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INTRODUCTION 

Chars and semicokes o f  d i f f e r e n t  o r i g i n s  show a d e f i n i t e  a l t hough  moderaLe reac-  
t i v i  ty i n  hydrogeno lys is  and hydrogenat ion  reac t i ons .  
t i a t e d  t h i s  f a c t  (1 - 3).  
o f  ordered s t r u c t u r e s  Tgraphi  t e )  as i t  has been documented by Walker e t  a1 . ($1. 
Our a t t e n t i o n  has focused on the  r e a c t i v i t y  o f  peat  char  and semicoke and 
more p r e c i s e l y  we have t r i e d  t o  improve the  h y d r o g e m l y s i s  and hydrogenat ion  o f  
these ma te r ia l s  by  a d d i t i o n  o f  metals i n  r a t h e r  massive amounts (about  15% by  we igh t  
us ing  the  i o n  exchange p r o p e r t i e s  o f  humic m a t e r i a l s ) .  Th i s  f o l l o w s  o u r  p rev ious  
work on the  p repara t i on  o f  f i n e l y  d ispersed meta ls  on peat  char  and semicoke (5) .  
I t  was f e l t  t h a t  by  a p roper  combina t ion  o f  metal  c h a r a c t e r i s t i c s ,  d i spe rs ion  and 
opera t i ng  cond i t i ons  inc reased amounts o f  methane cou ld  be produced f rom o u r  p re-  
pa ra t i ons  even a t  pressures near  atmospher ic.  

Former work on metal  ca ta l yzed  
pre t rea tment  cond i t i ons  (6). 
on the  peat  char p re t rea tment  fo l l owed  by a s tudy  on the  hydrogen-char r e a c t i o n  w i th  
and w i t h o u t  a d d i t i o n  o f  meta ls .  I r o n ,  n i c k e l  and c o b a l t  have been cons idered as would- 
be c a t a l y s t s  f o r  t h i s  reac t i on .  
thermogravimetr i  c methods. 

E a r l y  s tud ies  have substan- 
Th is  s i t u a t i o n  i s  i n  c o n t r a s t  w i t h  the  low o f  r e a c t i v i t y  

hydrogen-char reac t i ons  has shown the  importance o f  
Acco rd ing l y  o u r  s tudy  s t a r t s  w i t h  some cons ide ra t i ons  

The o v e r a l l  r e a c t i v i t y  s tudy  was c a r r i e d  o u t  us ing  

EXPERIMENTAL 

The impregnat ion and the  ca rbon iza t i on  c o n d i t i o n s  used were developed i n  our  
By ammoniation o f  t he  peat  p r i o r  t o  impregnat ion  the  amount o f  former s tudy  ( 5 ) .  

metal  which can be i nco rpo ra ted  i n  the  peat  s t r u c t u r e  i s  q u i t e  s i g n i f i c a n t .  I n  the  
present  work p repara t ions  hav ing  16.1% N i ,  14.9% Co and 17.9% Fe (we igh t  percentage 
o f  anhydrous pea&) have been achieved. A f t e r  ca rbon iza t i on  o f  t he  peat-metal  p re-  
pa ra t i ons  a t  540 C s p e c i f i c  su r face  areas o f  365, 224 and 364 m2/g have r e s p e c t i v e l y  
resu l ted .  The su r face  area o f  t he  carbonized peat  ( w i t h o u t  any metal  added) i s  on- 
l y  69 m2/g. 
char  conta ins  0.02% Fe e i t h e r  as p y r i t e  o r  ox ide .  

