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I 1. In t roduct ion  

The e f f e c t  of humidity on the  r a t e  of hea t  r e l e a s e  due t o  oxida t ion  o f  
coa l  has been r epor t ed  i n  an e a r l i e r  communication(1). 
no t  suggest  t h a t  spontaneous hea t ing  i n  coa l  can occur due t o  oxida t ion  reac-  
t i o n  a lone  under normal v e n t i l a t i o n  prac t ice .  I n  t h e  l i t e r a t u r e ,  however, 
f reauent  re ference  has been made by many i n v e s t i g a t o r s  t o  the  p a r t i c u l a r l y  hu- 
mid condi t ions  during hea t ing  inc idents .  
Migdalski( 2) and Wolowczyk( 3) have revea led  t h a t  i n  t h e  Zwickau-Oelsnita Coal- 
f i e l d  i n  Germany the  occurrence of spontaneous hea t ings  coincided with the  
presence of high humidity i n  the  mine atmosphere. According t o  Ashworth(4), 
humid a i r  i s  "essential11 f o r  t he  s t a r t i n g  of gob-fires. 
repor ted  s t a r t i n g  a t  places  where water i s sues  i n  considerable  quan t i ty  from 
the  roof of the  coa l  seam( 3 ) .  
c i a l l y  a f t e r  r a iny  weather is wel l  known. 
coa l  p i l e s  occur genera l ly  at the  junct ion of w e t  and d r y  coals .  
of hea t ing  i n  the  s torage  of coal-washery t a i l i n g s  has  a l s o  been r epor t ed  by 
Cabolet( 6). 

E a r l i e r  Winmill( 7) and more r e c e n t l y  Hodges and Hinsley( 8) have repor ted  
t h z t  some dry coa l s  ca tch  f i r e  when s a t u r a t e d  oxygen i s  passed through them at 
30 c, but  the  temperatures of the  same c o a l s  r i s e  only a l i t t l e  when d r y  oxy- 
gen i s  used. 
t u r e  of 3Ooc the  hea t  r e l e a s e  due t o  oxida t ion  i s  very small  i n  comparison v i t h  
t h a t  due t o  so rp t ion  of water by t h e  coal .  Berkowitz and Schein( l0)  have com- 
en ted  t h a t  "the hea t  of wet t ing  (or f o r  t h a t  mat te r  hea t  of condensation) may 
act as an important ' t r i g g e r l l l  i n  a c c e l e r a t i n g  the  Oxidation of coal. 

Although the  above obse rmt ions  are use fu l  i n  understanding the  r o l e  of 
water vapour i n  t h e  spontaneous hea t ing  of coa l ,  t he  experimental condi t ions  
used i n  the  tests f a l l  far shor t  of those gene ra l ly  found i n  p rac t i ce .  K t r e m e  
condi t ions  of dryness and wetness of bo th  coa l  and air (or oxygen) have been 
used i n  most cases. In  p rac t i ce ,  n e i t h e r  would the  v e n t i l a t i o n  air i n  mines 
and the  atmosphere i n  the  v i c i n i t y  of a coa l  p i l e  necessa r i ly  remain sa tu ra t ed  
with water  vapour, nor  would t h e  coa l  i n  quest ion be dry a l l  the  time. Due t o  
i t s  hygroscopici ty  coa l  tends  t o  remain i n  equi l ibr ium with t h e  surrounding 
atmosphere. If t h e  humidity of t he  atmosphere inc reases ,  then  t h e  coa l  w i l l  
take up some more moisture t o  achieve a new equi l ibr ium. During the  process  of 
a t t a i n i n g  equi l ibr ium the  coa l  undergoea c e r t a i n  chemical, phys ica l  and thermal 
changes. The present  i n v e s t i g a t i o n  i s  concerned with the  es t imat ion  of thermal 
changes i n  var ious  coa l s  under such condi t ions .  The coa l s  e q u i l i b r a t e d  a t  a 
p a r t i c u l a r  humidity have been subjec ted  t o  a i r  e q u i l i b r a t e d  at a higher  humid- 
i t y ,  and the  hea t  r e l e a s e  i n  coa l s  has been es t imated  ca lo r ime t r i ca l ly .  Apart 
from t h e  inf luence  of  humidity, t he  e f f e c t s  o f  some o ther  v a r i a b l e s  on the  pro- 
ces s  have a l s o  been s tudied.  

