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DESULFURIZATION OF RESIDS 

H .  D. Radford, and R, G. Rigg 

Research'and Development Department, American Oil Company, Whiting, Indiana 

INTRODUCTION 

f c r  the past several years there has been an increasing incentive to 
develop suitable technology for removing sulfur from petroleum residua(1,2,3,4,5). 
New York City now specifies a 1.0% maximum allowable sulfur concentration for its 
fuels(6), and similar restrictions have been, or soon will be, adopted in other 
metropolitan areas. However, typical sulfur concentrations in the resids from 
several important crude sources are: 

Characteristics of Resids 
Crude Source Type Vol% on Crude Wtl Sulfur 

Domestic Vacuum 0 - 20 1.0 - 4.0 
Caribbean Atmospheric 56 2.6 
Middle East Atmospheric 50 2.5 - 5.0 

Consequently, the need for desulfurized fuels is expected to increase rapidly in 
the near future. 

Anticipating this need, American Oil Company has developed a fixed-bed 
catalytic hydrodesulfurization process that is now ready for commercialization. 
Among its unique features is a stable catalyst that resists poisoning by sulfur, 
nitrogen, metals, coke-forming materials, and other troublesome constituents of 
resids. 

The process was developed in various bench-scale units, and then com- 
mercial feasibility was demonstrated in a fully integrated pilot plant having a 
maximum feed rate of 2 B/SD. 
to simulate all operations required in a full-scale unit. As a result, the 
evaluations cover the effects of anticipated variations in catalyst performance 
and life, types of feedstocks, and desired desulfurization levels. Work has also 
been started on a process model for the prediction of plant size and process 
conditions for the most economical desulfurization of any given feed. 

Whenever possible, experimental runs were designed 

EXPERIMENTAL. 

Equipment 

Figure 1 typifies the bench-scale units. The smaller ones have reactors 
varying in capacity from 20 to 250 cc of catalyst with allowable pressures up to 
3500 psig. Operations were based on once-through gas and oil flow, batch-type 
product accumulation, and continuous gas release. Larger units capable of 
containing 1000 cc of catalyst and having gas scrubbing and recycle systems were 
also used. 

The 2-B/SD pilot plant is shown schematically in Figure 2. The reactor 
section, which is 30 feet long and has an internal diameter of 2 inches, allows 
mass velocities about 50% as high as those anticipated for commercial design. 
Operation is adiabatic. Several separately controlled gas quenches are located 
along the reactor wall for the automatic injection of cooling gas to compensate 
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f o r  t h e  t empera tu re  r i s e  i n  i n d i v i d u a l  c a t a l y s t  beds .  
p a s s e s  a x i a l l y  through t h e  r e a c t o r  t o  measure t h e  comple te  t empera tu re  p r o f i l e  
w i t h i n  t h e  beds .  

A t r a v e l i n g  thermocouple  

A t y p i c a l  p r o f i l e  i s  shown i n  F i g u r e  3 .  

The p i l o t  p l a n t  a l s o  i n c l u d e s  s e p a r a t o r s  and f r a c t i o n a t i n g  towers .  
The o n l y  i n p u t s  a r e  raw r e s i d u a l  o i l ,  hydrogen ,  and wa te r  f o r  c o o l i n g  and gas -  
s c r u b b i n g .  
f r a c t i o n ,  and a gas stream which  i s  c o n t i n u o u s l y  moni tored  by g a s  chromatography. 
I n  a d d i t i o n ,  t h e  p l a n t  c o n t a i n s  i t s  own g a s  r e c y c l e  and s c r u b b i n g  f a c i l i t i e s  
and  i s  t y p i c a l l y  ope ra t ed  on p r e s s u r e  c o n t r o l .  
added t o  compensate f o r  hydrogen  consumption and s o l u h i l i t y  l o s s e s .  

