculation assumes that mineral matter is equal to
1-1 ash, which will hold good for the majority of Indian coals.
When the coal, however, contains more than one percent of sul-
phur and 0-5 percent of carbon dioxide, the calculation of mineral
matter is preferably made in accordance with the formula given
in 2:6 of IS:770-1964*.

In conversion to Vg, it is preferable first to evaluate F,, from F,
and then obtain Vg, as 100--F,,,. Thisis advisable as V contains
water of hydration of the mineral matter (roughly to the extent
of 1/10 of the ash) and also carbon dioxide of any carbonates.

In obtaining Si.s allowance shall be made for sulphur percent
as FeS, and sulphates (that is for sulphur present in the mineral
matter). It is only the organic sulphur which can be expressed
on a dmf basis.

In obtaining Cgs (that is total carbon), it 1s necessary again
to ensure that in the total carbon figure given from ultimate
analysis the carbon present as carbonate has been deducted.

In evaluating Hg,s (that is, hydrogen) similarly the allowancé of
1/10 ash is necessary for the water of hydration. This reduces to
1/9 of 1/10 ash for the hvdrogen correction.

In converting calorific value to dry mineral-matter-free basis
the heat evolved due to the combustion of pyrites in burning to

sulphur dioxide should be subtracted from the calorific value as

analyzed. The value to be deducted on this score is 27-8 Sp cal/g
where Sp is the percentage of sulphur as pyrites. As the pyrites
content in most Indian c@als is low (less than 0-5 percent) this
correction is seldom necessary.

6.6 The analysis may be reported in the form indicated in Table 1.

*General classification of coal (revised).
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TABLE 1 FORM FOR REPORTING OF RESULTS
(Clause 6.6)

Ref NO. oo
Seam ..
Location ...ooocoiiiii i
Sample No. ..o Character of Sample ........
Received on oovvniiiiiiiini SIZE v
Prepared on ....coooooviiiiiiiii Gross Weight .o
Nature of Sample ......ooooovvviin, Sampling Done Ly ...
. [
PROXIMATE As As As Dry ' dmf
ANaLYsIs ANALYSED | RECEIVED Lgul- sasis | Basis
Basis Lasis LIBRATED
AT 40°C
AND 60
PERCENT
RH
Basis - ~
Moisture,  per-
cent
Ash, percent
Volatile matter,
percent
Fixerdd  carbon,
percent
Calorific  value
(kross) by
bomb, Kcal/g
Sulphur, total,
percent

i

|

|
' (The  colour
ol ash an‘
the nature of
coke bead to
berecordedin
this columnmn)

REMARKS ~

(Continued from page 2)

Members Representing

A, K. Mirra Coal Board, Calcutta
SHRI S. B. S\RKAR (. {lternate)
Surr H. P. SamanTta

SHRI SOMAR SEN GUPTA

SHRI

The Tata Tron & Steel Co Ltd, |

Coke Oven  Managers' \ssociat
Section), Burnpur

SHRI BaxaMmaLl SEN (dltevnale)
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