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INTRODUCTION 

The e s s e n t i a l  s t e p s  i n  t h e  conversion o f  c o a l  t o  l i q u i d  f u e l s  a r e  c o a l  lique- 
f a c t i o n ,  ash  removal, and processing of  t h e  de-ashed l i q u i d  f o r  the removal of S ,  
N, and 0,  conversion of asphal tenes  t o  o i l  a d d i t i o n  of H, cracking ,  and i f  the  
o b j e c t i v e  is  gasol ine ,  octane improvemend.  I n  p r a c t i c e ,  t h e  func t ions  of  t h e  
process  s teps '  may overlap.  Thus, c e r t a i n  methods of  c o a l  l i q u e f a c t i o n  a r e  accom- 

moval of t h e  heteroatoms. The c o s t  and complexi t ies  of process ing  the de-ashed 
l i q u i d  depend on i t s  composition and, t h e r e f o r e ,  on the  method of c o a l  l iquefac t ion .  
The p r e s e n t  work descr ibes  the  hydrogenation o f  s l u r r i e s  of c o a l  i n  high-temperature 
t a r  t o  a l i q u i d  of low asphal tenes ,  S ,  N, and 0 content  on f i x e d  beds of  p e l l e t t e d  

I panied by considerable  conversion of asphal tenes  t o  o i l ,  cracking,  and p a r t i a l  re- 

1 c o b a l t  molybdate c a t a l y s t  i n  s i n g l e  pass  experiments. 

EXPERIMENTAL t ,  I P l a n t  and Procedure 

F igure  1 i s  a flow diagram of  t h e  hydrogenation p l a n t .  The combined stream of  
hydrogen and mixtures of  c o a l  and high-temperature tar  passed through a prehea ter  
before  e n t e r i n g  the  packed bed r e a c t o r  which was a n  11-foot long s t a i n l e s s  steel 
tube o f  3-inch i d .  The gases  and l i q u i d s  leaving the  reactor were l e d  through a 
r e c e i v e r  f o r  l i q u i d  products  which w a s  f i t t e d  w i t h  a water-cooled condenser i n  i t s  
upper p a r t .  The heavy l i q u i d s  and c o a l  r e s i d u e s  were c o l l e c t e d  i n  this  v e s s e l  from 
where they were i n t e r m i t t e n t l y  discharged i n t o  a secondary vessel a t  atmospheric 
pressure .  
through a second condenser to l i q u e f y  the  l i g h t e r  ends o f  t h e  l i q u i d  products .  The 
l i g h t e r  l i q u i d  products  were c o l l e c t e d  i n  a second r e c e i v e r ,  and t h e  gas  s t ream w a s  
reduced t o  atmospheric pressure ,  metered, and f l a r e d .  

The gases  and vapors leav ing  t h e  r e c e i v e r  f o r  heavy f i q u i d s  were passed 

As a precaut ion a g a i n s t  runaway temperatures ,  the s l u r r y  was f i r s t  introduced 
i n t o  t h e  r e a c t o r  a t  350° C and t h e  i n c i p i e n t  h y p e r a c t i v i t y  o f  t h e  c a t a l y s t  was a l -  
lowed t o  subside before  the  r e a c t o r  w a s  r a i s e d  t o  h igher  temperatures. The heat ing 
r a t e  w a s  se t  a t  about  10' C p e r  hour ,  and a f t e r  t h e  r e a c t o r  had been heated t o  the 
d e s i r e d  temperature, t h e  p l a n t  was operated f o r  a nondata per iod  o f  2 hours  t o  en- 
sure s teady  condi t ions .  
the  p l a n t  was allowed 2-3 hours  of  e q u i l i b r a t i o n  t i m e .  

