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I .  INTRODUCTION 

Canada's l a r g e  depos i ts  o f  heavy o i l  and coal  and t h e i r  p r o x i m i t y  warrants t h e  
development o f  coprocessing technology. Coprocessing i n v o l v e s  t r e a t i n g  a s l u r r y  o f  
coal i n  heavy o i l ,  bitumen or  r e s i d  w i t h  h igh  pressure hydrogen w i t h  o r  w i t h o u t  
o ther  reduc ing  gas between 400'C and 500'C. Under these c o n d i t i o n s  coal  l i q u e f i e s  
and t h e  coa l -der ived  l i q u i d s  together  w i t h  the  heavy o i l  hydrocrack t o  l i g h t e r  
mater ia ls .  

The advantages o f  coprocessing over coal l i q u e f a c t i o n  have been known f o r  some 
t ime and and bench-scale research i n  coprocessing has been underway a t  CANMET s i n c e  
about 1980. (1,2,3). The bench-scale experiments have i n d i c a t e d  a cons iderab le  
economic p o t e n t i a l  f o r  t h e  simultaneous processing o f  coal  and bitumen. To develop 
t h i s  process t o  a st.age where i t  can be evaluated w i t h  conf idence f o r  f u r t h e r  
scale-up t o  demonstrat ion size,the c o n s t r u c t i o n  o f  a ha l f - tonne per  day p i l o t  p l a n t  
was i n i t i a t e d .  

Whereas t h e  bench-scale f a c i l i t i e s  a re  be ing  used t o  i n v e s t i g a t e  t h e  e f f e c t  o f  
t h e  process v a r i a b l e s  on the  product y i e l d s  and q u a l i t y  i n  s h o r t  exper imental  runs, 
the  l a r g e  p i l o t  p l a n t  w i l l  be used t o  so lve  problems t h a t  normal ly  r e s u l t  f rom l o n g  
exper imental  runs l a s t i n g  up t o  60 days. Fur ther ,  t h e  p i l o t  p l a n t  w i l l  be ab le  t o  
generate more a c c u r a t e l y  y i e l d  data t h a t  i s  no t  normal ly  p o s s i b l e  w i t h  smal le r  bench 
sca le  u n i t s ,  and w i l l  enable t h e  produc t ion  o f  t h e  much l a r g e r  q u a n t i t i e s  o f  
p roduc ts  needed f o r  the  d e t a i l e d  assessments requ i red  f o r  commercial izat ion.  

T h i s  paper descr ibes  the  coprocessing p i l o t  p l a n t  which i s  now being 
commissioned a t  CANMET's Energy Research Laborator ies.  

11. PROCESS DESCRIPTION 

( a )  Design Basis 

* Feed s l u r r y  concent ra t ions  of  coa l  f rom 5 t o  50 w t  % 

Hydrogen r e c y c l e  r a t e  o f  200 L/h a t  15'C (13.9 MPa) 

Pressure c a p a b i l i t y  t o  21 MPa ( ~ 3 0 0 0  p s i )  

Reactor temperature t o  500'C. 

Nominal space v e l o c i t y  o f  1.0 r e a c t o r  volumes/h (1.0 LHSV) 
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(b) D e s c r i p t i o n  o f  Flow Diagram 

The coal f rom producers w i l l  be ground and d r i e d  i n  a new coal p r e p a r a t i o n  
u n i t .  This f a c i l i t y  handles coal up t o  0.63 cm (1/4 i n . )  i n  s ize  and up t o  60% 
mois tu re  t o  produce up t o  227 kg/h of  d r y  coal  (maximum 10% mois tu re)  a t  a maximum 
p a r t i c l e  s i z e  o f  74 em (-200 mesh). The d r i e d  coal  i s  p u t  i n  45 g a l l o n  drums w i t h  
p l a s t i c  l i n e r s  and sealed t o  exclude moisture.  The ground coal  i s  then mixed w i t h  
heated heavy o i l  i n  tanks. A f t e r  m i x i n g  w i t h  t h e  recyc led  gas stream c o n t a i n i n g  t h e  
t h e  des i red  concent ra t ion  o f  hydrogen, t h e  h o t  feed s l u r r y  i s  pumped through 
a preheat ing  s e c t i o n  i n t o  the  r e a c t o r  which w i l l  be maintained a t  t h e  d e s i r e d  
r e a c t i o n  temperature by e l e c t r i c a l  heaters (Fig.1). The temperature p r o f i l e  i n  t h e  
r e a c t o r  i s  measured and c o n t r o l l e d  by e x t e r n a l  heaters.  
i n t r o d u c t i o n  o f  o ther  process monitors such as pressure t ransducers and 
densitometers. 

