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I K R O D U C I ' I O N  

The  c a t a l y t i c  hydroprocessing of coa l -der ived  1 i q u i d s  i s  p o o r l y  u n d e r s t o o d  
b e c a u s e  of t h e  c o m p l e x i t y  of  t h e  l i q u i d s  and t h e  l a r g e  number of compet ing 
reac t ions .  The g o a l  of t h i s  r e s e a r c h  was t o  c h a r a c t e r i z e  q u a n t i t a t i v e l y  t h e  
hydroprocess ing  o f  a l i q u i d  mixture modelling a coa l  l i q u i d  der ived from Powhatan 
No. 5 coal  i n  t h e  SRC-I1 p r o c e s s .  A s p e c i f i c  g o a l  v a s  t o  d e t e r m i n e  r e l a t i v e  
r e a c t i v i t i e s  of r e p r e s e n t a t i v e  r e a c t a n t s  and determine t h e  competitive i n h i b i t i o n  
e f f e c t s  of t h e  v a r i o u s  reac tan ts .  The experiments were c a r r i e d  out  with a m i x t u r e  
of a t  most n i n e  compounds r e p r e s e n t i n g  t h e  major  funct ional  groups i n  t h e  coal  
l iqu id .  The r e a c t a n t s  included p o l y n u c l e a r  a r o m a t i c  hydrocarbons ,  s u l f u r -  and 
o x y g e n - c o n t a i n i n g  h e t e r o c y c l i c s .  1 -naphthol ,  and b a s i c  a s  w e l l  a s  n o n b a s i c  
organonitrogen compounds. 

There i s  no o n e  t y p i c a l  coal  l iqu id  because t h e  compounds and t h e i r  r e l a t i v e  
amounts vary with t h e  source of t h e  coa l  and with t h e  type and o p e r a t i n g  s e v e r i t y  
o f  t h e  c o a l  l i q u e f a c t i o n  p r o c e s s .  I n  t h i s  study, t h e  choice of model compounds 
and t h e i r  r e l a t i v e  amounts were based on a d e t a i l e d  a n a l y s i s  of t h e  SRC-I1 heavy 
d i s t i l l a t e  ( 1 . 2 ) .  The c o n c e n t r a t i o n s  o f  compounds containing heteroatoms were 
chosen t o  give the  same concentrat ions of f u n c t i o n a l  groups p r e s e n t  i n  t h e  SRC I1 
heavy d i s t i l l a t e ;  t h e  concent ra t ions  of aromatic hydrocarbons were chosen t o  g ive  
a molar r a t i o  of 3:2:1 of fused 2-ring, 3-r ing,  and &r ing  aromatic compounds. 

EXPERIHENTAL 

Apparatus and Procedure 

The experiments  were c a r r i e d  out wi th  a fixed-bed flow microreactor  (3) .  The 
feed was prepared by dieeclving the r e a ~ t m :  co-pounds ir. cyclohexane  t o  g i v e  a 
s o l u t i o n  w i t h  a t o t a l  s o l u t e  mass f r a c t i o n  of 0.0025. Approximately 800 m l  of 
so lu t ion  was added t o  e i t h e r  of two lOOO-ml high-pressure autoclaves equipped w i t h  
s t i r r e r s .  The feed and t h e  vapor space above it were purged with hydrogen f o r  two 
h o u r s  s t  room t e m p e r a t u r e  w i t h  a hydrogen f l o w  r a t e  o f  50 m l / m i n .  Carbon 
d i s u l f i d e  d i s s o l v e d  in  another  1 0  ml of feed was then quickly added t o  g i v e  0.001 
mass f r a c t i o n  of carbon d i s u l f i d e  i n  t h e  feed. [The carbon d i s u l f i d e  s e r v e d  a s  a 
s o u r c e  o f  hydrogen s u l f i d e  v i a  t h e  r e a c t i o n  CSp + 482-282s + CH4, which 
o c c u r s  r a p i d l y  u n d e r  t h e  r e a c t i o n  condi t ions (4); t h e  CS2 maintained t h e  c a t a l y s t  
in t h e  su l f ided  s t a t e . ]  The autoclave was pressured up t o  137.1 atm with hydrogen 
a t  room tenpera ture ,  and t h e  feed was sa tura ted  wi th  hydrogen. This resu l ted  i n  a 
hydrogen mole f r a c t i o n  of approximately 0.05 i n  t h e  feed ( 5 )  or  a 50:l hydrogen t o  
r e a c t a n t  mole r a t i o ,  which p r e v e n t e d  t h e  hydrogen mole f r a c t i o n  from varying 
s i g n i f i c a n t l y  over  t h e  length  of t h e  reac tor .  

