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ABSTRACT 

H R I  i s  cu r ren t l y  conducting a four-par ty  funded program t o  develop and 
demonstrate c a t a l y t i c  c o a l / o i l  co-processing using HRI 's proven ebullated-bed 
reactor  technology. The i n i t i a l  task i n  the research program was t o  determine 
r e a c t i v i t i e s  o f  four  coals ( I l l i n o i s  No. 6 and Ohio No. 5/6 bituminous. A lbe r ta  
sub-bituminous and Texas l i g n i t e )  and fou r  petroleum residuums (Cold Lake, Maya, 
West Texas Sour, and Canadian IPL), both separately and i n  combination, us ing a 
20cc microautoclave reactor. Experimental condi t ions and a n a l y t i c a l  procedures 
were developed t o  proper ly  approximate ebul la ted bed condi t ions a t  the small, 
batch scale and t o  a l low est imat ion o f  both coal and petroleum residuum conver- 
sions. Over 200 s ing le-s tage microautoclave t e s t s  were conducted studying 
sever i ty ,  feedstock r a t i o ,  and c a t a l y s t  e f fects .  An i n t e r e s t i n g  synerg i s t i c  
response was noted which i nd i ca tes  optimum performance a t  50/50 c o a l / o i l  r a t i o  
f o r  one p a r t i c u l a r  feedstock pai r .  I n i t i a l  r e s u l t s  from a s ing le-s tage run i n  a 
continuous bench u n i t  v e r i f i e d  the trends noted i n  the microautoclave study. 

INTRODUCTION 

I 

Hydrocarbon Research, Inc. ( H R I )  has developed and commercialized ebul lated-bed 
reac to r  technology f o r  the c a t a l y t i c  hydroconversion of both coal and heavy o i l .  
The H - O i l @  Process has been commercially demonstrated i n  both s ing le -  and two- 
stage process conf igurat ions,  and the H-Coal@ Process has been successfu l ly  
scaled up through the 200 tonlday Ca t le t t sbu rg  p i l o t  p lant .  While economic con- 
d i t i o n s  have prevented the commerci a1 a p p l i c t i o n  of d i r e c t  l i q u e f a c t i o n  tech- 
nology, c o a l / o i l  co-processing has gained increas ing a t t e n t i o n  as a mre 
commercially v iab le,  nearer t e r m  way t o  in t roduce coal-derived l i q u i d  fue l s  into 
t h e  market place. HRI's COILsm Process f o r  co-processing was denonstrated on a 
bench u n i t  Scale as e a r l y  as 1974(1), and m r e  recen t l y  a two-stage process con- 
f i g u r a t i o n  was denonstrated on a Canadian feedstock combination of po ten t i a l  
commercial i n t e r e s t ( 2 ) .  I n  1985. a four-par ty  funded program was s ta r ted  t o  
f u r t h e r  develop and demns t ra te  c a t a l y t i c  c o a l / o i l  co-processing using HRI's 
ebul lated-bed reactor  technology. The program sponsors, ob jec t i ves  and elements 
a re  l i s t e d  i n  Table 1. This paper focuses on the r e s u l t s  o f  the microautoclave 
r e a c t i v i t y  screenfng program. 
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MICROAUTOCLAVE DESCRIPTION AND PROCEDURES 

With the  recent increase i n  i n t e r e s t  i n  co-processing, numerws i n v e s t i  a t o n  
have reported r e s u l t s  o f  batch reac to r  r e a c t i v i t y  s tud ies a t  various scales73-6). 
Many of these approaches tend t o  take a conventional coal l i q u e f a c t i o n  approach, 
;y character iz ing t h e  e f fec t i veness  of petroleum O i l s  as coal l i q u e f a c t i o n  

