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A b s t r a c t  

The Exxon C a t a l y t i c  Coal G a s i f i c a t i o n  process Is  a novel  ~_hod  £or 
produc lng  Beehane d i r e c ~ l y  f r o u  c o a l .  I t s  key  f e a t u r e s  from a p r o c e s s  
d y n a a l c s  s t a n d p o i n t  a re  use of  a c a t a l y s t  v ~ c h  causes  both the  h l g h l y  
endoChera lc  g a s l f l c a t l o n  and e x o t h e r a l c  a e t h a n a c l o n  r e a c t i o n s  to  occur  in  the  
sa~e r e a c e o r ,  s e p a r a t i o n  of  p roduc t  gas In  a h i g h l y  beac i n t e g r a t e d  c r y o ~ e r ~ c  
s e c t i o n ,  and r e c y c l e  o f  p roduc t  carbon monoxide and hydrogen bad-. i n t o  tha  
r e a c t o r .  A d y ~ e ~ c  s i m z l a t l o n  o f  t:hls p r o c e s s  has been deve loped ,  and c l o s e d  
c~n~rol  loop r e s p o n s e s  a r e  p r e s e u c e d .  
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Exxon Research and Enwlneerlng Co. has been engaged over the last 
decade Snothe development of a uulque process for the conversion of coal to 
methane ̀,~. The development s~arted with the d~scovery that coal catalyzed 
with potassium salts promotes methanaclon o f  t.~a coa l  gasification products. 
F~om ~h~a discovery sre~med a one reactor process concept, known as Catalytic 
Coal Geslficar~on (CCG) which offers a more efficient, lower cost route co 
produc~ ~ethkne f~ma coal. Th~s paper presents a dynamic simulation of the 
CCG process that wab peEforNed to aid in control sch~ studies. 

Process..Conc.epC ,and Flow Scheme 

The ma~or reactions t ' -~t occur in coal gasiflcarlon are shown in 
Figure I .  In  non-catalytic gasification processes, these reactions must be 
carried out in separate reactors as ancatalyzed gasificaclon rates are very 
slow at temperatures much below 925"C while methanatlou reaction equilibrium 
constralnCs strongly reduce methane producrlon at temperatures above 800=C. 
In potasslum c a t a l y z e d  Easlflcarlon, on the other hand, reasonable 
~aslficat$on rates and near-equ~llhrlum ylelds of methane can both occur at 
700°C, thus p e r m i t t i n g  d i r e c t  convers ion  of  c o a l  to  methane in  a s i u g l e  
reactor° An additional benefit of this concept is high thermal efficiency. 
T~ Easlflca~_~on and methanarlon are carried out In separate vessels, the large 
hea t  of  g a s i f i c a t i o n  (~iEvIe  I)  wast: be added Co one r e a c t o r  while  the  e q u a l l y  
l a r g e  hea t  of  methanaciou i s  r e ~ v e d  from ano the r  a t  a lower tempera=ure .  
Ca~.-ryl. n E ~t both reactions in a slngle vessel, ~n the other hand, resulC~ in 
a process that is approximately thermoneutral. 

A flo~sheet for a proposed co=Berclal plant for Catalytic ~1 
Gasification (CCG) is shown in Figure 2. Coal i s  crushed and dried and 
potassium catalyst is added to  the coal as a solution contaiuln~ prlma~lly KOH 
and ~CO 3. The moisture from th~ catalyst solution is evaporated, and the 
prepared coal is fed to the gaslfler via a lock hopper system. The coal is 
gasified at conditions of about 705°C and 3.5 MPa in a simple flu~dlzed bed 
reactor conta£nlng no Internals other than a gas distributor. 

