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INTRODUCTION 

The Advanced Coal L ique fac t i on  RAD F a c i l i t y  a t  W i l sonv i l l e .  Alabama, has been i n  operation 
f o r  over 12 yea rs .  It i s  t h e  l a r g e s t  d i r e c t  c o a l  l i q u e f a c t i o n  p i l o t  p l a n t  s t i l l  i n  
o p e r a t i o n  i n  t h e  U n i t e d  S t a t e s .  Process i nves t i ga t i ons  have evolved from the o r i g i n a l  
study o f  t he  Solvent Refined Coal Process f o r  making a c l e a n  s o l i d  f u e l  t o  t h e  r e c e n t  
i nves t i ga t i on  o f  two-stage l i q u e f a c t i o n  processes f o r  making clean d i s t i l l a t e  fue l s .  Th is  
paper presents r e s u l t s  from the cu r ren t  study o f  var ious p rocess ing  schemes des igned t o  
reduce the cos t  o f  f ue l s  produced by two-stage l i q u e f a c t i o n  p lants .  

Most important among these con f igu ra t i ons  i s  d i r e c t  coupl ing o f  the thermal and c a t a l y t i c  
r e a c t o r s .  Such c l o s e - c o u p l e d  o p e r a t i o n  shou ld  l o w e r  t h e  c o s t  o f  two-stage f u e l s  by 
i n c r e a s i n g  o v e r a l l  t he rma l  e f f i c i e n c y  and i m p r o v i n g  p r o d u c t  q u a l i t y .  Resu l t s  f rom 
W i l  s o n v i l l e  runs  a r e  c h a r a c t e r i z e d  by d i s c u s s i o n  o f  r e p r e s e n t a t i v e  product y i e l d  and 
product q u a l i t y  data. Also, a comparison o f  performance and s t a b i l i t y  o f  S h e l l  324 and 
Amocat 1C ca ta l ys ts  i s  presented. 

Other  p e r t i n e n t  t e s t s  i n  the close-coupled mode are discussed w i t h  p a r t i c u l a r  emphasis on 
the e f f e c t  of higher system space v e l o c i t y  and on the impact o f  s o l i d s  recycle. 

PROCESS CONFIGURATION COMPARISON 

The in teg ra ted  TSL (ITSL) mode and the close-coupled (CC-ITSL) mode are shown i n  F igures 1 
and 2, respect ive ly .  I n  both modes, the react ion stages are in tegrated by the r e c y c l e  o f  
h y d r o t r e a t e d  r e s i d  w i t h  the goal o f  producing " a l l - d i s t i l l a t e ' '  y i e l d  s la tes.  The CC-ITSL 
con f igu ra t i on  d i f f e r s  from ITSL i n  t h a t  f o r  the CC-ITSL mode, p roduc ts  f rom t h e  thermal  
r e a c t o r  a r e  fed d i r e c t l y  t o  the c a t a l y t i c  reactor  w i thou t  pressure letdown o r  s i g n i f i c a n t  
cool ing.  Accordingly, vacuum-flashed product from CC-ITSL i s  deashed downstream o f  t he  
c a t a l y t i c  reac to r  r a t h e r  than upstream as i n  the ITSL mode. Close-coupled operation thus 
e l iminates thermal i n e f f i c i e n c y  o f  the cool down/reheat c y c l e  a s s o c i a t e d  w i t h  deashing 
between reac t i on  stages. 

PROCESS PERFORMANCE 

A w ide  range o f  thermal and c a t a l y t i c  stage operating condi t ions were i nves t i ga ted  i n  the 
CC-ITSL mode t o  determine t h e i r  e f f e c t s  on p r o d u c t  y i e l d  s t r u c t u r e  and q u a i i t y .  Fo r  
comparison purposes, Table 1 l i s t s  f i v e  sets o f  CC-ITSL condi t ions and y i e l d s  r e l a t i v e  t o  
one t y p i c a l  se t  o f  ITSL cond i t i ons  and y i e l d s .  I l l i n o i s  No. 6 coal from Burning Star  Mine 
was used i n  a l l  the runs. 

An i n i t i a l  basel ine run (250B) was conducted us ing aged Shell  324 c a t a l y s t  t o  quan t i f y  the 
impact o f  coupl ing the reac to rs .  No in ters tage-vapor  separation was u t i l i z e d  i n  Run 250B, 
a l t hough  a h igh pressure separator was i n s t a l l e d  and operated dur ing the remainder of the 
run. The major e f f e c t  o f  close-coupled operation was an increase i n  hydrogen consumption 
w i t h  a co r respond ing  improvement i n  d i s t i l l a t e  product q u a l i t y  (Table 2) .  Hydrogen and 
s u l f u r  values were s i g n i f i c a n t l y  b e t t e r  f o r  CC-ITSL (250B) when compared t o  ITSL (244 ) .  
This improvement resu l ted  from the f a c t  t h a t  a l l  t he  TSL product was der ived from the 
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c a t a l y t i c  stage i n  Run 2506, whereas i n  Run 244 approximately 45 w t  % was produced by the  
c a t a l y t i c  hydro t rea ter  ( T a b l e  3 ) .  H igher  q u a l i t y  p r o d u c t s  a r e  made by t h e  c a t a l y t i c  
stage. 