solvents". I n  coal/residuum co-processing, t h e  o i l  i s  not a process solvent as 
such, but r a t h e r  a reactant ,  and i t ' s  reactions/conversions are o f  equal - o r  
even greater, depending on s p e c i f i c  condi t ions - importance than those o f  the 
coal. The opposi te  approach t o  t h i s  i s  t o  view co-processing as an extension o f  
r e f i n i n g  technology, t r e a t i n g  the coal as an add i t i ve ,  usual ly  i n  l i m i t e d  
quanti t ies(7.8). HRI's program was set  up t o  consider a broad range o f  po ten t i a l  
appl icat ions us ing c a t a l y t i c  ebul lated-bed co-processing. The microautoclave 
experimental and a n a l y t i c a l  procedures were speci f i c a l  l y  developed t o  r e f l e c t  
t h i s ,  and are i n  many respects considerably d i f f e r e n t  than those used by other  
workers. Some d iscuss ion i s  t he re fo re  necessary t o  exp la in  the  bas is  f o r  these 
d i f ferences.  

The 20cc microautoclave reactor  used i n  these s tud ies i s  shown i n  Figure 1. 
Solvent, coal, residuum, and c a t a l y s t  are charged batchwise i n  the appropriate 
amounts p r i o r  t o  mounting the  reactor. Fo l lowing pressure-test ing, the desired 
H2 (or  N z )  pressure i s  establ ished. Due t o  the volume o f  gas l i n e s  above the 
reactor  i t s e l f ,  i t  i s  e s s e n t i a l l y  an " i n f i n i t e  source" hydrogen system, and no 
adjustment o f  ope ra t i ng  pressure due t o  temperature i s  usua l l y  required. The 
e n t i r e  assembly i s  shaken v e r t i c a l l y  w i t h  approximately one-inch strokes at 
460 rpm. with temperature con t ro l  by imnersion i n  a f l u i d i z e d  sand bath heater. 
Dual sand baths are ava i l ab le  f o r  s imulat ion o f  two-stage, close-coupled pro- 
cessing. Two i d e n t i c a l  microautoclave reactors  are always operated side-by-side. 
A co ld  t r a p  i s  prov ided t o  c o l l e c t  any l i g h t  l i q u i d s  l o s t  dur ing operat ion o r  
depressuring. 

Fol lowing each run t h e  reac t i on  i s  quenched by i nve rs ion  i n  a water bath, and 
slowly depressured. The reactors  and co ld  t raps  a re  then removed, and the 
products are combined and subjected t o  the workup procedures described i n  F igure 
2. The use o f  t he  c a t a l y s t  basket allows separat ion o f  product so l i ds  fran 
c a t a l y s t  extrudates. Ash-balancing then a1 lows c a l c u l a t i o n  o f  coal conversion. 
I f  necessary, product ashes can be checked f o r  c a t a l y s t  metals t o  d i s t i ngu ish  
coal ash from a t t r i t e d  c a t a l y s t .  TGA simulated d i s t i l l a t i o n  i s  used t o  estimate 
product residuum contents  and c a l c u l a t e  residuum conversions. For selected runs, 
solvent p r e c i p i t a t i o n  was used t o  ca l cu la te  asphaltene and preasphaltene 
components i n  the  product  residuum. although t h i s  i s  o f  l esse r  u t i l i t y  i n  co- 
processing than i n  coal l i q u e f a c t i o n  s ince petroleum residua contains very low 
l e v e l s  of inso lub les.  

As noted above, HRI's microautoclave operating procedures and condi t ions are 
s p e c i f i c a l l y  designed t o  most p roper l y  approximate the condi t ions o f  an 
ebullated-bed reac to r ,  and are i n  many cases q u i t e  d i f f e r e n t  than those 
" t y p i c a l l y "  used i n  t h e  indust ry .  Some spec i f i cs  i nc lude :  
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Cata lyst  Type and Loading - The ebullated-bed reac to r  operates w i t h  conven- 
t i o n a l  ext rudate c a t a l y s t s  a t  very high loadings (up t o  50% o f  t he  reactor  
volunre i s  occupied by ca ta l ys t ) .  Our microautoclave experiments t y p i c a l  ly  
charged a cata lyst / feedstock r a t i o  o f  1/1 t o  r e f l e c t  t h i s .  Techniques such 
as g r ind ing  o f  c a t a l y s t  are not representative. The c a t a l y s t  used t y p i c a l l y  
i s  process-presulf ided i n  a p i l o t  un i t ,  and the use o f  t he  c a t a l y s t  basket 
a l lows separat ion from reac t i on  products. Some assumptions are necessary i n  
c a l c u l a t i o n  procedures t o  account f o r  i tems such as I O M  depos i t i on  on cata- 
l y s t ,  c a t a l y s t  a t t r i t i o n ,  etc. dur ing an experiment. 

