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. HEATVCAPACITY>OF COAL
.- Anthony L. Iee
Institute of Gas Technology
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THTRODUCTION

Although mény aﬁthors'have reported the heat capacity of coal and

the cxperimental methods used (1-6,8,11,13,15-18), few of thelr inves-

tirations were conducted above 300°C (572°F). Because of the difficul-
tles of determining the heat capacity of coal experimentally, especially

durlng heating and at high temperatures, disagreements have arisen amons

rescarch workers. - Some authors have found that.the heat capacity of

coal increases with temperature (3,5), while.others have found that it
décreases.(1,2) This disagreement could be the result of the methods
used to obtain the heat capacity. Since coal contains up to 50% vola-
tlle matter, the weight of coal changes considerably during heating as

"the volatile matter escapes.. To further complicate the matter, if the

cogl were allowed to oxidize during heating, one can be sure that the
results would not be the same. . Even if one takes the escaped volatile
matter into consideration, the precision of the measurement will suffler
because the treatment of experimental data depends on the material bal-

-ance, the analytical methods, and the assumptions.

. The decrease of (p as the temperature increases above 300°C could be
explained. by the endothermic reaction of' so-called "pyrolysis," "decar-
bonization,” or."coking.'"(7,14,18) Coal starts devolatilization cuick-
ly at temperatures above 700°F, So, at TOO®F or above, the experlmen-

.a = Cpy + AHg (1)

w
i

the measuréd value and is called the pyro-heat capacity in ti:is
paper : : '

c the heat capacity of coal °

o
Alle = the heat of the endothermic reaction

To determine the true heat capacity of coal, the AHe must be known
accurately. Since coal is complicated in nature, it 'is experimentally

- difficult to determine AHe accurately. As an example, Agroskin and

Zsncharov (1,2) proposed to determine'cp.directly as follows:

1. 'Heat the coal to theAdedarboniiingutemperature until cokingz
stops ' : . : v

2. leasure the.Cb of the residue

vaiouély, es this residue is noilonger'thé cQal one started with, tte
mensured Cp is not the Cp of the coal but the Cp of the coke.
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This author proposes to determine the AHe as follows:

1. Drop the cold coal into the. hot calorimeter to determine the Cp and
Ale- '

2. Drop the coke from the previous run to determine the Cp of Lhe coke.

The analyses of volatile matter, coal, and char must be very accur-
ate so that a close material balance can be achieved. If the heat cap-
acities of all the volatile matter are known, the heat capacity of coal
can be deduced, the difference between these two runs being the Al
However, since there is no common base for these two runs; this me hod
has the same flaw .as Agroskin's; that is, the C; of the coke is not the
same &8 that of the cosl. From an engineering 801nt of view, the
"C, + AHg" term is the one that is needed in actual ceses. Since the
tegperatures are all above decarbonizing temperature, the effect to
worry about is "C, + AHe."

The reported C values at temperatures above TOO°F include the val-

ue of the endothegmic reactlon, therefore, it 1s called the "pyro- -heat
capacity of coal. _ - _

EXPERIMENTAT, WORK

In this work, two calorimeters(l2) were used to measure the heat capa-
cities of coal at temperatures from 600° to 1500°F and pressures from
0 to 1500 psia. Figure 1 presents a schematic drawing of the standard
drop calorimeter, which is suitable for operation at temperatures lower
than the decarbonization temperature. Figure 2.is a schematic drawing
of the reaction calorimeter used at high temperatures.

The coal sample is contained in a basket that is suspended in the
cold neck zone of the calorimeter. The calorimeter body is inside the
furnace and 1s maintained at a constant temperature. An inert gas is
used to achieve the desired pressure in the calorimeter. The sample
is lowcred into the calorimeter body after the temperature and pressure
of the calorimeter have been stabilized for 2 hours. The cooling rate
of the calorimeter is measured by four thermocouples and two resistance
thermometers distributed around the calorimeter body. The coal is ana-
lyzed before and after the experiment. A gas sample is also taken to
check for the volatile matter that escaped from the coal. Because tle
.volatlle matter is contained within the calorimeter at all times, if
one knows the composition, welght, and other variables of the gas and
s0lid, the total material and energy balance can be determined

Lstablishing an energy balance around the calorimeter, we have - .

(mCAT) ca1orimeter ‘““DA‘)b&SketS * ‘¢vp4*)coal "

The mC mass X heat capacity) of the calorimeter was determined by usins
pure afﬁmina, for which the heat capacity is well established for a :
wide temperature range.(9) The results of calorimeter conctants are pro-
sented in Pigure 3. : . : ‘

-

The AT of the calorimeter is measured, the mCp of the baskets i~ cali-
a functlo rature, the initial temperature ol the coal

4
as a function of cCmpe
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ind the basket is measured, and the final temperature of the coal and
:he basket i1s assumed to be the same as that .of the calorimeter final
-emperature. Therefore, the only unknown remaining in Equation 2 is
‘he Cp — the pyro-heat capacity of the coel. ‘

. b%helcompnsition of the coal and chars investigated is presented in
able 1.