The gaslfler effluent is essentially CH&, CO, C02~ and unconverted 
steam. Th~s effluent flows through cyclones in ~rLch the coarser encralned 
fines a~e recovered for return to the r e a c t o r .  After ~Igh level heat recovery 
from the gas, the rewalnin g fines are removed by cyclones and a vencuri 
scrubber (not shown on Figure 2) and acid gases are removed using commerclally 
a v a i l a b l e  t echno logy .  Produc t  methane i s  s e p a r a t e d  from CO and 1~ 2 by 
c ryogen ic  d i s t i l l a t i o n ,  and the  methane i s  s e n t  to  s a l e s .  The CO and H 2 a r e  
r e c y c l e d  co the g a s i f i e r .  Since the  amount o f  CO and 82 feed ba lances  the  
amount of CO and H 2 leaving the gasif£er, the nec products of gas£floar~.on are 
only lethane and CO2' along vith small agounts of R2S. and ~q3" 

As p~ev loas ly  d e s c r i b e d ,  the o v e r a l l  r e a c t i o n  oceur ing  i n  che 
E a s i f i e r  i s  e s s e n t i a l l y  Cheraa l ly  n e u t r a l ,  and on ly  a small  s ~ u n c  of h e a t  i s  
rQquired co hea t  up the f eed  coa l  and o f f s e t  hea r  l o s s e s .  This hea t  i s  
supplied by p~eheatlng ~he feed Eases to  about 815°C (1500°F) before t h e y  
enter the £1,/d bed. A small steam/methane reformer may also be included to 
provide a supplemental source of synthesis gas whleh methanates In the 
gaslfler and thus supplies additional heat. Th~s approach is more e-'onomlcal 
than raising r.he preheat temperature wach above 8150C (1500°F). 
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The unique f e a t u r e s  o f  the  CCC process  me'£e p r e d i c t i o n  of  ~be 
p r o c e s s  ~.yus~Lcs ve ry  d l f f l c u l t .  The ems8 and ene~x~ b a l a n c e s  in  the g a s i f i e r  
are  v e r y  r ~ g h t l y  coupled due to  the  ~arge hea t s  o .  ~ g a n t £ t c ~ t t o n  and 
a e t h a n s t i o n  r e l a t i v e  to  the  o v e r a l ~  h e a t  of  r e a c t i o n  ( F i g u r e  1) .  For  exmsple ,  
an upset  to  the ~ compos:[t£oo enter£n~, the ~tasif~_~r ~rJLll r e s u l t  i n  =n .upset 
i n  the g a s i £ t e r  ener l~  ba lance.  ~q~ r e s u l t i n g  ~as££~Ler temperature upset v t l l  
a f f e c t  t he  £1ov and c o m p o s i t i o n  o f  t he  gases  l e a v i n g  t h e  g a s l g i e r ,  and t h / s  
m a t e r l a l  ba l ance  upse t  e ~  be fed  hack to the g u i f t e r  due t o  the  r e c y c l e  o f  
syu~as  (CO and H 2) from the  c r y c ~ e ~ t c  d~sc i l la~ . lon  s e c t i o n .  A dyum~c  
c i ~ u ~ a t t o n  o f  the CCC p r o c e s s  m t h e r e f o r e  c o m ~ s a l o u e d  to  decen~Lne ~he the r  
the  p r o c e s s  I n t e r a c t i o n s  p r e s e n t e d  8ny c o n t r o l l a b i l i t y  problems as y e l l  as to  
he lp  d e s i g n  a c o n t r o l  scheme f o r  the  p r o c e s s ,  b~nlle t h e r e  have b~e~ ~rev~ous 
dynan~_ s i m ~ a t i o u  of both f l x e d  and f l u i d i z e d  bed c o a l  ~ a s i g i e r s  ~ '  "~, t he se  
s i m u l a t l o u s  mere al~ per formed f o r  u o n c a t a l y c i c  g a s i f i c a t t o u  p r o c e s s e s ,  and 
thus  v o u l d  no t  shoe the p r o c e s s  dymm£cs t ~ p l t c a t ~ o n s  r e s u l t i n g  from the 
unique  f e a t u r e s  of  the CCC p r o c e s s .  