The s a t u r a t i o n  of  t h e  f e e d  wi th  hydrogen p r i o r  t o  i t s  in t roduct ion  i n t o  the 
reac tor  ensured t h a t  only two phases were p r e s e n t  i n  t h e  r e a c t o r ,  which al lowed 
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d e t e r m i n a t i o n  of reac t ion  k i n e t i c s  i n  t h e  absence of mixing e f f e c t s  o r  s i g n i f i c a n t  
r a d i a l  gradients  i n  concentrat ion o r  temperature. Because t h e  r e a c t o r  was h e l d  a t  
a h i g h e r  t e m p e r a t u r e  and p r e s s u r e  t h a n  t h e  au toc lave ,  no degassing of t h e  feed  
occurred, as confirmed by thermodynamic ca lcu la t ions .  

The r e a c t o r  c o n s i s t e d  of  a v e r t i c a l  316 s t a i n l e s s  s t e e l  tube 25.4 cm long 
wi th  an i n t e r n a l  diameter of 0.95 cm. The bot tom11 em of t h e  r e a c t o r  were packed 
w i t h  90-mesh alundum, t h e  n e x t  3 cm were packed wi th  0.050 g of c a t a l y s t  mixed 
wi th  alundum, and t h e  remainder of t h e  tube  was packed wi th  alundum. A d e t a i l e d  
descr ip t ion  of t h e  reac tor  i s  given elsewhere ( 3 ) .  

The c a t a l y s t  was s u l f i d e d  by passing a mixture of 10% E2S i n  E2 through t h e  
c a t a l y s t  bed a t  30 cu?/min f o r  two hours a t  400OC. The reac tor  was then cooled t o  
t h e  r e a c t i o n  t e m p e r a t u r e  ( u s u a l l y  35OOC) under  B2S/B2 and then  brought t o  t h e  
reac t ion  pressure of  171 a t m .  The feed w a s  pumped through t h e  r e a c t o r  by a Waters  
M-6000A l i q u i d  chromatography pump. Liquid samples could be taken from e i t h e r  a 
sampling va lve  o r  a dead volume cyl inder ,  both of which were located downstream o f  
t h e  r e a c t o r .  F o r  each run ,  t h e  r e a c t o r  was o p e r a t e d  u n t i l  s t e a d y - s t a t e  w a s  
reached (usual ly  24-30 h) ;  only da ta  from steady-state samples are reported.  

The a n a l y s e s  of t h e  l i q u i d  samples  were performed w i t h  a T r a c o r  560 gas 
chromatograph (GC) equipped wi th  a 30-m DE-5 bonded phase  c a p i l l a r y  column. The 
GC c o n t a i n e d  an o u t l e t  s p l i t t e r  which permitted t h e  column ef f luent  t o  h e  divided 
i n t o  two streams, one going t o  a flame ioniza t ion  d e t e c t o r  (FID) and t h e  o t h e r  t o  
a B a l l  e l e c t r o l y t i c  c o n d u c t i v i t y  d e t e c t o r .  The l a t t e r  was used  t o  i d e n t i f y  
nitrogen-containing compounds and t h e  f o r m e r  was used f o r  q u a n t i t a t i v e  p r o d u c t  
a n a l y s i s  using =-decane as an i n t e r n a l  standard. FID response f a c t o r s  r e l a t i v e  t o  
- n-decane were de te rmined  f o r  a l l  t h e  r e a c t a n t s .  Some of t h e  samples were a l s o  
analyzed by gas chromatography-mass spectrometry. 

