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INTRODUCTION 

Hydrogenation i s  one o f  t h e  most impor tant  c a t a l y t i c  process ing techniques 
app l i ed  t o  t h e  pet ro leum i n d u s t r y .  Although considerable work has been done on the  
h y d r o t r e a t i n g  o f  pet ro leum feedstocks(1,Z) and model compounds(3), r e l a t i v e l y  few 
s tud ies  have been r e p o r t e d  on hydrogenation o f  coa l -de r i ved  1 i qu ids (4 -9 ) .  Coal 
l i q u i d s  c o n t a i n  much l e s s  hydrogen (6-8% b. w t . )  and considerably  more n i t rogen  
(1-2%) and oxygen (4-5%) as compared t o  petroleum crudes and r e s i d u a  (hydrogen, 
11%; n i t rogen,  <1%)(10) .  Coal l i q u i d s  have much h ighe r  concen t ra t i on  o f  asphal- 
tenes than pet ro leum r e s i d u a  (25-35% b. w t .  vs 5-6% b.  wt . ) ,  as w e l l  as h igher  
o v e r a l l  a r o m a t i c i t y  t h a n  t h e  l a t t e r  (60-75%) E w t .  20-35% b. w t .  o f  aromatic 
carbon). T h i s  h igh  concen t ra t i on  o f  condensed aromatic r i n g  s t r u c t u r e s  i n  coal 
l i q u i d s  causes coke fo rma t ion  t o  a l a r g e  e x t e n t  i n  r e f i n i n g  processes such as 
c a t a l y t i c  c rack ing .  The heteroatoms, p a r t i c u l a r l y  n i t r o g e n  and s u l f u r ,  a re  severe 
poisons f o r  many o f  t h e  c a t a l y s t s  employed i n  petroleum r e f i n i n g .  Hence, hydro- 
treatment o f  such l i q u i d s  may be necessary t o  upgrade t h e i r  q u a l i t y  and make them 
s u i t a b l e  f o r  f u r t h e r  r e f i n i n g  processes. I n  t h i s  study, t h e  hydrogenation o f  
Syn tho i l  and f r a c t i o n s  de r i ved  from it, i n  t h e  presence o f  s u l f i d e d  Ni-Mo/Al2Dj 
and N i - W / A l &  systems, was sys temat i ca l l y  i n v e s t i g a t e d  as a f u n c t i o n  o f  ex- 
per imenta l  cond i t i ons ,  such as, r e a c t i o n  temperature, pressure and process t ime. 
Resul ts  ob ta ined  w i t h  model compounds (11-13) were c o r r e l a t e d  w i t h  r e s u l t s  o f  t h i s  
s tudy  t o  e l u c i d a t e  t h e  hydrogenation behavior o f  syncrudes. 

EXPERIMENTAL 

Feedstock 

The Syn tho i l  ( f r o m  West V i r g i n i a  c o a l )  used i n  t h i s  s tudy was supp l i ed  by t h e  
P i t t s b u r g h  Energy Research Center. The cyclohexane so lub le  f r a c t i o n  (maltene) and 
cyclohexane i n s o l u b l e  f r a c t i o n  (A-P) o f  Syn tho i l  were prepared accord ing t o  the  
f o l l o w i n g  procedure. Syn tho i l  was mixed w i t h  cyclohexane i n  a r a t i o  o f  1:40 and 
t h e  mixture was heated t o  near t h e  b o i l i n g  p o i n t  o f  cyclohexane w i t h  magnetic 
s t i r r i n g  f o r  about 40 minutes. The m ix tu re  was cooled t o  room temperature and 
k e p t  overn ight  w i t h  con t inued  s t i r r i n g .  The maltene f r a c t i o n  w i t h  cyclohexane was 
separated from A-P b y  vacuum f i l t r a t i o n .  The maltene f r a c t i o n  o f  Syn tho i l  was 
separated from cyclohexane by evaporat ing cyclohexane under s l i g h t  vacuum. The A-P 
f r a c t i o n  was d r i e d  i n  an oven kept  a t  80°C. Data on p r o p e r t i e s  o f  t h e  Syn tho i l  and 
f rac t i ons  de r i ved  f r o m  i t  a re  g iven i n  Table 1. 
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Table 1 