The r e s u l t s  t h e r e i n  do 

Observations over a long per iod by 

Mine f i res  have been 

The inc ip ience  of hea t ing  i n  s t o r e d  coa l  espe- 

Development 
According t o  Hoskin( 5) ,  f ires i n  

Subsequently, Hodges and Acherjee(9) have found t h a t  at  a tempera- 
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2. !:x uerirnen t a l  

The arrangement and opera t iona l  procedure o f  t he  a D p a r a t u s  c r ed  i n  t h i s  
ir.ves:igztion were s i m i l a r  t o  those  descr ibed  i n  an  q a r l i e r  paper(1). The addi- 
t i o n a l  f ea tu re  w a s  t h a t  a f t e r  t h e  whole system had a t t a i n e d  s t a b l e  t h e m a l  a n t  
! - ,yponet r ic  condi t ions ,  the flow of n i t rogen  w a s  s u 5 s t i t u t e d  by air of ? ! m i d -  
i t y  .?i,-her than t h a t  wi th  which t h e  coa l  sample i n  t he  ca lor imeter  had been 
hrou.$t t o  e uiliorium. 
Cition a t  33 c, except  on one occasion when t h e  t e s t  vas done et 35 c: 
humidi t ies  at which these  t e s t s  were perforned were a l s o  t h e  sane as in the 
:rc-vi?us i n v e s t i p t i o n .  The data on t h e  a n a l y s i s  of e-ch of t he  e i g h t  coz l s  
used are :;iven ir. ?ab le  1. :lenernlly,  t he  cor-1s r:ere t e s t e d  with s m p i e s  of 
-72 nesh (B.S.S.), b u t  t o  s tudy  t h e  e f f e c t  of p a r t i c l e  s i z e  on t h e  heatin'l: r n t e  
due t o  s j r a t i o n  of water vanour, four  s i z e d  f r a c t i o n s  of -25+36, -36+52, -j2+72 
an? -7?+?OO mesh (E.S.S.) were preyred from the C o d  F. 
usinq n i t r o v n  were taken  t o  avoid  oxidation of t h e  saaT1es dur inp  t h e i r  pre- 
para t ion  anti dryinc.  In  order  t o  i n v e s t i e a t e  t h e  in f luence  of weathering of 
coa l  on t h e  nrocess a f e u  ox id i sed  samples were prepared from t h e  Coal H. A 
hu lk  s a r p l e  of -72 mesh (B.S.S.) of t h i s  coa l  was ox id i sed  at room temperature 
i n  6 r y  condition 5y nure oxygen, an2 t h e  s u b - s a p l e s  were subsequently with- 
2rar.n a f t e r  70, 50 2.nd 70 days. 

3. 2 e s u l t s  an2 Discussion 

t h e  ca lor imeter ,  a r d  t h e  r e s u l t s  were subsequently c a l c u l a t e d  from t h e  thermo- 
. z r m s .  
and t h e  term "sa tura ted"  is used t o  s t a t e  t he  ecui l ibr ium condi t ions  of both 
c o a l  and air  at t h e  p a r t i c u l a r  r e l a t i v e  humidity concerned. The Conls 3 ,  D, 87 
a n d  !! were t e z t e d  under s e v e r a l  humid cond i t ions  usinE dry as well  as n o i s t  
samples. The rest of the experiments were done i n  one p a r t i c c l a r  condition bx 
passin,: a i r  s z t u r a t e d  wi th  water vapour through d r y  coa l  at 30 c. 

h e a t  r e l e a s e  due t o  s o r p t i o n  o f  water vapour by the  small amount of glass wool, 
mixed wi th  the  coa l  samples du r ing  experiments, had a n e c l i e i b l e  e f f e c t  on the  
results obtained w i t h  t h e  coa ls .  