Feedstock D i l u t i o n  w i t h  D i s t i l l a t e  Products - The ebu l l a ted  bed i s  a we l l -  
mixed reactor ,  due t o  the t y p i c a l l y  h igh r a t i o  o f  i n t e r n a l  recyc le t o  f resh  
feed. As a resu l t ,  reac t i on  occurs i n  a concentation represented by the 
products. No batch reactor  can proper ly  model a CSTR from the standpoint o f  
fundamental k ine t i cs ,  so a canpranise has t o  be made. Since the i n i t i a l  
conversion react ions i n  coal l i q u e f a c t i o n  are c r i t i c a l ,  an attempt i s  made t o  
s imulate the reactor  environment i n  which they occur. Thus, microautoclave 
reac to r  charges are made up w i t h  a h igh l eve l  o f  d i s t i l l a t e  d i l uen t .  An 
attempt i s  made t o  approximate, t o  the extent  possible, the p roper t i es  o f  the 
d i s t i l l a t e  ma te r ia l s  which would be expected t o  be produced from the 
feedstocks and condi t ions of i n te res t .  The d i s t i l l a t e  so lvents  used are 
genera l ly  ma te r ia l s  produced i n  substant ia l  q u a n t i t i e s  from l a r g e r  p i l o t  
p l a n t  operations on the  feedstocks o f  i n t e r e s t .  

Product Analyses - Coal conversion t o  THF-solubles i s  ca lcu lated i n  a f a i r l y  
t y p i c a l  manner. As noted above, conversions based on s o l u b i l i t i e s  i n  o ther  
so lvents  are not considered t o  be espec ia l l y  meaningful f o r  co-processing. A 
simulated d i s t i l l a t i o n  procedure was developed us ing a Perkin-Elmer TGS-2 
Thermogravimetric Analyzer (TGA), which a1 lows est imat ion o f  975OF+ conver- 
sions. No attempt i s  made t o  generate data such as gas y i e l d s  o r  d i s t i l l a t e  
product d i s t r i b u t i o n  o r  qua l i t y .  Such data are d i f f i c u l t  t o  generate 
r e l i a b l y  on such a small scale. Even if t h i s  could be done, the r e s u l t s  
would not be meaningful f o r  scaleup due t o  the l a rge  impacts o f  the 
d i s t i l l a t e  d i l u e n t s  and the major d i f ferences between batch and continuous 
u n i t s ,  on any scale. 

SCREENING STUDY CONDITIONS 

A f i ve -po in t .  l ow- to -m i ld  seve r i t y  cond i t i on  ma t r i x  was used t o  screen each 
feedstock and combination of i n te res t ,  as shown i n  Table 2. As noted, a 4/1/1 
charge r a t i o  o f  d i s t i l l a t e  so lvent / reactant  (coal and o i l  ) / c a t a l y s t  was used. 
Sever i t i es  ranged frm 2-20 STTU, based on HRI's conversion model developed f o r  
coal conversions. It i s  recognized t h a t  the t ime/temperature re la t i onsh ips  f o r  
co-processing may not be t r u l y  represented by the STTU m d e l ,  but  i t  was used as 
a convenient way t o  express both seve r i t y  parameters. The ma t r i x  used provides a 
comparison of t h ree  residence times a t  one temperature (8OO0F), and th ree  tem- 
peratures at one residence t ime (30 minutes). A l l  s e v e r i t i e s  are lower than 
those t y p i c a l l y  encountered i n  l a r g e r  scale operations. This  serves t o  keep 
conversions low enough so t h a t  k i n e t i c  r e a c t i v i t y  d i f ferences can be proper ly  
observed. 
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FEEDSTOCK PROPERTIES 