Y ie lds  upon ca rbon iza t i on  are  o f  about 40%. The non-impregnated peat 

The d e v o l a t i l i z a t i o n  and H2 r e a c t i v i t y  s tud ies  have been c a r r i e d  o u t  i n  a 
M e t t l e r  thermobalance. 
programming was conducted between 2 C h i n  and 10 C/min w i t h  most runs a t  4 C/min. 
H2 and He f l ow  r a t e s  were o f  60 &/inin. 
a mo lecu la r  s ieve  and a Deoxo u n i t  p r i o r  t o  i n t r o d u c t i o n  i n  the  thermograv imet r ic  
c e l l .  Atmospheric p ressure  was used i n  a l l  t he  hydrogeno lys is  exper iments.  On- 
stream chromatography a l lowed i n t e r m i t t e n t  sampl ing o f  t h e  gases e n t e r i n q  
duced d u r i n g  the reac t i ons .  

A t y p i c a l  run  cons is ted  o f :  

200 t o  300 v g  o f  sample #ere used f o r  each run .  Tgmperature 

Both gases were p u r i f i e d  by passage through 

o r  pro- 

a) I n t r o d u c t i o n  o f  t he  sample i n  the  thermobalance c e l l .  
under vacuum and i n  the  presence o f  he l i um t o  e l i m i n a t e  a l l  t races  o f  
moi s t u r e .  

Heat ing  a t  105OC 
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b )  

c )  

Heat ing under he l i um up t o  the  d e s i r e d  d e v o l a t i l i z a t i o n  temperature.  

Return t o  20°C under he l ium,  i . n t roduc t i on  of  H, and programmed h e a t i n g  up 
t o  the  des i red  temperature.  

Our c r i t e r i a  f o r  a v a l i d  sxper imcc t  requ i red . !ess  than 10% error i n  t.he n v e r a l l  ma- 
t e r i a l  balances. 

RESULTS 

1. Heat ing r a t e  e f f e c t s  

Weight losses  du r ing  hydrogeno lys is  a r e  s t r o n g l y  i n f l u e n c e d  by the  h e a t i n g  r a t e .  
Thus on non-impregnated chars wg igh t  losses o f  33%, 31.5%, 30.5% and 25.5% accompany 
h e a t i n g  ra tes  o f  2, 4, 6 and 15 C/min r e s p e c t i v e l y  f o r  i d e n t i c a l  d e v o l a t i l i z a t i o n  
cond i t i ons .  On a Ni-doped cha r  the  we igh t  losses  a re  o f ' 4 8 2  and 33% f o r  4 and 10°C/ 
min r e s p e c t i v e l y .  -Two l e v e l s  o f  i n f l u e n c e  seem c l e a r  a t  t h i s  p o i n t :  
l ow  hea t ing  r a t e s  do r e s u l t  i n  h i g h e r  o v e r a l l  r eac ted  m a t e r i a l  as shown i n  F igure  1 
and the  presence o f  t he  metal  enhances cons ide rab ly  the  r e a c t i v i t y  o f  t he  char.  

2 .  D e v o l a t i l i z a t i o n  s tud ies  p r i o r  t o  hydrogeno lys is  

Pre t rea tment  ( d e v o l a t i l i z a t i o n )  o f  t he  meta l -char  p repara t i ons  has an impor tan t  
i n f l u e g c e  on Ju r the r  hydrogeno iys is :  
a t  750 C, 500 C, 25OoC and 150 C, we igh t  l osses  on f u r t h e r  hydrogeno lys is  w i t h  p ro -  
grammed temperature up t o  1200°C a re  8%, 24.58, 33.5% and 35% r e s p e c t i v e l y .  

o n l y  COP and CO appear t o  be produced. 

