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Coal Properties on
for Carbonization

the  en tha lpy  o f  each pok ing  produc t  (kca l /
k 9 ) ;  E c  =  t h e  e n t h a l p y  o f  c o a l  ( k c a l / k g ) ;
LYp :  the  y ie ld  o f  each l igu id  cok ing  prod_
u c t  ( k g l k g ) ;  L p  =  t h e  l a t e n t  h e a t  o f - e á c h
I i g u i d  c o k i n g  p r o d u c t  ( k c a l / k g ) .

Measurement the yields of coking prod-
uc ts  h ras  exp la ined as  fo l lows.  SampÍe  coa l
o f  3009 (<5 .66m¡n)  r ras  heated  a t  the  heat j .ng
rate of SoC/min from room temperature co
900"C and he ld  fo r  45  min  a t  Lhe te*pera-
tu re .  Subseguent ly r the  carbon ized coke was
cooled at the room temperature and measured
the  y ie ld .  Vo la t i le  subs tance genera ted
f rom coa l  dur ing  carbon iza t ion  was con-  .
tac ted  to  a lumina ba l l  charged in  secondary
p y r o l y t i c  f u r n a c e  ( t e m p e r a t u r e ;  7 5 0 . C ) .  f h é
y i e l d s  o f  t a r ,  r . r a t e r ,  N H 1 ,  l i g h t  o i I ,  H e S ,
and gas  f rom vo la t i le  suSstance hrere  deÉer -
mined after they were caught by each trap
and gas holder.

Resu l ts  and D iscuss ion

Sens ib le  Heat

The va lues  o f  sens ib le  heat  o f  d ry
coa l  were  in  the  range f rom 400 to  420 kca l
/ k g  ( a v e r a g e  4 1 8 k c a l / k g ) .  S e n s i b l e  h e a t s
were  a lmost  cons tan t  w i th  no  re la t ion  to
the  vo la t i le  mat te r  o f  coa l  as  shown rn
F ig .  '1 .  

Sens ib le  heats  fo r  cokes  f rom h igh
rank coals are more than those from low
rank  coa ls ,  in  cont ras t  to  sens ib le  heats
for other coking products from high rank
coals are less than those from low rank
coa ls .  On the  o ther  hand sens ib le  heats
from low rank coals have opposite tendency
compared w i th  h igh  rank  coa ls .  I t  i s  be-
I ieved tha t  the  d i f fe rence o f  sens ib le
heats  was no t  recogn ized by  the  d i f fe ren t
rank  coa ls  as  descr ibed above.

Heat  o f  React ion

Heat  o f  reac t ion  (exo thermic  reac t ion)
decreased w i th  inc rease in  vo la t i le  mat te r ,
and had exothermic tendency with the rank
of  coa l  as  shown in  F ig .  2 .  Th is  may be
because endothermic reaction is induced by
depo lymer iza t ion  and pyro lys is  o f  s i .de

The Dependence of
Heat Consumption

fn t roduc t ion

I t  i s  necessary  to  eva lua te  the  t rue
va lue  o f  coa l  quant i ta t i ve ly  because our
country imports many kinds of coals for
meta l lu rg ica l  coke f rom severa l  fo re ign
countr ies. Heat consumption for carboni-
zation is one of the most important evalu-
a t ing  fac to r  fo r  coa l ,  bes ides  coke
strength and the yield of the products.

In  the  present  repor t ,  es t imat ion  o f
heat  consumpt ion  (Net -HC)  f rom sens ib le
heat  o f  the i r  carbon iza t ion  produc ts ,  and
heat  o f  reac t ion  ca lcu la ted  f rom the  d i f -
ference of enthalpy between coal and i ts
produc ts  about  many k inds  o f  s ing le  coa ls
is  p roposed.  Th is  method is  d i f fe renc  .
f rom o ther  p rev ious  procedure  repor ted , r - )
a t  the  po in t  tha t  the  mass  ba lance o f
every carbonization was done exactly based
on small  test oven. Heat consumptión on
26 single coking coals were estimated by
means of this method. f t  was found thal
Net-HC decreased with the rank of coal and
can be estimated by VM and H,/C of the coal.