Outputs  a r e  a d e s u l f u r i z e d  and s t a b i l i z e d  r e s i d u a l  o i l ,  a naphtha  

Only enough f r e s h  hydrogen is 

F e e d s t o c k s  

Tab le  I l i s t s  t h e  p r o p e r t i e s  o f  t y p i c a l  r e s i d s  and c r u d e s  used i n  t h e  
p r o c e s s  e v a l u a t i o n s .  They c o v e r  a wide  r ange  of p r o c e s s i n g  d i f f i c u l t y .  The 
a tmosphe r i c  r e s i d s  from t h e  Middle  E a s t  a r e  examples.  Those  d e s i g n a t e d  B 
(Kuwait) and C a r e  c o m p a r a t i v e l y  h i g h - g r a v i t y ,  l o w - v i s c o s i t y  m a t e r i a l s  t h a t  a r e  
r e l a t i v e l y  e a s y  t o  p r o c e s s .  A t  t h e  o t h e r  ex t reme,  Res id  A i s  h i g h l y  v i s c o u s ,  
c o n t a i n s  5 . 2  w t %  s u l f u r  and 18-20 w t %  a s p h a l t e n e s  (hep tane  i n s o l u b l e s ) ,  and h a s  
a 9.5"API g r a v i t y .  

CATALYST EVALUATIONS 

Over 140 p o s s i b l e  c a t a l y s t s  were'  J l u a t e d  f o r  t h e  p r o c e s s .  C r i t e r i a  
i n c l u d e d  : 

y '  
1. low c o s t  

2 .  h igh  i n i t i a l  a c t i v i t y  f o r  removing s u l f u r  

3 .  good a , c t i v i t y  ma in tenance  

4 .  a b i l i t y  t o  r e s i s t  po i son ing  by s u l f u r ,  n i t r o g e n ,  m e t a l s ,  and 
o t h e r  harmful  c o n s t i t u e n t s  o f  pe t ro l eum r e s i d s .  

The c a t a l y s t  s e l e c t e d  a p p e a r s  t o  have  an optimum combina t ion  of t h e  above 
a t t r i b u t e s .  1 

The d e p o s i t i o n  of m e t a l l i c  contaminants ,  e s p e c i a l l y  vanadium and n i c k e l ,  
w i t h i n  t h e  c a t a l y s t  s t r u c t u r e  c a n  be a n  e s p e c i a l l y  s e v e r e  problem i n  d e s u l f u r i -  
z a t i o n  p r o c e s s e s .  Hence, p a r t i c l e  s i z e  i s  i m p o r t a n t ;  t h e  most s a t i s f a c t o r y  
c a t a l y s t s  have a high r a t i o  o f  e x t e r n a l  s u r f a c e  a r e a  t o  t o t a l  volume w i t h i n  t h e  
l i m i t a t i o n s  o f  p r e s s u r e  d rop  c o n s i d e r a t i o n s .  

> During some e v a l u a t i o n  r u n s ,  t h e  accumula t ion  o f  vanadium and n i c k e l  
i n  used c a t a l y s t  p a r t i c l e s  was g r e a t  enough t o  a lmos t  doub le  t h e  o r i g i n a l  we igh t  
of t h e  f r e s h  ca ta lys t .  However, t h e  h i g h e r  c o n c e n t r a t i o n  o f  m e t a l s  was a lways  
found n e a r  t h e  o u t e r  s u r f a c e ,  and  c o n s i d e r a b l e  i n t e r n a l  volume o f  t h e  c a t a l y s t  
p a r t i c l e  s t i l l  had o n l y  a small c o n c e n t r a t i o n  o f  metals. The d i s t r i b u t i o n  of 
metals l o n g i t u d i n a l l y  th rough  t h e  c a t a l y s t  bed also showed a d i s t i n c t  p a t t e r n .  
C a t a l y s t  p a r t i c l e s  removed from t h e  lower  zone a lways  c o n t a i n e d  c o n s i d e r a b l y  
less vanadium and n i c k e l  t h a n  t h o s e  t a k e n  from t h e  t o p  zone a d j a c e n t  t o  t h e  
f e e d  e n t r a n c e .  

I 

Coke fo rma t ion  w a s  n e v e r  a problem when p r o p e r  t empera tu re  p r o f i l e s  
and hydrogen  p a r t i a l  p r e s s u r e  were ma in ta ined  i n  t h e  r e a c t o r  sys tem.  I n  
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c o n t r a s t  t o  t h e  d e p o s i t i o n  p a t t e r n  o f  m e t a l s ,  ca rbon  was f a i r l y  e v e n l y  d i s t r i b u t e d  
th roughou t  t h e  c a t a l y s t  par t ic le .  