~ e t h o d o l o s 7  

The s tmula t~on ~as deve loped  in  a modular  f a s h i o n ,  t h a t  i s ,  each 
p r o c e s s  un~c was modeled,  and I t s  d y m u ~ c  d i f f e r e n t i a l  e q u a t i o n s  I n t e g r a t e d ,  
In  a s e p a r a t e  s u b r o u t i n e .  This  p r o v i d e d  f o r  computer  code t h a t  was much 
e a s i e r  t o  r ead  and debug. The sinnL$atton modules ~ere  ~rouped i n t o  c~o 
s e c t i o n s :  t~e  Eas t£1er  s e c t i o n  8nd t h e  r e c y c l e  l oop .  The c a t ~ y s t  r e c o v e r y  
sys tem san  noc i nc luded  in  the  s l m o l a t f o n .  The d i v i s i o n  I n t o  s e c t i o n s  gas 
prompted by the  ~arge t lmes  re~u£red f o r  d y ~ u ~ c  r e s p o n s e s  of  the ~ a s l f ~ e r  
r e l a t i v e  to  the  ocher  u n i t s  i n  the  p r o c e s s ,  the g a s i £ i e r  be ing  about  a f a c t o r  
o f  I0 s l o ~ e r  than  any o t h e r  u n i t .  ~ m p u t a c t o n  ef f l , '_ tenc~ thus  r e q u i r e d  t h a t  
the  g a s ~ f i e r  dynamic d i £ f e r e n t i a l  e q u a t i o n s  be i n t e g r a t e d  us in~  a t ime s t e p  
much l a r g e r  chin thaC used f o r  the  r e c~= le  loop u ~ t t s .  As ~r~ll be d i s c u s s e d  
l a t e r ,  t he  r e c y c l e  loop used a v a r i a b l e  t t : e  s t e p  t h a t  mm a l e a y s  much m l l e ~  
than  the  f i x e d  g a s t f i e r  t ime s t e p .  Coordtmaciou between t h e s e  d £ f f e r i n ~  t ime 
s t e p s  yes handled  by the  s t a u ~ a t l c ~  main program ~d~tch k e p t  t r a c k  o f  
accumulated s ~ m ~ a t l o n  t ime and c ~ , e d  the g a s i f l e r  and r e c y c l e  loop s e c t i o n s  
whenever  a p p r o p r i a t e .  

~ne CCG gasi£1-_r yes  modeled by assu~Lng t h a t  t h e  f l u l d i z e ~  bed of  
char  and c a t a l y s t  s o l i d s  a c t s  as e v e 1 1 - s t l r r e d  r e a c t o r ;  so  t h a t  sol~Lds 
t e m p e r a t u r e  and ¢ o ~ p o s i t l o u  a r e  u~L£ot'a t h roughou t  the  bed a t  any ~ v e n  
t lme .  The gases  p a s s i n g  t h r o u g h  t he  bed ve re  assumed t o  be in  p lug  f l o e  a~d 
a t  t he  same t empe ra tu r e  as the  s o l i d s .  The ¢as holdup o f  the  bed v~s assumed 
to  be n e g l i ~ b l e .  These a s s m ~ t l o ~  pe ra~ t  the ; u ~ . f l e r  to  be modeled v i t h  
tvo  s e t s  o f  o r d i n a r y  d i f f e r e n t i a l  e q u a t i o n s ,  oee s e t  In  bed he iRht  f o r  the  Was 
phase ,  and one £n t ime f o r  the  s o l d  phase. The r e s u l t i ~  s a v i n g s  in  timm 
over  model.trig the bed u s i n g  p a r t i a l  d ~ £ f e r e n t t a l  equa ' . l ons  J u s t i f i e s  these  
a s s u m p t i o n s ,  aJ~ o£ vi~Lch a r e  c l o s e  a p p r o x ~ s a t l o n s  t o  r e a l l L ~  iu  any ease .  