s tud ied  a t  d i f f e r e n t  humid conclitions is shown i n  F igures  1 t o  3. A few t e s t s  
were c a r r i e d  out t o  i s o l a t e  t h e  hea t ing  e f f e c t  of ox ida t ion  from that of water 
sorp t ion .  In  some o f  t h e s e  experiments n i t rogen  w a s  used throughout as t h e  
m o i s t u r e  carrier, and i n  o t h e r s  t h e  flow of moist  a i r  w a s  changed t o  n o i s t  ni-  
trogen or vice versa i n  t h e  c o m a e  of a p a r t i c u l a r  experiment. 
from t h e  r e s u l t s  t h z t  at temperatures of 30' and 35Oc the  rate of hea t  r e l e a s e  
due t o  ox ida t ion  i s  very s m e l l  i n  comparison t o  t h a t  due t o  t h e  so rp t ion  o f  
water vapour by t he  coal.  The absence of any recognisable effect of oxidation 
under such  condi t ions  has a l s o  been r epor t ed  by other  i nves t iga to r s (9  & 10). 
It i s  knohn that c o a l  sorbs a comparatively larger amount of water than oxygen, 
and t h a t  t he  hea t  o f  ox ide t ion  is  much l e s s  than  the  l a t e n t  hes t  of condensa- 
t i o n  of water vapour. According t o  S e v e n s t e r ( l l ) ,  c o a l  sorbs  water vapour a t  a 
Zuch faster r a t e  than  it consumes oqgen .  Therefore, it is  expected t h a t  i n  
above condi t ions  t h e  h e a t  r e l e a s e  dce t o  so rp t ion  of water vapour becomes the  
rat e-de t e m i n i n g  fact  or. 

The experiments were c a r r i e d  out i n  an i so thennal  con- ' ?!IC a 

IIonnal precautions 

The p r o g r e s s  of t h e  experiments W ~ L E  r e e s t e r e d  by record ing  the  output of 

A l l  t he  thermal d a t a  r epor t ed  here  are expressed on a dry  coa l  basis, 

0 

T e s t s  with glass wool under extreme condi t ions  showed t h a t  t he  rate of 

The v a r i a t i o n  o f  t h e  rate of hee t  r e l e a s e  with time f o r  each of t he  coe l s  

It appears 

T c s t s  with Dry Coals 

The r e s u l t s  o f  t h i e  series of tests are shown i n  Figures 1 and 2. 
reen  t h a t  excepting t h e  curve f o r  the  a n t h r a c i t e  (Coal A i n  Fig.1) a l l  o the r  
rpte clirves have t h e  common feature of a peak at the e a r l y  s t age  of experiment- 
'dith t h e  in t roduc t ion  of moist  air (or n i t rogen)  i n t o  t h e  dry coa l  t he re  occurs 

It is  



- (1. - 
a sharp  r i s e  i n  t h e  r a t e  of  hea t  generat ion i n  the coal .  Af te r  a shor t  while 
i t  decreases  f o r  sone time before  r i s i n g  again. 
height  and shape of t h e  i n i t i a l  peak a r e  dependent on both t h e  h m i d i t y  of t h e  
m o i s t u r e  c a r r i e r  and t h e  type of coal .  An a t tempt  i s  made i n  a l a t e r  s e c t i o n  
t o  expla in  the occurrence of t h i s  peak i n  t h e  r a t e  curves. 

Scanning of the r e s u l t s  r e v e a l s  t h a t  t h e  nc..ture of  t h e  rate curve a f te r  
the i n i t i a l  peak i s  r e l a t e d  t o  t h e  type of c o a l  sorb ing  t h e  water vapour. l i i t h  
t h e  a n t h r a c i t e  (Coal A i n  Fig.1) m d  high rank  c o d  l3 (Fig.2) t h e  r a t e  of hea t  
generat ion anproaches t h e  maximm value rap id ly .  However, i t  s tar ts  decreas- 
i n g  soon a f t e r  z t  a f a s t e r  r a t e ,  followed by a progress ive ly  slower r a t e .  I n  
t h e  case of t h e  nedium and low rank  c o a l s  (Coals C,D,E,F,G and E )  no t  only 
docs t h e  re te  reach t h e  maximum graduzl ly ,  '.ut it n l s o  cont inues i n  t h a t  range 
f o r  some time before  decreasing slowly. This  d i f fe rence  i n  t h e  na ture  o f  t h e  
hea t ing  r a t e  i n  var ious  co.-.ls can be a t t r i b u t e d  t o  t h e  d i f f e r e n c e  i n  t h e i r  
hygroscopicity. 
of hea t  generat ion i n c r e a s e s  wi th  t h c  i n c r e a s e  i n  t h e  s a t u r a t i o n  h m i d i t y  of 
t h e  atmosphere. This  i s  d iscussed  i n  d e t a i l  i n  a l a t e r  sect ion.  