Prov is ion  has been made f o r  

The e f f l u e n t  f rom t h e  reac tor  i s  f e d  t o  a h igh  temperature h igh  pressure 
separa tor  from which a heavy o i l  product ( c o n t a i n i n g  any undissolved c o a l )  i s  w i t h -  
drawn. The overhead are then fed  t o  a low temperature-high pressure separa tor  f rom 
which a l i g h t  o i l  i s  co l lec ted .  The gas i s  then f e d  t o  t h e  scrubbing s e c t i o n  which 
removes gaseous hydrocarbons, as we1 1 as gaseous n i t r o g e n  and sulphur compounds. 
This scrubbed H2 stream i s  then recyc led  a f t e r  a d d i t i o n  o f  f r e s h  make-up hydrogen t o  
t h e  r e c y c l e  gas and then mixed w i t h  s l u r r y  e n t e r i n g  t h e  preheater.  Off-gas streams 
from t h e  product let-down systems w i l l  be measured and analyzed. 

samples o f  t h e  product are d i s t i l l e d  and analyzed. 
and t h e  accuracy i n  measurement, a good mass balance can be expected. 

The feed and t h e  two l i q u i d  product streams are weighed cont inuously,  then 
Consider ing t h e  f l o w r a t e s  used 

I I I .  PILOT PLANT - ASSEMBLY OF SUB-SYSTEMS 

( a )  S l u r r y  Prepara t ion  Sect ion 

The s l u r r y  p repara t ion  system c o n s i s t s  o f  two tanks, two s l u r r y  r e c i r c u l a t i o n  
pumps and two r e c i r c u l a t i o n  loops 4 and 50 m long r e s p e c t i v e l y .  The i n t e r n a l  p i p e  
s i z e  i n  these loops i s  3.81 cm. Since t h e  s l u r r y  v i s c o s i t y  i s  very dependent on 
temperature, t h e  p i p i n g  and tanks are  equipped w i t h  heaters. 
!arger loop was determined according t o  the  l o c a t i o n  o f  t h e  s l u r r y  p r e p a r a t i o n  area. 
i .e . ,  some d is tance from t h e  main process ing  area. The h igh  pressure r e c i p r o c a t i n g  
feed pump i n  t h e  process area i s  f e d  by p a r t  o f  t h e  r e c i r c u l a t i n g  s l u r r y  a t  one end 
o f  the  l a r g e  loop. 
tank when i t  i s  no t  i n  use, o r  when the  s l u r r y  i s  being prepared from coal and heavy 
o i l .  

The l e n g t h  o f  t h e  

The s h o r t e r  loop  i s  used f o r  c i r c u l a t i n g  s l u r r y  i n  the  o t h e r  

F i g u r e  2 shows a photograph o f  t h e  s l u r r y  area. 

S i z i n g  o f  l i n e s  and t h e  power r e q u i r e d  f o r  r e c i r c u l a t i n g  the  s l u r r y  were 
es t imated  f o r  t h e  l i n e a r  v e l o c i t y  r e q u i r e d  t o  prevent s e t t l i n g  o f  coal  p a r t i c l e s  
based on S p e l l ’ s  equat ion (4).  The system was designed so t h a t  e i t h e r  r e c i r c u l a t i o n  
pump cou ld  be used w i t h  e i t h e r  tank i n  t h e  event o f  f a i l u r e  dur ing  opera t ion .  Th is  
f l e x i b i l i t y  a long w i t h  o ther  c h a r a c t e r i s t i c s  o f  t h e  long loop make i t  i d e a l  f o r  t h e  
study of mix ing  phenomena, o r  i n  t h e  absence o f  o ther  data, a means f o r  de termin ing  
s l u r r y  V i s c o s i t y  f rom known f l o w  and pressure drops. 
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Dur ing  s l u r r y  preparat ion,  t h e  coal  and heavy o i l  c o n t a c t i n g  w i l l  be done by: 
(a) an a g i t a t o r  w i t h i n  t h e  tank, (b) recyc le  f l ows  through t h e  4 m loop o r  (c )  t h e  
use o f  an eductor  w i t h i n  the  sho r t  loop. 