Wi th  peat  chars  a t  temperatures as low as 105 C t he  presence o f  CO i s  e a s i l y  detec- 
ted ,  suggest ing weak chemisorp t ion  o f  oxygen and low s t a b i l i t y  o f  su r face  ox ides .  
The h ighe r  the  temperature o f  d e v o l a t i l i z a t i o n ,  t h e  h ighe r  the  amount o f  CO g i ven  
o f f  and thus the  lower the  concen t ra t i on  o f  oxygenated species on the  sur face .  
seems t o  have a c r u c i a l  e f f e c t  on the  r a t e  o f  CH, f o rma t ion  upon subsequent hydro-  
geno lys i s .  F igu re  2 i l l u s t r a t e s  t h i s  p o i n t .  D e v o l a t i l i z a t i o n  a t  t he  lowest  tem- 
pe ra tu res  r e s u l t s  i n  h i g h e r  CHI, h i e l d s .  Moreover, t he  temperature o f  maximum CHI, 
fo rmat ion  i s  a l s o  f u n c t i o n  o f  t he  d e v o l a t i l i z a t i o n  temperature which cou ld  be ex- 
p l a i n e d  by a h i g h e r  concen t ra t i on  o f  oxygenated su r face  species on the  samples 
d e v o l a t i l i z e d  a t  the  l ower  temperatures.  

3 .  

major  species a re  de tec ted  upon subsgquent hydrogen-char reac t i ons .  
i n i t i a l l y  a t  temperatures around 185 C; i t  rgaches a maximum r a t e  o f  f g rma t ion  a t  
about 39OoC and s low ly  vanishes a t  about 500 C.  Between 4OO0C and 500 C, CHI, and 
CO beg in  t o  appear i n  such a way t h a t  t he  r i s e  i n  the  r a t e  o f  f o rma t ion  o f  CHI, a l s o  
corresponds t o  a r i s e  i n  the  r a t e  o f  f o rma t ion  o f  CO. Both species f o l l o w  s i m i l a r  
t rends  a l though q u a n t i t a t i v e l y  CHI, i s  p resen t  i n  l a r g e r  amounts (a  f a c t o r  of  3 t o  4 
t imes l a r g e r ) .  
ween peat  char  and.hydrogen ( w i t h  no 0 spec ies  e x t e r n a l l y  added as O 2  o r  H20) pro-  
ceeds v i a  the  methanat ion r e a c t i o n  between CO and H 2  us ing  the  0 species s t i l l  pre- 
sen t  a t  the surface r a t h e r  than by d i r e c t  r e a c t i o n  between the  carbon atoms and hy- 
drogen. 

4. 

l a t i l i z a t i o n  a t  150 C .  
b y  temperature programming ( 4  C/min) up t o  1200 C a re  as f o l l o w s :  

moderately 

when d e v o l a t i l i z a t i o n  under Ile i s  conducted 

During d e v o l a t i l i z a t i o n  under He o f  t h e  peat  chars i n i t i a l l y  prepared a t  54OoC 
S i m i l a r  observ  t i o n s  had p r e v i o u s l y  been 

made on g raph i te  where CO requ i res  temperaturgs o f  300 8 C t o  be produced (1, 8). 

This  

Hydrogen r e a c t i v i t y  o f  non- impregnated peat  chars  

Even on the  samples d e v o l a t i l i z e d  a t  h i g h  temperatures (500°C and 70OoC) th ree  
CO, appears 

Th is  t r e n d  suggests t h a t  t h e  fo rma t ion  o f  CHI, f rom the  r e a c t i o n  b e t -  

Hydrogen r e a c t i v i t y  o f  pea t  chars  impregnated w i t h  Fe, N i  and Co 

The c a t a l y t i c  i g f l uence  o f  t r a n s i t i o n  meta ls  has been s t u d i e d  f o l l o w i n g  devo- 
Weigh& losses  upon subsgquent hydrogeno lys is  o f  the  samples 

uncata iyzed peat  
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char ,  34%; Fe-peat char ,  42%; N i -peat  char,  46.5%; Co-peat char,  84%. 
coba l t  i s  remarkable s ince  i t  can be concluded t h a t  t he  hydrogeno lys is  o f  t he  o r -  
ganic ma t te r  i n  the  char  i s  n e a r l y  complete when t a k i n g  i n t o  account the  i n i t i a l  
ash con ten t  o f  t he  char  (6 .5%) .  