'Tests with I..oist Coals 

subjected t o  n o i s t  a i r  [ o r  n i t rogen)  under condi t ions  i n  which s o r p t i o n  of 
water vapour by t h e  c o a l s  waa ensured. The r e s u l t s ,  as p l o t t e d  i n  Fig.3, show 
t h a t  the  r a t e  of hea t  r e l e a s e  v s  time curves do not have any i n i t i a l  peak as 
obtained i n  t h e  previous s e r i e s  of t e s t s .  The curves f o r  the tes ts  with a 
p a r t i c u l a r  coa l ,  however, fol low t h e  genera l  c h a r a c t e r i s t i c s  of  those obtained 
a f t e r  t h e  i n i t i a l  peak during experiments w i t h  t h e  same c o a l  i n  dry  condition. 
It is a l s o  evident  t h a t  f o r  each coa l  t h e  ra te  of  h e a t  genera t ion  increases  
with t h e  increase  i n  t h e  d i f fe rence  i n  t h e  i n i t i a l  equilibrium humidi t ies  of  
t h e  moisture c a r r i e r  and t h e  coal.  

Inf luence of Various Fac tors  on t h e  Bate of Heat Release 

?recess under i n v e s t i g a t i o n  have been s t u d i e d  on a common b a s i s  of cam~ar ison .  
The b a s i s  used i s  Qtsz0 ca l /g  of  dry c o a l ,  t h e  t o t a l  heat  produced i n  twenty 

hours o f  t e s t i n g ,  and i s  termed the  c h a r a c t e r i s t i c  ra te  of heat  re lease .  I n  a 
f e u  cases  where t h e  experiments have been terminated before  t i ienty hours t h e  

values a r e  taken  from t h e  e x t r a p o l a t i o n  of  t h e  respec t ive  p a p h s .  

It  appears  f r o ?  Fig.2 t h a t  t h e  

t 

I 
From Fig.2 it i s  evident  t h a t  with a p a r t i c u l a r  c o a l  t h e  rate 

In t h i s  s e r i e s  t h e  c o a l s  conta in ing  d i f fe ren t  amounts of moisture  were 

' 
The e f f e c t s  of  s e v e r a l  f a c t o r s  on t h e  hea t ing  r a t e  o f  c o a l  due t o  the  

Q W 0  

Inf luence of the  Deficiency i n  t h e  Suui l ibr ium Humidity of Coal 

of  t h e  c o a l s  B, 9,  G 2nd H are  p l o t t e d  a g a i n s t  d i f f e r e n t  values  o f  e ,  repre- 
s e n t i n g  t h e  d i f f e r e n c e  between t h e  equi l ibr ium humidi t ies  of the atmosphere 
and t h e  c o a l ,  i n  E'icure 4. 
a r e  shown, and. t h e  Qt=20 value a t  zero  e f o r  a p a r t i c u l a r  c o a l  i s  t h e  charac- 

t e r i s t i c  rate o f  hea t  r e l e a s e  dur ing  i t s  dry  oxidat ion(  1). The r e s u l t s  of t h e  
experiments with moist coals a r e  i l l u s t r a t e d  i n  Fig.4( ii); and t h e  correspond- 
i n g  Qt=20 value a t  zero  e f o r  each coa l  i s  represented  by t h e  average of t h e  