I n  t h e  coal  l i q u e f a c t i o n  l i t e r a t u r e  i n t e r e s t i n g  rheo log i ca l  behaviour i s  
descr ibed where t h e  temperature - v i s c o s i t y  r e l a t i o n s h i p  i n d i c a t e s  the  presence o f  a 
gel a t  c e r t a i n  temperatures (5) .  Since s i m i l a r  rheo log i ca l  c h a r a c t e r i s t i c s  may be 
encountered w i t h  coal /heavy o i l  s l u r r i e s  t h e  preheater  sec t i on  has numerous 
temperature and pressure sensors f o r  mon i to r i ng  t h e  rheology and f l o w  c o n t r o l  (6) .  

( b )  Reactors 

The p i l o t  p l a n t  has two t u b u l a r  reactors .  One has a 18-L capaci ty ,  i s  7.62 cm 
i n  d iameter  and i s  3.937 m long. The o the r  has a 10-L capaci ty ,  i s  5.08 cm i n  
d iameter  and i s  4.876 m long. A lso the re  i s  a 10-L continuous s t i r r e d  tank r e a c t o r  
(CSTR). 

The r e a c t o r s  and separators  were designed t o  accommodate inst ruments f o r  
s tudy ing  f l u i d  dynamics and f o r  changing r e a c t o r  geometry. 
can be a l t e r e d  t o  study residence t ime d i s t r i b u t i o n s  under var ious condi t ions.  

The maximum L/D r a t i o  f o r  t h e  t u b u l a r  reac to rs  i s  96. The r a t i o  can be reduced 
by u s i n g  one o f  many holes i n  t h e  w a l l  as t h e  o u t l e t .  The reac to rs  can be connected 
i n  va r ious  ways f o r  d i f f e r e n t  experiments i n c l u d i n g  m u l t i - s t e p  processes. 
Combinations o f  CSTR and t u b u l a r  reac to rs  w i t h  var ious L/D r a t i o s  w i l l  enable t h e  
study o f  t h e  e f f e c t  o f  t h e  degree o f  m ix ing  on t h e  coprocessing reac t i on  f o r  a w i d e  
range o f  Peclet  numbers. Such data are o f t e n  requ i red  t o  develop o r  v e r i f y  scale-up 
models ( 7 ) .  

pressures are n o t  we l l  understood. Consequently our  experience de r i ved  from t h e  use 
o f  gamma-ray i n t e r r o g a t i o n  techniques du r ing  CANMET's development o f  hydrocrack ing 
processes w i l l  be app l i ed  t o  coprocessing (8). F igu re  3 shows t h e  gamma-ray scanner  
which w i l l  be mod i f i ed  s l i g h t l y  f o r  t h i s  new system. 

The many thermocouples and sampling systems i n  the  th ree  reac to rs  have r e s u l t e d  

Reactor c o n f i g u r a t i o n  

The hydrodynamic phenomena o f  s l u r r y  bubble columns a t  h i g h  temperatures and 

i n  complex i ns t rumen ta t i on .  This  complex i ty  i s  i l l u s t r a t e d  i n  t h e  p i p i n g  and 
inst rument  diagram shown i n  F ig .  4. The sampling system invo lves  meter ing c o n t r o l  
valves and t h i s  i s  seen i n  t h e  photograph i n  F igu re  5. 

( c )  Product Separat ion 

It i s  necessary t o  separate t h e  products i n  t h e  reac to r  e f f l u e n t .  The des ign  
o f  t h e  h o t  and c o l d  separators  was based on experience obta ined from hydrocrack ing 
o f  vacuum tower bottoms or  bitumen. Although no d i f f i c u l t y  i s  a n t i c i p a t e d  i n  t h e  
d ischarge o f  undissolved coal so l i ds ,  t h e  e f f i c i e n t  removal o f  s o l i d s  from r e a c t o r  
e f f l u e n t  i s  l i k e l y  t o  warrant f u r t h e r  study. 
equipment can e a s i l y  be connected t o  t h e  bottom o f  t h e  h igh  temperature separator .  