Subsequent o p e r a t i o n  i n  CC-ITSL was devoted t o  study o f  performance o f  a new c a t a l y s t ,  
Amocat 1C. As noted previously,  in te rs tage vapor separat ion was employed throughout t h i s  
p e r i o d .  A comparison o f  " a l l - d i s t i l l a t e ' '  operat ion a t  the  same coal  feed r a t e  f o r  Shel l  
324 and Amocat 1 C  revealed t h a t  d i s t i l l a t e  and hydrocarbon gas y i e l d s  were s i m i l a r  (Run 
2508 versus  Run 250C). An a l t e r n a t e  deashing so lvent  was used i n  Run 250C i n  order t o  
maintain s tab le  perfonnance w h i l e  p r o c e s s i n g  t h e  h i g h l y  s o l u b l e  f e e d  genera ted  b y  t h e  
f r e s h  Amocat c a t a l y s t .  T h i s  r e s u l t e d  i n  g r e a t e r  r e j e c t i o n  o f  r e s i d  t o  ash concentrate 
w i t h  c o n c o m i t a n t l y  l e s s  TSL r e s i d  produced. A lower hydrogen consumption was observed 
f o r  Run 250C. Th is  phenomenon cou ld  be a t t r i b u t e d  t o  the  e f f e c t  o f  in te rs tage separat ion 
(i.e., n o t  hydro t rea t ing  a l l  d i s t i l l a t e  products) and/or t o  r e l a t i v e l y  lower hydrogenation 
a c t i v i t y  o f  the  Amocat ca ta lys t .  

H igher  system space v e l o c i t i e s  were explored by increasing coal feed ra tes .  The goal was 
t o  demonstrate the  product ion o f  h igh  q u a l i t y  (CC-ITSL) d i s t i l l a t e s  a t  reduced cost. Y ie ld  
d a t a  a r e  r e p o r t e d  f o r  Run 250 Periods C, 0, and E i n  Table 1. Product q u a l i t y  data and 
u n i t  con t r ibu t ions  t o  d i s t i l l a t e  p r o d u c t i o n  f o r  P e r i o d  D a r e  g i v e n  i n  Tab les  2 and 3, 
r e s p e c t i v e l y .  The data c l e a r l y  i n d i c a t e  t h a t  " a l l - d i s t i l l a t e ' '  y i e l d  s l a t e s  were produced 
a t  increased throughputs by compensatory i n c r e a s e s  i n  r e a c t o r  tempera tures .  Produc t  
q u a l i t y  d i d  n o t  change s i g n i f i c a n t l y  a t  the  h igher  ra tes .  It should a lso  be noted t h a t  
products from h igher  space v e l o c i t y  CC-ITSL were s u b s t a n t i a l l y  b e t t e r  t h a n  those f rom 
lower space v e l o c i t y  ITSL. 

Near t h e  conclusion o f  Run 250, a t e s t  o f  s o l i d s  (unconverted coal and ash-cresol inso lu -  
b l e s )  r e c y c l e  was per fo rmed ( F i g u r e  3 ) .  The o b j e c t i v e  was t o  decrease s i z e  o f  t h e  
c r i t i c a l  so lvent  deashing u n i t  by deashing a higher s o l i d s  content vacuum bottoms stream. 
Deashed r e s i d  was recyc led  as a component o f  t h e  l i q u e f a c t i o n  s o l v e n t .  Lower o r g a n i c  
r e j e c t i o n  t o  t h e  ash c o n c e n t r a t e  was demonstrated w i t h  the  concentrated feed. Based on 
t h i s  r e s u l t ,  the concept of s o l i d s  recyc le  may be inves t iga ted  i n  a f u t u r e  c l o s e - c o u p l e d  
run using c a t a l y s t  i n  both reactors .  

Batch deac t iva t ion  t rends f o r  r e s i d  conversion i n  the  c a t a l y t i c  reac tor  were developed f o r  
the  ITSL (deashed bituminous)- Shel l  324 and CC-ITSL (close-coupled bituminous)-Amocat 1 C  
modes, us ing a f i r s t  order r e s i d  conversion model (1 ) .  The trends are  p l o t t e d  i n  Figure 4 
t o g e t h e r  wi th b a t c h  d e a c t i v a t i o n  da ta  f rom W i l s o n v i l l e  Run 247 ( " s i m u l a t e d "  c l o s e -  
c o u p l e d ) .  The t r e n d s  showed i n i t i a l  per iods  of r a p i d  deact ivat ion,  fo l lowed by slower 
deac t iva t ion  rates.  H igher  r e s i d  c o n v e r s i o n  r a t e  c o n s t a n t s  were observed f o r  c l o s e -  
coup led  o p e r a t i o n  us ing  the  Amocat 1C ca ta lys t .  The close-coupled r e s i d l h o c a t  combina- 
t i o n  was more reac t ive  than the  o ther  feed lca ta lys t  (She l l  324) combina t ions .  F i g u r e  5 
f u r t h e r  i l l u s t r a t e s  t h i s  p o i n t  i n  an Arrhenius p l o t .  