The g a s £ £ i e r  model s t r u c t u r e ,  shown in  F£~u~e 3,  p a r a l l e l s  the 
a o d e l i n g  approach  in  cha t  i t  i s  d i v i d e d  i n t o  s o l i d  phase  and gas phase 
s e c t i o n s .  At each gas££ter  ~ s tep  the ca ta l ys t  r e a c t l o u  sec t i on  of  the 
s o l i d s  model f i r s t  c a l c u l a t e s  the ne t  genera t ion  or  e o n m m p t t o n  of  Ca~LlySt ,  
char~ and gas s p e c i e s  due Co a s e r ~ e s  o f  c o a l - c a t a l y s t  r e a c t i o n s .  The k i n e t i c  
model i s  then  c a l l e d  to  i n t e g r a t e  the  d i f f e r e n t i a l  e q u a t i o n s  a s s o c i a t e d  w i t h  
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t h e  gas  p h a s e  up t h e  l e n ~ h  o f  t h e  r e a c t o r ,  r e t u r n i n ~  t h e  f l o w  and c o m p o s i t i o n  
of g a s e s  learing the gas£fler, and t h e  average density of the "~lu/dlzed bed. 
The hea~ and mass balance section of the solids model chert uses these results, 
a l o n g  ~r~th ingormac~on  on s o l i d s  f e e d s  and c a t a l y s t  r e a c t i o n s ,  t o  i n t e r . r a c e  
t h e  o v e r a l l  g a s i f i e r  mass and e n e r g y  b a l a n c e s  th rough  one t~m~ s t e p ,  
c a l c ~ l a c i n g  a new p r e s s u r e  d r o p ,  bed  h e i g h t ,  t e s p e r a t u r e ,  and  s o l i d s  
c o ~ o s i t i o u .  The ~acfier  t h r e e  parmme~ers w i l l  be used by the k i n e t i c  model 
d u r i n g  t h e  nex~ t i m e  s t e p .  C o n t r o l l e r  c a l c u l a t i o n s  a r e  t h e n  p e r f o r m e d  f o r  any 
gaslfier parameter he£ng concz'olled. 

The c a t a l y s t  r e a c t i o n  s e c t i o n  C ~ e s  as ~rpuc the  f e e d  c~ca lysC  and 
coal flow rates and composlclous and calculates the amounts of solid product 
species formed and the amounus of was species formed or consumed for a series 
of coal-catalyst reac~lous. The coal compositlon i~ also corrected for 
organic material c-.nsumed lu catalyst reactions. ~ reacclous are assumed t o  
occur instanCaueoulsy and to go ~o c o m p l e t i o n .  

The gas phase kluetic model calculates the flow a~d composition of 
t h e  gas leav~ug t h e  gaslfler as a function of inlet gas flo~s and composition, 
c h a r  s o l i d s  c o a ~ s i t i o u ,  c o a l  f e e d  r a c e  and c o m p o s i t i o n ,  an~ bed  t e m p e r a t u r e ,  
p r e s s u r e  and  h e i g h t .  The model h a s  p r e v i o u s l y  been d e s c r i b e d  i u  d e t a i l  ~ , ' .  
Th i s  model  a s m m e s  c h a t  the  f l u i d i z e d  bed  can  be r e p r e s e n c ~  as  ~wo phrases, an 
e m u l s i o n  p h a s e  c o n t a i n i n g  a l l  o f  t h e  s o l i d s  and a p o r t i o n  o f  t h e  g a s ,  and a 
b u b b l e  p h a s e  conCain inE the  r e m a i n d e r  o f  t he  gSSo The f r a c t i o n  o f  gas  f l o ~ l n ~  
i n  t h e  e m u l s i o n  phase  in  c a l c u l a t e d  by  a s suming  cha t  ~he n o m i n a l  v e l o c i t y  o f  
gas  i n  t h i s  p h a s e  e q u a l s  the  ra in / ram f l u i d i z a C i o n  v e l o c i t y  o f  t h e  bed 
solids. Gas~flcaCion and mechanatlon reactions (Table 1) are assumed Co cake 
place in the emulsion phase only, wh~le the gas in both phases is assumed to 
be in sb/fc equ~llbr~um at all po~ncs in the bed .  Mass transfer Between 
phases is modeled by buhbllnE flu/dlzed bed mass transfer correlations whose 
sources are l~sted in Table 2. 