The Sens ib le  heat  o f  d ry  coa l  can  be
ca lcu la ted  by  the  fo l low ing  eguat ion  (  1  ) .

s  =  E(ypxcpxTp)_ycxco(Tc  (1  )

w h e r e  S  =  s e n s i b l e  h e a t  ( k c a l / k g ) ;  y p  =
the  y ie ld  o f  each cok ing  produc t  (kS7kS) ;
Cp =  the  spec i f i c  heat  o f  each cok ino
produc t  (kca l /kgog)  i  Tp  =  the  temperá t , r . .
o f  each cok ing  produc t  (oC) ;  yc  =  coa l
w e i g h t  ( 1 k g ) ;  C c  =  t h e  s p e c i f i c  h e a t  o f
coa l  ( !ca1 /kgoC)  i  Tc  =  the  tempera ture  o f
coa l  (oQ) .  The tempera ture  o f  coa l ,  coke,
and-o ther  cok ing  produc ts  was de f ined 20oó,
1 0 5 0 o C ,  a n d  8 5 0 " C  r e s p e c t i v e l y .  T h e  h e a t
of reaction of dry coal can be calculated
b y  t h e  f o l l o w i n g  e g u a t i o n  ( 2 ) .

H =  E(YpxEp)  -ycxEc+X(Lypx lp ) ( 2 )

where  H =  heat  o f  reac t ion  (kca l /kg) ;  Ep =



chain bonded to aromatic compound, and exo-
thermic reaction is the result of polycy-
cl ic and laminated reaction from aromatic
compounds. General ' ly, almost of coking
coals have exothermic characterist ic as
shown in  F ig .  2 .  Th is  i s  because the  to -
tal value for exothermic reaction is gener-
al ly more than that for endothermic reac-
t ion during carbonization, within the range
of  cok ing  coa ls .

Coking is general ly occured by poly-
cycl ing and laminating of aromatic com-
pounds and, in addit ion, volat i le matter of
coal is closely related to coke yield.
Since low rank coals have poor aromatici ty
in coal structure compared with high rank
coals, i t  is thought that polycycl ic and
laminated amounts, which convert coal into
coke, in los rank coals may be nuch com-
pared w i th  those in  h igh  rank  coa ls .  In
addit ion, aromatici ty of coal may be repre-
sented  by  the  H/C o f  coa l .  Vo la t i le  mat -
ter and Hlc of coal can be related to heat
of reaction as described above.

Heat of reaction of dry coal can be
represented by the fol lowing regression
equatÍon ( 3 ) which has proved to give the
best agreernent between estinated and pre-
d ic ted  resu l ts ,  us ing  vo la t i le  mat te r  and
ld lc  o f  coa l .

H  =  2 2 . 4 ( v M ) - 1 5 4 8 ( H / c ) + 4 0 2  ( 3 )
r = 0 . 9 1 4  V = 2 5  n = 2 6

Vl. l  of  coal  ( t l

Flgure 1. Rélatton betueen vM of, coals
and senslble heat

Tab le  1 .  Charac ter is t i cs  o f  coa l

where  VM = vo la t i le  mat te r  o f  coa l  ( t ,  d ry
base)  i  H IC =  a tomic  ra t io  o f  hydrogen and
oxygen o f  coa l i  r  =  cor re la t ion  coef f i -
c ien t i  v  =  s tandard  dev ia t ion  (kca l /kg ,  d ry
base) i  n  =  number  o f  sample .

Net-I{C

The total of sensible heat and heat of
reactlon was regarded as Net-HC. The val-
ues  o f  Net -HC o f  8  ma in  coa ls  in  26  s ing le
cok ing  coa ls  were  g iven in  Tab le  1 .  Net -Hc
of dry coal were in the range from 270 to
430 kcal/kg and decreased with the rank of
coal. Besides Net-HC can be estimated ef-
f i c ien t ly  by  the  fo l low ing  eguat ion  (4 )
that is the total value for the average
value of sensible heat added to the equa-
t i o n  ( 3 ) .

N e t - H C ( k c a l / k 9 )  =  2 2 . 4  ( v l 4 )
- 1 5 4 8 ( H / c ) + 8 2 0  ( 4 )
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o f  coa ls  on  heat  o f  reac t ion
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Sample VM HIC Senstbre HeaE neaE or ¡ (easLro¡¡  r \EL-oe

( t j  " / "  ( kca l / kq )  ( kca l4bq )  ( kce l l kq )
-1  50  270

F o r d i n g  R i v e r  2 2 . 5  0 . 6 5
B l a c k  g l a t e r  2 6 . 6  0 . 6 7

420
420

- 8 0
-20
- 6 0
- 3 0

1 0
0

3 4 0
4 0 0
3 6 0
3 9 0
4 3 0
4 0 0

Pi t ts ton
ke l le rman
Lemington

3 0 . 4  0 . 7 2  4 2 0
3 1 . 4  0 . ? 3  4 2 0
33 .3  0  . ' 77  420
3 9 . 4  0 . 8 0  4 0 0