F igure  3 shows the  p r o f i l e s  o f  CHI, f o rma t ion  d u r i n g  the  hyd rogeno lysh .  
r e a c t i v i t y  i s  de f i ned  as Rs= mg 

taken a t  any t ime  t d u r i n g  the  exper iment (and n o t  a t  i n i t i a l  t = 0) .  
t h e  Shree chars s tud igd ,  t he  CHI, p r o f i l e  shows two maxima: 
(625 C f o r  Co and 650 
1020°C f o r  N i  and 1050 C f o r  Fe) .  
t he  temperature o f  maximum CHI, f o rma t ion  r e l a t i v e  t o  the  non impregnated char  
i n  t h i s  case).  

The case o f  

The 
formed x g&, x min- '  i n  which the  gchar i s  

CH4 
For each o f  

a low temperature peak 
f o r  N i  and Fe) and a h i g h  temperature peak (1010 C f o r  CO, 

I n  a l l  t h ree  cases t h e r e  i s  a marked decrease i n  
(750OC 

Furthermore the  second peak i s  absent i n  the  l a t t e r  samples. 

I t  i s  impor tan t  t o  n o t i c e  t h a t  bo th  maxima a re  h i g h e r  f o r  c o b a l t  impregnated 

Comparat ively t o  observed l i t e r a t u r e  r e s u l t s  the  i m -  
chars than f o r  i r o n  o r  n i c k e l  p repara t ions .  
a t  the h ighe r  temperatures.  
pregnated peat chars do present  some unique fea tu res  as shown i n  Table 1. 

A lso ,  t he  e f f e c t  o f  i r o n  i s  more marked 

Metal Low Temperature High Temperature 

Peak (OC) Peak (OC) 

None 700* 

Fe 650* 1050*, 1020 

Ref.  

( 9) 

1 CO /I 625*, 693 1 1010*, 950 

t----it I I 
I I 

650*, 550, 535, 1070*, 950, 683 
540, 685 I Ni /I 

* - t h i s  work 

I t  i s  i n t e r e s t i n g  t o  no te  t h a t  the  raw pea t  char  and the  Fe prepara t i on  show a 
low temperature peak which has n o t  been p r e v i o u s l y  observed on g r a p h i t e  ( 9 ) .  
t he  low temperature peak occurs a t  lower  temperatures on the  Co than on the  N i  chars,  
con t ra ry  to  p rev ious  observa t ions  on g raph i te .  
s i b l e  f o r  t h i s  behav iour .  

A lso  

Metal  d i spe rs ions  migh t  be respon- 

To emphasize the  d i s t i n c t  behav iour  o f  peat  chars, Table 2 shows the  percentage 
o f  reac ted  char ( %  convers ion)  as a f u n c t i o n  o f  se lec ted  temperatures.  
l i t e r a t u r e  re fe rences  have a l s o  been inc luded  (9. 11). 

Appropr ia te  
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Table 2 :  Percentage o f  reac ted  pea t  chars d u r i n g  hydrogeno lys is  

a t  a p rog ramed  temperature o f  4OC/min and 1 atm. 

Metal  jl 65OoC j 75OoC j 95OoC 1 1050% 

None 

Fe 

co 
N i  

1 

(E) t h i s  work (9) t h i s  work (u) t h i s  work (9) 