T h e r e  a r e  ~wo feed  s c r e a m s  i~  t h i s  model .  The ma in  g~,?.s f e e d  s t : ea rn  
e n t e r s  ~he e m u l s i o n  phase  of  t h e  bed  ac  t h e  botcc~n o f  the  r e a c t o r ,  v h ~ l e  a 
mino r  f e e d  s t r e a m  which a l s o  c o n t a i n s  t h e  c a t a l y s t  g a s e s  i s  added  Co t h e  
b u b b l e  p h a s e  o f  t h e  bed ac t he  c o a l  f e e d  p o i n t ,  which i s  u s u a l l y  n e a r  t h e  
bottom of the bed. The coal is assume6 to devolatillze at this Dolce as 
wello The amounts of. hydrogen, o~gen, uiCrogen, and organlc sulfur that 
become volatile are assumed t o  be a constant fract$on of the ~ounts of these 
elements present in the feed coal after adjusting feed coal composition for 
c ~ t a I ~ C  r e a c t i o n s .  The ~ a r C i ~ i o m i n g  o f  Chee~ e l e n e n c s  among t h e  p r o d u c t  
Eases  i s  de termAned by  t h e  G i b s o n - E ~ e r  model  ~ ,  which c a l c u l a t e s  t h e  y i e l ~  of  
each  p r o d u c t  gas  u a f u n c t i o n  o f  t h e  c o a l  . e capos iC iou  and l o c a l  hydrogen  
p a r t i a l  p r e , s u r e .  The c a l = u l a c e d  y i e l d s  o f  ca rbon  c o n t a ~ n t n g  g a s e s  (CH~, CO, 
CO 2) w i l l  d e t e r m i n e  t h e  s~ount  o f  c a r b o n  i n  the  c o a l  t h a c  i s  d e v o l a t i ~ i z e d .  
D e v o l a t i l £ z a C t o ~  g a s e s  and c o a l  m o ~ c u r e  a r e  added to  t h e  b u b b l e  phase  o f  the  
bed ac  t h e  c o a l  f e e d  poluC.  
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A ~er~es  of m a t e r i a l  h a ! a n t e s  fo~ each phase  of  the  form 

dz = ~ (PiJ - PiJ ") + ~J CaiG r~.C + aiH r j ~ )  

v h e r e  A 

Nij 

ol 

PiJ" 

~j 

ClG,M 

rJC,M 

- bed a r e s  

- m o l a r  f l o ~  r a c e  of component I In  phase  J (bubb le  o r  e m u l s i o n )  

- mass t r a n ~ e r  c o e f f i c i e u c  be tween  p h a s e s  

- p r e s s u r e  of  compoueut i i n  p~,ese J 

= p r e s s u r e  o f  component I In  o c h e r  phase  

= f r a c t i o n  of  bed v~lume i n  phase J 

- s to lcb .~ometr ic  coeff i r .d.ent f o r  component i f o r  ~as:LfJ.catton, 

meehs rmc tou  r e a c t i o n s  

- m o l a r  r a c e  of  g a s t £ t c a t i o u  o r  mecl~anaclon In phase  J (= 0 i f  

J - b u b b l e  p h a s e )  

