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INTRODUCT 1% 

Coal , l i q u i d s  f rom SRc-11 p r o c e s s  c o n t a i n  much h i g h e r  s u l f u r  a n d  
n i t r o g e n  t h a n  t h e  p r o d u c t s  d e r i v e d  f rom p e t r o l e u m  a n d  n e e d  t o  b e  
upgraded  t o  o f f e r  t h e  p o t e n t i a l  o f  s u b s t i t u t i n g  f o r  c r u d e  o i l .  
A number o f  i n v e s t . i g a t n r s  h a v e  r e p o r t e d  o n  t h e  u s e  o f  e i t h e r  
c o m m c r c i a l l y  a v a i l a b l e  o r  p r o p r i e t o r y  c a t a l y s t s  f o r  t h i s  u p g r a d i n g .  
B e r g ( 1 )  i n v e s t i g a t e d  more t h a n  f i f t y  d i f f e r e n t  h y d r o t r e a t i n g  c a t a l y s t s  

. -wi t ) )  SRC-11. S u l l i v a n  ( 2 )  t r e a t e d  SRC-I1 w i t h  some o f  C h e v r o n ' s  
h y d r o t r e a t i n g  c a t a l y s t s .  Heck(3)  r e p o r t e d  t h e  u s e  o f  M o b i l  O i l  
c a t a l y s t s  on SRC-11. R i e d l ( 4 )  showed t h e  e f f e c t i v e n e s s  o f  f l u i d  
c r a c k i n g  c a t a l y s t s  i n  u p q r a d i n g  SRC-11. 

T h e  o b j e c t i v e  o f  t h i s  r e s e a r c h  w a s  t o  upg.rade t h e  s o l v e n t  r e f i n e d  
coal f rom P i t t s b u r g  & Midway C o a l  K i n i n g  C o n p a n y ' s  SRC-I1 p r o c e s s  
i n t o  c l e a n  d i s t i l l a t e  f u e l s  s u i t a b l e  f o r  t r a n s p o r t a t i o n  g r a d e  f u e l s .  
One way t o  a c c o m p l i s h  t h i s  would b e  t o  make it a c c e p t a b l e  a s  a 
f e e d s t o c k  for  a c o n v e n t i o n a l  p e t r o l e u m  r e f i n e r y .  T h e  a n a l y s i s  o f  
SRC-I1 p r o d u c t s ,  Vacuum F l a s h  Feed(VFF) a n d  L i g h t  Ends  Colum Feed(LECF) ,  
are g i v e n  i n  T a b l e  I .  The  m a i o r  h k n d i c a p  possessel by t h e s e  SRC-I1 
p r a 3 x t s  as a ref inery f e e d s t x k  are t h e i r  nitrogen content ,  1.17 wt% for W'F 
and  0 .88  v!t% f o r  LECF. They  s h o u l d  b e  r e d u c e d  to  a s  low a s  p o s s i b l e  
i n  any  e v e n t  a t  l e a s t  t o  less t h a n  0 . 3 . w t % .  Examples  o f  h y d r o c r a c k i n g  
p r o c e s s e s  t h a t  c a n  t o l e r a t e  t h i s  l e v e l  of n i t r o g e n  are S t a n d a r d  o i l ' s  
U l t r a c r a c k i n g  a n d  Union O i l ' s  Unicrac ' : ing (5)  . T h e i r  s u l f u r  c o n t e n t s ,  
0 .72  wt8 and 1.21 w t % ,  a l so  shoulU b e  l o w e r e d  t o  m e e t  t h e  EPA's s t a n d a r d  
which is  c u r r e n t l y  0 . 5  w t % .  

