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HEAT CAPACITY OF COAL 
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Although many authQrs have reported the heat capaci-y of coa- and 
the  experimental methods used (1-6,8,11, 13,15-18) , few of the i r  inves- 
t i?ntionS were conducted above 3OO0C (57Z0F). 
ties of determining t h e  heat capacity of coa l  experimentally, especial ly  
during heating and at high temgeratures, disagreements have a r i s en  amonr. 
r=ewch  workers. Some authors have found that the  heat capacity of  
C 3 d  increases wi th  temperature (3,5), while others  have found that. i l  
decreases. (1J2)  This disagreemept could be the Sesul t  of t h e  methods 
l m d  t o  obtain the heat capacity.  Since coal  contains up t o  50$ vola- 
tile matter, the weight of coal  changes considerably during heating as 
the v o l a t i l e  matter escapes. To f'urther complicate the  matter, i f  t he  
coal  were allowed t o  oxidize during heating, one can be sure tha t  the  
rcSUltS would not be the same. Even i f  one takes the egcaped volatile 
matter in to  consideration, the  precis ion of the measurement w i l l  suffer 
because the treatment of experimental data depends on the material bal-  
cWCO, the  ana ly t i ca l  methods, and the assumptions. 

The decrease of Op as t h e  temperature increases above 3OO0C c m l d  IIC 
explained bx the  endothermlc reac t ion  of so-called "pyrolysis, 'I "decnr- 
bmizat ion,  o r  "coking. "(7,14,18) Coal starts devo la t i l i za t ion  mick- 
l y  R t  temperatures above 700°F, So, at 70O0F or  above, the exper-lnien- 
t a l l y  measured value Is - 

Because of the  d i f f i cu l -  

a = C  +&Ie  (1) P 

whzre : 

;2 = the  measured value and is cal led the pyro-heat capacity i n  t '  Ls 

T p  = the heat capacity of coa l  

paper 

& C  = the heat of the  endothermic react ion 

To determine t h e  t r u e  heat capacity of coal, the  &e must be kilq,Wn 
accurately.  Since coal  i s  complicated i n  nature, it i s  experimentally 
di"icu1t t o  determine 4% accurately.  As an example, Agroskin m d  
Zsncharov ( 1 J 2 )  proposed t o  determine cp  d i r e c t l y  as follows: 

1. :!eat the coal  t o  the decarbonizing temperature unt i l  cokin: 

2.  

stops 

gieasure the Cp of tk1e residue 

QbJimsiy, 2s t h i s  res idue is  no longer t h e  coa l  one started w i t h ,  + !- F, 

rnc*:s-,ned Cp i s  not t he  Cp of the coal  but the 'Cp of t h e  coke. 
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This author propmes t o  determine the fi as follows: 

1. Drop t h e  cola  coa l  i n t o  the  hot calorimeter t o  determine the Cp and 
A& - 

?. LZrop the  coke from the  previous run t o  determine the  Cp of' [he coli(:. 

The analyses of  v o l a t i l e  matter,  coal, and char must  be very accur- 
a t e  so that a c lose ma te r i a l  balance can be achieved. If the heat cap- 
a c i t i e s  of  a l l  the  v o l a t i l e  matter a r e  hown, t h e  heat capacity of coal 
can be deduced, t h e  d i f fe rence  between these two runs being the AI . 
However, since there i s  no common base f o r  these two runs, th i s  me hod 
has the  same flaw as Agroskin's; that is ,  t he  C of the coke i s  not the 
same a s  that  of  t he  coal .  From an engineering goint of  view, the  
"C  + term i s  the one that i s  needed i n  ac tua l  cases. Since the 
tegperatures  arz a l l  abovz decarbonizing temperature , the e f f ec t  t o  
worry about is C p  + &. 