S i m i l a r l y ,  whenever any of  the  process  v a r i a b l e s  w a s  changed, I -  
I 

The charge weight of  c a t a l y s t  was 31 pounds, and t h e  paste feed r a t e  w a s  10 lb /hr  
which i s  equiva len t  t o  a throughput of 20  lb /hr /cu  f t  o f  empty r e a c t o r .  
was introduced a t  a r a t e  of 500 cu f t / h r .  
batches o f  50 pounds and analyzed by convent ionai  methods. Gases were analyzed by 
gas-so l id  chromatography. The conversion o f  organic  benzene i n s o l u b l e s  t o  benzene 
s o l u b l e s  2nd gases  was computed from the t o t a l  organic  benzene i n s o l u b l e s  i n  the 
feed (maf coa l  + organic  benzene i n s o l u b l e s  from tar) and t h e  organic  benzene i n -  
s o l u b l e s  i n  the  l i q u i d  products .  To determine t h e  conversion o f  maf c o a l ,  the  con- 
v e r s i o n  of organic  benzene i n s o l u b l e s  from t a r  under i d e n t i c a l  experimental  condi- 
t i o n s  should be known s e p a r a t e l y .  The la t ter  information is a v a i l a b l e  f o r  only one 

Hydrogen 
' The l i q u i d  products  were c o l l e c t e d  i n  

set of temperature and p r e s s u r e ,  namely 425" C and 4,000 psi- 2 /  . 
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Materia  Is --. 
\ 

Technical  d a t a  f o r  t h e  commercial s i l i c a  promoted c o b a l t  molybdate c a t a l y s t  
employed i n  t h i s  work a r e  presented  i n  t a b l e  1, and the  ana lyses  f o r  c o a l s  and high- 
temperature t a r s  a r e  given i n  t a b l e s  2 and 3 r e s p e c t i v e l y .  The t h r e e  l o t s  of coa l  
d i f f e r e d  c h i e f l y  i n  ash c o n t e n t :  
c e n t  ash  i n  l o t  #2 c o a l ,  and 11.1 percent  a s h  i n  l o t  #3 c o a l .  The two l o t s  of  t a r  
d i f f e r e d  i n  ash c o n t e n t ,  o i l  d i s t i l l a b l e  below 355' C ,  and v i s c o s i t y .  
t e r  than 98.5 percent  p u r i t y  was prepared by c a t a l y t i c  reforming of n a t u r a l  gas .  

l o t  #1 c o a l  had 4.7 percent  a s h  compared t o  7.0 p e r -  

Hydrogen of b e t -  

RESULTS AND DISCUSSIONS \ 

I n  view of t h e  s c a l e  of t h e  experiments ,  i t  was not  p r a c t i c a b l e  t o  i n v e s t i g a t e  
the  i n f l u e n c e  of every change i n  each process  v a r i a b l e  wi th  a f r e s h  bed of  c a t a l y s t .  
It was therefore  decided t o  s tudy the changes i n  one v a r i a b l e  on one bed and t o  cor-  -F 

r e c t  t h e  r e s u l t s  by e m p i r i c a l l y  determined f a c t o r s  f o r  c a t a l y s t  d e - a c t i v a t i o n  before  
comparing them. Thus, t h e  inf luence  of  changes i n  s l u r r y  composition was 
one bed, t h a t  of changes i n  temperature  on another  bed, and the inf luence  
i n  p r e s s u r e  on a t h i r d  bed. The s p e c i f i c a t i o n s  f o r  t h e  t h r e e  experiments 
fol lows:  

1: Inf luence  of s l u r r y  composition. 

Temperature: 425' C ]  constant 
Pressure:  4,000 p s i  

S l u r r y  composi t ion,  w t  pc t :  a .  20 c o a l  - 80 t a r  
,b. 30 c o a l  - 70 t a r  
c .  40 c o a l  - 60 t a r  

2 .  Inf luence  of temperature .  