PROCESS PARAMETERS 

Produc t ion  o f  a m a t e r i a l  c o n t a i n i n g  o n l y  1 w t %  s u l f u r  f rom any g iven  
f e e d s t o c k  was t h e  c r i t e r i o n  f o r  s u c c e s s  i n  t h e  a p p l i c a t i o n  of t h e  p r o c e s s .  
However, t h e  f e e d s t o c 4  i t s e l f  s t r o n g l y  i n f l u e n c e s  t h e  p r o c e s s  s e v e r i t y  r e q u i r e d  
t i t  r e ach  a g iven  le-,el  o f  d e s u l f u r i z a t i o n .  

WLth s u i t a b l e  v a r i a t i o n s  i n  p r o c e s s  c o n d i t i o n s ,  a l l  t h e  f e e d s t o c k s  i n  
Tab le  I were d e s u l f u r i z e d  t o  t h e  d e s i r e d  l e v e l .  T a b l e  I1 shows t y p i c a l  d a t a  f o r  
R e s i d s  A and C ,  where t h e  y i e l d s  co r re spond  t o  t h e  p r o d u c t i o n  of a 1 w t %  s u l f u r ,  
350+'F r e s i d .  There  i s  ve ry  l i t t l e  c o n v e r s i o n  t o  m a t e r i a l s  t h a t  must be removed 
t o  p e r m i t  t h e  p roduc t  t o  meet f l a s h  s p e c i f i c a t i o n s  f o r  a r e s i d u a l  f u e l .  
r e s u l t ,  hydrogen consumption i s  a l s o  low (shown as a n e g a t i v e  y i e l d  i n  t h e  t a b l e ) .  
Fo r  bo th  r e s i d s ,  g r a v i t y  i n c r e a s e d ,  v i s c o s i t y  d e c r e a s e d ,  and s u l f u r ,  n i t r o g e n ,  
and metals c o n t e n t s  were a l l  reduced .  I n  a d d i t i o n ,  carbon r e s i d u e  d e c r e a s e d  by 
abou t  50%. 

E f f e c t  of Reac to r  Volume on D e s u l f u r i z a t i o n  Leve l  

A s  a 

F i g u r e  4 shows t h e  e f f e c t  o f  r e a c t o r  volume on t h e  s u l f u r  c o n t e n t  o f  
r e s i d s  A and B a t  c o n s t a n t  p r e s s u r e ,  t e m p e r a t u r e ,  and c a t a l y s t  a c t i v i t y .  The 
r e l a t i v e  r e a c t o r  volume i s ,  o f  c o u r s e ,  p r o p o r t i o n a l  t o  t h e  r e c i p r o c a l  o f  space  
v e l o c i t y  i n  volumes o f  o i l  p e r  h o u r  p e r  volume o f  c a t a l y s t .  S u l f u r  c o n t e n t  o f  
t h e  p roduc t  i s  i n t e n t i o n a l l y  p l o t t e d  on a l o g a r i t h m i c  scale t o  show t h a t  r e s i d  
d e s u l f u r i z a t i o n  d e v i a t e s  s h a r p l y  from f i r s t - o r d e r  k i n e t i c s ,  which would r e s u l t  
i n  a s t r a i g h t  l i n e  on such a p l o t .  

A comparison o f  t h e  p o i n t s  a t  which t h e  c u r v e s  p a s s  th rough  t h e  1 w t %  
s u l f u r  l e v e l  (dashed l i n e )  i n d i c a t e s  t h a t  Res id  A r e q u i r e s  a r e a c t o r  almost 
t h r e e  times as l a r g e  as t h e  one r e q u i r e d  by Res id  B t o  r e a c h  t h e  1 wt% s u l f u r  
l e v e l  S i m i l a r  c u r v e s  f o r  v a r i o u s  f e e d s t o c k s  can  be  deve loped  and r e l a t e d  
q u a l i t a t i v e l y  t o  t h e  p h y s i c a l  and chemica l  p r o p e r t i e s  o f  i n d i v i d u a l  r e s i d s .  