Mater ia ls  

T h e  c a t a l y s t  u s e d  i n  t h i s  w o r k  w a s  A m e r i c a n  Cyanamid BDS-SA, a 
NiO-MoO3/Y-A1203 c a t a l y s t ,  t h e  p r o p e r t i e s  of which are l i s t e d  i n  Table 11. P r i o r  
t o  use,  t h e  c a t a l y s t  w a s  ground from 1/16" e x t r u d a t e s  t o  80-100 mesh p a r t i c l e s .  
The alundum used t o  pack t h e  r e a c t o r  was Alundum RR ( F i s h e r  S c i e n t i f i c ,  Blue 
Label). A l l  chemicals l i s t e d  i n  Table I as wel l  as  t h e  cyc lohexane  s o l v e n t  were 
o b t a i n e d  f rom A l d r i c h  Chemical Company and used as r e c e i v e d .  n-Decane w a s  
o b t a i n e d  from Eastman Chemical Co. Eigh-pressure hydrogen (3500 psig? and t h e  10% 
82s i n  E2 were obtained from Linde and Matheson, respec t ive ly .  

RESULTS AND DISCUSSION 

The f i r s t  s e r i e s  of experiments was conducted with t h e  s imula ted  c o a l  l i q u i d  
These experiments had t h e  following objec t ives :  

a) To d e t e r m i n e  t h e  r e a c t i v i t i e s  of t h e  var ious  reac tan ts  i n  a mixture a t  
d i f f e r e n t  t e m p e r a t u r e s  and weight  h o u r l y  s p a c e  v e l o c i t i e s  (WBSV) . 

b) To i d e n t i f y  a s  many reac t ion  products as possible .  
c)  To e s t a b l i s h  t h e  l i m i t a t i o n s  of t h e  chromatographic  ana lyses  of t h e  

products (e .&,  determine which peaks could not  be r e s o l v e d ) .  Product  
chromatograms were expec ted  t o  be complex, w i t h  o v e r l a p p i n g  peaks. 

kper iments  were c a r r i e d  out  a t  each of t h e  c o n d i t i o n s  shown i n  T a b l e  111. 
I n  T a b l e  I V .  t h e  reac t ion  products i d e n t i f i e d  a r e  l i s t e d  w i t h  t h e  methods used t o  
i d e n t i f y  them (mass spectrometry and c o - i n j e c t i o n  w i t h  a p u r e  compound i n t o  t h e  
chromatograph) .  Some problems were encountered i n  resolving important peaks i n  
t h e  product  chromatograms. The major  r e s o l u t i o n  d i f f i c u l t y  o c c u r r e d  w i t h  
d i b e n z o t h i o p h e n e ;  a peak of comparable s i z e  w a s  merged wi th  it on i t s  down slope,  
and a small peak from a n i t r o g e n - c o n t a i n i n g  compound appeared  on i t s  up s l o p e .  
The s m a l l  peak o n  t h e  u p  s l o p e  was not resolvable  from t h e  dibenzothiophene peak 
on t h e  FID t r a c e  (we d e t e c t e d  it w i t h  t h e  B a l l  d e t e c t o r ) ;  a s  a r e s u l t ,  t h e  
c a l c u l a t e d  d i b e n z o t h i o p h e n e  mas f r a c t i o n  was g r e a t e r  i n  product samples than i n  