I n  t h i s  r e s e a r c h  SRC-I1 VFF and  LECF h a v e  been  c o n v e r t e d  i n t o  low 
n i t r o g e n  and  l o w  s u l f u r  c o n t e n t s  c i l s  by t h e  c a t a l y t i c  h y d r o t r e a t m e n t  
c a r r i e d  o u t  i n  a t r i c k l e  bed  r e a c t o r .  T h e  e f f e c t  o f  c a t a l y t i c  compo- 
s i t i o n s  were s y s t e m a t i c a l l y  i n v e s t i g a t e d  throucjh t h e  f a c t o r i a l  e x p e r i -  
m e n t a l  d e s i g n  which i n c l u d e d  f o u r  m e t a l s ,  C o ,  N O ,  N i ,  a n d  W ,  a s  
v a r i a b l e s  a n d  two l e v e l s  f o r  e a c h  m e t . 3 1 .  The  m o s t  p r o m i s h g  c a t a l y s t  
was f u r t h e r  t e s t e d  . by a l o n g  r u n ,  t h r o u g , i  ; s e r i o d i c  r e g e n e r a t . i o n  a n d  t h e  
c a t a l y s t  d e a c t i v a t i o n - w a s  m o d e r a t e d  by s t a r t i n g  a t  a h i g h e r  s p a c e  v e l o -  
c i t y  and  a lower t e m p e r a t u r e .  

EXPERIMENTAL 

C a t a l y s t s  were made by i m p r c g n a c i n g  a commerical c a t a l y s t  carrier wj.th 
m c t a l  s a 1 . t ~  u s i n g  the i n c i p i m t  w e t n e s s  t s c h n j q u c .  O n l y  o n e .  c a t a l y s t  
carrier,  Nnlco-6008C-1/32", o b t a i n e d  from. Na1.co Company, was u s e d .  I t  
j.s coyposed  o f  9 8 8  A 1 2 0 3  a n d  2 %  S i 0  
215 m /gram, a n  a v c r a y e  pore d i n m e t g r  o f  1 5 6 . 5  8 ,  a mcdium pore 
d i a m e t e r  o f  161 2, a n d  a p o r e  volumc o f  0 .84  nil/grnm. 
were loadcd on t h e  s u p p o r t  i n  t h e  o r d e r  o f  C o ,  Mo, N i ,  and  W by 
u s i n g  t h e  w a t e r  s o l u t i o n  of C o ( 1 W 3 )  .GII ,G,  ( N I I  ) M o - 0  .411 0, 
N i  (No3) 7.. G I I ~ O ,  ant1 5 (N114) %o. 1 2 \ 4 0  . 76  0, ' r c s p e c ~ i ~ e l : . 2 4 , ~ l i e 2 c ~ t a l y ~ t s  
werc prct .1  cated by c a l c i n i n g  a t  35Ooz a n d  t h e  c a t a l y s t  c o m p o s i t i o n s  
were r c p o r t c d  a s  t h e  w c i g h t  p c r c c n t s  of m e t a l  o x i d c s  w h i c l ~  w c r c  the 
p c r c c n t  w e i g h t  i n c r c a s c  a f t c r  i m p r c g n n t i . o n  of t h c  b l a n k  c a h l y s t  
c a r r i c r .  

