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INTRODUCTION 

The development of  c a t a l y s t s  for up-grading of  Canadian o i l - sand  bitumen 
and f o r  conversion of coa l  i n t o  l i q u i d  p roduc t s  has  been of cons ide rab le  i n t e r e s t  
a t  t h e  Energy Research Labora to r i e s .  
i n v e s t i g a t i o n  of the  s u i t a b i l i t y  o f  d i f f e r e n t  c a t a l y s t  sys tems f o r  hydrocracking  
heavy o i l s ,  and involved  t h e  u s e  of t i n  compounds wi th  bitumen and heavy o i l  feeds .  

The s tudy  r e p o r t e d  below was p a r t  of an 

Tin compounds have  g e n e r a l l y  been  found t o  be p a r t i c u l a r l y  e f f e c t i v e  i n  
c o a l  hydrogenat ion  p rocesses  (1-4). Recent s t u d i e s  have inc luded  t h e  u s e  of  t i n  
c a t a l y s t s  in hydro re f in ing  o f  coa l -der ived  f eeds  such  a s  a spha l t enes  (3) and 
s o l v e n t  r e f i n e d  coa l  ( 4 ) .  Although much a t t e n t i o n  has  been  given t o  t h e  a c t i v i t y  
o f  suppor ted  and unsupported t i n  c a t a l y s t s ,  l i t t l e  e f f o r t  has been made t o  examine 
t h e  f a t e  of t h e  t i n  d u r i n g  t h e  l i q u e f a c t i o n  process .  

Guided by t h e  outcome of p rev ious ly  publ i shed  work, a series o f  t i n -  
Emphasis was c o n t a i n i n g  c a t a l y s t s  was t e s t e d  f o r  bitumen and c o a l  up-grading. 

p l aced  on  s tudying  t h e  changes o c c u r r i n g  w i t h i n  t h e  c a t a l y s t s  du r ing  these  
p rocesses .  Resu l t s  o b t a i n e d  i n  p re l imina ry  t e s t s  s t i m u l a t e d  f u r t h e r  development 
such as t h e  use  of d t f f c r e n t  methods of  c a t a l y s t  p r e p a r a t i o n .  

EXPERIMENTAL 

Feeds tocks  and Equipment 

Athabasca bitumen was ob ta ined  from Grea t  Canadian O i l  Sands, F o r t  
McMurray, Alber ta ,  Canada, and  some of its p r o p e r t i e s  a r e  g iven  i n  Table  1. 
Asphal tene  feeds tock  from bitumen w a s  ob ta ined  by p r e c i p i t a t i n g  t h e  a s p h a l t e n e s  
by a d d i t i o n  of pentane  t o  bitumen accord ing  t o  t h e  ASTM method ( 7 ) .  High 
v o l a t i l e  Devco 26 c o a l  was ob ta ined  from Cape Breton Development Corpora t ion ,  
Nova S c o t i a ,  Canada. The p r o p e r t i e s  of  t h i s  c o a l  a r e  g iven  i n  Table 11. 

TABLE I 

P r o p e r t i e s  of Athabasca Bitumen 
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Proximate Analys is  
w t %  

Moisture 1.13  
Ash 2.18 
V o l a t i l e  m a t t e r  31.35 
Fixed carbon 65.34 

U l t i m a t e  Analys is  
w t %  

Carbon 83.97 
Hydrogen 5.36 
Sulphur  0 . 6 2  
Nit rogen  1.80 
Oxygen (by d i f )  4 . 9 4  

TABLE I1 

P r o p e r t i e s  of Devco 26 Coal 
(High V o l a t i l e  Bituminous A) 
- 

Pe t rog raph ic  Analys is  
V O l X  

V i t r i n i t e  77.8 
E x i n i t e  6.6 
M i c r i n i t e  3 . 6  
Semi - fus in i t e  8.8 
F u s i n i t e  2.6 
P y r i t e  0 . 6  

Bitumen 5's'" w e r e  c a r r i e d  o u t  i n  a bench-scale f ixed  bed  
a volume o f  1 5 5  cm , a l e n g t h  t o d i a m e t e r  r a t i o  of 1 2  and a cont inuous  u 
arrangement (5 ) .  Experiments were performed a t  n p r e s s u r e  of 
vo lumet r i c  space  v e l o c i t y  o f  0.278 ks- l  (1.0 h- l )  based  on t h e  
hydrogen ( e l e c t r o l y t i c )  flow r a t e  of 3 7 . 5  cm3s-I a t  STP (5000 cu f t / b b l ) .  
t empera ture  range  was 420°-460°C. 