designated i n  Table I. 
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t h e  f e e d .  T h e r e f o r e ,  t h e  o n l y  way t o  d e t e r m i n e  d i b e n z o t h i o p h e n e  
h y d r o d e s u l f u r i z a t i o n  (HDS) was t o  sum t h e  m a s s  f r a c t i o n s  of  b i p h e n y l  a n d  
cyc lohexylhenzene  i n  t h e  product  and d i v i d e  by t h e  f e e d  dibenzothiophene mass 
f rac t ion .  A s i m i l a r  d i f f i c u l t y  occurred with phenanthrene,  a s  t h e  H a l l  d e t e c t o r  
i n d i c a t e d  a n i t r o g e n - c o n t a i n i n g  peak a t  approximate ly  t h e  r e t e n t i o n  t ime of 
phenanthrene, whereas t h e  FID t r a c e  showed o n l y  o n e  l a r g e  peak. S i n c e  t h e  H a l l  
d e t e c t o r  was used o n l y  f o r  q u a l i t a t i v e  ana lys i s .  it was not  poss ib le  t o  subtract  
the  contr ibut ions of the  nitrogen-containing compounds. Hence, we expect t h a t  t h e  
a c t  ual phenanthrene  c o n v e r s i o n  was somewhat h igher  than t h e  ca lcu la ted  r e s u l t s .  
The addi t iona l  a n a l y t i c a l  problem occurred w i t h  a c r i d i n e .  Of t h e  approximate ly  
s i x  o r g a n o n i t r o g e n  compound peaks expected a s  acr id ine  products, only one, t h a t  
f o r  1 , 2 , 3 , 4 , 5 , 6 , 7 ,  8-oct a h y d r o a c r i d i n e ,  was i d e n t i f i e d ;  no h y d r o c a r b o n  
hydrodenitrogenation (EN) products  were ident i f ied .  

Table  V i s  a summary- of t h e  results f o r  rum at constant tenpera ture  (35PC) 
and v a r y i n g  WHSV w i t h  t h e  s i m u l a t e d  c o a l  l i q u i d  d e s i g n a t e d  i n  T a b l e  I. The 
c o n v e r s i o n s  of t h e  b a s i c  n i t r o g e n  compounds, quinol ine and acr id ine ,  were higher 
than  t h a t  of indole ,  t h e  mu-basic ni t rogen compound. However, t h e  f r a c t i o n  HDN 
o f  q u i n o l i n e  ( d e f i n e d  a s  t h e  moles  of t h e  q u i n o l i n e  and n i t r o g e n - c o n t a i n i n g  
quinol ine d e r i v a t i v e s  i n  t h e  product  d i v i d e d  by t h e  moles  of q u i n o l i n e  i n  t h e  
f e e d )  was considerably l e s s  than  t h e  quinol ine  conversion. It was not possible  t o  
o b t a i n  a r e l i a b l e  v a l u e  f o r  a c r i d i n e  HDN. 

F i g u r e  1 i s  a pseudo f i r s t  o rder  k i n e t i c s  p l o t  f o r  quinol ine and indole  EDN 
( i . e . ,  a p lo t  of t h e  f r a c t i o n  of  non-dehydroni t rogenated  compounds v s .  i n v e r s e  
s p a c e  v e l o c i t y ) .  Q u i n o l i n e  HDN fo l lowed pseudo f i r s t  o r d e r  k ine t ics .  whereas 
i n d o l e  HDN d i d  not. 

The c o n v e r s i o n  o f  dibenzofman was t o o  low t o  be measured r e l i a b l y ;  t h i s  was 
t h e  l e a s t  r e a c t i v e  of t h e  r e a c t a n t s .  I n  c o n t r a s t ,  t h e  c o n v e r s i o n  o f  
5 ,6 ,7  ,E+tetrahydro-l-naphthol was always g r e a t e r  than  8ox. No oxygen-containing 
products of 5,6,7,8-tetrahydro-l-naphthol were found;  it i s  i n f e r r e d  t h a t  t h e  
5 .6 .7 .6- te t rahydro-1-naphthol  c o n v e r s i o n  i s  i d e n t i c a l  t o  i s  hydrodeoxygenation 

Dibemothiophene  was converted appreciably only a t  t h e  lowest space ve loc i ty ;  
biphenyl and cyclohexylbenzene were de tec ted  a s  HDS products. 