Although such c u r v e s  can  be f i t t e d  by pseudo second-order  k i n e t i c s ,  
t h i s  approach  i s  n o t  c o n s i d e r e d  a p p r o p r i a t e  because  d e s u l f u r i z a t i o n  o f  l i g h t e r  
i n d i v i d u a l  mo lecu le s  h a s  been  shown t o  be  f i r s t  o r d e r ( 7 ) .  T h e r e f o r e ,  F i g u r e  
4 p robab ly  r e f l e c t s  a s e r i e s  o f  f i r s t - o r d e r  d e s u l f u r i z a t i o n  r e a c t i o n s  w i t h  r a t e  
c o n s t a n t s  t h a t  depend on t h e  chemica l  s t r u c t u r e  i n  which the s u l f u r  atoms r e s i d e .  
T h i s ,  i n  e f f e c t ,  e x p l a i n s  t h e  bending  o v e r  o r  f l a t t e n i n g  o f  t h e  c u r v e  as t h e  
s u l f u r  l e v e l  i s  reduced  and m o r e - d i f f i c u l t - t o - r e m o v e  s u l f u r  atoms a r e  encoun te red .  

E f f e c t  o f  D e s u l f u r i z a t i o n  on Produc t  P r o p e r t i e s  

As shown i n  T a b l e  11, h y d r o d e s u l f u r i z a t i o n  p ro found ly  a f f e c t s  t h e  
v i s c o s i t y  o f  a r e s i d u a l  f u e l .  Al though only a s m a l l  amount o f  a tmosphe r i c  r e s i d  
i s  c o n v e r t e d  t o  l o w e r - b o i l i n g  materials d u r i n g  d e s u l f u r i z a t i o n ,  t h e  v i s c o s i t y  of  
t h e  d e s u l f u r i z e d  r e s i d  i s  more r e a d i l y  c o r r e l a t e d  w i t h  t h e  conve r s ion  t o  a 
p a r t i c u l a r  b o i l i n g - r a n g e  material t h a n  w i t h  t h e  s u l f u r  l e v e l  o f  the p r o d u c t .  
T h i s  e f f e c t  i s  i l l u s t r a t e d  i n  F i g u r e  5 which shows t h e  p roduc t  v i s c o s i t i e s  o f  
s e v e r a l  t y p i c a l  d e s u l f u r i z e d  r e s i d s  as f u n c t i o n s  o f  t h e  amount of 65W"F r e s i d  
c o n v e r t e d  t o  m a t e r i a l  b o i l i n g  below 650°F. 
and D ,  i t  was p o s s i b l e  t o  p roduce  a l o w - s u l f u r  material mee t ing  No. 6 o i l  
v i s c o s i t y  s p e c i f i c a t i o n s .  I n  o t h e r  cases, such  as R e s i d s  A and G, o v e r - c o n v e r s i o n  
o f  t h e  r e s i d s  would b e  r e q u i r e d  t o  meet s p e c i f i c a t i o n s .  T h i s ,  o f  c o u r s e ,  would 

In some cases, such  as  R e s i d s  B ,  C ,  



G r a v i t y ,  "MI 
S u l f u r ,  W t %  
N i t r o g e n ,  ppm 
Ramsbottom Carbon, 
Pour  P o i n t ,  "F 
V i s c o s i t y ,  SSF a t  
M e t a l s ,  ppm 

N i c k e l  
Vanadium . . 

H 2  
H2S + NH, 
'1-'4 
C, -350°F 
35W"F 
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TABLE I1 

DESULFURIZATION DATA FOR RESIDS A AND C 

P r o p e r t i e s  o f  Feed and P r o d u c t  
Res id  C Res id  A 

T o t a l  T o t a l  
Feed L i q u i d  P roduc t  Feed L i q u i d  P r o d u c t  

17 .2  
4 . 3  

1600 

65 
W t %  . a  

122°F 101 

9 
32 

23.7 
1 .0  

1300 
4 

55 
60 

4 
9 

9 . 5  
5.2 

4100 
17 

14000 

58 
167 

a5 

19.5 
1 .o 

2 600 
8 

20 
90 

22 
50 

D e s u l f u r i z a t i o n  Y i e l d s  
Res id  C Res id  A I 

W t %  Vol% S u l f u r ,  W t %  

-0.8 -- -- -1 .2 -- -- I 

W t %  Vol% S u l f u r ,  W t %  -- -- 

3 . 6  -- -- 4 . 8  -- -- 
0.8 -- -- 1 . 2  -- -- 
1 . 7  2 . 1  0.05 1 .0  1 . 3  0.01 

94.7 98 .5  1 . 0  94.2 101 .3  1 .o -- -- 
100 .0  100 .6  100 .0  102 .6  

Hydrogen Consumption = 480 SCFB Hydrogen Consumption = 760 SCFB 

I 
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r e su l t  i n  t o o  h igh  a hydrogen  consumption and t h u s  a h i g h e r  p r o c e s s i n g  c o s t .  In 
t h e s e  cases, d i l u t i o n  w i t h  c u t t e r  s t o c k  i s  u s u a l l y  a b e t t e r  way t o  meet v i s c o s i t y  
s p e c i f i c a t i o n s .  

