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I NTRODUCTI ON 

The use o f  o i l  as an energy sou rce  s t a r t e d  f r o m  t h e  b e g i n n i n g  o f  t h i s  c e n t u r y ,  
and f o r  many yea rs  has been rega rded  as t h e  cheapest  sou rce  o f  l i q u i d  f u e l s .  
However, t h e  r e c e n t  d r a m a t i c  e s c a l a t i o n  i n  work o i l  consumpt ion and p r i c e ,  and 
t h e  concern  o v e r  f u t u r e  s u p p l i e s ,  wh ich  a r e  expec ted  t o  f a l l  s h o r t  o f  demand 
by t h e  end o f  t h i s  c e n t u r y ,  have f o r c e d  t h e  energy i n d u s t r y  t o  c o n s i d e r  o t h e r  
sources f o r  t h e  p r o d u c t i o n  o f  l i q u i d  f u e l s .  The sources wh ich  can p r o v i d e  
l i q u i d  f u e l s  a r e  coa l  and l i g n i t e ,  o i l  sands, o i l  s h a l e s ,  pea t ,  and biomass. 

v e r t e d  t o  l i q u i d  f u e l s ,  b u t  r e q u i r e s  enormous amounts o f  expens ive  hydrogen.  
I n  a n  a t t e m p t  t o  reduce t h e  c o s t  o f  hydrogen r e q u i r e d  t o  c o n v e r t  coa l  t o  l i q u i d  
f u e l s ,  t h e  use o f  o i l  sands b i tumens ,  L l o y d m i n s t e r  heavy o i l ,  and o t h e r  l i q u i d s  
d e r i v e d  t h e r e f r o m ,  have been r e p o r t e d  ( 1 , Z )  as p o t e n t i a l  l o w  c o s t  hydrogen 
donor s o l v e n t s .  The p r e s e n t  s tudy  i s  a c o n t i n u a t i o n  o f  t h e  work  r e p o r t e d  
e lsewhere (1,2)  and r e p o r t s  t h e  e f f e c t  o f  process parameters ( i . e .  t empera tu re ,  
p ressu re  and t ime)  on t h e  e x t e n t  o f  t h e  c o a l  c o n v e r s i o n  and on p r o d u c t  d i s -  
t r  i b u t  i o n .  

\ 
Coal i s  t h e  l a r g e s t  sou rce  o f  hydrocarbons i n  t h e  w o r l d  w h i c h  can be con- 

EXPERIMENTAL ___- 

O i l  sands b i tumen ( d r y )  and coke r  gas o i l  were o b t a i n e d  from Great  Canadian 
O i l  Sands L t d .  (GCOS)’.. Cold Lake b i tumen  and L l o y d m i n s t e r  heavy o i l  were 
o b t a i n e d  from t h e  A l b e r t a  Research Counc i l  sample bank. A l l  samples were used 
as r e c e i v e d .  

o f  c o a l ,  and t h e  p rocedure  fo r  t h e  f r a c t i o n a t i o n  o f  t h e  b i tumen  and v a r i o u s  
l i q u i d  d e r i v a t i v e s  a r e  d e s c r i b e d  e l sewhere  ( 2 , 3 ) .  

o f  t h e  A l b e r t a  Research Counc i l  and t h e  U n i v e r s i t y  o f  A l b e r t a .  M o l e c u l a r  
we igh ts  were measured o s m o t i c a l l y  i n  p y r i d i n e ,  and t h e  nmr s p e c t r a  were reco rded  
(carbon t e t r a c h l o r i d e  s o l u t i o n s )  by means o f  a V a r i a n  E-60B spec t romete r .  
a n a l y s i s  were o b t a i n e d  by means o f  a H e w l e t t  Packard gas chromatograph f i t t e d  
w i t h  a PoroDak N column and a m o l e c u l a r  s i e v e .  