Qt=;, values  obtained during oxida t ion  of  t h e  coa l  i n  s e v e r a l  moist  condi t ions 

r e p o r t e 6  e a r l i e r (  1). 
I t  is seen i n  Fig.4 t h a t  t h e  c h a r a c t e r i s t i c  ra te  o f  hea t  release f o r  each 

coa l  increases  with t h e  increase  i n  t h e  equi l ibr ium def ic iency  of t h e  coal ;  t h e  
r e l a t i o n s h i p ,  however, i s  not  d i r e c t l y  proport ional .  This  i s  as expected be- 
cause o f  t h e  f a c t  tha,t t h e  coal-water s o r p t i o n  isotherms,  obtained from the 
equi l ibr ium moisture values  a t  var ious r e l a t i v e  pressures  of  water  vapour, a r e  

The c h a r a c t e r i s t i c  rates o f  heat  release durin;: var ious  t e s t s  with each 

In Fig.4( i )  t h e  r e s u l t s  of t h e  tests with d r y  c o a l s  1 

1. 
t 

1 
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of sigmoid type. 
each case  the  r a t e  of i nc rease  i n  Q,t320 with e during the  t e s t s  with dry coal  

i s  more than t h a t  obtained when the  experiments were done with moist coal, To 
confirm t h i s  f e a t u r e ,  however, i t  would be necessary t o  es t imate  the  heat  of 
so rp t ion  of water vapour by the  coa l  during t h e  process. The present  experi- 
mental set-up Drecluded any such attempt. 

Inf luence  of the  Rank of Coal 

due t o  sorp t ion  of water vapour and the  rank of coal  i s  i l l u s t r a t e d  i n  Figure 5 .  
The Qtzz0 value f o r  each coa l  i n  the  above figure i s  taken f rom t h e  r e s u l t  of 

t he  tes t  with dry coal and a i r  ( o r  n i t rogen)  s a t u r a t e d  at lo@ R.H. a t  3Ooc. 
The v a r i a t i o n s  o f  t h e  c h a r a c t e r i s t i c  r a t e  value with carbon and v o l a t i l e  mat ter  
conten ts  of the  c o a l s  a r e  similar t o  those usua l ly  observed between the  hygro- 
scopic  proper t ies  of coa l s  and the  parameters of coa l  rank. It appears ,  there-  
fo re ,  t h a t  t he  hea t  r e l e a s e  due t o  sorp t ion  of water vapour i n  a coa l  i s  i n  
genera l  dependent on i t s  hygroscopici ty .  

Inf luence  o f  Coal P a r t i c l e  S ize  

condi t ions.  
lo@ R.H. a t  30 c. 
t i o n  of water vapour by t h e  s i z e d  f r a c t i o n s  a r e  shown i n  Figure 6. 
a r e  of s i m i l a r  na tu re ,  and t h e r e  i s  a tendency f o r  t he  r a t e  t o  inc rease  with 
the  f ineness  of t h e  coa l  p a r t i c l e s .  
where the  c h a r a c t e r i s t i c  rates a r e  p l o t t e d  aga ins t  t h e  average p a r t i c l e  dia- 
meters. It is  seen t h a t  while a decrease i n  p a r t i c l e  diameter below about 358 
microns has l i t t l e  e f f e c t  on t h e  c h a r a c t e r i s t i c  r a t e ,  a s i g n i f i c a n t  decrease i n  
the  r a t e  of heat r e l e a s e  occurs  when the  p a r t i c l e  s i z e s  a r e  increased  from 358 
t o  511 microns. 

A compzrison betwecn the  P igs .4( i )  and 4 ( i i )  show t h a t  i n  

The general  r e l a t i o n s h i p  between the  c h a r a c t e r i s t i c  r a t e  of hea t  r e l ease  

1 

Each of the  f o u r  s i zed  f r a c t i o n s  of t h e  coa l  F was t e s t e d  under similar 
Drg samples of t hese  f r a c t i o n s  were subjec ted  t o  a i r  sa tu ra t ed  a t  

The changes i n  the  r a t e  of hea t  r e l e a s e  with time of sorp- 
The curves 