M e t a l s  removal i s  n o t  p a r t i c u l a r l y  s i g n i f i c a n t  i n  t h e  p r o d u c t i o n  o f  a 
r e s i d u a l  f u e l .  However, i t  i s  i m p o r t a n t  w i t h  r e s p e c t  t o  o v e r a l l  economics 
because  d e p o s i t e d  m e t a l s  u l t i m a t e l y  l i m i t  t h e  u s e f u l  l i f e  o f  t h e  c a t a l y s t .  
F i g u r e  6 shows t h e  r e l a t i o n s h i p  between d e m e t a l a t i o n  and d e s u l f u r i z a t i o n  f o r  
s e v e r a l  f e e d s t o c k s .  Al though t h e r e  i s  a d i s t i n c t  r e l a t i o n s h i p  f o r  each  f e e d ,  
t h e  o v e r a l l  p a t t e r n  s u g g e s t s  t h a t  a g e n e r a l i z e d  c o r r e l a t i o n  i s  p o s s i b l e .  

SUSTAINED OPERATION 

The commercial f e a s i b i l i t y  o f  t h e  r e s i d  d e s u l f u r i z a t i o n  p r o c e s s  
depends p r i n c i p a l l y  on how w e l l  t h e  c a t a l y s t  pe r fo rms  i n  s u s t a i n e d  o p e r a t i o n s  
ove r  s i g n i f i c a n t  p e r i o d s  o f  t ime .  F i g u r e  7 shows t h e  350+"F p r o d u c t  s u l f u r  
c o n t e n t  p l o t t e d  a s  a f u n c t i o n  o f  t ime-on-o i l  f o r  t h e  d e s u l f u r i z a t i o n  of Res id  
C i n  a con t inuous  o p e r a t i o n  i n  bench- sca l e  equipment .  
t o  y i e l d  a 350+'F p r o d u c t  c o n t a i n i n g  l e s s  t h a t  1 w t %  s u l f u r .  
p e r i o d ,  no problems were  encoun te red  i n  m a i n t a i n i n g  t h i s  s u l f u r  l e v e l .  

C o n d i t i o n s  were  s e l e c t e d  
Over a 60-day 

F i g u r e  8 shows t h e  r e s u l t s  of a c o n s i d e r a b l y  more d i f f i c u l t  con t inuous  
o p e r a t i o n  i n  which Res id  A was d e s u l f u r i z e d  i n  t h e  2 B/SD 
Over a p e r i o d  o f  abou t  t h r e e  months,  t h e  350+"F p r o d u c t  showed a l e v e l  o f  no 
more than  1 t o  1 . 2  w t %  s u l f u r .  Fo l lowing  t h i s  o p e r a t i o n ,  samples  o f  c a t a l y s t  
were removed from t h e  r e a c t o r  and used  i n  subsequent  b e n c h - s c a l e  s t u d i e s  o f  
c a t a l y s t  l i f e  w i t h  a v a r i e t y  o f  r e s i d  f e e d s t o c k s .  Thus,  t o t a l  o n - o i l  t i m e  f o r  
t h i s  c a t a l y s t  w a s  ex tended  t o  o v e r  seven  months.  

i n t e g r a t e d  p i l o t  p l a n t .  

U l t i m a t e l y ,  s u s t a i n e d  o p e r a t i o n  depends  o n  how c a t a l y s t  a c t i v i t y  is 
a f f e c t e d  by b o t h  t h e  m e t a l s  c o n t e n t  o f  t h e  f e e d s t o c k  and t h e  s e v e r i t y  of  ope ra -  
t i o n  r e q u i r e d  t o  r e a c h  a p a r t i c u l a r  s u l f u r  l e v e l .  As a r e s u l t ,  g e n e r a l  numbers 
f o r  c a t a l y s t  l i f e  canno t  be  quo ted .  However, t h e  r e s u l t s  i n  F i g u r e s  7 and 8 
i n d i c a t e  t h a t  c a t a l y s t  l i f e  w i l l  be  i n  e x c e s s  o f  one y e a r  f o r  t h e  d e s u l f u r i z a t i o n  
of  a material l i k e  Res id  C t o  t h e  1 w t %  s u l f u r  l e v e l ,  and a t  least  s i x  to  e i g h t  
months f o r  a m a t e r i a l  l i k e  R e s i d  A .  