The e x p e r i m e n t a l  c o n d i t i o n s  f o r  t h e  s o l v a t i o n  and c a t a l y t i c  h y d r o g e n a t i o n  

Elementa l  compos i t i ons  were de te rm ined  by t h e  m i c r o - a n a l y s i s  l a b o r a t o r i e s  I 
Gas 

* Now Suncor, O i l  Sands D i v i s i o n .  
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The a r o m a t i c s  c o n t e n t ,  f a ,  o f  t h e  b i tumen and d e r i v e d  l i q u i d s  has been 
d e f i n e d  e lsewhere  ( 2 ) .  

RESULTS AN[! D I S C U S S  I ON 

The c u r r e n t  communica t ion  i s  a c o n t i n u a t i o n  o f  t h e  p r e v i o u s  i n v e s t i g a t i o n s  
(1,2) whereby c o a l  can be c o n v e r t e d  t o  s o l u b l e  p r o d u c t s  u s i n g  o i l  sands b i t u m e n ,  
L l o y d m i n s t e r  heavy o i l  and l i q u i d s  d e r i v e d  t h e r e f r o m  as s o l v e n t s .  

The d a t a  ( F i g u r e  I )  i n d i c a t e  t h a t  i t  i s ,  indeed,  p o s s i b l e  t o  s o l u b i l i z e  
p a r t  o f  the  c o a l  by u s i n g  t h e  Athabasca b i t u m e n ,  and r e l a t e d  l i q u i d s  as s o l v e n t s ,  
and as p r e v i o u s l y  r e p o r t e d  ( 1  , 2 )  t h e  e x t e n t  o f  s o l u b i l i z a t i o n  v a r i e s  depending 
upon t h e  t y p e  o f  s o l v e n t  used. N e v e r t h e l e s s  c o n v e r s i o n  y i e l d s  u s i n g  these 
s o l v e n t s  compared f a v o r a b l y  t o  t h e  r e s u l t s  o b t a i n e d  when t e t r a l i n  ( a  w e l l - k n o w n  
hydrogen donor f o r  c o a l  l i q u e f a c t i o n )  was used as a s o l v e n t ,  p a r t i c u l a r l y  i n  t h e  
presence o f  hydrogen.  I t  i s  n o t e  w o r t h y  t h a t  when t e t r a l i n  was used as s o l v e n t ,  
coa l  c o n v e r s i o n  y i e l d s  f rom t h e  s o l v a t i o n  and n o n c a t a l y t i c  and c a t a l y t i c  hydro-  
g e n a t i o n  show l i t t l e  v a r i a t i o n  ( i . e .  f r o m  47-502) and p r a c t i c a l l y  remain c o n s t a n t  
On t h e  o t h e r  hand, t h e  p e r c e n t  c o n v e r s i o n  y i e l d s  o f  t h e  o t h e r  s o l v e n t s  have 
shown a s u b s t a n t i a l  i n c r e a s e  i n  t h e  presence o f  hydrogen,  f o r  example, f r o m  
IO t o  24% i n  c o a l  s o l v a t i o n  t o  30 t o 4 0 %  i n  the  c a t a l y t i c  h y d r o g e n a t i o n  
( F i g u r e  I ) .  