The c o n v e r s i o n s  of phenanthrene,  f luoranthene,  and pyrene were, i n  order  of 
decreasing r e a c t i v i t y :  f luoranthene > pyrene > phenanthrene. As a consequence of 
t h e  n i t r o g e n  compound peak t h a t  w a s  merged with t h a t  of phenanthrene, t h e  ac tua l  
phenanthrene conversion i s  i n f e r r e d  t o  have been h i g h e r  t h a n  t h a t  shown i n  Table  
V. The pseudo f i r s t  o r d e r  k i n e t i c s  p l o t s  f o r  t h e s e  t h r e e  hydrocarbons suggest 
tha t  the hydrogenation r e a c t i o n s  were r e v e r s i b l e ,  as  expected. 

Table  V I  i s  a summary of r u n s  made a t  constant  space v e l o c i t y  but wi th  the  
t e m p e r a t u r e  v a r i e d  from 300 t o  40WC with t h e  simulated coal  l iqu id  designated i n  
T a b l e  I. A s h a r p  i n c r e a s e  i n  q u i n o l i n e  HDN was observed  from 3 0 0  t o  350OC. 
y v ~ ~ ~  S A ,  ~ u r  q u i u o i i n e  BDN h a r d l y  changed from 350  t o  400OC; t h e  product  
q u i n o l i n e  mass f r a c t i o n  observed i n  t h e  run a t  40WC was approximately f i v e  times 
t h a t  o b s e r v e d  a t  3500'2, which i s  c o n s i s t e n t  w i t h  e a r l i e r  o b s e r v a t i o n s  t h a t  
qu inol ine  hydrogenations a r e  r e v e r s i b l e  (6). 

The HDN t r e n d  w i t h  i n d o l e  was r a t h e r  d i f f e r e n t :  t h e  l a r g e  change inHDN 
o c c u r r e d  from 350 t o  4000C. whereas t h e  HDN was p r a c t i c a l l y  unchanged from 300 t o  
350°C; i n s p e c t i o n  o f  t h e  i n d o l e  mass f r a c t i o n  i n  these  runs  (Table VI) revea ls  
t h a t  t h e  i n d o l e  c o n v e r s i o n  p a r a l l e l e d  t h a t  o f  t h e  H D N ,  s u g g e s t i n g  t h a t  
ni t rogen-containing in te rmedia tes  of indole  were more r e a c t i v e  than indole  i t s e l f .  

The r e a c t i v i t i e s  of the  two oxygen compounds were a t  ex t remes :  d i b e n z o f u r a n  
c o n v e r s i o n  was  low.  e v e n  a t  t h e  h i g h e s t  t e m p e r a t u r e ,  w h i l e  t h e  ED0 of 
5 , 6 , ? .  8- te t rahydro-naphthol  was complete a t  35WC. As f o r  dibenzothiophene, t h e  
EDS i n c r e a s e d  w i t h  t e m p e r a t u r e ,  w i t h  t h e  l a r g e s t  change occurr ing from 350 t o  
4000 C. 

P h e n a n t h r e n e  c o n v e r s i o n  a l s o  i n c r e a s e d  w i t h  t e m p e r a t u r e .  However, 
f l u o r a n t u n e  and p y r e n e  gave  a d i f f e r e n t  r e s u l t :  i n  e a c h  c a s e  c o n v e r s i o n  
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i n c r e a s e d  from 300 t o  350OC but  decreased  s i g n i f i c a n t l y  from 350 t o  400°C. The 
decrease i n  conversion suggests  tha t  pyrene and f l u o r a n t h e n e  h y d r o g e n a t i o n s  a r e  
rapid but l imi ted  s t rongly  by e q u i l i b r i m  a t  t h e  highest  temperature. 