PROCESS MODEL 

Work i s  now under  way t o  deve lop  a p r o c e s s  model f o r  p r e d i c t i n g  
p r o c e s s  r equ i r emen t s  f o r  t h e  d e s u l f u r i z a t i o n  o f  any g i v e n  f e e d .  
c e n t e r s  i n  f i r s t  s e p a r a t i n g  pe t ro l eum r e s i d s  i n t o  o i l s ,  res ins ,  and a s p h a l t e n e s - -  
t h e  t h r e e  f r a c t i o n s  common t o  a l l  r e s i d s .  Nex t ,  r e a c t i o n  r a t e s  are de te rmined  
f o r  each  f r a c t i o n  from v a r i o u s  r e s i d s .  
c o n s t r u c t e d  on t h e  b a s i s  o f  t h e s e  ra tes .  

The approach  

F i n a l l y ,  a g e n e r a l i z e d  p r o c e s s  model i s  

Reac t ion  r a t e s  f o r  t h e  same f r a c t i o n s  from a v a r i e t y  o f  r e s i d s  are 
p rov ing  t o  b e  remarkably  similar.  
o v e r a l l  conve r s ion  o f  t h e  r e s i d  a r e  g iven  i n  F i g u r e  9 .  
t h e  behav io r  o f  t h e  t h r e e  f r a c t i o n s  as w e l l  as  t h e  650-1000°F g a s  o i l  d u r i n g  t h e  
hydroprocess ing  of Res id  C. 
s i g n i f i c a n t  q u a n t i t i e s  o f  s u l f u r ,  r e a d i l y  d i s a p p e a r ;  however,  t h e  o i l s ,  which 
are more p a r a f f i n i c  and c o n t a i n  less s u l f u r ,  d i s a p p e a r  a t  a s i g n i f i c a n t l y  lower 
r a t e .  The c u r v e  f o r  a s p h a l t e n e s  i s  similar t o  t h a t  f o r  r e s i n s  b u t  h a s  a f l a t t e r  
s l o p e ,  i n d i c a t i n g  t h a t  a s p h a l t e n e s  are  s i g n i f i c a n t l y  less r e a c t i v e .  The c u r v e s  
b e i n g  developed  f o r  o t h e r  f e e d s t o c k s  w i l l  be i n c o r p o r a t e d  i n  t h e  p r o c e s s  model 
f o r  r e s i d  d e s u l f u r i z a t i o n .  

T y p i c a l  c u r v e s  of p r o d u c t  compos i t ion  v e r s u s  
These  c u r v e s  i l l u s t r a t e  