CONTROL E X P E R l  MENTS 

C o n t r o l  e x p e r i m e n t s  were per fo rmed i n  t h e  manner d e s c r i b e d  e lsewhere  (21,  
i n  o r d e r  t o  d e t e r m i n e  t h e  degree o f  coke ( to luene i n s o l u b l e s )  f o r m a t i o n  d u r i n g  
t h e  thermal  t r e a t m e n t  of t h e  s o l v e n t s .  B r i e f l y ,  when t h e s e  l i q u i d s  a r e  heated  
w i t h  o r  w i t h o u t  hydrogen ( i n  t h e  absence o f  c a t a l y s t )  f o r  60 m i n u t e s  a t  4 O O 0 C ,  
an o v e r a l l  i n c r e a s e  i n  t h e  a r o m a t i c  c o n t e n t s  i s  e v i d e n t  as  t h e i r  H / C  a t o m i c  
r a t i o s  decrease and t h e i r  f v a l u e s  i n c r e a s e  when compared w i t h  t h e  p a r e n t  
s o l v e n t s  ( T a b l e  I ) .  I n  c o n f r a s t ,  when t h e  s o l v e n t s  a r e  heated  i n  t h e  presences 
of hydrogen and c a t a l y s t ,  an o v e r a l l  i n c r e a s e  i n  t h e  a l i p h a t i c  c o n t e n t  i s  
e v i d e n t .  The A P I  g r a v i t i e s  o f  t h e  s o l v e n t s  a r e  g e n e r a l l y  i n c r e a s e d  by t h e  h e a t  
t r e a t m e n t  b u t  s u r p r i s i n g l y  t h e  A P I  g r a v i t i e s  o f  CGOS b i t u m e n  and coker  gas o i l  
a r e  d r a s t i c a l l y  reduced ( T a b l e  2) when t h e s e  s o l v e n t s  a r e  heated  a t  450°C, 
a l t h o u g h  l i q u i d  p r o d u c t s  o f  h i g h  f l u i d i t y  were o b t a i n e d .  I n  a d d i t i o n ,  changes 
i n  t h e  h e t e r o - a t o m  c o n t e n t s  i n  t h e s e  s o l v e n t s  ( T a b l e  1 ) .  F o r  example oxygen 
and s u l p h u r  c o n t e n t s  a r e  decreased,  p a r t i c u l a r l y  d u r i n g  t h e  c a t a l y t i c  hydro-  
g e n a t i o n  o f  t h e  s o l v e n t ,  w h i l e  n i t r o g e n  c o n t e n t s  i n  genera l  remained unchanged 
o r  i n c r e a s e d  s u p p o r t i n g  t h e  concept  o f  thermal  s t a b i l i t y  due t o  i t s  i n c l u s i o n  
i n  h e t e r o - a r o m a t i c  systems ( 4 ) .  Compos i t iona l  d i f f e r e n c e s  o f  t h e  s o l v e n t s  as 
a r e s u l t  o f  heat  t r e a t m e n t  a l s o  o c c u r  ( T a b l e  2) and t h e r e  a r e  v a r i a t i o n s  i n  
t h e  d i s t r i b u t i o n  o f  p r o d u c t s - - c o k e  ( t o l u e n e  i n s o l u b l e s ) ,  l i q u i d s  ( t o l u e n e  
s o l u b l e s ) ,  and gases ( T a b l e  3 ) .  Coke f o r m a t i o n  under these c o n d i t i o n s  (temp- 
e r a t u r e  400°C and 450°C) was a n t i c i p a t e d  s i n c e  o i l  sands b i t u m e n  and heavy o i l  
a r e  s u s c e p t i b l e  t o  h e a t  ( 5 , 6 ) .  Compos i t ion  o f  gases f r o m  t h e  thermal  t r e a t m e n t  
o f  s o l v e n t s  ( T a b l e  4) shows t h a t  t h e  gas p r o d u c t s  m a i n l y  c o n s i s t  o f  hydro-  
carbons  and hydrogen s u l f i d e .  
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. ... 

PROCESS CONDITIONS 

EFFECT OF TEMPERATURE 

a) Coal S o l v a t i o n  

'Comparison o f  t h e  c o n v e r s i o n  y i e l d s  o f  coa s o l v a t i o n ,  u s i n g  GCOS b i tumen 
and coker  gas o i l  as s o l v e n t s  ( T a b l e  5 ) ,  shows t h a t  t h e  c o n v e r s i o n  y i e l d  i s  
c o n s t a n t l y  inc reased w i t h  i n c r e a s i n g  tempera tu  e f o r  c o a l / b i t u m e n  p r o c e s s i n g  
w h i l s t  t h e  c o n v e r s i o n  y i e l d  reaches a maximum v a l u e  a t  400"C, and t h e n  d r a s t -  
i c a l l y  d rops  t o  a lmost  z e r o  for  c o a l / c o k e r  gas o i l  p r o c e s s i n g .  Trends i n  t h e  
d i s t r i b u t i o n  o f  t h e  r e a c t i o n  p r o d u c t s  ( s o l i d s ,  l i q u i d s ,  and v o l a t i l e s , ( T a b l e  
5) u s i n g  t h e s e  two s o l v e n t s  were  s i m i l a r .  