The 

A ba t ch  shaker  au toc lavc ,  i n t o  whlch abou t  25 g of  c o a l  w a s  cha rged ,  was 
used f o r  exper iments  involv ing  coa l  hydrogenolys is .  The runs  were c a r r i e d  o u t  
w i thou t  a v e h i c l e  o i l ,  a t  a n  i n i t i a l  (co ld)  hydrogen p r e s s u r e  of 6 . 5  MPa and a 
tempera ture  of 35OoC f o r  2 hours .  

Op t i ca l  microscopic  examinat ions  of  t he  c a t a l y s t s  were made be fo re  and 
a f t e r  use  and were complemented by e l e c t r o n  microprobe a n a l y s i s .  

Ca ta lys t  D e s c r i p t i o n  and P r e p a r a t i o n  

prepared  as descyibed  below. 

Ca ta lys t  A: 

Alpha alumina monohydrate (ob ta ined  from t h e  Con t inen ta l  O i l  Company, Pe te rbo ro ,  
New Je r sey )  was g e l l e d  wi th  s l i g h t l y  a c i d i f i e d  wa te r  and made i n t o  3.2 m 
(1/8 in) e x t r u d a t e s .  These were then  d r i e d  a t  l l O ° C  f o r  6 hours  and c a l c i n e d  a t  
5OO0C f o r  6 hours .  
SnC12 i n  methanol,  t h e  volume o f  which was abau t  one-half  . t ha t  o f .  t h e  ex t ruda-  
t e s .  
150OC. The f i n a l  concen t r a t ion  of Sn was ca .  7 w t % .  

C a t a l y s t  B: 

Ext ruda tes  of  C a t a l y s t  A were s u l f i d e d  in a flow o f  a mixture  of H2S and H 2  ( 1 : 3  
by v o l . )  a t  15OoC f o r  5 hours  at a tmospher ic  p re s su re .  

Ca ta lys t  C: 

An aqueous s o l u t i o n  of SnC12 w a s  added t o  t h e  a lpha  alumina monohydrate and mulled 
i n  a mix-muller. The r e s u l t i n g  p a s t e  was ex t ruded ,  d r i e d  and c a l c i n e d  a s  i n  t h e  
case  of C a t a l y s t  A. The f i n a l  concen t r a t ion  of  Sn was ca .  7 w t % .  

The c a t a l y s t s  t e s t e d  wi th  bitumen were alumina-supported and were 

The c a l c i n e d  e x t r u d a t e s  were impregnated wi th  d s o l u t i o n  of  

Methanol was subsequent ly  purged ou t  of t h e  e x t r u d a t e s  i n  a n i t r o g e n  flow a t  
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C a t a l y s t  D: 

A s o l u t i o n  of aluminum i sopropox ide  and SnC12 i n  i sop ropano l  was c o - p r e c i p i t a t e d  
by h y d r o l y s i s  u s i n g  d i l u t e d  ammonium hydroxide.  The p r e c i p i t a t e  w a s  ex t ruded ,  
d r i e d  and ca l c ined  a s  i n  t h e  case  of  C a t a l y s t  A. The f i n a l  concen t r a t ion  o f  Sn was 
ca. 15 w t X .  