The r e s i n s ,  which a r e  h i g h l y  a r o m a t i c  and  c o n t a i n  

I 
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ECONOMICS 

The h y d r o d e s u l f u r i z a t i o n  p r o c e s s  i s  s t i l l  r e l a t i v e l y  expens ive  by 
pe t ro l eum p r o c e s s i n g  s t a n d a r d s .  The c a p i t a l  i nves tmen t  f o r  l a r g e  r e a c t o r s  
which o p e r a t e  a t  h i g h  p r e s s u r e s  and h i g h  t e m p e r a t u r e s ,  t h e  consumption o f  
hydrogen d u r i n g  the p r o c e s s i n g ,  and t h e  u s e  o f  l a r g e  volumes o f  a c a t a l y s t  
w i t h  a r e l a t i v e l y  s h o r t  l i f e  a l l  c o n t r i b u t e  t o  t h e  c o s t s .  Moreover,  p r o c e s s i n g  
c o s t s  a l s o  depend on t h e  f e e d s t o c k .  A s  a n  example,  Tab le  I11 shows t h e  d i f f e r e n c e  
i n  c o s t s  f o r  d e s u l f u r i z i n g  Res id  B and t h e  more d i f f i c u l t - t o - p r o c e s s  Res id  A t o  
t h e  same 1 w t %  s u l f u r  l e v e l .  The compar ison  i s  based on  Gulf Coas t  i n s t a l l a t i o n  
c o s t s  and f u e l  a t  46 p e r  FOE g a l l o n ,  power a t  $0.004 p e r  KWH, and steam a t  $0.45 
p e r  1000 l b .  These d a t a  show c o n c l u s i v e l y  t h a t  even  w i t h  f e e d s  o f  similar s u l f u r  
c o n t e n t s  which are d e s u l f u r i z e d  t o  similar l e v e l s ,  s i g n i f i c a n t  d i f f e r e n c e s  i n  
p r o c e s s i n g  c o s t s  e x i s t .  C a p i t a l  c h a r g e s  and c a t a l y s t  c o s t s  va ry  w i t h  t h e  r e a c t o r  
s i z e  r e q u i r e d .  U t i l i t i e s  c o s t s  depend on  hydrogen  consumption and would be 
s u b j e c t  t o  f u r t h e r  v a r i a b i l i t y  i f  a d i f f e r e n t  f u e l  v a l u e  were  used .  Consequen t ly ,  
s p e c i f i c  c o s t  e s t i m a t e s  must b e  based on  a s p e c i f i c  f e e d ,  a s p e c i f i c  d e s u l f u r i z a - .  
t i o n  l e v e l ,  a s p e c i f i c  p l a c e  o f  i nves tmen t ,  and a s p e c i f i c  f u e l  v a l u e .  

CONCLUSION 

A p rocess  f o r  t h e  removal  o f  s u l f u r  from a wide v a r i e t y  o f  r e s i d -  
c o n t a i n i n g  m a t e r i a l s  has  been developed .  S u s t a i n e d  o p e r a t i o n  h a s  been s u c c e s s f u l l y  
demons t r a t ed  i t 1  p i l o t  s c a l e  equipment  u s i n g  a p r o p r i e t a r y  c a t a l y s t .  A p r o c e s s  
model which w i l l  allow t h e  p r e d i c t i o n  o f  p r o c e s s  per formance  f o r  any f e e d s t o c k  
under  any s e t  o f  p r o c e s s i n g  c o n d i t i o n s  i s  now b e i n g  developed .  
r e s i d  d e s u l f u r i z a t i o n  i s  a t t r a c t i v e  f o r  s u l f u r  emis s ions  c o n t r o l ,  u s e  o f  t h i s  
p r o c e s s  and a t t e n d a n t  model w i l l  a l l o w  d e s i g n  and o p e r a t i o n  o f  commercial  u n i t s .  

Where d i r e c t  

TABLE I11 

COMPARISON OF DESULFURIZATION COSTS 
FOR 50,000 B/SD OF RESIDS A AND B 

Basis: 1 W t %  s u l f u r  i n  t h e  350+'F produc t  

C o s t s ,  C / B  o f  r e s i d  
U t i l i t i e s  
C a t a l y s t  and Chemica ls  
A l l  o t h e r  d i r e c t  and  o v e r h e a d  
C a p i t a l  cha rge  

T o t a l  

S u l f u r  C r e d i t  
Vanadium C r e d i t  

D i f f e r e n c e  i n  u p g r a d i n g  costs ,  #/B of r e s i d  

Economics 
C o s t s  f o r  R e s i d  A minus B 

3 . 7  
4 . 3  
4 . 5  

1 2 . 4  

2 4 . 9  

- 

- 3 . 2  
- 1 . 4  - 
2 0 . 3  

/ 

i 

I 

I 
i 

I 
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FIGURE 1 

BENCH-SCALE UNITS FOR R E S I D  
DESULFURIZATION 
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FIGURE 2 

2 B/SD PILOT PLANT FOR RESID DESULFURIZATION 
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F I G U R E  3 

TYPICAL TEMPERATURE P R O F I L E  IN  2 B/SD PILOT PLANT 
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FIGURE 4 

EFFECT OF REACTOR SIZE ON DESULFURIZATION LEVEL 

OF RESIDS A A N D  B 
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F I O U R E  6 

RELATIONSHIP BETWEEN DEMETALATION AND DESULFURIZATION 
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F I Q U R E  9 

HYDROPROCESSING OF RESID C 
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