The reported C 
u e  of the  e n d o t h e h c  react ion;  therefore ,  it i s  ca l led  the  "pyro-heat 
capacity of coal. 

k , 

values  a t  temperatures above 700'F include the val- 

EXPERIPENTAI, WORK 

I n  t h i s  work, two calor imeters( l2)  were used t o  measure the heat capa- 

Figure 1 presents a schematic drawing of the  standard 

Figure 2 i s  a sc'hematic drawing 

c i t i e s  of coa l  at  temperatures from 600' t o  1500'F and pressures f'rom 
0 t o  1500 psia .  
drop calorimeter, which i s  su i tab le  f o r  operation at temperatures lower 
than the  decarbonization temperature. 
sf t h e  reac t ion  calor imeter  used at high temperatures. 

c ~ l d  neck zone of the calorimeter.  
furnace and is maintained at a constant temperature. 
used t o  achieve the desired pressure i n  the  calorimeter.  
is lowcred i n t o  the calor imeter  body after the  temperature and pressure 
of the  calorimeter have been s t ab i l i zed  f o r  2 hours. 
3f t h e  calorimeter is  measured by four  thermocouples and two resis tance 
thermometers d i s t r i b u t e d  around the calorimeter body. The coal  j s  ana- 
ly.oed before and after t h e  experiment. A gas sample i s  a l so  taken tc,  
check f o r  the  v o l a t i l e  matter that escaped from the coal.  Because tlle 
v q l a t i l e  matter is  contained within the calorimeter at a l l  times, ti' 
one knows the  composition, weight, and other  var iables  of the  gas and 
mliu,  the t o t a l  material and eneligy balance can be determined. 

'['he coa l  sample is  contained i n  a basket t h a t  i s  suspended i n  t h e  

The sample 

The calorimeter body i s  ins ide  the 
An i n e r t  gas i s  

The cooling r a t e  

Establ ishing an energy balance sound the calorimeter, we have - 
baskets 4- !mc+T) coal mC+' 1 ca i o r  imet er  = (mCphT) ( 2 )  

The mC 
pure afmina, f o r  which the  heat capacity i s  w e l l  established fori a 
wide temperature range. ( 9 )  
srmteci i n  Figure 3 .  

brated as a ~ m c t i 2 n  s r  t e i i p r a t u m ,  the in:t:a~Ptemperatiire o r   le c o ~ ~  

(mass X heat capaci ty)  of the  calorimeter w a s  determined by up in -  

The r e s u l t s  of calorimeter conytants are prc,- 

The AT of the calor imeter  i s  measured, the  IIJC of the backetr, i- C a l i -  
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md the  basket i s  measured, and the final temperature of t he  coal  and 
;he basket i s  assumed t o  be t h e  same as that of the  calorimeter f i n a l  
;emperatwe. Therefore, t he  only unknown remaining i n  Equation 2 i s  
;he C p  - t he  pyro-heat capacity of  the coal. 

?he conpnsition of t he  coal  and chars investigated i s  presented i n  
Fable 1. 

1 Table 1. ANALYSIS OF COAL AND COAL CHARS 

'rsxiniate Analysis, w t  $ 
i . d s t u r e  
Vola t i le  Matter 
Fixed Carbon 
Ash 

1 Total 
IltLmate Analysis, wt $ 
Carbon 
Kydrogen 
Nitrogen 
Oxygen 
su1f-u.r 
Ash 

.. 

Total 

Raw 
Coal - 
1- 3 

34.6 
52.0 
12 .1  m 
71.2 
5.14 
1.23 
6.03 
4.19 

12 .21  
100.00 

Pretreated 
Coal 

0.5 
23.3  
63.5 
12.7 m 
70.1 

3.70 
1.37 
8.30 
3.80 
12 * 73 

100.00 

low - Temp 
Res idue 

0.6 
4.6 

77.6 
'17.2 
lm35 

76.9 
2.05 
1.01 
0.65 
2.09 

17 30 
100.00 

High-Tenp 
Residue 

0.6 
3 .3  

71; 6 
24.5 

100.0 

72.6 
1.08 
0.54 
0.00 
1 .24  

24.62 
100.00 

N. D. 
Lignite 

34.0 
28.4 
31.3 
6 . 3  

1CO. c! 

64.8 
0.78 
0.91 

20.85 
3.20 
9. h6 

100.00 
t y p i c a l  experimental ml is  presented i n  Figure 4. The r e s u l t s  cf t h i s  

Jtudy are presented i n  Table 2 and Figure 5. The general  t rend of the 
ieat capacity of coal  i s  that  it increaqes as temperature, t h e  amount of' 
colat i le  matter, and the  moisture content increase,and decreases as t h e  
ish content increases. This behavior agrees w i t h  other inves t iga tors '  
m k .  (3,5,6, , l O , l l )  The heat  capaci ty  of t h e  coal  behaves t h i s  way 
iecause the  heat capacities of t h e  v o l a t i l e  matter (CH+, H2, e t c . )  and 
.he moisture (H20) are higher than g raph i t e ' s  and the  heat capaci ty  of 
+sh i s  lower than graphi te ' s .  Detailed discussion may be found e l se-  
There. (5,6, lo) 