a n d  p o s s e s s e s  a s u r f a c e  a r e a  of 

F o u r  metn1.s 

* 
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T h e  e v a l u a t i o n  o f  t h e  c a t a l y s t s  was c a r r i e d  o u t  i n  a down-flow t r i c k l e  
bed  r e a c t o r  shown i n  F i T u r e  1. T h e  f r e s h l y  p r e p a r e d  c a t a l y s t s  were  
s u l f i d e d  w i t h  10% H2S i n  a h y d r o g e n  m i x t u r e  for 1 2  h o u r s  a t  325OC. 
T h e  r e a c t o r  was made by a 2.54 c m ( o n e - i n c h )  I D  a n d  1.1 m e t e r ( 4 0 - i n c h )  
l o n g  S c h e d u l e  80 I n c o n e l  p i p e .  A o n e  m e t e r ( 3 6 - i n c h )  S t a i n l e s s  S t e e l  
tubin-g w a s  i n s e r t e d  . c e n t r a l l y  in t h e  r e a c t o r  a n d  s e r v e d  as  t h e  thermo- 
w e l l .  T h e  r e a c t o r  was p l a c e d  i n t o  a 36 c m ( 3  f ee t )  l o n g  aluminum b l o c k  
a n d  h e a t e d  by t h r e e  s e t s  o f  Nichrome w i r e  h e a t i n g  co i l s  o n  t h e  aluminum 
b l o c k .  T h e  reactor was&end& 1 0  c m ( 4 - i n c h )  o u t s i d e  t h e  t o p  o f  
aluminum b l o c k  t o  p r o v i d e  t h e  s u f f i c i e n t  p r e h e a t i n g .  S t a r t i n g  from t h e  
top, '  t h e  r e a c t o r  was p a c k e d  w i t h  175  m l  o f  0 .635 c m ( l / 4 - i n c h )  Dens tone  
i n e r t  s u p p o r t ,  f o l l o w e d  by 25 ml o f  0 .32  c m ( l / 8 - i n c h )  D e n s t o n e  i n e r t  
s u p p o r t  t o  s e r v e . a s  t h e  p r e h e a t i n g  s e c t i o n .  T h e  s i x t y  m i l l i l i t e r s  of 
c a t a l y s t  mixed w i t h  60  m l  o f  0 .32 c m  i n e r t  s u p p o r t  was l o a d e d  i n t o  
c a t a l y s t  s e c t i o n .  The  r e m a i n i n g  s p a c e  a t  t h e  b o t t o m  o f  t h e  reactor 
w a s  f i l l e d  w i t h  0.32 c m  D e n s t o n e  i n e r t  s u p p o r t .  O p e r a t i n g  c o n d i t i o n s  
were k e p t  r e l a t i v e l y  m i l d  b e c a u s e  i t  w a s  t h e  a i m  o f  t h i s  p r o g r a m  t o  
d e v e l o p  a p r o c e s s  which  would be e c o n o m i c a l l y  as  well a s  t e c h n i c a l l y  
a t t r a c t i v e .  T h e  u s u a l  c o n d i t i o n s  a r e  425OC. 6 , 8 9 3  K-Pascals(1,OOO p s i q ) ,  
l i q u i d  h o u r l y  s p a c e  v e l o c i t y  of 1 . 0  v / v / h r ,  h y d r o g e n  f e e d  r a t e  o f  
1 . 7 9  c u b i c  m e t e r s / l i t e r ( 1 0 , 0 0 0  s c f / b b l )  o f  o i l ,  a n d  l i q u i d  feed 
t e m p e r a t u r e  o f  85OC. 

RESULTS AND DISCUSSION 

T h e  b l a n k  c a t a l y s t  c a r r i e r  was f i rs t  t e s t e d  f o r  i t s  c a p a b i l i t y  o f  
removing n i t r o g e n  a n d  s u l f u r  f o r  e a c h  f e e d s t o c k  u s i n g  t h e  t y p i c a l  
o p e r a t i n g  c o n d i t i o n s .  Runs 1 a n d  2 i n  T a b l e  I1 u s e d  VFF as  t h e  
f e e d s t o c k  a n d  Runs 5 a n d  6 i n  T a b l e  I11 u s e d  LEC?. T h e i r  d e n i t r o g e n a -  
t i o n  d a t a  a r e  p l o t t e d  a s  a f u n c t i o n  of r u n n i n g  t i m e  i n  F i g u r e  2 .  T h e  
r e g r e s s i o n  i i n e s  snowed t h a t  t h e  d e n i t r o g e n a t i o n  o f  VFF g a v e  a h i g h e r  
i n i t i a l  a c t i v i t y  o f  c a t a l y s t  b u t  much n i g h e r  d e a c t i v a t i o n  r z t e  t h a n  
t h e  LECF d i d .  I t  w a s  b e l i e v e d  t h a t  t h e  h e a v i e r  c a r h o n a c e o u s  m a t e r i a l s  
of VFF h a v e  c a u s e d  t h e  s h o r t e r  a c t i v e  l i f e  of t h e  c a t a l y s t .  T h e  
s u l f u r  c o n t e n t s  o f  VFF a n d  LECF, 0 . 7 2 %  and 1 . 2 1 % .  were r e d u c e d  t o  
0 . 5 5  w t %  and  0 .38  w t % ,  r e s p e c t i v e l y ,  shown i n  T a b l e  I V  a n d  V. T h e  
o i l  p r o d u c t  r e c o v e r y  o f  LECF i n  Runs 5 and  6 ,  77  w t % ,  was much h i g h e r  
t h a n  t h a t  o f  VFF i n  Runs 1 a n d  2 which  w a s  4 5  w t % .  T h e  m e t a l  e f f e c t s  
s t u d i e s  were  b a s e d  on  t h e  p e r f o r m a n c e  o f  t h e s e  b l a n k  r u n s .  