Analys is  and some Proper t i es  o f  Syn tho i l  and Syn tho i l  F r a c t i o n s  

C H N S 0 H-a romat i c i t y  % - - - - -  Mater i  a1 

Syntho i 1 a 86.4 7.2 1.3 0.7 4.4 30.7 
Cyclohexane-soluble f r . b  88.3 7.5 1.2 0.6 2.4 28.1 
Cyclohexane-insoluble fr. 88.1 6.1 1.9 0.3 3.6 36.4 

(Asphal tenec-Preasphal tened) 

( a )  S p e c i f i c  g r a v i t y ,  1.14; v i s c o s i t y  SSF (3 82"C, 104; ash 1.6% b. w t .  
(b)  Represents 64.7% b. w t .  o f  t h e  t o t a l  Syn tho i l ;  ( c )  Represents 28.1% b. w t .  o f  

t h e  t c t a l  Syn tho i l ;  ( d )  Represents 7.2% b. w t .  o f  t h e  t o t a l  S y n t h o i l  

Cat a1 y s t  

The c a t a l y s t s  used i n  t h i s  s tudy were ( i )  HTlOOE, manufactured by Harshaw 
Chemical Company and ( i  i )  Spher icat  550, manufactured by Nalco Chemical Company. 
The 1/16 inch HTlOOE ext rudates c o n t a i n  3.0% N i O  and 15.0% Moo3 on alumina. The 
1/16 i n c h  Spher icat  550 spheres con ta in  5.1% N i O  and 20.2% w03 on alumina. These 
c a t a l y s t s  were chosen from severa l  commerci a1 c a t a l y s t s  f o r  our s tudy  because 
o f  t h e i r  h igh  hydrogenation a c t i v i t y  and low c rack ing  c h a r a c t e r i s t i c s  i n  t h e  
hydrogenation o f  model compounds(l1). Both c a t a l y s t s  were s u l f i d e d  be fo re  use. 

Hydrogenation Technique 

A l l  t he  experiments on hydrogenation o f  Syn tho i l  were c a r r i e d  o u t  i n  a f i x e d  
bed f l o w  reac to r  (36" L.  x 1.25" I .D.  x 0.5" W.T.) system. An autoc lave (11) o f  
300cc capac i t y  was used i n  a l l  t h e  experiments on hydrogenat ion o f  maltene and A-P 
f r a c t i o n s  o f  Syn tho i l .  

The f ixed-bed h y d r o t r e a t i n g  u n i t  (11)  was f l ushed  w i t h  hydrogen t o  remove a i r ,  
and t h e  system was brought  t o  r e a c t i o n  temperature and pressure. S y n t h o i l  was 
heated t o  about 80'C and pumped a t  a r a t e  o f  30 cc/hr. t o  m a i n t a i n  a LHSV o f  0.5 
h r - l  ( ca ta l ys t :60cc )  i n  each experiment. A hydrogen f l o w  r a t e  o f  2 l i t r e s h i n .  
was used. The product  was cooled i n  t h e  condenser and t h e  l i q u i d  product  was 
c o l l e c t e d  from t h e  low pressure separator .  The gaseous product  was passed through 
a se r ies  o f  scrubbers ( t o  remove H2S and NH3) and wet t e s t  meter. The l i q u i d  
product  was d i sso l ved  i n  CDC13, f i l t e r e d  and analyzed. 