0 21 0 26 2 29 a 
0 22 0 27 3 33 9 

0 68 0.1 74 5 76 25 

2 20 36 29 7 37 62 

t h i s  work 

79 

41 

D i f f e rences  between l i t e r a t u r e  values used f o r  comparison r e f l e c r  a i s t i n c t  ca r -  
bon s t r i l c t u r e s  (%. ;). 
peat  chars, impregnated o r  n o t ,  show h i g h e r  convers ion  f i g u r e s  a t  a g iven temperature.  
A l though d i f f e rences  between the  hea t ing  schedules m igh t  be p a r t l y  respons ib le  f o r  
the  observed r e s u l t s ,  we f a v o r  neve r the less  an exp lana t ion  based on the  concentra- 
t i o n  o f  oxygenated species i n  the  chars.  
Whereas the carbons used as comparison range from 6.2% ( 9 )  t o  1 .4% (11) .  
a unique metal e f f e c t  i s  observed i n  the  sense t h a t  CO ca ta l yzes  the  G d r o g e n o l y s i s  
r e a c t i o n  i n  a very  e f f i c i e n t  way. Such c a t a l y t i c  a c t i o n  cou ld  be exp la ined  by the  
s t a t e  o f  the metal  on the  carbon suppor t .  I n  f a c t  X r a y  s tud ies  on the  sample have 
shown t h a t  CO i s  p resen t  as a h i g h l y  d ispersed metal  n o t  hav ing  achieved a d e f i n i t e  
c r y s t a l  s t r u c t u r e .  N i  i s  p resent  as a c r y s t a l l i n e  metal  wheras Fe i s  p resent  bo th  
as a m e t a 1  and as a m i x t u r e  o f  ox ides .  Thus i t  i s  q u i t e  p robab le  t h a t  t he  h i g h l y  
d ispersed "amorphous" c o b a l t  a c t s  as a nucleus bo th  f o r  H2 chemisorp t ion  and i t s  
subsequent d i s s o c i a t i o n  and a l s o  i t s  r e a c t i o n  w i t h  su r face  carbony ls  o r  formed CO 
t o  produce methane. 

a s e r i e s  o f  runs  was c a r r i e d  o u t  by  programming the  temperature (4'C/min) up t o  7OO0C 
and l e t t i n g  the  chars r e a c t  a t  t h i s  temperature u n t i l  no methane was evolved. Elaxi- 
mum r e a c t i v i t y  values were very  s i m i l a r  t o  those shown i n  F igu re  3. 
s ions  were: 77.5%, 31.0%, 25.0% and 24.5% f o r  CO, N i ,  Fe and raw char  r e s p e c t i v e l y .  
The s i g n i f i c a n c e  o f  CO i n  hydrogeno lys is  o f  peat  chars  i s  thus aga in  emphasized. 

Mode l l i ng  o f  the  convers ion  vs t ime p r o f i l e  was at tempted us ing  the  genera l i zed  
model p u t  forward by Chornet e t  a l .  (12). as de f i ned  by 
Mahajan e t  a l .  (13) cou ld  o n l y  be app l i ed  t o  the  CO-char p repara t i on  s ince  i t  was 
the  o n l y  s imple which r e s u l t e d  i n  f>0 .5 .  
d f / d t  = k f  ( 1 - f )  , where f i s  the  conversion; t, the  hydrogeno lys is  r e a c t i o n  t ime 
and k ,  a and b a re  cons tan t  c h a r a c t e r i s t i c s  o f  a p a r t i c u l a r  r e a c t i o n .  
CO-peat char sample grid us ing  the  exper imenta l  run  i n  which the  temperature i s  
h e l d  cons tan t  a t  700 C a computer s i m u l a t i o n  y i e l d s  the  f o l l o w i n g  va lues :  
k = 1.65 min-', a = 0.5 and b = 0 .4 ,  w i t h  a c o r r e l a t i o n  c o e f f i c i e n t  o f  0.95 between 
the  exper imenta l  values and those de r i ved  from the  model. 
f i t  for CO i s  p resented  i n  F igure  4. 
o t h e r  samples. 

It i s  impor tan t  t o  r e a l i z e  t h a t  i n  a l l  cases, except  f a r  N i ,  

Thus, peat  chars con ta in  > l o %  oxygen. 
Moreover, 

Since t h e  maximum r a t e  o f  CHI, f o rma t ion  takes p lace  i n  between 625OC and 7OO0C 

To ta l  conver- 

The parameter T = t/to, 

The genera l i zed  k i n e t i c  express ion  i s :  

For the  

Evidence o f  t he  e x c e l l e n t  
S i m i l a r  p r o f i l e s  were a l s o  ob ta ined  f o r  the  

No a t tempt  has been done so f a r  t o  i n t e r p r e t  these p r o f i l e s  which 
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suggest some s o r t  o f  a u t o c a t a l y t i c  r e a c t i o n  sequences. 

