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Abstract .  Carbons (chars)  were prepared f rour three coals.
Races  o f  hyd rogas i f i ca r i on ,  1073 -127J  K ,  ue re  a l l  co rnpa rab le : l . l
t o  1 .7  x  IO -J  n l  n i n - rn -¿  a t  12ó6  K .  I r on  and  n i cke l  add i t i ves
co coals vere cataly l ic ,  potassiuur only inf luencing the carbon-
izat ion process.  Carbonizat ion in hydrogen enhanced surface
areas but  not  reaccion rates per uni t  of  sur face area.  Increas-
ing pressure and heat ing rate of  coals reduce rates of  react ion
for  carbons prepared in the di laconecer.

Introduct ion

Because reserves of  natural  gas (methane) are
f i n i t e ,  a t t en t i on  i s  be ing  d i r ec red  ro  poss ib l e
rou tes  f o r  p roduc ing  a  Subs t i ¡ uce  Na tu ra l  Gas  (SNC)
f rom coa l .  One  rou te  i s  t h rough  t he  d i r ec t  gas i f i -
cat ion of  coal  or  coal  carbon (char)  ¡ ¡ i th hydrogen
(hydrogasi f icaEion) to form methane. The ear ly
work of  Blackwood et  a l .  (1)  esrabl ished rhar
carbong fron a range--6? coals and coconut. had
s im i l a r  r eac t i v i t . i e s  du r i ng  hyd rogas í f i ca t i on .
Johnson (2)  studied about 30 carbons,  che reacr iv i -
t ies of  r ¡h ich var ied by a factor  of  4,  increasing
with increasing oxygen conceoc.  Tomita et  a l .  (3)
shor¡ed a nider scat ter  of  react iv i r ies (?116r of
1 s  ( 4 ) ) .

Hut t i nge r  e t  a l .  ( 5 )  us i ng  s i x  coa l s ,  noced
s im i l a r  r eac t í v i t i e s  t o  850 "C ,  r he rea f t e r  ca ta l ys i s
by  i r on  p roduced  va r i¿ t i ons  i n  r eac t i v i t i e s .  The
order of  react ion r i th respecc to hydrogen has been
reported as 0 to 2 couuronly I  to 1.5.  The act iva-
t ion energy is  between 70 and 210 kJ nol- l  for  coal
carbon and increases wi th burn-of f  (3,  6) .  Hydro-
gasi f icat ion of  pure carbon is  unacceptably s low
and  ca ta l ys i s  i s  r equ i r ed .  Tom i ra  e t  a l .  ( 7 ,  8 )
and McKee (9)  report  catalys is by C-oup vt t l  rnetals.
Gardner et  a l ,  (10) reporc catalys is by potassiurn
and Cypres et  a l .  (11) by i ron pyr i tes.  t ta lker
g!_:1.  t tZ l  consider calc ium ro be inef fecr ive.
Baker et  a l .  (13) observed catalyr ic  channel l ing by
nickekn-graphi te surfaces.  Tomita et  a l .  (14)
suggest  react ion mechanisms for  hyarol ; i? icat ion.

The object ives of  th is study are (a)  Eo
measure races of  hydrogasi f icat ion of  coal  carbons
in  un i cs  o f  n l  m in - r  m -¿  o f  su r f ace  (b )  co  noce
e f f ec t s  o f  ca rbon i za t i on  p rocedu re  ( c )  t o  no te
e f f ec t s  o f  ' ca ta l y t i c '  add i t i ves  and  (d )  t o  no ¡e
e f f ec ! s  o f  ca rbon i z i ng  i n  a  d i l a t ome te r .

Materlals Used. Three coals, Markham Matn (MM)
NCB CR 702, Gedl tng (c)  802 and Snibscror¡  (S) 902
r¿ere used. The rcaEalyt icr  addl t fves were ferr ic
ace t y l ace tonace  (FA ) ,  n i cke l  ace ry l aceEona te  (NA)
and K2C03 and r¡ere added to thé coal  f rom solut ion
(L2 .9  w t?  o f  FA ,  9 .3  v t ?  o f .  NA ,  2 .5  v t 7 .  o f  K2CO3) .