The t o l u e n e  i n s o l u b l e  p r o d u c t s  ( s o l i d s ,  u n d i s s o l v e d  coa l  p l u s  coke) has a 
minimum v a l u e  a t  400°C. w h i c h  c o i n c i d e s  w i t h  t h e  opt imum c o n d i t i o n s  f o r  t h e  
l i q u i d  and v o l a t i l e  p r o d u c t s ,  and t h e n  d r a s t i c a l l y  i n c r e a s e s  a t  450°C due t o  
coke f o r m a t i o n  as de termined f r o m  b l a n k  e x p e r i m e n t s  ( T a b l e  3 ) .  Because coke 
f o r m a t i o n  o c c u r s  s i m u l t a n e o u s l y  w h i l e  c o a l  i s  c o n v e r t e d  t o  l i q u i d  and gaseous 
p r o d u c t s ,  g r e a t e r  amounts o f  t o l u e n e  i n s o l u b l e s  a r e  o b t a i n e d  t h a n  t h e  i n i t i a l  
coa l  charge a t  450°C. Fur thermore ,  t h e  l i q u i d  ( t o l u e n e  s o l u b l e s )  and v o l a t i l e  
p r o d u c t s  f o l l o w  o p p o s i t e  p a t h s ;  as the  r e a c t i o n  t e m p e r a t u r e  i n c r e a s e s ,  t he  
maximum y i e l d  o f  v o l a t i l e s  ( a t  450°C) cor respond t o  t h e  lowest  y i e l d  o f  l i q u i d s ,  
s u g g e s t i n g  t h a t  s o l i d s  and v o l a t i l e s  a r e  produced a t  t h e  expense o f  l i q u i d  
p r o d u c t s .  

b) C a t a l y t i c  Hydrogenat ion  

i n c r e a s e  o f  r e a c t i o n  tempera tures  a r e  s i m i l a r  f o r  b o t h  s o l v e n t s  w i t h  t h e  o n l y  
d i f f e r e n c e  i n  t h e  y i e l d s  o f  s o l i d  p r o d u c t s .  Thus, t h e  c o n v e r s i o n  y i e l d s  for 
b o t h  s o l v e n t s  a r e  i n c r e a s e d  w i t h  t e m p e r a t u r e  b u t  when b i tumen i s  used as sol- 
vent coa l  c o n v e r s i o n  y i e l d s  reaches a maximum (a t  about 400-450°C) w h i l e  coa l  
c o n v e r s i o n  y i e l d s  w i t h  coker  gas o i l  c o n t i n u e  t o  i n c r e a s e  w i t h  t e m p e r a t u r e .  

w i t h  the  two types  o f  s o l v e n t s  show ( T a b l e  5) t h a t  t h e  y i e l d s  o f  l i q u i d s  a r e  
h i g h  a t  lower  tempera tures  ( i . e . ,  decrease w i t h  i n c r e a s i n g  t e m p e r a t u r e )  w h i l e  
t h e  y i e l d s  o f  v o l a t i l e s  i n c r e a s e  w i t h  i n c r e a s i n g  tempera ture  i n d i c a t i n g  a g a i n ,  
t h a t  t he  v o l a t i l e s  a r e  produced a t  t h e  expense o f  l i q u i d  p r o d u c t s .  On t h e  
o t h e r  hand, t h e  y i e l d  o f  s o l i d s  produced u s i n g  coker gas o i l  as s o l v e n t  con- 
t i n u o u s l y  decreases as tempera ture  i n c r e a s e s ;  t h e  s o l i d s  decrease and then 
appear t o  i n c r e a s e  as t h e  tempera ture  exceed 400°C. 

EFFECT OF T I M E  

a) Coal S o l v a t i o n  

reaches a maximum v a l u e  a f t e r  60 m i n u t e s  a t  400"C, and t h e n  d r a s t i c a l l y  d rops .  
The p r o d u c t  d i s t r i b u t i o n  ( s o l i d s ,  l i q u i d s ,  and v o l a t i l e s )  i s  s i m i l a r  f o r  b o t h  
t h e  coker  gas o i l  and b i t u m e n  and resembles t h e  p r o d u c t  d i s t r i b u t i o n  f o r  coa l  
s o l v a t i o n  w i t h  b o t h  s o l v e n t s  ( T a b l e  6 ) .  I t  i s  apparent  t h a t  a r e a c t i o n  t ime  
of  60 m i n u t e s  a t  400°C c o i n c i d e s  w i t h  t h e  opt imum c o n d i t i o n s  f o r  t h e  m s t  
e f f i c i e n t  p r o d u c t i o n  o f  l i q u i d  p r o d u c t s .  