Sepa ra t e  expe r imen t s  wi th  bitumen involved t e s t i n g  alumina e x t r u d a t e s  
used f o r  p repa ra t ion  of C a t a l y s t  A and B. and a l s o  t e s t i n g  a s e r i e s  o f  c a t a l y s t s  
c o n t a i n i n g  both  Mo and Sn i n  d i f f e r e n t  concen t r a t ions .  The l a t t e r  series was 
p repa red  by adding, s u c c e s s i v e l y ,  a n  aqueous s o l u t i o n  of  ammonium paramolybdate 
(NH4)6 Mo7 024 * 4H20 and an  aqueous s o l u t i o n  of s t a n n i c  c h l o r i d e  SnC14 - 5H20 to 
alumina monohydrate i n  t h e  mix-muller.  Atomic r a t i o s  of molybdenum and t i n  added 
were, r e s p e c t i v e l y ,  e i t h e r  1:l o r  1:O.  The r e s u l t i n g  p a s t e  was ex t ruded ,  d r i e d  
and c a l c i n e d  a s  desc r ibed  above. 

For exper iments  i nvo lv ing  hydrogenolys is  o f  coa l  and bitumen-derived 
a spha l t enes ,  an aqueous s l u r r y  of pu lve r i zed  f eed  and t i n  c a t a l y s t  was prepared  
and subsequent ly  d r i e d  under vacuum a t  8OoC. 
s t annous  ch lo r ide ,  s t annous  o x a l a t e  and  s t annous  s u l f i d e .  The concen t r a t ion  of  t i n  
i n  t h e  f e e d  was approximate ly  5 w t % .  

The c a t a l y s t s  t e s t e d  inc luded  

RESULTS AND DISCUSSION 

Compared wi th  pu re  alumina, t i n  compounds suppor ted  o n  alumina were 
g e n e r a l l y  found to e x h i b i t  o n l y  margina l  improvements i n  l i q u i d  product  q u a l i t y  
i n  bitumen hydro re f in ing .  The u s u a l  p r o p e r t i e s  of t h e  l i q u i d  p roduc t ,  such as 
s p e c i f i c  g rav i ty .  sulfur and n i t r o g e n  con ten t  and pe rcen t  p i t c h  convers ion ,  were 
n o t  s i g n i f i c a n t l y  changed when, f o r  i n s t a n c e ,  i n  one s e r i e s  of  t e s t s  t h e  t i n  
concen t r a t ion  was v a r i e d .  The r e su l t s  a r e  shown i n  F igu re  1, which compares 
Mo/A120g-type c a t a l y s t s  bo th  w i t h  and wi thou t  a t i n  a d d i t i v e .  It was found t h a t  
t h e  e x t e n t  of dec rease  i n  t h e  s p e c i f i c  g r a v i t y  o f  t h e  l i q u i d  product  caused by a n  
i n c r e a s i n g  molybdenum c o n c e n t r a t i o n  w a s  no t  s i g n i f i c a n t l y  a f f e c t e d  by a s imul t a -  
neous i n c r e a s e  i n  t i n  l o a d i n g .  

The i n f l u e n c e  of  t h e  convers ion  o f  bitumen-derived a spha l t enes  i n t o  
pentane-so luble  p roduc t s  w a s  a l s o  i n v e s t i g a t e d .  The in f luence  o f  SnS on a s p h a l t e n e  
conve r s ion  was much less appa ren t  t han  on coa l .  The convers ion  of bitumen-derived 
a s p h a l t e n e s  inc reased  from 69% wi th  no c a t a l y s t  t o  about 75% i n  t h e  p re sence  of SnS. 

The convers ion  of c o a l  i n t o  benzene-so luble  p roduc t s  was found t o  
i n c r e a s e  s u b s t a n t i a l l y  i n  t h e  presence  of t h c  vn r tous  t l n  c n t o l y s t s  t e s t e d .  
conve r s ion  inc reased  from 12 .4% w i t h  no c a t a l y s t  to a n  average  of  approximate ly  
51% f o r  a l l  t h r e e  t i n  c a t a l y s t s  i n v e s t i g a t e d .  
f avourab ly  wi th  o t h e r  c a t a l y s t s  t e s t e d ,  a s  shown i n  Table 111. 