Expe r imen ta l .  The  coa l s  we re  ca rbon i zed  i n
; i t rogen to 1073 K and chen in hydrogen or in
n i t r ogen  t o  1273  K ,  5  K  m in - t ,  I  h  soak .  The  500 -
250  ¡ i n  pa r t i c l e  s i ze  f r ac ¡ i ons  we re  gas i f i ed  w i t h
hydrogen (150 ur l  min-r)  1073 K to 1273 K and the
product  methane analyzed using a perk in ELrner Fl7
gas chromatograph, the column packed wi th poropak Q,
w i t h  a  f l ame  i on i sa t i on  de tec to r .  Su r f ace  a reas
were calculated f ron isotherms of  adsorpt ion of
carbon dioxide at  273 K.  Topography sas assessed
by  scann ing  e l ec t r on  m ic roscopy .  I n  t he  d i l a rome t r y
studies a coal  penci l  was heated at  one of  four
ra tes ,  3 ,  10 ,  20 ,  40  K  m in - r  r o  823  K  (550oC)  unde r
p ressu res  o f  n iE rogen  0 .1  t o  6 .0  Mpa  t o  p roduce  t he
app rop r i a te  ca rbon ,  ¡ hen  gas i f i ed  a t  1266  K .

Resu l t s .  The  resu l t s  a re  l i s t ed  i n  Tab les  l ,  2 .

Conc lus i ons .  ( i )  na tes  o f  hyd rogas i f i ca t i on  o f  a l l
coa l  ca rbons^c lose I y  app rox iu ra te  t o  each  o the r  ( l . l
t o  1 .7  x  l 0 - J  n l  m in - r  m -z ) .  ( i i )  Coa I  ca rbons
pyrolyzed in hydrogen, L073-I273 K,  have higher
su r f ace  a reas  bu t  s i r ¡ i l a r  r a tes ,  ( i i i )  A l l  add i c i ves
enhanced rates of  react ion,  the Fe and Ni  being
catalysts as seen by SEM, the K enhancing surface
a reas .  ( i v )  Ac t i va t i on  ene rg ies  a re  s im i l a r  f o r
non- and caEalysed react lons.  (v)  Increasing
pressure and heaElng rate reduce rates of  hydro-
gasi f lcat ion for  MM carboos prepared ln the
dl latometer.  (v i )  Act lvar lon energies for  hydro-
gasi f ícat lon of  carbons prepared by carboniz ing
in hydrogen, I .O73-1273 K, were re lar ively low,
21 -48  kJ  mo l  r .
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Tab le  I

K ine t i c  Da ta  o f  Hyd rogas i f i ca t i on  o f  Coa l  Ca rbons

* l n  o f  m l  m in  
^g

Table 2

Kinet ic  Data of  Hydrogasi f icat ion of  Coal  Carbons f ron Di laromerer

Coal Carbon
HTT 1273 K

in N2

Pressure of
N2 /wa

Heat ing Rate/
K  m in - r

Ra te  o f  Reac t i on  a t  1266  K
-  - 1  - ]

m l m l n ' g -

MM
Mll
MM
M M + F E
M M + F E
M M + F E
M M + K
M M + K
M M + K

0 . 1
0 . 1
o . u
0 . 1
0 . 1
4 . 0
0 . 1
0 . 1
6 . 0

J

40
40

40
40

J

40
40

0 . 1 6
0 . 1 1
0 .  0 7
o . 6 2
0 . 5 1
0.  35
0 .  4 6
0 . 5  3
0 .  1 0

References

I .  J .D .  B lack r ¡ood ,  D . J .  McCar thy  and  B .D .  Cu l l i s ,  8 .  A .  Tom i ta ,  Y .  Oh tsuka  and  Y .  Ta rna i ,  Fue l ,  62
Aus r .  J .  o f  Che rn . ,  20  (1967 )  2525 .  ( f 983 )  f 50 .