The h y d r o g e n a t i o n  p r o c e d u r e  i n  t h e  a u t o c l a v e  u n i t  i s  as f o l l o w s .  A f t e r  
p l a c i n g  known amounts o f  Syn tho i l  f r a c t i o n  and c a t a l y s t  i n  t h e  autoclave, t h e  
autoclave was purged w i t h  H2 and then pressur ized w i t h  H2 t o  h a l f  t h e  r e a c t i o n  
pressure. The r e a c t o r  was heated t o  t h e  r e a c t i o n  temperature and t h e  pressure was 
adjusted t o  t h e  experimental pressure. The t o t a l  pressure i n  t h e  system was 
maintained constant  throughout  t h e  r e a c t i o n  pe r iod  by the  automatic a d d i t i o n  o f  
hydrogen whenever necessary from t h e  c y l i n d e r  through t h e  r e g u l a t o r  and check 
valve. A t  t he  end o f  each experiment, t h e  r e a c t o r  was coo led  r a p i d l y ,  and t h e  
pressure was re leased.  The product  was mixed w i t h  CDC13, f i l t e r e d  t o  remove t h e  
c a t a l y s t  and analyzed. 

Due t o  the  complex na tu re  o f  coa l -de r i ved  l i q u i d s  and t h e i r  products  o f  
hydrogenation, no at tempt  o f  s t r u c t u r a l  ana lys i s  o f  t h e  l i q u i d  products  was made. 
Elemental ana lys i s  was done f o r  a l l  samples. A s imple a n a l y t i c a l  method, us ing PMR 
(Proton Magnetic Resonance), was developed( 11) t o  determine t h e  o v e r a l l  aromatic 
sa tu ra t i on .  The ex ten t  o f  s a t u r a t i o n  was est imated as 
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( H - a r m a t i  c i t y ) f e e d  -( H-aromat i c i  ty)product  

(H-aromatic i t y ) f e e d  
% decrease i n  H-a romat i c i t y  = x 100 

RESULTS AND DISCUSSION 

E f f e c t  o f  Experimental Cond i t i ons  upon the  Hydrogenation o f  Syn tho i l  

Coal de r i ved  l i q u i d s  c o n s i s t  o f  condensed p o l y c y c l i c  aromatic hydrocarbons 
(main ly  3 t o  5 r i n g s ) ,  as we1 1 as aromatic-naphthenic, a romat i c -he te rocyc l i c  and 
aromatic-naphthenic h e t e r o c y c l i c  systems. The ex ten t  o f  hydrogenation and hetero-  
atom removal depend on seve ra l  f a c t o r s ,  e.g., (a )  r e a c t i o n  temperature, (b) reac- 
t i o n  pressure, ( c )  hydrogen/subst rate r a t i o ,  ( d )  l i q u i d  h o u r l y  space v e l o c i t y  
(LHSV), (e )  c a t a l y s t  s t r u c t u r e  and type,  and ( f )  composi t ion o f  t h e  feedstock 
( s t r u c t u r a l  c h a r a c t e r i s t i c s  o f  t h e  s t a r t i n g  s u b s t r a t e  components and o f  p a r t i a l l y  
hyd rogena ted  i n t e r m e d i a t e s ) .  The e f f e c t  o f  some o f  t h e s e  v a r i a b l e s  upon 
hydrogenation of S y n t h o i l  over  Ni-Mo/AlzOj was s tud ied  i n  a f i x e d  bed reac to r ,  
us ing  a hydrogen f l o w  r a t e  o f  2 l i t r e d  min., and a LHSV o f  0.5 h r - l .  

E f f e c t  o f  Process Time 

F igu re  1 summarizes t h e  observed hydrogen uptake, e. t h e  % decrease i n  
H-aromat ic i ty ,  i n  t h e  product  f rom hydrogenat ion o f  Syn tho i l  as a f u n c t i o n  o f  
process t ime (between 60-260 min.).  I n i t i a l l y  (process time, 60-140 min.),  a r a p i d  
decrease i n  hydrogen uptake, i s  observed. However, as t h e  process t i m e  i s  extended 
(140-300 min.), t h e  % decrease i n  H-a romat i c i t y  and t h e  hydrogen uptake reach a 
p la teau.  Th is  i n d i c a t e s  t h a t  t h e  c a t a l y s t  deac t i va tes  apprec iab l y  a t  t h e  beginning 
o f  t h e  experiment, b u t  subsequently i t s  a c t i v i t y  i s  s t a b i l i z e d .  Product analys is  
shows a hydrogen con ten t  o f  c a  10% b.wt., and a 55-60% decrease i n  H-a romat i c i t y  
under steady s t a t e  condi  t i o n s T F i g u t - e  1 ) .  