The 

Tile eEfec t iveness  o f  t i n  compared 

TABLE 111 

E f f e c t  o f  C a t a l y s t s  on Conversion of  Coal 
i n t o  Benzene-Soluble Products  (350°C) 

C a t a l y s t  None SnC12 SnS Sn(C00)* FeS04 FeC12 ZnC12 
Conversion ( X  daf )  12 .4  53.2 52.0 47.5 23.2 19 .3  51.5 
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These r e s u l t s  ag ree  w e l l  w i t h  those  o b t a i n e d  p rev ious ly  by Kawa e 
(2;3) showing h igh  a c t i v i t y  of  t i n  compounds f o r  c o a l  hydrogeno lys i s .  Asphal tene 
p roduc t ion  is probably t h e  f i r s t  s t e p  i n  c o a l  l i q u e f a c t i o n  and more s e v e r e  condi-  
t i o n s  a r e  needed to i n c r e a s e  tlic y i e l d  o f  pentane-soluble  products .  The conversion 
o f  a spha l t enes  produced from c o a l  w a s  n o t  determined in t h e  p r e s e n t  work. However, 
t h e  e f f e c t  o f  s tannous c h l o r i d e  on bi.tumen-derived a s p h a l t e n e s  appeared s m a l l e r  
t h a n  would b e  expected i f  asphnl tenes '  produced from c o a l  were used ( 2 ) .  
r e s p e c t  t h e  work w i t h  a s p h a l t e n e s  from s o l v e n t  r e f i n e d  coa l  (4 )  produced more 
comparable r e s u l t s .  The r eason  f o r  t h e  d i f f e r e n c e s  i n  r e a c t i v i t y  between a spha l -  
t e n e s  from ccinl and a s p h a l t e n e s  from bi tumen feeds tocks  a r e  n o t  known and one can  
o n l y  s p e c u l a t e  t h a t  they r e s u l t  from v a r i a t i o n s  i n  chemical s t r u c t u r e s .  
d e t a i l e d  a n a l y s i s  o f  bitumen-derived a s p h a l t e n e s  was presen ted  by S t r a u s z  (6). and 
t h e  s u l f u r  con ten t  (about  8 wt%) is h i g h e r  and oxygen ccn tcn t  ( abou t  1 w t % )  is 
lower than t hose  i n  a s p h a l t e n e s  produced from c o a l  ( 2 , 3 , 4 ) .  The h igh  s u l f u r  
con ten t  sugges t s  t h a t  MoIAl203 based  c a t a l y s t s  may be t h e  .most e f f i c i e n t  c a t a l y s t s  
f o r  hydrogenolysis  s i n c e  they seem t o  b e  t h e  b e s t  h y d r o d e s u l f u r i z i n g  agen t s .  

In  t h i s  

A 

Notable  changes r e s u l t i n g  from d i f f e r e n t  c a t a l y s t  p r e p a r a t i o n  methods 
were observed.  Table  I V  p r e s e n t s  some r e s u l t s  o f  a n a l y s e s  o f  l i q u i d  p r o d u c t s  
from bitumen experiments  f o r  d i f f e r e n t  t i n - c o n t a i n i n g  c a t a l y s t s .  

TABLE IV 

Effect. o f  C a t a l y s t s  o n  Liquld P roduc t s  lrom Hltumen*** 

I T I I I 
XN 

C a t a l y s t  1 S p e c i f i c  Grav i ty  [ Re2:ved 1 Removed 1 2n:i:fftd I 11 0.952** 31.0"" 32** 66** 

0.947 30.1 
0.928 34.2 - 

D 0.903 41.6 40.0 97 

* I n i t i a l  r u n  
** Second r u n  
*** Run a t  44OoC 

It i s  noteworthy t h a t  t h e r e  was a d r o p  i n  t h e  a c t i v i t y  of ' C a t a l y s t  A from t h e  
i n i t i a l  run t o  t h e  second. Presumably,  t h e  impregnated SnC12 i n i t i a l l y  p r e s e n t  
was no t  completely t r a n s f e r r e d  i n t o  SnS b e f o r e  t h e  f i r s t  run commenced and 
e x h i b i t e d  a g r e a t e r  a c t i v i t y  a t  that  s t a g r .  Wo s r p n r n t c  hatrhcs of  SnCI2 
impregnated on alumina showed such d e a c t i v a t i o n .  The d e a c t i v a t i o n  was no t  
observed when p re - su l f ided  ba tches  were used ( C a t a l y s t  8 ) .  
improved q u a l i t y ,  namely lower s p e c i f i c  g r a v i t y ,  were ob ta ined  when C a t a l y s t s  C 
and D were used. 
and t h e i r  p r o p e r t i e s  are d i scussed  below. 