RELATIVE ECONOMICS 

R e s u l t s  f r o m  an economic s c r e e n i n g  s tudy  per fo rmed b y  Lummus C r e s t  I n c .  ind ica ted  a 
reduct ion i n  the  requ i red  product s e l l i n g  p r i c e  f o r  CC-ITSL p r o d u c t s  compared t o  ITSL 
products (Table 41. The study was based on a conceptual comnercial 10,000 TPD p l a n t  using 
I l l i n o i s  No. 6 coal. The r e l a t i v e l y  lower p r i c e  was due t o  higher d i s t i l l a t e  p r o d u c t i o n  
and improved d i s t i l l a t e  q u a l i t y  f o r  the  close-coupled case (2 ) .  
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SUMMARY 

e The ma jo r  e f f e c t  o f  c lose -coup led  o p e r a t l o n  was an increase i n  hydrogen con- 
sumption w i t h  a corresponding improvement i n  d i s t i l l a t e  product q u a l i t y .  

a A t  t h e  same c o a l  f e e d  r a t e ,  C4+ d i s t i l l a t e  and hydrocarbon gas y i e l d s  were 
s i m i l a r  f o r  close-coupled operat ion w i t h  Shell  324 and Amocat 1 C  c a t a l y s t s .  A 
l ower  hydrogen consumption was observed i n  the Amocat operation. This phenome- 
non could be a t t r i b u t e d  t o  the e f f e c t  o f  i n t e r s t a g e  s e p a r a t i o n  and/or  t o  the  
r e l a t i v e l y  lower  hydrogenation a c t i v i t y  o f  the Amocat ca ta l ys t .  

" A l l - d i s t i l l a t e ' '  y i e l d  s la tes  were produced a t  higher system space v e l o c i t i e s  by 
compensatory increases i n  reactor  temperatures. 

a 

e Product q u a l i t y  was not  s i g n i f i c a n t l y  a f fec ted  a t  h i g h e r  system space v e l o c i -  
t i e s .  

a Operating w i th  s o l i d s  recyc le i n  the close-coupled mode, lower organic r e j e c t i o n  
t o  ash concentrate was demonstrated a t  a r e l a t i v e  reduct ion i n  feed r a t e  t o  the  
c r i t i c a l  so lvent  deashing un f t .  

A comparison o f  r e s i d  conversion r a t e  constants ind icated t h a t  the close-coupled 
resid/Amocat 1C combination was more reac t i ve  than  o t h e r  f e e d / c a t a l y s t  ( S h e l l  
324) combinations. 

a R e s u l t s  from an economic screening study f o r  a conceptual commercial 10,000 TPD 
p l a n t  i nd i ca ted  a reduct ion i n  the requi red p roduc t  s e l l i n g  p r i c e  f o r  CC-ITSL 
p l a n t  products compared t o  ITSL p l a n t  products. 

a 
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Conf igurat ion 
Run No. 
Cata lys t  Type 

Table 3 

UNIT CONTRIBUTIONS TO DISTILLATE PRODUCTION 

ITSL 
244 

Shel l  324 

CC-ITSL(~) 
2508 

Shel l  324 

CC-ITSL ( 2 )  

Amocat 1C 
250D 

U n i t  Contr ibut ions(3) 

Thermal Stage 
C a t a l y t i c  Stage 

55 
45 

0 
100 

25 
75 

(1)  Without in te rs tage vapor separation. 
(2) With in te rs tage vapor separation. 
(3 )  W t  % o f  t o t a l  d i s t i l l a t e  production. 

Table 4 

ECONOMIC SCREENING  STUDY(^) 
(10,000 TPD PLANT) 

ITSL ( e  SE \ cc- TSL 

Rela t ive  Capi ta l  Cost 
Re la t i ve  Operating Cost 
Re1 a t i v e  Production Rate(2) 
Re la t i ve  Required Product S e l l i n g  Pr ice(3)  

Thermal E f f i c i e n c y  ( $ 1  

1 .oo 
1 .oo 
1 .oo 
1.00 

68.1 

1.04 
1.01 
1.10 
0.93 

69.6 

(1) Performed by Lumnus Crest, Inc. under EPRI RP832-11. 
(2 )  Based on bar re ls  of crude o i l  equivalent w i t h  considerat ion f o r  q u a l i t y  of 

d i  s t i  11 a te  products. 
(3)  F i r s t  year. 
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