Some proper t ies o f  t h e  fou r  coals and fou r  O i l s  s tud ied a re  l i s t e d  i n  Table 3.  
The Cold Lake feedstock was ava i l ab le  as a deep-cut A S  from previous HRI H-Oil. 
studies, wh i l e  the  o t h e r  t h r e e  o i l s  were provided as crude o i l s  and were batch 
vacuum-dis t i l led t o  approximately the same residuum content p r i o r  t o  the reac- 
t i v i t y  studies. A l l  f ou r  coals were subjected t o  standard H R I  bench u n i t  pre- 
pa ra t i on  procedures (crushing,  pu l ve r i z ing  t o  -70 mesh, d r y i n g  t o  2-10'7, moisture, 
and screening) and were f u r t h e r  vacuum d r i e d  i m d i a t e l y  p r i o r  t o  microautoclave 
test ing.  Three d i l u e n t  so lvents  were a lso used. as shown. The I l l i n o i s - d e r i v e d  
solvent was used f o r  Ohio and I l l i n o i s  bituminous coals, the Wyodak solvent f o r  
A lber ta  sub-bituminous coal and Texas l i g n i t e ,  and the Cold Lake solvent f o r  a l l  
petroleum o i l s .  Except f o r  a few so lvent-speci f ic  runs, so lvents  were blended i n  
t h e  same r a t i o s  as t h e  feedstocks f o r  each run. 

PROGRAM OUTLINE 

Over two hundred t e s t s  were conducted under the program, as noted i n  Table 4. 
The co-p,rocessing feedstock pa i r s  chosen f o r  evaluat ion were based on program 
sponsors concerns and represent meaningful canmerci a1 candidates. No work was 
done on the  I l l i n o i s  No. 6 coa l ,  since i t  was being ex tens i ve l y  s tud ied i n  HRI's 
p a r a l l e l  DOE funded coa l  l i q u e f a c t i o n  program. Most o f  the d iscuss ion t o  f o l l o w  
centers on t h e  Ohio coal/Cold Lake ASB pa i r ,  which was the most extens ive ly  
s tud ied i n  1985 ( i n c l u d i n g  both s ing le -  and two-stage process va r iab le  s tud ies i n  
t h e  continous bench u n i t ) .  This canbination has been selected by OOSFC as the 
bas is  f o r  a prototype commercial f a c i l i t y  t o  be located i n  Ohio. 

INDIV IDUAL FEEDSTOCK R E A C T I V I T I E S  

Figures 3 and 4 show STTU response curves f o r  the Ohio coal and the Cold Lake 
ASB. S im i la r  curves were generated f o r  each o f  the o the r  feedstocks. I n  order 
t o  provide a q u a n t i t a t i v e  r e a c t i v i t y  ranking, k i n e t i c  r a t e  constants were back- 
ca lcu lated from the data assuming various batch reac to r  models. For the o i l s  
alone, a second o rde r  f i t  was found t o  be the most sa t i s fac to ry ,  as shown i n  
F igure 5. While i t  i s  u n l i k e l y  t h a t  the conversion react ions are t r u l y  second 
order, i n  t h e  sense o f  being bimolecular, such a model f i t  i s  not unusual i n  
systems o f  t h i s  type, where the " reactant"  i s  not a s ing le  component but  r a t h e r  a 
range o f  components w i t h  d i f f e r e n t  r e a c t i v i t i e s .  For the  coals, a m r e  complex 
model would be requi red t o  separate the  e f fec ts  o f  coal conversion t o  
THF-solubles. t he  f r a c t i o n  of converted coal which f o n s  975OF+ residuum, and the 
k i n e t i c s  of conversion o f  the residuum. Real iz ing these def ic ienc ies,  t he  coal 
data were f o r c e - f i t  t o  the same s i m p l i f i e d  second order  9750Ft conversion model 
so t h a t  a d i r e c t  comparison o f  o i l s ,  coals, and co-processing pai rs  could be 
made. These r e s u l t s  are shown i n  Table 5. As expected. the o i l s  are con- 
s iderably  more r e a c t i v e  t o  t o t a l  975'Ft conversion a t  low s e v e r i t i e s  than the 
coals. It i s  notable t h a t  the co-processing pai rs  do not necessar i ly  f a l l  i n  
e i t h e r  t h e  order  o r  magnitude which would be expected fran the i nd i v idua l  
feedstocks, i n d i c a t i n g  t h a t  syne rg i s t i c  i n te rac t i ons  do occur. It i s  also 
notable t h a t  the feedstock p a i r  (Ohio/Cold Lake) s tud ied most extens ive ly  i n  the 
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program does no t  represent the "best" choice based on r e a c t i v i t i e s ,  but was cho- 
sen based on cannercia1 considerattons. 