E f f e c t  o f  Temperature 

F igu re  2 shows t h e  observed change i n  hydrogen content  and i n  H-a romat i c i t y  o f  
t he  product f rom hydrogenat ion o f  Syn tho i l  as a f u n c t i o n  o f  temperature (between 
300-4OO'C a t  2900 p s i g ) .  As seen, t h e  hydrogen uptake increases w i t h  increase i n  
temperature up t o  c a  370°C (maximal % decrease i n  H-aromat ic i ty ,  62.4%; and maximal 
hydrogen content ,  10%). Above 370'C, t h e r e  i s  apparent ly  a tendency o f  decrease 
i n  t h e  hydrogen upFake. Experimental and c a l c u l a t e d  d a t a  (14,15) on hydrogenation 
e q u i l i b r i a  o f  p o l y c y c l i c  aromatics i n d i c a t e  t h a t  a t  h igh  hydrogen pressures, e.g., 
above 2000 p s i g  and temperatures below 39OoC, t h e  e q u i l i b r i u m  i s  d isp laced almost 
e n t i r e l y  i n  t h e  d i r e c t i o n  o f  hydrogenation. On t h e  o the r  hand, a t  temperatures 
above 39O'C ( t h i s  temperature may vary depending upon t h e  t y p e  o f  aromatics), t he re  
should be some o f  t h e  f r e e  aromatic r e a c t a n t  a t  e q u i l i b r i u m .  The concen t ra t i on  o f  
t h i s  aromatic component increases with increase i n  temperature. For example, upon 
hydrogenation o f  phenanthrene, t h e  concen t ra t i on  o f  t h e  l a t t e r  a t  e q u i l i b r i u m  
decreases w i t h  i nc rease  i n  temperature up t o  375"C, b u t  then increases w i t h  f u r t h e r  
increase i n  temperature (14 ) .  Hence, t h i s  prov ides a p l a u s i b l e  exp lana t ion  f o r  t he  
observed hydrogenat ion behavior  o f  S y n t h o i l  . The observed increase i n  aromatic 
content  of t h e  product  f rom hydrogenat ion o f  Syn tho i l  a t  temperatures above 370'C 
may be a l so  due t o  some inc rease  i n  t h e  ex ten t  o f  c rack ing  reac t i ons .  

F igu re  3 shows t h e  change i n  n i t r o g e n  and s u l f u r  con ten t  o f  t h e  product  from 
hydrogenation o f  S y n t h o i l  as a f u n c t i o n  of temperature (between 300-400°C). As 
expected, t h e  e x t e n t  o f  N and S removal increases w i t h  increase i n  temperature, 
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s ince t h e  e q u i l i b r i u m  da ta  i n d i c a t e  t h a t  heteroatom removal proceeds i r r e v e r s i b l y  
and i s ,  therefore,  no t  e q u i l i b r i u m  c o n t r o l l e d .  N i t rogen  removal ranges from 18% 
t o  70% whereas t h e  S removal ranges from 45% t o  86%. Th is  i n d i c a t e s  t h a t  t h e  
former process i s  g e n e r a l l y  a s lower  one. The observed incomplete removal o f  
heteroatoms may be due t o  t h e  stereochemical c h a r a c t e r i s t i c s  o f  some more complex 
nitrogen-and s u l f u r - c o n t a i n i n g  he te rocyc l i cs ,  and o f  p a r t i a l l y  hydrogenated i n t e r -  
mediates (11,13). Another reason f o r  incomplete s a t u r a t i o n  o f  po lyaromat ics and 
incomplete removal o f  heteroatoms i n  feedstocks such as Syn tho i l  and t h e i r  f rac -  
t i o n s  may be due t o  d i f f u s i o n  e f f e c t s  (1,16). 