DISCUSSION 

Proposed inechanisms o f  d i r e c t  CHI, f o rma t ion  f rom carbon and hydrogen a r e  numer- 
ous (1. E, 16). 
t he  two peaks observed i n  the p resen t  work on pea t  chars has a l s o  been documented 
on o t h e r  carbon suppor ts  (1 ,  8, 9, 17 ) .  I t s  e x p l a n a t i o n  i s  s t i l l  a cha l l eng ing  
problem. 
faces way be respons ib le  f o r  t h e  presence o f  two o r  seve ra l  peaks d u r i n g  the  hydro-  
geno lys i s :  f i r s t  t he  r e a c t i o n  focusses on the  amorphous f r a c t i o n s ,  l a t e r  on the 
c r y s t a l l i n e  sec t i ons  (7, 2, 17, 8, s, 11). 
face and f u r t h e r  r e a c t i o n  w i t h  su r face  carbon atoms has been m a i n l y  proposed as 
the  dominant mechanism ( 9 ,  19, 20) .  
atoms and gaseous hydrogen Ks  SO been considered (2). 

I n  t h i s  s tudy the  r o l e  o f  oxygenated species p resen t  i n  the  cha r  i s  of para- 
mount importance. The i n d i c a t i o n s  d e r i v e d  f rom o u r  exper iments can be summarized 
as fo l l ows :  a)  i n f l u e n c e  o f  t he  h e a t i n g  r a t e  on CHI, f o rma t ion :  a h i g h e r  r a t e  of 
CHI, format ion a t  the low h e a t i n g  r a t e s  i s  a consequence on i nc reased  sur face reac-  
t i o n  t imes which r e s u l t  i n  more CO reacted;  b )  t he  n e g a t i v e  r o l e  o f  h i g h e r  devola-  
t i l i z a t i o n  temperatures on the  r a t e  o f  CHI, f o rma t ion  i s  a r e s u l t  o f  a lower  concen- 
t r a t i o n  o f  oxygenated su r face  species;  c )  t he  decrease i n  the  fo rma t ion  of CO, i s  
accompanied by an i nc rease  i n  CO; and d) the s imul taneous presence o f  CHI, and CO 
i n  the f i r s t  r e a c t i o n  s tage,  tends t o  i n d i c a t e  t h a t  CHI, f o rma t ion  i s  c l o s e l y  l i n -  
ked t o  the  presence o f  CO. 

be suggested as f o l l o w s :  

1 -  

The ex i s tence  o f  two d i s t i n c t  r e a c t i o n  paths as evidenced f rom 

Several authors r a v e  suggested t h a t  t he  he te rogene i t y  o f  t he  carbon su r -  

D i s s o c i a t i o n  o f  hydrogen on the  su r -  

D i r e c t  r e a c t i o n  between weakened su r face  carbon 

A t e n t a t i v e  r e a c t i o n  sequence c o n s i s t e n t  w i t h  the  observed r e s u l t s  can then 