Ex t ra  vessels o r  s o l i d s  separat ion 
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The gases from t h e  co ld  separator i n i t i a l l y  w i l l  be scrubbed by a water and 
o i l  scrubber. These scrubbers were designed f o r  i n v e s t i g a t i o n  o f  mass t r a n s f e r .  
E f f e c t i v e  gas clean-up w i l l  be requ i red  i f  coprocessing p l a n t s  a re  b u i l t .  
E v e n t u a l l y  absorbant l i q u i d s  o t h e r  than water and o i l  w i l l  be s tud ied .  

( d )  Gamma-Ray Densitometer 

Techniques have been success fu l l y  developed f o r  t h e  study o f  hydrodynamic 
phenomena i n  hydrocracking reac tors  us ing  gamma-ray densi tometry.  
measure t h e  s p a t i a l  and temporal v o i d  f r a c t i o n s ,  f l o w  regimes, and bubble s i z e  
d i s t r i b u t i o n s  i n  the  reac tor  (6).  These techniques which were developed i n  our  
l a b o r a t o r i e s ,  c o n t r i b u t e  t o  t h e  development, scale-up and successful  o p e r a t i o n  o f  a 
l a r g e  sca le  Canadian hydrocracking process. 
densi tometry i n  s o l i d  sedimentat ion i s  being developed. A l l  o f  these techniques 
w i l l  be incorpora ted  i n  the new coprocessing p i l o t  p l a n t .  The d o t t e d  v e r t i c a l  l i n e  
i n  F ig .  4 represents t h e  t r a c k  f o r  the  gama-ray densitometer. 

The techn iques  

The a p p l i c a t i o n  o f  gamma-ray 

I V .  COMPUTERIZED PROCESS MINITORING SYSTEM 

The p lan  i s  t o  have the  p i l o t  p l a n t  c o n t r o l l e d  by dedicated c o n t r o l l e r s .  A l l  
p l a n t  data are c o l l e c t e d  and s to red  by a computerized data a c q u i s i t i o n  and process 
m o n i t o r i n g  system. F i e l d  sensors such as thermocouples and pressure gauges are 
w i red  t o  remote processing u n i t s  (RPU) which per fo rm analogue t o  d i g i t a l  convers ion  
and t r a n s l a t e  the  sensor ou tpu t  t o  eng ineer ing  u n i t s .  The s i g n a l s  f rom t h e  RPU are 
then sent t o  a p l a n t  computer which can d i s p l a y  data i n  var ious formats i n c l u d i n g  
mimics, h i s t o r i c a l  t rends  and alarm i n d i c a t i o n .  A l l  p o i n t s  are scanned every 10 
seconds on average. The p l a n t  computer sends a l l  data every minute t o  t h e  c e n t r a l  
computer t h a t  keeps a l l  t h e  i n f o r m a t i o n  on a hard d isk .  Minute and h o u r l y  averages 
are  s t o r e d  f o r  up t o  60 days and w r i t t e n  every hour t o  tape. The data s t o r e d  by 
t h e  c e n t r a l  computer can be r e c a l l e d  f o r  t rends, p l o t s  and repor ts .  The c e n t r a l  
system handles data f rom t h r e e  separate p i l o t  p lan ts .  
most important p o i n t s  are a lso  recorded on mult ichannel  s t r i p  c h a r t  recorders.  
Those p o i n t s  recorded by t h e  computer a re  shown i n  Fig. 4 by a c i r c l e  w i t h i n  a 
square. 

As a p recaut ion .  60 o f  t h e  
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F I G U R E  1. SCHEMATIC FLOW SHEET OF COPROCESSING P I L O T  PLANT 

FIGURE 2. PHOTOGRAPH OF SLURRY PREPARATION AREA 
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FIGURE 3. GAMMA-RAY SCANNER 

FIGURE 4 .  PARTIAL  P A I D  OF TUBULAR REACTOR 
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F I G U R E  5 .  PHOTOGRAPH OF TUBULAR REACTOR 
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