The temperature of the  calorimeter i s  measured t o  within 0.02OF, the  
lressure i s  measured t o  w i t h i n  + 2 p s i  f o r  above atmospheric pressure 
,leasurements and t o  within 10  dccrons f o r  vacuum measurements, t he  weight 
If a sample i s  measured t o  within 0.0005 gram, the  coal  a n a l y s i s  i s  ac- 
urate t o  within 5 0.776; and t h e  gas analys is  i s  accurate t o  5 2.07. The 
s tha t ed  precision of t he  r e s u l t s  i s  about 2 10% because o f  the  thermai 
2~ of  t h e  calor imeter( l2) ,  t h e  d i s t r i b u t i o n  of t he  v o l a t i l e  matter 
s i thin the  calorimeter, and t h e  ca l ib ra t ion  r e s u l t s .  ( 1 2 )  
,O;.ITARIX)N OF DATA 

I 

;r temperatures up t o  20.00°F. 
jr>: range from 0.2  t o  0.5 Btu/lb-OF; t h e  general  trend i s  t h a t  the  .Cp 
ncreaSeS with increasing temperature. 

i :?3r comparison purposes, t h e  l i t e r a t u r e .  values of t he  heat capacity ; coal  a r e  presented i n  Figure 5 w i t h  t he  data obtained from , t h i s  work. 
..-etL cwve  5s preceded 
ce r s f n r ' j n s r .  nurrher Lnaicates t he  source of information, v k i i c k !  i z  liz'~?'!. 

The U.S. Bureau of Mines reported t h e  heat contents of various coals (I.?) 
The heat capac i t ies  deduced f r o m  this 

b:; a reference number ?nd a numerical rimher. 
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i n  t he  sec t ion  "LITEFlATURE CITEI)," and the  numerical number indicates  
t h e  v o l a t i l e  matter content. 

gQod, although the general  trend i s  t h a t  t he  heat capacity of coal  in- 
creases w i t h  increasing v o l a t i l e  matter content and temperature. 

A s  can be seen from Figure 5, t he  agreement among authors i s  not too 

CORRELATION 

Based on t h e  data obtained from t h i s  work and tha t  ava i lab le  i n  the 
literature, t h e  heat capaci ty  of coa l  i s  assumed t o  be a function of 
t h e  v o l a t i l e  matter content and t h e  temperature. The change of heat 
capaci ty  w i t h  v o l a t i l e  matter content at a constant temperature, ( a C p /  
3Vm),, i s  near ly  constant f o r  every temperature. 
temperature, (aCp/aT)v are a l s o  near ly  constant f o r  every constant 
v o l a t i l e  matter conten!?within t h e  accuracy of t he  data. The (aCp/aVm)T 
w a s  p lo t ted  aga ins t  temperature. The in te rcepts  af the Vm vs.  T plot  
were a l s o  p lo t ted  aga ins t  temperature. When an equation i s  f i t t ed  t o  
each of these two p lo ts ,  the following generalized cor re la t ion  r e su l t s  - 

The heat capacity and 

Cpm = 0.17 + 1.1 X T + (3.2 X lo-' + 3 - 0 5  X lo-' T)Vm ( 3 )  
where : 

Cpm = mean pyro-heat capaci ty  i n  Btu/lb-OF; base temperature i s  70°F 

T = temperature i n  OF ' f  

I Vm = v o l a t i l e  matter, dry basis, i n  weight percent ~ 

Equation 3 can p red ic t  a l l  the heat capacity data of coal  within the  
The l a rges t  deviat ion i s  about lo$,. experimental accuracy of the  data. 

while the average deviat ion is  about 2 5%. 
ed values with t h e  experimental data i s  shown i n  Figure 6. 
overcrowding, no t  a l l  of t h e  literature values are presented. 

A comparison of the  predict- 
To avoid 
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Figure 1. DROP CALORIPETER 
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TEMPERATURE, O F  

S i p e  3 . CALORIMETER CONSTANTS C A L I B R A T E D  
BY USING ALUMINUM OXIDE 

TIME, minutes A-28352 

Figure 4. TLIYIE-TEMPERATURE C O O U N G  CUF.OZ 
FOR RUN NO. 92 
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