From the  d a t a  presented i n  Tables V and V I  it i s  evident t h a t  t h e  c o n v e r s i o n s  
of  d ibenzoth iophene .  d ibenzof  uran. and t h e  a r o m s t i c  hydrocarbons were a l l  low 
cmpared with those of t h e  o t h e r  cmpounds. I n  addi t ion ,  organonitrogen compounds 
and w a t e r  (one  of t h e  p r o d u c t s  of 5,6,7,&tetrahydro-l-naphthol HDO) a r e  known 
i n h i b i t o r s  (7 ,  8). These f i n d i n g s  m o t i v s t e d  t h e  next  s e t  o f  e x p e r i m e n t s  u s i n g  
a n o t h e r  s i m u l a t e d  coal l iquid,Table  V I I .  This  simulated coal  l iqu id  conta ins  t h e  
same mass f r a c t i o n s  of dibenzofuran, dibenzothiophene, and t h e  t h r e e  a r o m a t i c s  a s  
t h e  o n e  d e s i g n a t e d  i n  T a b l e  I, w i t h  t h e  n i t r o g e n  c o m p o u n d s  a n d  
5,6,7,6-tetrahydro-l-naphthol removed. 

Exper iments  were c a r r i e d  o u t  a t  35OOC and a t  WHSV with t h e  simulated c o d  
l iqu id  designated i n  Table V I I ,  and t h e  r e s u l t s  a r e  summarized i n  Table V I I I .  The 
r e s u l t s  of  F i g u r e  2 s u g g e s t  t h a t  t h e  hydrogenat ions  of f l w r a n t h e n e  and pyrene 
were r e v e r s i b l e ;  phenanthrene  appeared  t o  f o l l o w  pseudo f i r s t  o r d e r  k i n e t i c s .  
Dibenzof uran  convers ion  was again very low, suggesting t h a t  i t s  low r e a c t i v i t y  
- r e f e r r e d  t o  above-was not t h e  r e s u l t  of i n h i b i t i o n  by organonitrogen compounds 

and/or  water .  On t h e  o t h e r  hand, d i b e n z o t h i o p h e n e  HDS was  markedly g r e a t e r  i n  
t h i s  coal  l i q u i d  cmpared with the one d e s i g n s t e d  i n  Table  I. It i s  e s p e c i a l l y  
i n s t r u c t i v e  t o  compare t h e  r e s u l t s  from Run 6 (Table VII I )  with those  from Bun 1 
(Table VI) a s  both runs s e r e  made with t h e  same c a t a l y s t  Loading, f e e d  f l o w  r a t e .  
and t h e  same mass f r a c t i o n s  of d ibenzof  uran ,  d i b e n z o t h i o p h e n e ,  phenanthrene. 
f l w r a n t h e n e ,  and pyrene. The i n h i b i t i o n  e f f e c t  of t h e  organoni t rogen  i n h i b i t o r s  
a n d l o r  t h e  5 , 6 , 7 ,  E-tetrahydro-1-naphthol was s t rong f o r  sll t h e  r e a c t a n t s  except 
dibenzof uran. 

A d d i t i o n a l  exper iments  a r e  p lanned  where 5 , 6 , 7 ,  &tetrahydro-1-naphthol ,  
indole ,  and quinol ine  w i l l  be s u b s e q u e n t l y  added t o  t h e  s i m u l a t e d  c o a l  l i q u i d  
s p e c i f i e d  i n  T a b l e  V I I ;  t h e s e  should  g ive  addi t iona l  information concerning t h e  
cause of t h e  i n h i b i t i o n  i n  t h e  runs with the simulated coal  l i q u i d  g i v e n  i n  T a b l e  
I. 
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TABLE I 