Liquid p roduc t s  o f  

A d i f f e r e n t  p rocedure  w a s  a p p l i e d  to p repa re  t h e s e  c a t a l y s t s  

The suppor t ed  t i n  c a t a l y s t s  of t h e  type  A and B t e s t e d  w i t h  bi tumen were 
found t o  e x h i b i t  l i t t l e  i nc reased  a c t i v i t y  when compared wi th  alumina a lone .  
Microscopic examinat ions o f  t h e  used e x t r u d a t e s  r e v e a l e d  e x t e n s i v e  s i n t e r i n g  o f  
t h e  t i n  component w i t h i n  t h e  c r a c k s  i n  t h e  alumina,  (F igu re  2 ) .  
were ob ta ined  r e g a r d l e s s  o f  whether  t h e  s t a r t i n g  m a t e r i a l  was SnC12 ( C a t a l y s t  A) 
o r  SnS (Ca ta lys t  B ) .  
c a t a l y s t  was a c t u a l l y  exposed to t h e  bitumen d u r i n g  t h e  p rocess .  The o p t i c a l  
r e f l e c t a n c e  of  t h e  s t r e a k s  seen i n  F igu re  2 compared w e l l  w i th  t h a t  o f  pu re  SnS. 

I d e n t i c a l  r e s u l t s  

These o b s e r v a t i o n s  sugges t ed  t h a t  ve ry  l i t t l e  o f  t h e  tin 

75 



In a d d i t i o n .  e l e c t r o n  microprobe  a n a l y s i s  of t h e  s p e n t  c a t a l y s t  contirmed t h a t  
t h e  h igh  r e f l e c t a n c e  s t r e a k s  were composed of t i n  and s u l f u r  i n  atomic r a t i o s  of 
approximately 1:l. No s t r e a k s  were observed  i n  t h e  unused e x t r u d a t e s ,  i n d i c a t i n g  
even d i spe r s ion  of t h e  t i n  compounds on t h e  s u r f a c e  o f  alumina. This w a s  
confirmed by e l e c t r o n  microprobe  a n a l y s i s .  Microscopic  examination o f  t h e  benzene- 
i n s o l u b l e  r e s i d u e  from c o a l  l i q u e f a c t i o n  exper iments  r evea led  a s i n t e r i n g  e f f e c t  
s i m i l a r  t o  t h a t  noted w i t h  bitumen runs ,  i r r e s p e c t i v e  of  whether SnC12. Sn(CO0)2 
o r  SnS w a s  used as t h e  c a t a l y s t ,  (Figtire 3 ) .  The h lgh  r e f l c c t a n c c  s t r c n k s  were 
aga in  found to  b e  composed of t i n  and s u l f u r  i n  a tomic  r a t i o s  of about 1:l. 

The format ion  o f  SnS from SnC12 is f e a s i b l e  under t y p i c a l  hydrogenat ion  or 
hydro re f in ing  c o n d i t i o n s  p r o v i d d  s u f f l c i c n t  s u l F u r  I s  p r e s e n t  in t he  f eed  m a t e r i a l .  
It h a s  been sugges ted  (1) t h a t  SnS becomes t h e  most s t a b l e  form of  t i n  and would b e  
formed from SnClg, f o r  example, acco rd ing  to:  