Effect of Pressure 

F igu re  4 shows t h e  observed change i n  H-a romat i c i t y  o f  t h e  product  f rom hydro- 
genation o f  Syn tho i l  as a f u n c t i o n  o f  pressure (between 2500-2900 ps ig ) .  As seen, 
the  s a t u r a t i o n  o f  aromatics increases wi th  increase i n  pressure. It i s  i n d i -  
ca ted ( l1 )  t h a t  n i t r o g e n  removal increases wi th  increase i n  pressure (51% a t  2500 
p s i g  and 70% a t  2900 ps ig ) ,  b u t  t h e  ex ten t  o f  S removal changes o n l y  t o  a smal l  
extent  (83 t o  89%) w i t h  increase i n  pressure (between 2500-2900 p s i g ) .  A s i m i l a r  
behavior was observed i n  t h e  Texaco work on h y d r o d e s u l f u r i z a t i o n  o f  heav ie r  i n t e r -  
mediate cracked gas o i l ( 1 ) .  

Hydrogenation o f  Mal tene (Cyclohexane-Soluble) and Asphaltene-Preasphaltene 
TCyclohexane-Insoluble) F rac t i ons  o f  Syn tho i l  

A S y n t h o i l  sample was separated i n t o  a maltene (cyc lohexane-solub le)  f r a c t i o n  
and an asphaltene-preasphaltene (cyc lohexane- insolub le)  f r a c t i o n  as descr ibed i n  
experimental sec t i on .  These f r a c t i o n s  de r i ved  f rom S y n t h o i l  were hydrogenated i n  
an autoclave under severe cond i t i ons  (pressure, 2900 ps ig;  temperature, 288-377°C; 
r e a c t i o n  time, 7 h r . )  us ing  s u l f i d e d  Ni-W/A1203 c a t a l y s t  and t h e  r e s u l t s  are sum- 
marized i n  Table 2. As seen f rom experiment 1, t h e  cyclohexane-soluble f r a c t i o n  i s  
r e a d i l y  hydrogenated (% decrease i n  H-aromaticity=71.2%, corresponding t o  a r e -  
s idua l  H -a romat i c i t y  o f  o n l y  8.1%). On t h e  o t h e r  hand, hydrogenation o f  t h e  cyc lo -  
hexane i n s o l u b l e  f r a c t i o n  (asphal tenes p l u s  preasphaltenes), under t h e  same s e t  o f  
condi t ions,  (expt .  3)  i s  ve ry  l i m i t e d  (% decrease i n  H-a romat i c i t y  o f  23.6% corres-  
ponding t o  a r e s i d u a l  H -a tomat i c i t y  o f  27.8%). Table 2 a l s o  shows t h a t  t h e  s a t u r -  
a t i o n  o f  t he  cyc lohexane- insolub le f r a c t i o n  increases w i t h  increase i n  temperature. 

Table 2 

Change o f  Q u a l i t y  i n  t h e  Product from Hydrogenation o f  S y n t h o i l  Fract ionsa-c 

Expt. No. 

Cyc 1 ohexane 
so lub le  fr.d (asphaltenes-preasphaltenes) 

1 7 3 4 

Cyc 1 ohexanei ns o l  ub 1 e f r .e 

Reaction temperature, 'C 34 1 288 341 37 7 
H-aromat ic i ty ,  % 

i n  feed 28.1 36.4 36.4 36.4 
i n  product  8.1 34.5 27.8 25.3 

% decrease i n  H-a romat i c i t y  71.2 5.6 23.6 30.5 
% heteroatom removed 

N 86.1 8.5 31.9 51.6 
S 62.9 -- -- 62.5 
0 96.7 33.1 63.6 82.4 

(a) Cata lyst :  s u l f i d e d  Ni-W/A1203; ( b )  Pressure: 2900 ps ig;  ( c )  React ion t ime:  
7 hr.; (d,e) For elemental composi t ion o f  reactant ,  see Table 1. 