I t  i s  apparent  f rom t h e  d a t a  ( T a b l e  5) p resented  t h a t  t h e  t r e n d s  due to 

The p e r c e n t  d i s t r i b u t i o n  o f  t h e  v a r i o u s  p r o d u c t s  d e r i v e d  by p r o c e s s i n g  coa l  

The d a t a  demonst ra te  ( T a b l e  6) t h a t  c o a l  s o l v a t i o n  y i e l d  w i t h  b o t h  s o l v e n t s  
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b)  C a t a l y t i c  Hydrogena t ion  

r e a c t i o n  t ime ,  and then  l e v e l s  o f f ,  w h i l e  w i t h  coke r  gas o i l  c o n t i n u e s  t o  i n c -  
rease  l i n e a r l y  ( T a b l e  6 ) .  The r e l a t i o n s h i p  between t i m e  and p r o d u c t  d i s t r i b u t i o n  
by p r o c e s s i n g  c o a l  w i t h  b i t umen  show t h a t  t h e r e  i s  n o t  a d r a s t i c  e f f e c t  as t h e  
t i m e  exceeds 60 m inu tes .  However, when coke r  gas o i l  i s  used as s o l v e n t ,  the 
l i q u i d  p r o d u c t s  a r e  s t e a d i l y  i nc reased  and s o l i d s  decrease w i t h o u t  a s u b s t a n t i a l  
i n c r e a s e  o f  gases i n d i c a t i n g  t h a t  under t h e s e  c o n d i t i o n s ,  l o n g e r  p e r i o d s  a r e  
b e n e f i c i a l .  

Convers ion y i e l d s  u s i n g  b i tumen as s o l v e n t  reach  a maximum a f t e r  60 minutes 

EFFECT OF PRESSURE 

The l i m i t e d  d a t a  a v a i l a b l e  (Tab le  7) show t h a t  c o n v e r s i o n  y i e l d s  reach  a 
maximum a t  a p r e s s u r e  o f  a p p r o x i m a t e l y  1000 p s i g .  There  i s  a pronounced e f f e c t  
on t h e  y i e l d s  o f  l i q u i d  p r o d u c t s  wh ich  a r e  c o n s t a n t l y  i nc reased  w i t h  i n c r e a s i n g  
p r e s s u r e ;  v o l a t i l e s  dec rease  w i t h  i n c r e a s i n g  r e a c t i o n  p r e s s u r e ,  w h i l e  t h e r e  i s  a 
s m a l l  v a r i a t i o n  o f  t h e  s o l i d s  a t  p ressu re  ove r  1000 p s i g .  

Tables 8,  9, and IO show t h e  r e l a t i v e  c o m p o s i t i o n  o f  gases d e r i v e d  f rom 
p r o c e s s i n g  c o a l  under v a r i o u s  c o n d i t i o n s  u s i n g  b i tumen  and coke r  gas o i l  as 
s o l v e n t s .  A s  p r e v i o u s l y  d i scussed ,  t h e  e v o l u t i o n  o f  oxygen and s u l p h u r  f rom 
c o a l  as carbon monoxide and d i o x i d e ,  and as hydrogen s u l p h i d e  p a r t i c u l a r l y  i n  
the  c a t a l y t i c  h y d r o g e n a t i o n  o f  coa l  a r e  t h e  most n o t i c e a b l e  f e a t u r e s .  

ACKNOWLEDGEMENT 

We thank Dr. M. P. du P l e s s i s  f o r  encouragement th roughou t  t h i s  work.  

I .  

2 .  

3 .  

4. 

5. 

6. 

REFERENCES 

Moschopedis, S . E . :  "The use o f  o i l  sands b i tumen  and i t s  d e r i v a t i v e s  as 
hydrogen donors  t o  c o a l " ,  F u e l ,  59,  67,  1980. 