O H I O  COAL/COLD LAKE ASB CO-PROCESSING 

Figure 6 shows the  r e a c t i v i t y  curves f o r  a 50/50 blend of Ohio coal and Cold Lake 
ASB. The drop o f f  i n  975'F+ conversion a t  20 STTU may be i n d i c a t i v e  o f  some 
regressive reac t i on  due t o  poor so lvent  q u a l i t y ,  as t h i s  i s  the highest 
temperature p o i n t  (825OF) i n  t he  g r id .  The STTU a x i s  has been extended t o  
i nc lude  a p o i n t  a t  a t y p i c a l  bench u n i t  operat ing sever i ty .  It i s  notable t h a t  
t he re  was no problem i n  achieving h igh (90% p l u s )  coal conversion t o  TW 
solubles. This was t r u e  o f  a l l  the pa i r s  studied, i n d i c a t i n g  t h a t  t h e  i nhe ren t l y  
poor hydrogen donor p roper t i es  o f  the petroleum o i l s  can be oveccme by 
c a t a l y t i c ,  ebul lated-bed co-processing. 

F igure 7 shows the  e f f e c t  o f  coal t o  o i l  r a t i o  on conversions i n  a low seve r i t y  
t e s t  (10 STTU). As expected, the THF conversion increases as the coal con- 
cen t ra t i on  increases, s ince  a h igher  percentage o f  the so lvent  i s  then coal -  
der ived as wel l .  The 975'F+ conversion response i s  f a r  l e s s  explainable. The 
ind i v idua l  feedstock p o i n t s  a t  0 and loo$ are  connected, t o  represent expected 
conversions based on s t r i c t  l i n e a r  averaging. A t  coal concentrat ions up t o  5 0 2 ,  
conversions near o r  above t h i s  l i n e  occur, i n d i c a t i n g  a p o s i t i v e  synergy. 
Surpr is ing ly ,  a t  coal concentrat ions o f  67-758, a l a rge  negat ive i n t e r a c t i o n  
occurs, and 975OF+ conversions are a c t u a l l y  lower than those f o r  coal alone. 
Each o f  these p o i n t s  was found t o  be reproducible. The most l i k e l y  explanat ion 
f o r  t h i s  phenomenon i s  t h a t  the presence o f  the petroleum o i l s  s u f f i c i e n t l y  
reduces the  so lvent  q u a l i t y  i n  t h i s  range t o  cause a l a rge  drop i n  t h e  conversion 
o f  t he  coal residua. A t  t he  lower coal concentrat ions. t h i s  e f f e c t  i s  o f f s e t  by 
t h e  improved conversions o f  the petroleum residua. I n t e r e s t i n g l y ,  t h i s  e f fect  
shows i t s e l f  on l y  i n  the 97S°F+ conversions and not i n  the THF conversions. It 
should be noted here t h a t  c o a l / o i l  r a t i o  s tud ies wi th o the r  feedstock pai rs  do 
not show t h i s  same negat ive behavior ( a t  l e a s t  not t o  t h i s  extent ) ,  but i n  a l l  
cases t h e  response i s  non-l inear. 