A s i x t e e n  e x p e r i m e n t  24 f u l l  t w o  l e v e l " m e t a 1 - l o a d i n g  f a c t o r i a l  d e s i g n  
w a s  d e v e l o p e d  t o  d e t e r m i n e  t h e  m e t a l  e f f e c t s  f o r  e a c h  f e e d s t o c k .  T h e  
c a t a l y s t s  d e s i g n a t e d  f r o m  C - 4 1  t o  C-56 i n  T a b l e  I1 c o m p r i s i n g  e v e r y  
c o m b i n a t i o n  o f  2 and  4% COO, 2 a n d  8% No0 1 a n d  4 %  N i O ,  a n d  2 and  8% 
WO were t e s t e d  i n  Run 7 t o  22 u s i n g  SRC-2; VFF a s  f e e d s t o c k  and  i n  
Rul? 23 t o  38 u s i n y  SRC-I1 LECF. 
r u n s  were t h e  same a s  t h o s e  of b l a n k  r u n s .  T h e  a v e r a g e  d e n F t r o g e n a t i o n  
d a t a  from Run 7 t o  22 v a r i e d  f r o m  6 1 . 9 % ( 0 . 4 6  w t % N  o f  p r o d u c t )  t o  81.1% 
(0.22 W t %  N o f  p r o d u c t )  a n d  was r e g r e s s e d  o n  t h e  w e i g h t  p e r c e n t  o f  
metal o x i d e s  by u s i n g  t h e  forward s t e p w i s e  l i n c a r  r e g r e s s i o n  t e c h n i q u e  
a t  a c o n f i d c n c o  l e v e l  of 9 0 % .  T h e  r e g r e s s e d  e q u a t i o n  became 

The  o p e r a t i n g  c o n d i t i o n s  of t h e s e  

%W = 3 1 . 8  + 11.29  COO + 2 . 3 6  Moo3 + 3 . 2 6  WOg -0 .589(C00)(MO03) 
-0.893 (COO) (W03), 

w h e r e  m c t a l  o x i d e s  r c p r e s e n t  t h e  w e i g h t  p e r c e n t  o f  c a t a l y t i c  composi- 
t i o n s .  T h e  i n t e r c c p t ,  31 .8 ,  is t h e  a v e r a g e  % D N  ?or b l a n k  r u n s .  T h c  
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r e s u l t  showed t h a t  t h r e e  metals ,  C o ,  Mo, a n d  W ,  s i g n i f i c a n t l y  i n -  
c r e a s e d  t h e  c a t a l y t i c  a c t i v i t y  €or d e n i t r o g e n a t i o n  a n d  t h e  i n t e r a c t i v e  
e f f e c t s  o f  Co-Mo and  Co-w were n e g a t i v e .  T h e  e f f e c t  of N i  was f o u n d  
t o  be i n s i g n i f i c a n t .  F i g u r e  3 p l o t s  t h e  d e n i t r o g e n a t i o n  d a t a  f o r  Run 
7 to  22 as a f u n c t i o n  o f  t h e  r u n n i n g  time. T h e  e f f e c t  of C o  c o n c e n t r a -  
t i o n  i s - a l s o  shown i n  t h e  p l o t .  
T h e  d e n i t r o g e n a t i o n  d a t a  f rom Run 23  t o  38 u s i n g  LECF as t h e  f e e d s t o c k  
is shown i n  T a b l e  111. T h e  n i t r o g e n  c o n t e n t  of  LECF, 0 .88  w t % ,  h a s  
been r e d u c e d  t o  a n  a v e r a g e  o f  0 .07  w t %  N(91.8  %DV)  i n  Run 3 3  a n d  0 . 2 8  
w t % ( 6 7 . 6  % D N )  i n  Run 36 .  T h e  f i t t e d  e q u a t i o n  f o r  t h e  a v e r a g e  d e n i t r o -  
g e n a t i o n  d a t a  became 