Decomposition o f  bas i c  sur fahe ox ides ( ca rbony l  o r  e t h e r  types)  w i t h  fo rma t ion  
o f  CO, s t a r t i n g  a t  about  150 C, as suggested by  Boehni and co-workers (2, 13). 
Reaction between the  COz formed and the char  t o  y i e l d  CO as proposed by Shaw 
(E). 
Reaction between the  su r face  CO and hydrogen as a t r u e  methanat ion s t e p  (25, 3). 
The i n - s i t u  p roduc t i on  o f  steam d u r i n g  t h i s  r e a c t i o n  w i l l  a l l o w  regenera t i on  
o f  the oxygenated su r face  species v i a  i t s  subsequent i n t e r a c t i o n  w i t h  the  su r -  
face carbon atoms and e v e n t u a l l y  produce e i t h e r  CO, (27) o r  CO (3, e). It i s  
d u r i n g  t h i s  s t e p  t h a t  t h e  impregnated metal p lays  a ma jo r  r o l e  s i n c e  Fe, N i  and 
Co a re  e x c e l l e n t  c a t a l y s t s  f o r  the methanat ion r e a c t i o n  when p resen t  i n  a peat-  
de r i ved  carbon i n a t r i x  (28). 
A t  h i g h  temperatures (>>7OO0C) d i r e c t  r e a c t i o n  between hydrogen and the char  
takes p lace,  t he  meta l  p robab ly  f a c i l i t a t i n g  the  d i s s o c i a t i o n  o f  t h e  incoming 
hydrogen and i t s  m i g r a t i o n  toward ad jacen t  carbon atoms f o r  f u r t h e r  methane 
forma ti on. 

2- 
Some CO i s  p robab ly  a l s o  p resen t  as s u r f a c e  ca rbony l .  

3- 

4- 

CONCLUSIONS 

I n  tge p resen t  s tudy ,  the gas phase hyd rogeno lys i s  o f  peat  chars prepared a t  
about 540 C and p r e v i o u s l y  i i i ipregnated w i t h  Fe, N i  and Co has been i n v e s t i g a t e d .  
The f o l l o w i n g  p o i n t s  summarize t h e  main f i n d i n g s  o f  t h i s  work: 

d e v o l a t i l i z a t i o n  o f  the cha r  i s  an impor tan t  f a c t o r  f o r  i t s  subsequent reac-  
t i v i t y  toward hydrogen. The lower  t h e  d e v o l a t i z a t i o n  temperature p r i o r  t o  
hydrogenolys is ,  t h e  h i g h e r  the r a t e  o f  iiiethane fo rma t ion  d u r i n g  hyd rogeno lys i s .  
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- the  c a t a l y t i c  e f f e c t  o f  the  meta ls  i s  i m p o r t a n t  a t  two l e v e l s :  h i g h e r  conver-  
si,ons t o  methane and lower  tempe.ratu,res o f  maximum r a t e  o f  methane fo rmat ion .  

t he  conversion versus hime p r g f i l e s  can be very  w e l l  f i t t e d  by the  f o l l o w i n g  
expression d f / d t  = k f suggest ing  a k i n e t i c  sequence c l o s e l y  r e l a t e d  
t n  aijtocata1yt.i c steps .  

t he  oxygenated su r face  spec ies  p l a y  a major  r o l e  i n  the  methane fo rmat ion ,  which 
probab ly  takes p lace  a t  t he  lower  temperatures (625-700°C) v i a  r e a c t i o n  between sur- 
face  CO and chemisorbed hydrogen ca ta l yzed  by the  meta ls .  
a c t i v e  o f  t he  meta ls  a t  t h i s  l e v e l .  
r e a c t i o n  o f  hydrogen w i t h  the  su r face  carbon atoms a l s o  seems t o  occur .  
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Figure 1 Heating r a t e  e f f e c t s  on Ni-peat char  
hydrogenolysis  as measured by t h e  C H 4  

mole f r a c t i o n  i n  e x i t  gas 
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Fiqure 2 Methane formation during hydrogenolysis 
of p e a t  char  a s  a func t ion  o f  
d e v o l a t i l  i z a t i o n  temperature  
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Figure 3 Hydrogen r e a c t i v i t y  of metal 
impregnated peat  chars  a s  
measured by C H 4  foriiiation 
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Figure 4 Conversion, f ,  a s  a func t ion  of t i m e ,  t ,  and s tandard ized  time 
T = t / toS5 f o r  t h e  hydrogenolysis  of  Co-impregnated pea t  chars  
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