a r e  l u c e ~ r a c e d  up t h e  l e n g t h  of  the  bed u s i n g  t h e  re_Tations i n  ~ a b l e s  I 
and 2.  T u c e g r a e l o n  i s  p e r f o r m e d  us in~  an e x p l i c i t  Runge-KuCCa cechn£que  ~rieh 
s t e p  s i z e  adJusCamnt .  The oF. seem of  d i f f e r e n t i a l  e q u a t i o n  a r e  s t i f f ,  so  a 
s t a b i l i t y  t e s t £ n g  p r o c e d u r e  was i n c l u d e d  i n  t h e  l n c e ~ r a e i o n  r o u t i n e .  T h i s  
p r o c e d u r e  checks  c h a t  t h e  .~as s t r e a m  c o m p o s i t i o n  c a l c u l a t e d  a t  each t i m e  s e e p  
has  no t  c r o s s e d  sm e q u t l t b r ~ t m  c o n s t r a i n t .  Zf i t  has,  t h e  s eep  i s  redone w i t h  
t h e  s t e p  s i z e  h a l v e d .  A f t e r  each  1er iCh s e e p  i s  i n t e g r a t e d ,  she compos£c£ons 
o£ each  pb~se a r e  a d j u s t e d  co be i n  w a c e r - ~ M  s h i £ t  e q u i l b r ~ u m ,  and cbe f l c ~ s  
t h r o u g h  the  cec  p h a s e s  a r e  c o ~ e c c e d  so cha t  t h e  veZoc~tty t h r oc ~ h  the  e m u l s i o n  
phase squaLlS C~e m~cd~a~ £1u~d~zaC!on v e l o c £ t T .  The bed pressure f o r  r.he 
c u r r e n t  v~.ue  of  t h e  l e ~ h  i s  c a Z c u l a t e d ,  and she  bed densi~.y Ince1~ '~ ted  
us~uE the  c r e p e z o i d a l  r u l e .  ~ f i n a l  ave raKe  bed d e n s i t y  £s p a s s e d  back  co 
ehe s o l i d s  b a l z n c e  mode l  co be used In c a l c u l a t ~ u t ~  t h e  hey  bed he~j~ht.  

The dymmlc sol£Qs m s  balance c a l c u l a t e s  the bed s o l i d s  i n v e n t o r y  
an~ cowposl t ion s t  each ~ s tep .  A separa te  e~ymmLtC halsnce 2s w r £ t t e n  f o r  
each organic e leJeu t  i n  the .;har, f o r  coa l  ash, and f o r  eac~ £norl~an£c 
potass ieR ~LtC thqe m y  e~Lst 1= the bed. The ba lance are added ~oxecber t o "  
o b t a i n  s t o t a l  bed ~nvencorT balance.  Component m a t e r i a l  balances are based 
on c o a l  and c a t a l y s t  f e e d  f lows and coapos t t t on8 ,  c o a l  , - ~ . a t a l y s t  r e a c t i o n s ,  
i n l e t  g u  f l o v u  and c o m p o s £ t l u u s ,  and gas  p r o d u c t  £1ows and c o m p o s l t l o n 8 ,  t h e  
l a t t e r  v a l n e s  be£ng o b t a i n e d  from she r e s u l t s  o f  t h e  k i n e t i c  mode l .  The 
s i m u l a t £ o u  t n e e ~ r a e e s  e a c h  of  t h e  component m a c e r i a I  ~ c e s  us i r j~  a £ ~ e d  
t i m e  seep  E u l e r  met.hod, ~nd t h e n  c a l c u l a t e s  a new norm~l_tzed see  o f  ~ e - t z h t  
f r a c t i o n s  f o r  the  c h a r ,  The e q u a t i o n  f o r  C o r a l  bed mass ~_s t h e n  t n t e ~ r a e e d ,  
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a new bed h e i g h t  c a l c u l a t e d  from ehe bed ~ s s s  and bed d e n s i t y .  The bed 
heiEhC and d e n s i t y  a r e  t h e n  used  Co c a l c u l a t e  t he  p r e s s u r e  drop a c r o s s  t h e  
bed .  

There are L~o gaslfler enerE7 balances, one on the bed conCenez and 
one on the reactor vessel shell. These balances compute the enchalpies of all 
Eros and solid screams encerlnE or leaving the reactor, referenced Co the 
elemenns at 60~F as w e l l  as hea~ transferred between t he  bed aod the  shell, 
and between the shell and ambient. The net accumulations of enchapiy minus 
the heat loss ce~ are Interfaced usiu~ f~xed time step Euler me~hod~. New 
bed and shell temperatures are then calculated using the new bed solids 
composition. 