This  feature is more prominent i n  F i p e  7 

The observed d i f fe rence  i n  heat  r e l e a s e  i n  var ious  s i z e d  f r a c t i o n s  of t he  
same c o a l  is due t o  the  d i f fe rence  i n  the  exposed e x t e r n a l  sur face  area of t h e  
samples. The common shape of t h e  r a t e  curves  i n d i c a t e s  that the  mechanisms of  
the  so rp t ion  o f  water  vapour remain similar. The r e s u l t s  a l s o  suggest that 
there  may be a c r i t i c a l  diameter  of t he  c o a l  p a r t i c l e s  below which any f u r t h e r  
sub-division has l i t t l e  e f f e c t  on the  rate o f  hea t  r e l ease .  However, s ince 
only f o u r  tests were c a r r i e d  out it w a s  no t  poss ib l e  t o  f i n d  t h e  po in t  at which 
such d i s t i n c t  change t akes  place.  

Inf luence of Weathering of Coal 

genera t ion  i n  coal  during so rp t ion  of water vapour, t h r e e  oxidised samples of 
the  coa l  H were t e s t e d  under similar condi t ions.  The rates of Beat r e l ease  i n  
d r y  samples were measured when air s a t u r a t e d  at 1 0 6  B.H. at 30 c was passed 
through them. The r e s u l t s  are shown i n  F igure  8 toge the r  with those  obtained 
during a s i m i l a r  tes t  with the  f r e s h  sample of coal  B. I t  is no t i ceab le  from 
the  genera l  f ea tu re  of  t h e  curves that the  mechanisms of hea t  release remain 
unaf fec ted  a f t e r  weather ing of t h e  coa l ,  a l though the rate of hea t  generat ion 
gene ra l ly  increases  with t h e  ex ten t  of weathering. 

The equi l ibr ium moisture conten ts  of the above samples at the  s a t u r a t i o n  
vapour pressure a t  3Ooc a r e  shown i n  Table 2,  toge ther  wi th  the  c h a r a c t e r i s t i c  
r a t e s  of hea t  re lease .  Both t h e  c h a r a c t e r i s t i c  rate of hea t  release and the  
equi l ibr ium moisture conten t  i nc rease  with t h e  per iod  o f  weathering o f  t he  coal. 
The increased  m o i s t u r e  r e t a i n i n g  capaci ty  of ueathered samples is an estab- 
l i s h e d  fact, and i t  is expected that t h e r e  would be a corresponding increase  in 
the  t o t a l  hea t  r e l e a s e  at the  end of t h e  so rp t ion  process. 

For the  purpose of i n v e s t i g a t i n g  the  e f f ec t  of weathering on t h e  heat 

The present  data, 
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however, show t h a t  r i t h  t h e  ex ten t  of weathering the re  occurs  an increase  i n  
the  r a t e  of heat  r e l e a s e  i n  the  coa l  too ,  and t h i s  i s  o f  p a r t i c u l a r  s ign i -  
f icance  t o  the  problem of spontaneous heat ing.  

I 

\ 

'The I n i t i a l  Peak i n  the  Rate of Heat Release vs  Tine Curves f o r  t h e  Tes ts  with 

Dry Coals 

I n  absence of any q u a n t i t a t i v e  data on the  amount of water sorbed by the  
coa l s ,  i t  is only poss ib le  t o  put forward some q u z l i t a t i v e  evplane t ions ,  on 
the  b a s i s  of the  present  r e s u l t s  and the  e x i s t i n z  knoirled,ye on coa l  s t r u c t u r e ,  
for t he  appearznce of t he  i n i t i a l  peak i n  t h e  r a t e  curves  obta ined  from the 
t e s t s  with dry coals .  