SIUULATED a N  LXOUID 

Ou i nollnm 

Acridinm 

Xndolm 

Dlbmnzothiophanr 

Dibmazof urrn 

S.6.7.8-tmtra- 
hydro-1-nmphthol 

Fluormthrnm 

Phmnanthrmnm 

Pyrane 

k m i c  
litrogmn 

Nonbmic 
Nitrogmn 

(HI 

Sulfur 
Ilrtmrocyclic 

Naphthol 

F u d  thrn-ring 
Ar0.a t 1 C 

PUB& four-ring 
Aro8atic 

STRUCTURE CORPOUYD RELATIVE 
CLASS HOLE 

0.0265 

0.0261 

0.0384 

0.0347 

0.0639 

0.1133 

0.3489 

0.2320 

0.1163 

T l U E  I1 

PROPERTIES OF ARERICAII C T N A R I D l  8DS-91 CATALTST 

110 

-3 

h 2 0  

9.1 

m . 3  

0.- 

0.- 
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s#&z.m 
h i n o l i n e  

I B d O l C  

3 ax. 4.14 

4 IQ) 1.03 

5 ar, 1.10 

D i i b . l w t h w p b a  
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TABLE V 

N m I I A R T  OF RESULT5 O D T A I D W  AT T - M C  ADD VARIABLE W S V  

C E O :  SINULATED COAL L I O U I D  DESIGIATED I D  TABLE I 

mu1 e 1 2 3 

y ~ u v ,  cg of rr.et..nt.)/cg of eat h> 0.99 2.17 4.14 

PERCEDTAGE W l l V E R S I O W  

O V I ~ O L I D E  s7.9 90.7 84.2 
1-E s . 4  29.9 t2.9 
5,6,7.~-mRAWTDRO-I-lAPHTHOL 100 U.4 82.5 
DI-I 4.1 7.5 0.0 
n x a m x o m m  15.4 0.0 0.0 ._._ 
PREDADTHRENE 9.9 9.3 7.3 
ACRIDIDE 72.3 91.9 92.2 
FLOORADTHEIE a1.7 24.9 27.1 
PTREDE 20.3 16.6 16.8 

W I N O L I D E  PEPCENTAGE IID* 
I I M L E  PERCEITAGE BM 

59.6 33.0 15.7 
27.8 19.7 13.5 

TABLE V I  

N I I A R T  OF RESULT¶ O B T A I I E D  AT WSv-1 ADD VARIOUS TmtPERAT'JREs 

CEEO: S I I U L A T E D  COAL L I O U I D  DESIGDAThD I N  TABLE I 

R U I  # 5 1 

YRSV, (g of ruet .nt .> l lg  af eat h> 1.1 0.99 1.03 
TEMPERATURE. C 350 400 

PERCEIITAGE C O N R S I O I  

001 I O L  I I E  %.a 97.9 an.4 
I X W S  a1 .o 46.4 70.5 
5 . 6 . 7 . B - T E T R I H ~ O - l - D A P ~ O L  %.a 100 99.9 
DIBUZOFURAY 0.9 . t  ., 
D I B U r Z M W I O P H E l l E  0.0 
PBBlA*THREIE 3.9 
ACRIDINE a7.7 
FLUORANTHENE 
PTREDE 

ac;4 
12.0 

_.- 
15.4 
9.9 
72.3 
41.7 
20.3 

1.- 

75.9 

75.9 
16.2 
13.6 

i3.n 

4.2 59.6 54.3 
27 .5  27.0 5S.0 
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TADLE VI11 

9UU.llkR.l OF RESULTS 08TnlLED WITH THE 
SIMULATED cou. UOUID DESIGNATED IN T n s u  YII 

DI8ENZOFURkII 
DIBENZOTHIOPHElE 
VELIAUTIIREUE 
FLOORAITHEIE 
PTREIE 

2.8 
ao.7 
33.1 
65.6 
77.7 

2.7 
10.3 
18.0 
US.6 
27.6 

t 

i I 
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