Moschopedis, S . E . ,  Hawkins,  R . W . ,  F r y e r ,  J . F . ,  and S p e i g h t ,  J .G. :  "The 
use o f  heavy o i l s  (and d e r i v a t i v e s )  t o  p rocess  coa l " .  F u e l ,  s, 647, 1980. 

Moschopedis, S . E . ,  F r y e r ,  J .F. ,  and S p e i g h t ,  J . G . :  " I n v e s t i g a t i o n  o f  t he  
ca rbony l  f u n c t i o n s  i n  a r e s i n  f r a c t i o n " .  F u e l ,  s, 187, 1976. 

Moschopedis, S . E .  and S p e i g h t ,  J.G. " I n v e s t i g a t i o n  o f  n i t r o g e n  t ypes  i n  
Athabasca b i tumen".  P r e p r i n t s ,  Am. Chem. S O C . ,  D i v .  Fuel  Chem., 4. ( 4 ) ,  
1007, 1979. 

S p e i g h t ,  J.G. "Thermal c r a c k i n g  o f  Athabasca b i tumen ,  Athabasca aspha l tenes ,  
and Athabasca d e a s p h a l t e d  heavy o i l " ,  F u e l ,  40, 134, 1970. 

Spe igh t ,  J.C., and Moschopedis, S . E . ,  "The p r o d u c t i o n  o f  low-sulfur l i q u i d s  
and coke f rom Athabasca b i tumen",  Fuel  P r o c e s s i n g  Technology 1, 295, 1979. 

- 

134 



4 - e n  

n o m -  

0 - e o  
0 0 0 0  

3 n o  

0 0 0 0  

1 9 9 9  

? l i ?  

- . . . .  

loo - 
P o -  

w -  

70- 

0 GCOSBITUMEN a GCOSCOKERGASOIL 

0 LLOYOMINSTER BITUMEN 

0 TETRALIN 

COLD LAKE BITUMEN 

I - 0  

. y  

g 
e r =  40 

30 

20 

lo 

0 
COAL SOLVATION NONCATALVTIC HYDROGENATION CATALYTIC HYDROGENATION 

COI(0ITIONS 

FIGURE 1 

135 



f a b l e  2 .  
bitumen h e a t e d  under  v a r i o u s  c o n d i t i o t s  
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M a t e r i e l  d e s c r i p t i o n  % A s p h a l t e n e s  'A Resins 2 011: A?] g r a v l r ?  

P a r e n t  m a t e r i a l  

GCOS birumer.  Athabasca  
d e p o s i t  

GCO.' c o h e r  gas o i l  

L l o y d r r i n s t e r  heavy o i l  

Cold Lake b i tumen 

Heated  for 60 min 
a t  LOO' c 
GC0.C bi tumen Athabasca  
d e p c s i t  

GCOS c o k e r  gas o i l  

L l o y d s i n s t e r  heavy o i l  

Cold Lake b i tumen 

Heated f o r  60 min a: L5O' C 

GCOS b i tumen Athabasca  
d e p c s i  t 

GCOS c o k e r  gas  o i l  

Heated  f o r  60 min a t  POO' C .  
H. - 1050 p s i g  

GCOS b i t u m e n  Athabas:a 
d e p o s i t  

K O 5  c o k e r  gas o i l  

L l o y d e i n i s t e r  heavy o i l  

Cold Lake b i rvmen 

Heated f o r  60 min a t  boo' C.  
H, - 1000 p s i g  + c a t a l y s t  

- -~ 

K O 5  b i r u n e n  Athabasca  
d e p o s i t  

CCOS c o k e r  gas o i l  

L l o y d m i n s t e r  heavy o i l  

Cold l a k e  b i t m e n  

Heated  f o r  60 mln a t  4 O d  C , .  
H2 - 2000 p r i g  

CCOS bi tumen Athabasca  deposit 
CCOS c o k e r  gas o i l  

Heated  f o r  60 min at  450. C, 
H2 - 1000 ps i8  + c a t a l y s t  

CCOS b i t m e n  A t h a b a s c a  d e p o s i t  

CCOS c o k e r  gas o i l  

+ c a t a l y s t  

15.1. 