A probable reason f o r  t h e  d i f f i c u l t y  o f  complete ly  hydrogenat ing t h e  maltene 
f r a c t i o n  o f  Syn tho i l  i s  i n d i c a t e d  by r e s u l t s  obta ined f rom hydrogenation o f  model 
compounds, e.g. phenanthrene and pyrene(l1,12) us ing  commerci a1 hydrogenation 
c a t a l y s t s  (Ni-Mo/A1203, Ni-W/A1203, e t c . ) .  It was found t h a t  hydrogenation o f  t h e  
o u t e r  r i ngs  i n  phenanthrene i s  a f a s t  reac t i on .  But, once t h e  two ou te r  r i n g s  are 
saturated, t h e  subsequent s t e p  o f  hydrogenating t h e  s t e r i c a l l y  h indered i n n e r  r i n g  
i s  much slower. I t  shou ld  be expected i n  t h e  case o f  condensed p o l y c y c l i c  compounds 
present  i n  t h e  maltene f r a c t i o n ,  a t  l e a s t  a p a r t  o f  t h e  i nne r  r i n g s  become s t e r i -  
c a l  l y  hindered b y  adjacent  hydroaromatic r i n g s  du r ing  t h e  step-wise hydrogenation 
process. Th is  would be  more probable i n  t e t r a c y c l i c  and p e n t a c y c l i c  systems, e.g., 
t r i pheny lene .  I n  t h e  l a t t e r  compound, f o r  instance, t h e r e  i s  one inne r  r i n g  which 
i s  f u l l y  s u b s t i t u t e d  b y  t h r e e  t e r m i n a l  benzene r i n g s  which upon hydrogenat ion form 
a s t e r i c  b a r r i e r  around t h e  r e s i d u a l  i n n e r  benzene r i n g .  Examination o f  molecular  
models show t h a t  f l a t w i s e  adso rp t i on  o f  t h i s  i nne r  benzene r i n g  on t h e  c a t a l y s t  
su r face  i s  very d i f f i c u l t  w h i l e  edgewise adso rp t i on  i s  excluded. The r e s i d u a l  8.1% 
o f  H-aromat ic i ty  i n  t h e  hydrogenated maltene f r a c t i o n  corresponds rough ly  t o  15-20% 
o f  res idua l  non-hydrogenated aromat ic  r i n g s ,  v i z .  approximately one res idua l  
aromatic r i n g  per  5-6 hydroatomat ic  r i ngs ,  i n  l i n e w i t h  t h e  above suggested model. 
The r e l a t i v e l y  h i g h e r  r e s i s t a n c e  t o  h y d r o g e n a t i o n  shown by t h e  a s p h a l t e n e -  
preasphaltene f r a c t i o n  (Table 2; expt. 2, 3, and 4) may be due t o  t h e  h igher  
complex i ty  and p r o p o r t i o n a l l y  h ighe r  concen t ra t i on  o f  s t e r i c a l l y  hindered inne r  
r i n g s  i n  t h e  p o l y c y c l i c  systems present  i n  t h i s  f r a c t i o n .  For instance, i n  1,2,3,4, 
5,6,7,8-tetrabenzonaphthalene which i s  a hexacyc l i c  system, t h e  complete ly  s u b s t i -  
t u t e d  r i n g s  rep resen t  33% (one o u t  o f  t h r e e )  o f  t h e  condensed system. 