The u n i t s  i n  Che r e c y c l e  loop a r e  a l l  ~ , c h  s i m p l e r  than the  
E a s l f i e r .  I n  a d d i c l o n ,  Chef  a r e  c o I ~ r c l a l l y  p roven  and as such t h e i r  dynamic  
r e s p o n s e s  ace a l r e a d y  kno~rn. Thus ,  the l e v e l  o f  mode l ing  decaZ1 used f o r  
recycle loop modules was much less than Chat used for the Easifier. The fired 
preheacer and h_~h 1-__v-.l ~.~--~ ~changers were mo~eied as simple, lumped 
parameter systems. The low level heat recovery and acid gas removal secClons 
- e r e  assume~ co ~ k  as  d e s i g n e d  and co have f i ~ t  o r d e r  dynamics.  The 
s u p p l e m e n t a l  steam r e f o r m e r  was modele~ as a lumped p a r a m e t e r  sys tem f o r  t he  
flue Eas and couvecclon sections, and as a d~sc~-~buced parameter system on the 
pTocusa gas side on the radiant section. The methane recovery dlstillaClon 
Cower was modeled usln~ a Cray-eo-c~ay mass balance model, buC ~ch a 
simplified energy balance. 

The cryogenic heat exchangers used co cool down the feed Co the ac/d 
gas removal system vere modeled as a discrlbuced parameter system, however, 
due co the large temperature drop across these exchans-ers. The d~scributed 
parameter model used Eenerates a se~es of stiff differential equations lu 
tlme, vhlch.are integTaned usinE a Runge-KuCta cechn/que wlth a seep size 
adjuster. TL.e new rime stepsize calculated aC each rime step is use~ by all 
other modules in the recycle loop to InCesTaC,:- their differential equations 
over the next time stepo The interfacing between chls variable recycle loop 
time step and the fixed g~slfier time seep is handled by the slmulaClon main 
program. 

The s i m u l a t i o n  runs  on an 13M 3081. XC - . u ~ ' e n c l p  r e q u i r e s  
considerable comput ing power ,  bu t  improvements in  i t s  efficiency will be 
addressed in the future, wlrh an eye Co having ic run on a VAX 11/780. Data 
on equ/pment parameters and In~C/~l conditions are Input to the model via a 
series of dana sees. The final values of all variables in these ~ca sets are 
written into new data sets by the model after a simulation has ended. This 
permits runnlnE the model Co a s~eady state and then savant the complete 
steady state, so ~hat disturbance s~ulatlons may be run by changing only one 
or ~o ~umbers in the ~aCa sets. The slmulation also saves values of key 
variables as a funcclon of rime in a format directly readable by an 
Interactive ploCtlng routine, allowing dymu~c response plots to be generated 
e a s i l y  and q u i c k l y .  

* °  
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. . S ~ l e  R e s u l t s  

The s a J o r  usa o f  t he  s i m a l a t i o n  t o  da t e  has been  co t e s t  p o t e n t i a l  
c o n t r o l  c o n f l ~ . ~ r a C i o u s  f o r  t he  g a s i f i e r .  In one such c o n ~ l g u r a r i o n ,  t he  
p r e h e a t  and r e f o r l e r  f u r n a c e s  mere u sed  co c o n t r o l  t he  g s s i f i e r  bed 
t e m p e r a t u r e ,  w h i l e  the  bed t e m p e r a t u r e  was i n  t u r n  used  t o  c o n t r o l  t he  bed 
h e i g h t .  As bed h e i g h t  s e t p o i n t  w i l l  n o t  be changed o f t e n ,  t h e  c o n f i g u r a t i o n  
was r e s e e d  by slmalaClr~ its response t o  a sol~da fl~ rate upset, which 
consisted of a 5~ increase in the flowraCes of coal and catalyst fed, and char 
and f i n e s  w i t h d r a w . .  