0.5 

1 1 . 9  

l b . l  

1 5  .O 

0.2  

1 2 . 5  

1 4 . 5  

7.8 

11 .2  

8 .7  

0 .2  

6 .3  

11 .2  

8 . b  

0 

7 . 3  

7 .b  

O . b  
0 . 3  

1 . 7  

0 

22.3 6 2 . 3  1 . 5  

5 .6  93.9 11.3 

20.5 67.6 l L . B  

1 6 . 9  6G.5 1 . 5  

2 0 . 1  6L.9 5 . 6  

10.2 89 .6  16.0 

13 .5  7L.O 1L.3 

12 .0  73.5 11 .I 

1 i . b  a0.e 3.8* 

1 1 . 9  70.9 3.6. 

1 6 . 5  7b.8 11.1 

1 0 . 3  89.5 21 .9  

2?,0 6 6 . 1  1 6 . 8  

12.2 76.6 . 12.9  

1 2 . 1  79.5 12.5 

7.9 92 .1  23.7 

1 5 . 5  77.2 18.L 

1 3 . 3  79.3 17.4 

- 91.6  - 13.7  
97.7 - 16.2 

10.1 65.2 10 .3  

7.0 93.0 20.6  

136 



I 

. .  
8'1 f 9 , s 

9 1  
I "  

^ "  

i :  

137 



z8.n 6 9 . 8  1 . 4  16. I 

2 8 . 0  6 9 . 1  2 . 6  19.5 

2b. 1 6 5 . 1  8 . 5  19 .0  

10.1 2 0 . 9  19 .0  1 5 . 3  

27.1 7 1 . 9  I 0. 4 
29.1 68.9 2 2.0 

2 1 . b  b8.2 8.2 3. 1 

1 Y . 2  27.7 11.1 1.0 

2b.2 10.7 1.1 11.0 

22 .6  25.1 52.0 11.8 

29.h 69.4 1 0 . 3  
26.1 7 1 . 1  2 1.6 

20. b 73.9 5 .5  1.11 

I b . 3  12. 1 41.4 4 . 5  

20.8 b9.1 10.1 12.5 

rohv formed from che solurn1 in blank detcrmlnarlon.. 

0 . 9  

MI. 5 
81.0 

81.7 

99.6 

98 .0  

96 .9  

97 .0  

03.0 
87.5 

68.2 

99.7 

98.4 

98 .2  

95 .5  

7.9 

12.8 

10.1 

k.4 

11.1 

15 - 
18.9 

8 .  I 

13.7 

12.4 

1.1 

17.4 

11.0 
11.1 

8.5 

2 b . l  

2b.1 

31.6 

2b.8 

21.6 

25.6 

2 4 . 2  

20.8 

LO. I 

2 4 . 2  

20.6 

17 .4  

U. 4 

65.4 

51.3 

70. I 

68.2 

55 .7  

69 .2  

69 .1  

66.5 

72.8 

13.9 

75. 5 

5 . 3  

8 .5  

11.1 

3 . 1  

8.2 

18.7 

6.6 

10.1 

11.4 

3.0 

5 . 5  

7 .1  

21.7 

1 9 . 0  

16.1 

4 . 2  

3.1 

6.4 

1 7 . 8  

12 .1  

11.5 

3.5 

1 .8  

3.1 

78.3 

m . 9  

a 3 . 9  

95.1 

9 6 . 9  

93.6 

DZ.2 

a7 .5  

U . 5  

96.5 

w.2 
n . 2  

9.2 

10.1 

*.e 

15.1 

11.9 

12.7 

lo. I 

1Z.b 

13.1 

1l.S 

11.1 

1 I . S  

138 



l d b l r  7. Prrnmure effect un e o ~ l  cmver. lun yleldm and product d l s c r l b u l l o n  (60 .Inute.. 400 i') 