Since t h i s  t r e n d  was i n t e r e s t i n g  and unexpected, i t  was decided t o  repeat the  
c o a l / o i l  r a t i o  s tud ies a t  a h igher  sever i ty ,  t y p i c a l  o f  bench u n i t  process con- 
d i t i o n s .  This was done t o  co inc ide w i t h  the s ing le-s tage bench mn. which pro- 
vided comparative r e s u l t s  i n  the  single-stage, i n teg ra ted  bench u n i t  a t  33, 50 
and 67% coal. These r e s u l t s  are shown i n  F igure 8. Note t h a t  t he  c m p l e x  r a t i o  
response curve f o r  975'F+ conversion has been reproduced, although the  extent  o f  
t h e  negative dev ia t i ons  a t  67-75% coal are reduced. The bench u n i t  data, a t  33 
and 50% coal, prov ide exce l l en t  agreement w i t h  the microautoclave data. The 
bench data a t  67% coal  do show some negative effect, a l thought  not as pronounced 
as i n  the  microautoclave. One key d i f f e rence  i s  t h a t  each bench data po in t  
represents several days o f  continuous, i n teg ra ted  operat ion w i t h  so lvent  q u a l i t y  
e q u i l i b r a t i o n .  wh i l e  microautoclave so lvents  a re  a r t i f i c i a l l y  cmposi ted.  It 
should a lso be noted t h a t  t he  t i e  po in ts  a t  0 and 1OG% coal were not detemined 
on t h e  bench u n i t ,  so t h a t  the extent  o f  pos i t i ve /nega t i ve  synergy may not be 
d i r e c t l y  comparable. The 50% coal case has been shown t o  be economical ly pre- 
f e r red  t several s e v e r i t i e s  a t  l eas t  i n  pa r t  due t o  syne rg i s t i c  r e a c t i v i t y  
e f fects  3 9 )  
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CONCLUSIONS 

HRI's microautoclave has been shown t o  be an e f f e c t i v e  t o o l  f o r  comparing reac- 
t i v j t i e s  o f  coals, o i l s ,  and combinations f o r  c a t a l y t i c  c o a l / o i l  co-processing. 
Speci f ic  improvements i n  experimental and a n a l y t i c a l  procedures were implemented 
t o  expand t h e  u t i l i t y  of t he  microautoclave from coal l i q u e f a c t i o n  i n t o  o i l  and 
co-processing. Data generated on the Ohio coal/Cold Lake ASB combination l e d  t o  
some unexpected resu l t s ,  which were l a t e r  confirmed by continuous bench u n i t  
studies. 
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TABLE 1 

SPONSORS: E l e c t r i c  Power Research I n s t i t u t e  (EPRI) 
Ontar io -Oh io  S y n t h e t i c  Fue ls  C o r p o r a t i o n ,  L td .  (OOSFC) 
A1 b e r t a  Research Counci 1 (ARC) 
D y n a l e c t r o n  Corpora t ion /HRI  

OBJECTIVES: 

1. Produce i n c r e m e n t a l  l i q u i d  f u e l s  fran coa l  ( i n c l u d i n g  c l e a n  power p l a n t  

2. Upgrade ( d e s u l f u r i z e ,  d e m e t a l l i z e )  p o o r  q u a l i t y  res iduum f u e l s .  

3. 

f u e l  s ) . 

U t i l i z e  c h e m i c a l l y  combined hydrogen f r o m  res iduum t o  produce i n c r e m e n t a l  
l i q u i d  f u e l s  f rom c o a l .  

ELEMENTS ( L a b o r a t o r y )  : Feedstock C h a r a c t e r i z a t i o n  (ARC/HRI) 
M i c r o a u t o c l a v e  R e a c t i v i t y  Screen ing  (HRI) 
Batch  Autoc lave  Screen ing  (ARC) 
Cont inuous  Bench U n i t  O p e r a t i o n s  (HRI) 

TABLE 2 

MICROAUTOCLAVE STANDARD C O N D I T I O 6  
REACTIVITY SCREENIN6 TESTS 

I 8 gms s o l v e n t  Time, Temperature - V a r i a b l e  
2 gms r e a c t a n t  ( c o a l  p l u s  o i l )  2 gms p r e t r e a t e d  c a t a l y s t  (when used)  
2000 p s i g  hydrogen 