The r e s p o n s e s  of ~ed h e i g h t  and bed t e m p e r a t u r e  a r e  shown i n  
Figures 4 and 5, respectively. The increase in coal co be gasified causes the 
bed helght co climb slowly. After a pseudo-deadCime, the control seheue 
b r i n g s  t h e  bed t e m p e r a t u r e  up ,  and t h e  bed h e i g h t  r e t u r n s  t o  s t e a d y  s c a r e .  
A l though  t h e  dynamics  a r e  somewhat s l o w ,  the  p r o c e s s  r e s p o n d s  s t a b l y  mad 
s m o o t h l y  t o  t h e  u p s e t  w i th  a m a x ~  bed height d e v ~ a c i o n  of 0.6 m. The 
g a s i f t e r  gas  e f f l u e n t  c o m p o s i t i o n  r e s p o n s e  f o r  t h i s  u p s e t  i s  shown i n  F i g u r e  
6. Except for a slight transient in che amount of H20 in this scre~, the ~as 
composltlon does ~t change -,,oh durlng the upset. 

Concluslous 

A dynamic  s t l u l a t ~ o n  has been  d e v e l o p e d  f o r  E x x o n ' s  CCC p r o c e s s .  
The s i m u l a t i o n  conca~ns  a d e r a i l e d  d y u a ~ c  model of  the  g a s i f i e r  and 
s i m p l i f i e d  mode l s  of  the  r e c y c l e  l o o p  u n l c s ,  and can be u sed  f o r  s y s t e m s  
s t u d i e s  o r  c o n t r o l  scheme r e s t s .  
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T a b l e  1 Gas Phase R e a c t i o n s  OccurtnE l u  G a s ! f i e f  

1) G a s i f l c a ~ l o n  

C + R20 = C0 + FI 2 

Tare m 

Fea t  kg (P H20 - P B2 0 Pco/KK) 

(P H 2 + b I P H2 O) 

2) Mechauacion 

CO + 3H 2 ~ CR 4 + H20 

Fcac ks. (Pco P3H2 - PH20 pCR41Km) 
~ c e  m 

2 
(1 + b 2 Pl~ ) 

3) S h i f t  

H20 + CO ~ H 2 + CO 2 

a s s u~ ed  co be in  e q u i l i b r i u m  

Fcat: =- amount of  6.ct:lve ca't:alyg~: in  bed 
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T a b l e  2 

• S u p e r f i c L a l  ve l oc£ Cy  aC minimum f l u i ~ L z a C i o u ,  f rom the  p o s i t i v e  
q u a d r a t i c  r o o c  o f  Erguu p r e s s u r e  d rop  relaC:Loush:Lp 

• J e t  he£shc  above  disCr~_butor ,  f rom Mori and Wen c o r r e l a t i o n  

• Bubble  grom:h  f rom G e l d a r t ' s  c o r r e l a ~ . i o u  

• ~ s t a b l e  b u b b l e  s i z e  f rom C o u l a l o g l o u ' s  p r o p r l e c a r y  c o r r e l a t i o n  

• B ubb l l ng  bed mass c r a u s £ e r  c o e f f l e l e n t ,  f rom 1 ~ L i  and L e v e n s p £ e l ' s  
model  



Figure 1 

COAL GASIFICATION CHEMISTRY 
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F i g u r e  2 

EXXON CATALYTIC COAL GASIFICATION PROCESS 
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Figure 3 

STRUCTURE OF GASIFIER MODEL 
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Figure 4 

BED HEIGHT RESPONSE TO SOLIDS UPSET 

i" 

3 3 -  

3 2 -  

182138,32 

v 

,E: 
U) 

eu  

• 31 
3: 
"o 
Q 

M 

3O 

29 - I I I I 

O 5 10 15 

Time (Hours) 



F igure  5 

BED TEMPERATURE RESPONSE TO ..GLIDS 
UPSET 
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Figure 6 

GASIFIER EFFLUENT COMPOSITION 
RESPONSE TO SOLIDS UPSET 
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