The products  o f  hydrogenat ion o f  t h e  asphaltene-preasphaltene f r a c t i o n  (expts. 
2,3, and 4) were analyzed f o r  cyclohexane s o l u b i l i t y .  Resu l t s  obta ined a re  p l o t t e d  
i n  F igu re  5. As seen, s o l u b i l i t y  increases sha rp l y  w i t h  gradual decrease i n  t h e  H- 
a r o m a t i c i t y  o f  t h e  asphal tene f r a c t i o n ,  reaching a l e v e l  o f  about 85% a t  a p o i n t  o f  
31% decrease i n  H-a romat i c i t y .  T h i s  impor tant  r e s u l t  can be r a t i o n a l i z e d  by con- 
s i d e r i n g  t h r e e  p o s s i b l e  f a c t o r s  a f f e c t i n g  s o l u b i l i t y :  ( a )  p o l a r  compounds such as 
0, S ,  and N-conta in ing compounds undergo heteroatom removal (Table 2) making t h e  
product  l e s s  polar ,  &., more s o l u b l e  i n  a non-polar  so lvent ,  e.g., cyclohexane, 
(b )  decrease i n  t h e  comp lex i t y  and molecular  weight  o f  t h e  asphaltene molecules 
r e s u l t i n g  from s p l i t t i n g  reac t i ons ,  ( c )  t h e  p a r t i a l  hydrogenation o f  t h e  polycy-  
c l i c  aromatic system c o u l d  a l s o  c o n t r i b u t e  t o  t h e  observed increase i n  s o l u b i l i t y .  

CONCLUSIONS 

Resul ts  ob ta ined  f rom t h i s  s tudy o f  hydrogenation o f  Syn tho i l  and i t s  f r a c -  
t i o n s  i n d i c a t e  t h e  f o l l o w i n g :  

( i )  Even under severe hydrogenation cond i t i ons  where t h e  aromatic s a t u r a t i o n  
e q u i l i b r i a  f a v o r  i n  t h e  d i r e c t i o n  o f  complete sa tu ra t i on ,  coa l -de r i ved  l i q u i d s  show 
marked res i s tance  t o  complete hydrogenation. I t  i s  concluded, i n  l i n e  w i t h  the  
r e s u l t s  obta ined w i t h  model compounds, t h a t  t h e  r e s i s t a n c e  t o  complete hydrogena- 
t i o n  may be due t o  s t e r i c a l l y  h indered aromatic r i n g s .  

(ii) Hydrodeni t rogenat ion i s  r e l a t i v e l y  more d i f f i c u l t  when compared t o  
hydrodesul f u r  i z  a t i  on i n coal  -der ived 1 i quids . 

( i i i )  The r a t e  and depth o f  hydrodeni t rogenat ion and hyd rodesu l fu r i za t i on  of 
coa l -de r i ved  l i q u i d s  may s t r o n g l y  depend on t h e  s t e r i c  c h a r a c t e r i s t i c s  o f  condensed 
N and S h e t e r o c y c l i c  aromat ic  feed  components, o r  o f  p a r t i a l l y  hydrogenated i n t e r -  
mediates. 



( i v )  The asphaltene-preasphaltene f r a c t i o n  o f  S y n t h o i l  shows h ighe r  r e s i s -  
tanc,e t o  hydrogenation than  t h e  maltene f r a c t i o n  o f  S y n t h o i l .  

( v )  The s o l u b i l i t y  o f  t h e  hydrogenated product  o f  asphaltene-preasphaltene 
f r a c t i o n  o f  Syn tho i l  i n  cyclohexane increases w i t h  decrease i n  H-a romat i c i t y  and 
heteroatom content .  
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Fig. 2 .  Change i n  hydrogen content and H-aromaticity of the products 
from hydrogenation o f  Synthoil as a function of temperature. 
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F i g .  3. Change in nitrogen and sulfur content of the product from 
hydrogenation of Synthoil as a function of temperature. 
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F i g .  5. Change in solubi l i ty  of asphaltene fraction i n  
cyclohexane as a function of decrease i n  
H-aromaticity . 
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