SnC12 + H2S + SnS + 2HC1 

A t  r e a c t i o n  t empera tu res ,  SnC12 could  conce ivably  flow i n t o  po res  orid c racks  of t h e  
suppor t  o r  coa l ,  and subsequen t ly  be conver ted  to  t h e  s u l f i d e  form. On t h e  o t h e r  
hand, SnS melts a t  88OoC. which is cons ide rab ly  h i g h e r  than t h e  r e a c t i o n  tempera- 
t u r e  used .  Nonetheless.  s i n t e r i n g  had occur red  t o  t h e  same e x t e n t  when SnS 
w a s  used. The m i g r a t i o n  mechanism may t h e r e f o r e  invo lve  an in t e rmed ia t e  s p e c i e s  
having  a low me l t ing  p o i n t ,  such a s  e l emen ta l  t i n .  This s p e c i e s  could then 
mig ra t e  i n t o  void  a r e a s  o f  t h e  suppor t  b e f o r e  be ing  conver ted  back t o  SnS. In a 
s e p a r a t e  experiment t h e  f r e s h  SnS- and SnC12-containing c a t a l y s t s  were s u b j e c t e d  
t o  r e a c t i o n  c o n d i t i o n s  i n  t h e  absence of t h e  f eed .  Spo t s  of h igh  r e f l e c t a n c e  
i n d i c a t e d  t h e  p o s s i b l e  fo rma t ion  of m e t a l l i c  t i n  i n  e x t r u d a t e s  sub jec t ed  t o  t h i s  
t ype  of  reducing  c o n d i t i o n .  

In view o f  t h e  e x t e n s i v e  s i n t e r i n g  e f f e c t  t h e  o r i g i n a l  d i s p e r s i o n  of  t h e  
t i n  compound was reduced cons ide rab ly  and consequent ly  t h e  e f f e c t i v e n e s s  of bo th  
high- and low-surface a r e a  suppor t s  w a s  expec ted  t o  be  comparable, a s  r e p o r t e d  by 
Kawa e ( 3 ) .  
C a t a l y s t s  C and D (Table  IV). Comparison wi th  F igu re  2 i n d i c a t e s  t h a t  a more even 
d i s p e r s i o n  of  t i n  s u l f i d e  was e s t a b l i s h e d  i n  t h e  e x t r u d a t e s  of C a t a l y s t s  C and D. 
The s i n t e r i n g  s t i l l  occur red  b u t  t he  SnS appeared t o  assume a l a r g e r  s u r f a c e  a rea .  
The h i g h e r  d i s p e r s i o n  c o r r e l a t e d  w e l l  w i th  t h e  n c r i v l t y  observed wi th  bitumen 
tests us ing  these  c a t a l y s t s .  
F igu re  5. I t  appears  t h a t  concen t r a t ion  of  t h e  t i n  component i s  g r e a t e r  i n  t h e  
r eg ions  between t h e  p a r t i c l e s  of alumina than  i n s i d e  t h e  p a r t i c l e s .  One could  
s p e c u l a t e  t h a t  t h e s e  r e g i o n s  may have been more a c c e s s i b l e  t o  t h e  r e a c t a n t  f l u i d s  
than  t h e  reg ions  w i t h i n  t h e  alumina p a r t i c l e s .  This  would be i n  agreement wi th  
t h e  enhanced a c t i v i t y  of  C a t a l y s t  D. 

F igu res  4 and 5 show s i n t e r i n g  of SnS i n  t h e  e x t r u d a t e s  of 

One a d d i t i o n a l  o b s e r v a t i o n  relates t o  C a t a l y s t  D i n  

In conc lus ion ,  t h e  p r e s e n t  f i n d l n g s  may be summarized as fo l lows:  

T in  compounds w e r e  found r e l a t i v e l y  less e f f e c t i v e  f o r  bitumen hydro- 
r e f i n i n g  than f o r  hydrogeno lys i s  o f  h igh  v o l a t i l e  bituminous c o a l s ,  p o s s i b l y  
because  of t h e  d i f f e r e n t  s t r u c t u r e  o f  bitumen-derived a spha l t enes .  The o r i g i n a l  
d i s p e r s i o n  of t h e  c a t a l y s t  on t h e  suppor t  was s i g n i f i c a n t l y  reduced. The e x t e n t  
of  s i n t e r i n g  of  t i n  c a t a l y s t s  i l n d e r  r c n c t i o n  c o n d l t l o n s  c o r r c l a t c d  w i t h  t h d r  
a c t i v i t y .  
bond between t h e  t i n  compound and t h e  suppor t  t o  h inde r  s u r f a c e  mig ra t ion .  

It may b e  t h a t  an improved c a t a l y t i c  system would r e q u i r e  a s t r o n g e r  
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