%DN = 4 0 . 1  + 6.47  COO + 5.23 Moo3 + 1 . 5 6  W03 - 0.86(COO) (MOO3) 

w i t h  a c o n f i d e n c e  l e v e l  o f  9 0 % .  T h e  i n t e r c e p t  o f  t h e  e q u a t i o n  i s  t h e  
a v e r a g e  %DN f o r  b l a n k  r u n s .  I t  w a s  found t h a t  t h e  a d d i n g  o f  C o ,  Mo, 
a n d  W s i g n i f i c a n t l y  i n c r e a s e d  t h e  c a t a l y s t  a c t i v i t y  €or d e n i t r o g e n a t i o n  
a n d  t h e  i n t e r a c t i v e  e f f e c t  o f  Co-Mo w a s  n e g a t i v e .  T h e  a d d i n g  o f  N i  
w a s  a g a i n  i n e f f e c t i v e .  

T h e  a v e r a g e  d e s u l f u r i z a t i o n , A S T l . i D - 8 6  d i s t i l l a t i o n  y i e l d  a t  650°F, a n d  
o i l  p r o d u c t  y i e l d  d a t a  f o r  VFF shown i n  T a b l e  I V  w e r e  r e g r e s s e d  ' b r t h e  
c a t a l y s t  c o m p o s i t i o n s  u s i n g  a c o n f i d e n c e  c o e f f i c e n t  o f  0 . 9 0 .  T h e  
a v e r a g e  d e s u l f u r i z a t i o n  f o r  b l a n k  r u n s  w e r e  24 .95% a n d  t h e  a v e r a g e  
d e s u l f u r i z a t i o n  - i n  Runs 7 t o  22 v a r i e d  f r o m  1 4 . 9 % ( 0 . 6 1  w t %  S )  t o  7 1 . 4 %  
(0.16 w t %  S ) .  T h e  r e g r e s s i o n  e q u a t i o n  fo r  d e s u l f u r i z a t i o n  of VFF w a s  

%DS = ' 24 .95  - 6.43  COO + 6.66  M o O j  + 4.8 W03 - 0.556(Mo03) (WO3), 

which  showed t h e  main e f f e c t s  o f  M o  and W t o  b e  p o s i t i v e  and  C o  g i v i n g  
a n e g a t i v e  e f f e c t .  T h e  i n t e r a c t i v e  e f f e c t  o f  No-W w a s  found t o  b e  
i n s i g n i f i c a n t .  T u n g s t e n  was f o u n d  t o  e f f e c t  t h e  o i l  p r o d u c t  y i e l d  
n e g a t i v e l y .  T h e  e f f e c t  o f  metals on  t h e  ASTM-D86 d i s t i l l a t i o n  y i e l d  
w a s  found t o  b e  i n s i g n i f i c a n t .  
T h e  d a t a  o f  d e s u l f u r i z a t i o n  a n d  o i l  p r o d u c t  y i e l d  f o r  LECF is shown i n  
T a b l e  V. T h e s e  t w o  v a r i a b l e s  w e r e  a g a i n  r e g r e s s e d  f o r t h e  c a t a l y s t  
c o m p o s i t i o n s  a t  a c o n f i d e n c e  l e v e l  of 90%.  T h e  reqression e q u a t i o n  
for  d e s u l f u r i z a t i o n  was 