t e d  t o  the  r a t e  of eorp t ion  of water i n  the  e a r l y  per iod  of t he  process. 
absence of any peak i n  the  r a t e  curve f o r  t h e  t e s t  with the  a n t h r a c i t e  (Coal A 
i n  Fig.1) seems t o  confirm t h i s .  A broad comparison of t he  hea t  r e l e a s e  i n  
the  i n i t i a l  stage, u n t i l  t he  r a t e  curve starts r i s i n g  again,  i n  var ious  coa l s  
t e s t e d  under similar condi t ions ,  shows that t h i s  amount gene ra l ly  decreases  
with the  maturi ty  of the  coal .  It is a l s o  not iced  t h a t  t h i s  quan t i ty  increas-  
e s  with decrease i n  the  average p a r t i c l e  diameter of t h e  coa l  (Fig.6) .  The 
occurrence of similar peaks dur ing  the  t e s t s  with m o i s t  n i t rogen  and a l s o  with 
the  oxid ised  samples r u l e s  out  t h e  e f f ec t  of oxidat ion.  The c l o s e  s i m i l a r i t y  
i n  shape between t h e  rate curves a f t e r  t h e  i n i t i a l  peak for the  t e s t s  with dry 
coa l s  and those obtained f r o m  t he  experiments with t h e  r e spec t ive  moist coa l s  
i n d i c a t e s  t h a t  the  dry coal  surface i s  probably respons ib le  for t he  appearance 
of t he  i n i t i a l  peak. 

s i m i l a r  i n i t i a l  peaks during so rp t ion  stuciies of some porous s o l i d s .  
explained it as the  r e s u l t  of t he  heterogenei ty  of t h e  sorbent  su r face  which 
p lays  an important r o l e ,  p a r t i c u l a r l y  at low sorba te  pressures .  Considering 
the  heterogeneous na ture  of coa l  it seems reasonable  t h a t  t h e  above theory may 
a l s o  be appl icable  i n  general  t o  the  present  observat ions.  
ever ,  fai ls  t o  expla in  not  only the  case of the  a n t h r a c i t e ,  bu t  a l s o  the  ob- 
served i n i t i a l  peaks with t h e  f i n e r  coa l  p a r t i c l e s .  

horn the  s t u d i e s  of  coa l  c o n s t i t u t i o n ,  it is  known that t h e  number of 
po lar  groups, such a s  -OH and 4 0  groups, i n  coa l  decreases  with t h e  maturi ty  
of t he  c o a l ,  and t h a t  these  groups a r e  almost absent i n  the  an th rac i t e (14 ) .  
Zvidence has a l s o  been put forward by a f e w  i n v e s t i g a t o r s ( l 5  & 16) suggest ing 
t h a t  a p a r t  of t he  water i n  coa l  i s  he ld  by fo rces  o t h e r  than physical .  On 
t he  b a s i s  of these  facts t h e  present  observa t ions  can be explained i n  the  
fol lowing manner. 

i n t e r a c t i o n  between t h e  water molecules and the  a c t i v e  groups i n  coa l ,  and 
thus  more heat  is l i b e r a t e d  than t h a t  due t o  physical  adsorpt ion.  As t h i s  
p r e f e r e n t i a l  so rp t ion  proceeds and the  most a c t i v e  s i t e s  become occupied, so 
t he  less a c t i v e  s i t e s  come i n t o  p lay  r e s u l t i n g  i n  l e s s e r  hea t  generat ion.  With 
t h e  progress  of  t he  process the  rate of  hea t  r e l ease  starts inc reas ing  again 
as the  phase changing of t he  water vapour t akes  place. 
d i f f e rence  i n  hea t  r e l e a s e  dur ing  t h i s  e a r l y  per iod of  so rp t ion  of water i n  
var ious  types of coa l  is  understandable. With the  f i n e r  p a r t i c l e s  t he  a c t i v e  
si tes on the  coa l  surface axe more e a s i l y  access ib le  t o  the  water  molecules 
and so an  increased amount of hea t  release at  the  f i r s t  s tage  i s  expected. More 
e l abora t e  s tudy is necessary f o r  a complete p i c tu re  of t he  phenomena involved. 