2 .  J . L .  Johnson ,  ACS P rep r i n t s ,  D i v .  Fue l  Chen . ,  9 .  D . i ' J .  UcKee ,  Chen i s t r y  and  Phys i cs  o f  Ca rbon ,
20  ( f 975 )  85 .  Eds .  P .L .  t l a l ke r  J r . ,  P .A .  Th rowe r ,  Ma rce l

D e k k e r ,  N . y . ,  1 6  ( 1 9 8 f )  l .
3 .  A ,  Tom ica ,  O .P .  Maha jan  and  P .L .  I . t a l ke r  J r . ,

Fue l ,  56  (1977 )  f 37 .  10 .  N .  Ga rdne r ,  E .  Samue l s  and  K .  W i l k s ,  ACS,  Adv . ,
Che rn .  Se r . ,  f 31  ( 1974 )  217 .

4 .  J . L .  Johnson ,  tChem is t r y  o f  Coa l  U t i l i za t i on r ,  
-

2 n d  S u p p .  V o 1 . ,  C h . 2 3 ,  E d .  M . A .  E l l i o t t ,  J o h n  1 1 .  R .  C y p r e s ,  M .  G h o d s i ,  C .  N e u m a n n  a n d
f , l i l e y ,  N . Y . ,  ( 1 9 8 1 ) .  A .  P r o g n e a u x ,  F u e l ,  6 2  ( 1 9 8 3 )  7 0 6 .

5 .  K . J .  Hu t r i nge r  and  l , r .  K rauss ,  Fue l , 60  (1981 )  93 .  12 .  P .L .  l Ja l ke r  J r . ,  S .  Ma tsuma to ,  T .  Hanzawa ,
T .  ¡ l i u r a  a n d  I . ü . K .  I s r n a i l ,  F u e l , 6 2  ( 1 9 8 3 )  1 4 0 .

6 .  C .W.  Z i e l ke  and  E .  Go r i n ,  I nd .  Eng . ,  Che rn . ,  47
(1955 )  820 .  13 .  R .T .K ,  Bake r ,  Che rn i s t r y  ane  I ndus t r y  ( 1982 )  698 .

7 .  A .  To ¡n i t a  and  Y .  Ta rna i ,  J .  Ca ta l ys i s , 27  (1972 )  L4 .  A .  Tom i ta  and  Y .  Ta rna i ,  J .  Phys .  Che rn . ,  78
29 f .  ( 1974 )  2254 .

Coal  Carbon,
HTT 1273 K

in  N2

Surface
Area/

,2g-1

Rates of  React ion aE L266 K/

t ¡u io- l  g- l  n l  n in- l  * -2 x 103

Acc ivat ion
Enersv /

k¡ mJ-l

P re -
exponent i  a l

Va lue  /
ln A*

HTT 1073 K (

w
G
¡
Mll + Fe
M M + N í
l,tM + K
s  + F e
S + FE/K
s  + N i
S + K

MM

s

nder

50
55

150
r60
150
105
50

105
220
180

H2 Eo

1 2 0
120
160

0 . 0 7 9  1 . 6
0 . 0 6 8  r . 7
0 . 1 7  1 . 1
0 . 5 2  3 . 3
0 . 5 6  3 . 7
0 . 1 7  t . 7
0 . 5 4  1 1 . 3
0 . 5 6  5 . 4
0 .  5 9  2 . 7
0 . 2 6  r . 5

273 K)

0 . 1 7  1 . 4
0 . 2 0  I . 7
0 . 2 8  L . 1

1 1 0
1 1 0
130
180
100
140
1 5 5
r 5 5
140
1 2 0

1,','

2T
4 8

7  . 48 t
7 7 *

r0 .  6
1 6 . 5

q l

I 1 . 7
1 4 . 0
1 4 . 1
' I t  o

1 0 . 0

1 . 1
^ 1

2 n
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