0 

$DS = 6 8 . 5  + 4 . 1 7 5  COO +2.38  Moo3 - 0.63(CoO)(Mo03) 
T h e  i n t e r c e p t ,  68 .5  %DS, w a s  t h e  a v e r a g e d  a c t i v i t y  o f  b l a n k s  r u n s .  
C o  and MO w e r e  found t o  i n c r e a s e  t h e  c a t a l y s t  a c t i v i t y  s i g n i f i c a n t l y  
for d e s u l f u r i z a t i o n  o f  LECF. T h e  i n t e r a c t i v e  e f f e c t  o f  Co-Mo w a s  
n e g a t i v e .  T h e  a d d i n g  o f  N i  t o  t h e  c a t a l y s t  a p p e a r e d  t o  b e  i n e f e e c t i v e .  
T h e  effect  o f  m e t a l s  on  o i l  p r o d u c t  y i e l d  w a s  f o u n d  t o  b e  i n s i g n i f i -  
c a n t  . 
T h e  above  r e g r e s s i o n  e q u a t i o n s  were u s e d  f o r  a n a l y z i n g  t h e  f a c t o r i a l  
d e s i g n  b u t  were n o t  a p p r o p r i a t e  t o  u s e  f o r  p r e d i c t i o n  b e c a u s e  t h e  
e x p e r i m e n t s  w e r e  n o t  d e s i g n e d  f o r  t h i s .  T h e r e  were some s imi l a r i t i e s  
of metal e f f e c t s  fo r  b o t h  f e e d s t o c k s .  T a b l e  V I  s u m m a r i e s  t h e  metal 
e f f e c t s .  T h r e e  metals; C o ,  M o ,  and  W03 a f f e c t e d  t h e  c a t a l y s t  a c t i v i t y  
for d c n i t r o g e n a t i o n  s i g n i f i c a n t l y ,  w h i l e  N i  d i d  n o t .  T h e  i n t e r a c t i v e  
e f f e c t s  o f  c e r t a in  metals on b o t h  d e n i t r o g e n a t i o n  a n d  d e s u l f u r i z a t i o n  
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were n e g a t i v e .  T h e  e f f e c t  o f  N i  on  d e s u l f u r i z a t i o n  on b o t h  f e e d s t o c k s  
w a s  found t o  b e  i n s i g n i f i c a n t .  O b s e r v i n g  o f  t h e  e x p e r i m e n t a l  d a t a  
shows t h a t  c a t a l y s t  c - 4 9  w i t h  a metal  c o m b i n a t i o n  o f  4 6  COO, 8 %  E!oO3, 
1% N i o ,  a n d  8 %  WOj g i v e s  a c o n s i s t e n t  c a t a l y s t  a c t i v i t y  f o r  t h e  a e n i t r o -  
g e n a t i o n .  An a t t e m p t  w a s  made t o  m o d e r a t e  t h e  c a t a l y s t  d e a c t i v a t i o n  
by s t a r t i n g  a t  a lower t e m p e r a t u r e  a n d  a h i g h e r  s p a c e  v e l o c i t y .  Run 
39 and 4 0  i n  F i g u r e  4 u s e d  t h e  b l a n k  c a t a l y s t  c a r r i e r  as  t h e  c a t a l y s t  
and  s t a r t e d  a t  425OC and  s p a c e  v e l o c i t i e s  o f  5 a n d  20  v / v / h r ,  r e s p e c -  
t i v e l y ,  f o r  t h e  f i r s t  f i v e  m i n u t e s .  Then the t m p r a t u r e  was i n c r e a s e d  t o  
475OC i n  two h o u r s  and t h e  s p a c e  v e l o c i t i e s  r e d u c e d  t o  1 . 0  hr-1. Run 
39 coked up a f t e r  6 h o u r s  due  t o  t h e  i n c r e a s e d  t e m p e r a t u r e  and  low 
i n i t i a l  s p a c e  v e l o c i t y .  Run 4 0  p r o c e e d e d  f o r  8 h o u r s  w i t h o u t  p r e s s u r e  
bu i ld -up .  The d a t a  o f  b l a n k  Runs 1 a n d  2 a re  a l s o  p l o t t e d  i n  F i g u r e  4 
f o r  compar i son .  The a c t i v i t i e s  o f  Runs 3 9  and  4 0  w e r e  s l i g h t l y  l o w e r  
a t  t h e  b e g i n n i n g  b u t  much less d e a c t i v a t e d  t h a n  t h o s e  o f  Runs 1 and 2 
which were made a.t a c o n s t a n t  t e m p e r a t u r e  o f  425OC and  a s p a c e  v e l o c i t y  
of 1 . 0  h r - l .  Run' 39 g a v e  a bet ter  d e n i t r o g e n a t i o n  t h a n  Run 4 0  b e c a u s e  
o f  i ts  lower i n i t i a l  s p a c e  v e l o c i t y .  Run 4 1  and  4 2  i n  F i g u r e  5 q lOYed  
t h e  same o p e r a t i n g  c o n d i t i o n s  a s  Run 3 9  and  4 0  e x c e p t  t h a t  i t  w a s  
s t a r t e d  w i t h  an  i n i t i a l  s p a c e  v e l o c i t y  of  1 0  f o r  t h e  f i r s t  f i v e  m i n u t e s .  
Run 4 1  u s e d  b l a n k  c a t a l y s t  ca r r ie r  as  t h e  c a t a l y s t  a n d  Run 42 u s e d  
z e t a l y s t  C-49 .  Run 41 a n d  4 2  were Carrie.: o u t  f o r  1 0  and  8 h o u r s ,  
r e s p e c t i v e l y  w i t h o u t  p r e s s u r e  b u i l d - u p .  F i g u r e  5 shows t h a t  c a t a l y s t  
C-49 g i v e s  a bet ter  c a t a l y s t  a c t i v i t y  t h a n  i t s  b l a n k  c a r r i e r  a n d  t h a t  
t h e  u s e  o f  s t a r t i n g  a t  h i g h e r  s p a c e  v e l o c i t y  d e c r e a s e d  t h e  c a t a l y s t  
d e a c t i v a t i o n  r a t e .  Run 4 2  r e d u c e d  t h e  n i t r o g e n  c o n t e n t  of S R C - I 1  V F P ,  
1 . 1 7  w t % ,  t o . 0 . 0 8  w t %  a f t e r  30  m i n u t e s  and t o  0.42 w t %  a f t e r  8 h o u r s .  
T h e  a v e r a g e  n i t r o g e n  c o n t e n t o f  t h q i q u i d  p r o d u c t  f o r  Run 4 2  was 0 . 3  w t %  
compared t o  0 . 6 2  w t %  f o r  Run 4 1 .  