From the  pas t  work(2) i t  is apparent t h a t  t h i s  peak is  not  d i r e c t l y  rela- 
The 

Young and Crowell( 12) and i3runauer( 13) have r e f e r r e d  t o  t h e  occurrence of 
They have 

This  theory,  how- 

During so rp t ion  of po la r  substances such as water t he re  occurs  immediate 

Thus t h e  observed 

4. Conclusions 

It has been shown t h a t  under condi t ions  where a coa l  is  l i k e l y  t o  sorb 
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water vapour, the  chance of hea t ing  is more. I n  a humid atmosphere when si- 
multaneous sorp t ion  of water  vapour and oxygen takes  place,  t he  r a t e  of heat 
genera t ion  i n  coa l  due t o  t h e  so rp t ion  of water vapour, becomes the  ra te -de ter -  
mining f a c t o r .  For 2. given coa l ,  t h i s  r a t e  of hea t ing  has been found t o  reach  
the  maximum within a few hours of t he  start o f  t he  process,  and t o  increase  
with t h e  increase  i n  t h e  equi l ibr ium def ic iency  of t h e  coal. 

The va r i a t ions  o f  t h e  c h a r a c t e r i s t i c  r a t e  of h e a t  r e l e a s e  dur ing  so rp t ion  
of water vapour with f a c t o r s  such as rank, p a r t i c l e  si50 and weathering of coa l  
a r e  observed t o  be r e l a t e d  t o  t he  hygroscopicity of coal.  This  i n d i c a t e s  that 
the  causes of se l f -hea t ing  i n  coa l  a r e  i n  p a r t  a s soc ia t ed  with i t s  fundamental 
na ture ;  it also exp la ins  t h e  g r e a t e r  s u s c e p t i b i l i t y  of low rank coa l s  towards 
spontaneous heating. The method used i n  t h i s  work is found s u i t a b l e  for t h i s  
kind of work, and t h e  r e s u l t s  obtained can serve  as a b a s i s  f o r  f u r t h e r  work. 
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Table 2 

Effect of weathering of coal on the equilibrium moisture content and the 
characteristic rate of heat release due t o  sorption of water vapour 

Days of  oxidation 0 30 50 70 
Equilibrium moisture, $ ( w / n )  19.22 20.83 21.80 23.44 

&t120 t cal/g (a.rs c-1) 56.70 62.28 63.07 69.12 
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(-72 +200 1 
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Time, h 

D r y  coal  and air sa tu ra t ed  at 100%R.H. at 30"c 

Figure 1. Variation in the rate of heat release with time during 
oxidation and sorption of watei vapour by dry coals. 



- i > O  - 

0 i 8 12 I6 10 2' 

1 -.. n 
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Dry coal and air/N2 saluialed at EO'1.R.H at 3P: 
o Dry coal and airlN2 saturaled a1 1WV.R H at 30'c 

Fipre 2. Variation in the rate of heat release with time during 
oxidation and/or sorption of water vapour by dry coals. 
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Coal saturated at  L3V.R.H.and airlN2 saturated aI100'l.R.H. at 30'c 
Coal saturated at  L3.l.R.H. and airlNZ saturated at 8CW.R.H at 3 F c  
Coal saturated atL3%R.H. and air/NZ saturated at E0V.R.H. at 3% 
Coal saturated at 80V.R.H. and airlN2 saturated at Ul0'l.R.H. at ~ O ' C  

Coal saturated at  75V.R.H. and air/NZ saturated at 8G%R.H. at Wc 

Figure 3. Variation in the rate of heat release with time during 
oxidation and/or sorption of water vapour by moist coals. 
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Figure 4. Variation in the characteristic rate of heat release 
with the equilibrium deficiency of the coals. 
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Iimr, h 

Dry coal and air saturated at 100%R.H.at30*c 

Figure 6. Effect of coal particle s i z e  on the variation i n  the rate 
of heat release with time during oxidation and sorption 
of water vapour by dry coal. 

, ,  

Figure 7. Effect of average coal particle diameter on the characteristic 
rate of heat release. 
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C o a l  H 

X Fresh coal 

0 Coal  oxidised for 30 days  

+ Coal  oxidised for 50 days 

o Coal  oxidised for 70 days 

0 4 8 12 16 20 2 4  
Time, h 

Dry coal a n d  air saturated at 100% R.H. at 30"c 

Figure 8. Effeat of weathering on the variation in the rate of  heat 
release with time during oxidation and sorption of  water 
vapour by dry coal. 