I Standard S o l v e n t  - H-Coal@/H-Oil@ d i s t i l l a t e s  
I S o l v e n t s  b lended i n  same r a t i o  as feeds tocks  

I 1 STTU = 1 m i n u t e  a t  84OOF 
S e v e r i t y  - Standard Time Temperature U n i t s  

S e v e r i t y  M a t r i x  

9 

Temperature, O F  Time M i n u t e s  
7 50 + F  
800 15 5 
800 30 10 
800 45 15 
825 30 20 
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FIGURE 1 
MICROAUTOCLAVE REACTOR 

C a t a l y s t  
Charge 
Basket  

MECHANICAL DESIGN 

e 20cc I n t e r n a l  Volume 
e Maximum I n l e t  Hydrogen P r e s s u r e  3000 pst  
e Opera t ions  t o  L i q u e f a c t i o n  Temperature 
e Thermal and Gas I n l e t  C o u p l i n g  
e 347ss M a t e r i a l  o f  C o n s t r u c t i o n  
e E x t e r n a l  Cap Threads 
e Reactor  Cap Redesign 
e Co ld  Traps 
0 C a t a l y s t  Basket  
0 U t i l i z e s  Whole E x t r u d a t e  C a t a l y s t  

TESTING CAPABILITIES 

e Thermal Tes ts  V a r y i n g  Charge. 
feed R a t t o s .  Temperature, T ime 

e C a t a l y t i c  T e s t s  V a r y i n g  Charge, 
Feed R a t i o s ,  Temperature, Time 

PRODUCT WORKUP PROCEDURES 

MASH REACTW 

C 4 l A L Y S T  BASKET 

F I L T E U  

F I L T R A T E  

ROTO-EVAPOR 
THF " 

O I L  - - - - - - - 
C A L C U L 4 l E  

COAL CONYEUSION 

1 ( O P T I O M L )  

CALC U T E  I 
975'F'  CONVERSION 

ASPHALTENES. P R E I S P W L T E N E S  

FIGURE 2 
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FIGURE 3 

CATALYTIC REACTIVITY OF OHIO NO. 5/6 COAL 

FIGURE 4 

CATALYTIC REACTIVITY OF COLO LAKE AS6 

1:; j I :  ; :  : I . . i 1 .  : .  : I :  j j j I :  j j  j I j j j 1 1 :  ; j ~ 1 j j { j I j : ;  /._ -1 in 
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SEVERITY,  STTU 
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F I G U R E  5 
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CALCULATED SECOND DRDER RATE CONSTANTS FOR 
97!i°F+ CONVERSION OF OIL FEEDSTOCKS 

I I I b 

------->\ /' 

Lake 
1 I I I I 

0. 5. 1 0 .  15. 20. 25. 
S E V E R I T Y ,  S T T U  

F I G U R E  6 

CATALYTIC CO-PROCESSIffi OF 50/50 BLEND OF 
OHIO n0. 5/6 COAL AND COLD LAKE ASB 

+ THF Convers ion  
o T o t a l  Feed 975'F' Convers ion 

100. I I I I I I I I I I 

M. 

88. 
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FIGURE 7 

CATALYTIC CO-PROCESSINS OF OHIO NO. 5/6 COAL AND COLD LAKE ASB 
EFFECT OF COAL CONCENTRATION 

(SEVERITY: 10 SrrU) 

!M. 

L3e. 
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8. 20. 40 * 60. 80 * 100. 
PERCENT COAL 

FIGURE 8 

CATALYTIC CO-PROCESSING OF OHIO NO. 5/6 COAL AND COLD LAKE ASB 
EFFECT OF COAL COWCENTRATION 

(BEWCH RUN SEVERITY) 

t THF Convers ion 
o 975°F' Convers ion 
x Sench U n i t  975°F' Convers ion  Data 

lea. I I I I I I 
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0 7. cox 
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