To p u r s u e  t h e  f e a s i b i l i t y  o f  r e u s i n g  a p r o m i s i n g  c a t a l . y s t ,  a p r o c e s s  
which r e a c t i v a t e s  t h e  s p e n t  c a t a l y s t  v i a  p e r i o d i c  a i r  b u r n - o f f  a n d  
r e s u l f i d i n g  is r e q u i r e d .  F r e s h  c a t a l y s t  C - 4 9  was a g a i n  t e s t e d  f o r  8 
h o u r s  u s i n g  SRC-I1 LECF as  f e e d s t o c k .  The o p e r a t i n g  c o n d i t i o n s  w e r e  
t y p i c a l . :  6 , 9 8 3  K - P a s c a l s ( l , O O O p s i g ) ,  425OC,  a hydrogen  f l o w  ra te  o f  
1 . 7 9  c u b i c  meters / l i t e r  ( 1 0 . 0 0 0  s c f / b b l )  , a s p a c e  v e l o c i t y  o f  1 . 0  h r - l  
and  a l i q u i d  f e e d  t e m p e r a t u r e  o f  85OC. The r e s u l t s  showed t h a t  t h e  
n i t r o g e n  c o n t e n t  was r e d u c e d  t o  0 . 0 5  w t %  a f t e r  o n e  h o u r  and  t o  0 . 2 7  
a f t e r  8 h o u r s  a n d  t h e  s u l f u r  c o n t e n t  was r e d u c e d  t o  a n  a v e r a g e  o f  
0 . 1 7  W t % .  T h i s  s p e n t  c a t a l y s t  w a s  b u r n e d - o f f  u n d e r  a t m o s p h e r i c  p r e -  
s s u r e  at 55OoC for t h e  f i r s t  4 h o u r s  w i t h  5% 0 2 , i n  n i t r o q e n  a t  a g a s  
flow rate of 5 s c f / h r  a n d  fo r  a n o t h e r  4 h o u r s  w l t h  4 0  e O2 i n  t h e  n i t r o -  
gen a t  t h c  g a s  f l o w  ra te  o f  1 . 5  s c f / h r .  