) Table 1. ANATYSIS OF COAL AND COAL CHARS
Raw  Pretreated Iow-Temp High-Temp N.D.

Coal Coal Residue Residue Lignite

roximate Analysis, wt % _
fioisture . 1.3 0.5 0.6 0.6 34,0
Volatile Matter 34,6 23.3 4.6 3.3 28. 4
Fixed Carbon : 52.0 63.5 77.6 71.6 31.3
Ash 12.1 12.7 “17.2 24.5 6.% .
i Total T00.0 T00.0 I00.0 00.0 1C0.0
lltimate Analysis, wt %
Carbon . 71.2 70.1 76.9 72.6 64.8
Hydrogen _ 5.14 3.70 2.05 1.08 0.78
Nitrogen 1.23 1.37 1.01 0.54 0.91
Oxygen 6.03 8.30 0.65 . 0.00 20.85
Sulfur . 4,19 3.80 2.09 ~1.24 3.20
Ash 12.21 ° 12.73 17.30 24 .62 9. 46

Total 100.00 100.00 100.00 100.00 100.00

. typical experimental rumn is presented in Figure 4. The results cof this
Jtudy are presented in Table 2 and Figure 5. The general trend of the
eat capacity of ccal is that it increases as temperature, the amount of
:olatile matter, and the molsture content increase, and decreases as the
ish content increases. This behavior agrees with other investigators'.
jork.(3,5,6, ,10,11) The heat capacity of the coal behaves this way
secause the heat capacities of the volatile matter (CHs, Hz, etc.) and
he moisture (H20) are higher than graphite's and the heat capacity of
.sh 1s lower than graphite's. Detailed discussion may be found else-
there. (5,6,10) : '

The temperature of the calorimeter is measured to within + 0.02°F, the
ressure is measured to within + 2 psi for above atmospheric pressure
easurements and to within 10 microns for vacuum measurements, the weight
f a sample is measured to within + 0.0005 gram, the coal analysis is ac-
urate to within + 0.7%, and the gas analysis 1s accurate to + 2.0". The
stimated precision of the results is about + 10% because of the thermal
ag of the calorimeter(12), the distribution of the volatile matter
+ithin the calorimeter, and the calibration results.(12)

QLIPARIZON OF DATA

The U.S. Bureau of Mines reported the heat contents of various coals (1)
sr temperatures up to 2000°F. The heat capacities deduced from this
or: range from 0.2 to 0.5 Btu/1b-°F; the general trend is that the Cp
ncreases with increasing temperature.
| Tor comparison purposes, the literature values of the heat capacity
£ cozl are presented in Figure 5 with the data obtained f{rom this work.
Lch curve is preceded by a reference number and a numerical number.
ne refercnce number indicates the source of information, which iz lizted
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in the section "LITFRATURE CITED, " and the numerical number indicates
the volatile matter content.

As can be seen from Figure 5, the agreement among authors 1s not too
good, although the general trend is that the heat capacity of coal in-
creases with increasing volatile matter content and temperature. ~

CORRELATION A , | {

Based on the data obtained from this work and that avallable 1n the

- 1literature, the heat capaclty of coal 1s assumed to be a function of

the volatile matter content and the temperature. The change of heat
capacity with volatlle matter content at a constant temperature, (3C )
avm)T, is nearly constant for every temperature. The heat capaclty and |
temperature, (an/éT)v are also nearly constant for every constant
volatile matter content within the accuracy of the data. The (an/avm)T
was plotted agalnst température. The intercepts of the Vi vs. T Dplot
were also plotted against temperature. When an equation i1s fitted to
each of these two plots, the following generalized correlation results —.

Cpm = 0.17 + 1.1 X 107* T + (3.2 X 1072 + 3.05 X 107® T)Vy (3)

|
|
. where : . o ]

Cpm = mean pyro-heat capacity in Btu/1b-°F; base temperature is TO°F -
T = temperature in °F : , R
Vm = volatile matter, dry basis, in weight percent i

Equation 3 can predict all the heat capacity data of coal within the
"~ experimental accuracy of the data. The largest deviation is about 10%,.
while the average deviation is about + 54. A comparison of the predict--
ed values with the experimental data Is shown in Figure 6. To avoid
- overcrovding, not all of the literature values are presented.
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Figure 1. DROP CALORIMETER
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