C.11.11ycic hydrogmdilon 

WllS bitumen 
Alhabasc. deposlr 

500 16 1 4 . 5  6 3 . 3  12 .2  1 7 . 8  82.2 9.6 

1.000 31 2 0 . 1  69.1  10.1 1 2 . 5  77.5 12.b 

1.500 30 1 1 . 7  68.3 10.0 1 5 . 0  85.0 11.b 

2,000 30 2 1 . 8  75 .0  3 . 2  1 4 . 7  85.3 12 .1  

to.1 .O l" . t lO" 

GCOS bitswFn 
Iihabasc. dcposlr 

3OO.C - 97.8 - - - 1.7 

350'C 1.1 lL.5 3.6 10.5 - 5.9 

400.c 0.6 31.9  7.5 31.6 - 1 5 . L  

L S O ' C  i n l v f f l c i c n t  ..r.p1e 

CCOS cokcr 
gas oil 

300' c - 9L.O 1.5 - - 3.8 

350.L. 1.6 6L.8  1 . 3  12.7 - lL.6 

400.C N.D. 

15O.C N.D. 

C.t alut i c  hydrogenat ion 

1.4 55.1 10.3 12 .0  - 1 7 . 0  

0.1 22 .8  24.4 26 .0  1 . 3  13.8 

0 . 3  7 . 4  7.9 51.9 0.1 19.9 

- -  - 95.4 1.7 - 
1.7 b2 .0  17.1 10.9 1.7 2.6 

I.D. 

0.1 b.1 b . 0  56.9 - 20.6 

lot D8r.nln.d 
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Tab:* 9 .  Cas product dI.tribuCIon derlved from processing coal  at 400 ' ' for 

coal  solvnrlon 

CCOS b l n n m  
Athabamca d*pesIt 

1 I L  hour 1.0 4 L . l  

1 hour 0 . 6  3 1 . 9  

2 hours 2 . 0  3 7 . 1  

CCOS coker 
I.' O i l  

l / L  hour 2 . 9  56.5 

1 hour H.D. 

2 hours 2 . 0  2 3 . 6  

C.18lvfI~ h v d r o p n a r l o n  
GCOS bltumer. 
AlhabaLCa dcPosIt  

111 hour 0.2 1 1 . 0  

1 hour 0.7 2 2 . 0  

2 hours 1.5 2 3 . 7  

CCOS Coke* 
R.* Oil 

114 hour 4.4 44.4 

1 hovr N . D .  

2 hours 2.6 Z 3 . 5  

9 . 9  2 L . O  - 
1.5 31.6 - 

13.7 2 L . 2  - 

1.1 1 9 . 8  - 

3 . L  39.2 0.1 

19 .5  21.6 0.4 

2L .L  2 6 . 0  1 . 3  

10.i. 3 2 . 1  - 

15.6 22.0 - 

11.1 3L.9 - 

9.6 

1 5 . L  

10.5 

10.1 

15.7 

13.6 

1 3 . 0  

12.0 

1 . 2  

12.0 

- 1 . 9  0.1 2.1 

- 9 . 0  1.1 2.0 

- 8 .0  1.0 2 . 1  

- 6.2 0.1 1.1 

- 16.6 2 . 1  2.9 

- 0 . 0  0.9 1 . 9  

- 8.5 1.3 2 . 3  

- 5 . 0  0.3 1.0 

- 7 . 1  0.1 1.5 

Table I O .  Car product d I s l r l b u c I o n  dcrlved Iron p r o c c s r l n g  coal  for 60 mi". a1 
4oo'c under V.li0". P*I.."I** 

1 Relative composltlon 
Pre.s"rc P S l &  CO C02 H25 CHI t2HL '2"b '2'2 '3 ,:$ krp 
C a t a l v r i c  hvdroeenarion 

CCOS bitumen 
Athabasc. d g o r l r  

500 0 . 9  1 3 . 7  17.6 26.1 - 10.1 - 0.1 1 . 1  1 .3  

1.000 0 .1  22.0  l L . 4  26.0 1 .3  11.0 - 8.0 0 . 9  1 .9  

I. 500 1.5 26.2 2 2 . L  16.9 - 10.2 - 7.1 1.0 2 . 1  

2.000 1.2 21.9 21.6 31.5 - 11.1 - 7 . 6  0 . 9  0.3 
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