T h i s  c a t a l y s t  was r e a c t i v a t e d  by s u l f i A j . n g  a n d  f u r t h e r  r e u s e d  f o r  
p e r i o d s  o f  8 h o u r s  he twcen  r e g e n e r a t i o n  f o r  1 0 4  h o u r s .  F i g u r e  6 p l o t s  
t h e  a v e r a g e  n i t r o g e x  and s u l f u r  c o n t e n t s  o f  t h e  l i q u i d  produc:  a s  a 
f u n c t i o n  o f  t i m e .  
r e s t o r e d  t h r o u g h  t h e  r e g c r i e r a t i o n  p r o c e s s  and  t h e  a v e r a g e  n i t r o g e n  ancl 
s u l f u r  c o n t e n t s  have been c o n s i s t c n t l y  r e d u c e d  t o  less t h a n  03. w t % .  
The  l i q u i d  p r o d u c t  r e c o v c r c d  a v e r a g e d  9 1  w t % .  

Thc  r e s u l t s  show t h a t  t h e  c a t a l y s t  a c t i v i t y  h a s  been 
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t CONCLUSION 

The  c a t a l y s t  a c t i v i t y  for t h e  d e n i t r o g e n a t i o n  of SRC-I1 Vacuum F l a s h  
Feed and  L i g h t  Ends Column Feed  was s i g n i f i c a n t l y  i n c r e a s e d  by t h e  a 
a d d i n g  of Co, MO, a n d  w b u t  d e c r e a s e d  by t h e  i n t e r a c t i v e  e f f e c t  of  
Co-MO. The i n t e r a c t i o n  be tween C o  and W g a v e  a n e g a t i v e  e f f e c t  o n  
d e n i t r o g e n a t i o n  of VFF. T h e  e f f e c t  of C o  and  Elo on  t h e  d e s u l f u r i z a -  
t i o n  of LECF was p o s i t i v e .  T h e  e f f e c t  of Mo a n d  W o n  t h e  d e s u l f u r i -  
z a t i o n  of VFF was a l s o  p o s i t i v e  b u t  C o  w a s  n e g a t i v e .  T h e  i n t e r a c t i o n  
between M o  a n d  W g a v e  a n e g a t i v e  e f f e c t  on  t h e  d e s u l f u r i z a t i o n  o f  VFF, 
w h i l e  between C o  a n d  Mo g a v e  a n e g a t i v e  e f f e c t  o n  t h e  d e s u l f u r i z a t i o n  
o f  LECF. I t  was found t h a t  t h e  a d d i n g  o f  N i  w h s  i n e f f e c t i v e .  T h e  
c a t a l y s t  d e a c t i v a t i o n  was m o d e r a t e d  by s t a r t i n g  a t  a lower t e m p e r a t u r e  
and h i g h e r  s p a c e  v e 1 o c i t y . A  c a t a l y s t  w i t h  a m e t a l  c o m b i n a t i o n  o f  4% 
COO, 8% MoO3, 1% N i O ,  and  8% W03 h a s  r e d u c e d  t h e  n i t r o g e n  a n d  s u l f u r  
c o n t e n t s  o f  SRC-I1 o f  LECF to a s  l o w  as  0 . 3  w t %  for 104 h o u r s  w i t h  a n  
a v e r a g e  l i q u i d  pr 'oduct  r e c o v e r y  of 9 1  w t % .  
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TADLE I 

propertie, Of SRCC-I1 P I C d " D t S  

V*C"Y" L i g h t  Ends 
Flesh Feed Column Feed _. _. 81.43 

7.15 
1 carbon 

1.17  
1 Hydrogcn 
1 N i f r o g c n  
I sulfur 0.12 

3.12 
0 . 2 4 9  

1 OXY,=" 

0 .88 
1.21 

0 . 0 2  
0.903 

-. 
I A s h  
Sp. Gravity 60/60°F 1.08 

ASTH -86  D f a t i l h L i O n ,  OF 

inr 
5 %  
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4 0 1  
50B 
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408 
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485 
544 
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Figure 3. DenltrOgenation Of SPC-I1 VFF from Run 7 to Run 
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