S l u r r y  composi t ion,  w t  p c t :  30 c o a l -  70 
Pressure:  4,000 p s i  

Temperature: 450° C 
/ 460' C 

470' C 

3.  Inf luence  of  p r e s s u r e .  

cons tan t  I S l u r r y  composi t ion,  w t  p c t :  30 c o a l  - 70 tar 
Temperature: 425O C 

Pressure:  a .  4,000 p s i  
b. 3,000 p s i  
c.  2,000 p s i  
d. 1,000 p s i  

s tudied on 
of changes 
were a s  

C a t a l y s t  De-ac t iva t ion  

Batchwise a n a l y s i s  o f  the  l i q u i d  products  from these  experiments revealed t h a t  
under f i x e d  experimental  c o n d i t i o n s  t h e  s p e c i f i c  g r a v i t y  of the  l i q u i d  products  and 
t h e i r  composition i n  terms of  organic  benzene i n s o l u b l e s ,  asphal tenes ,  o i l ,  I?, R, 
and S were approximately c o n s t a n t  over the d u r a t i o n  of t h e  experiment. The r a t e  of 
c a t a l y s t  d e - a c t i v a t i o n  v i s - a - v i s  t h e s e  p r o p e r t i e s  of the l i q u i d  products  thus appears 
t o  be n e g l i g i b l e  and the r e s u l t s  from success ive  hydrogenations under d i f f e r e n t  ex- 
per imenta l  condi t ions  may be compared without  any c o r r e c t i o n  f o r  c a t a l y s t  de-activa- 
t i o n .  The da ta  f o r  a few s e l e c t e d  parameters a r e  p l o t t e d  a g a i n s t  t i m e  i n  f igures  2-4: 



2 - 29 - 
r 

Table 1.- Technical dataL/ for silica promoted 
cobalt molybdate catalyst 

Chemical composition, wt pct 

coo ....... 3 
Moos.. ..... 15 
si02 ...... 5 
A1203 ..... support 

Physical Droperties 

Bulk density, lb/cu ft ............. 60 
Surface area, m2/g .. .;. ............ 200 

Pore diameter (average), A ......... 100 . Pore volume to 10,000 A,cc/g ....... 0 . 4  

Size and form ............ 118 inch x 118 inch tablets 
L/ Supplied by the manufacturers. 

I 

Table 2.- Ultimate analysis of hvab Pittsburgh 
coal .-I weight-percent 

' Lot I 1  Lot 112 Lot 13 
As recd. rnaf .As recd. rnaf A s  recd. maf _ -  

Moisture ............. 0.6 1.3 0 . 8  
Ash .................. 4.7 7 .O 11.1 

Hydrogen ............. 5 .4  5.7 5.2 5.7 4 . 9  5.6 
Nitrogen .............. 1.6 1.7 1.5 1.6 1.4 1.6 
Sulfur ............... 1.2 1.3 1.6 1.7 1 .3  1.5 
Oxygen (by diff.) .... 6.7 7 .O 6.2 6.8 7.0 7.9 

- I /  

Carbon ............... 79.8 84 .3  77.2 84.2 7 3 . 5  83 .4  

- 
70 percent through U.S. Standard sieve 200. 
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Table 3 . -  Inspection data for high-temperature tar  

L o t  'A' L o t  . 'B' 

Solvent a n a l y s i s ,  w t  pct  

Benzene insolubles  ...... 
Asphaltenes ............. 
O i l  ..................... 

U l t i m a t e  a n a l y s i s ,  w t  pct  

Carbon .................. 
Hydrogen ................ 
Nitrogen ................ 
Sulfur .................. 
Oxygen (by. difference)  . . 

Ash, w t  p c t  ........... ;...... 
AWPA d i s t i l l a t i o n ,  w t  pct  

325O C .................. 
3 2 5 O  - 3 5 5 O  C ........... 

V i s c o s i t y ,  ssf a t  180' F .................... 

13 .5  
34.7 
51.8 

92.2  
5.1 
1.1 
0 . 8  
0.8 

d.1 

2 . 9  
11.1 

389 

14 .O 
39.6  
46 .4  

9 2 . 3  
4 . 9  
1.2 
0 . 6  
1.0 

0.7  

0.0 
0.1 
.. - 

500. 
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The hours  on stream f o r  a batch p l o t t e d  i n  these  f i g u r e s  a r e  computed f o r  t h e  point  
of .time midway i n  the batch.  

, 

/ 
An a d d i t i o n a l  check on the  s t a b i l i t y  of the  c a t a l y s t ' s  a c t i v i t y  was conducted 

.whi le  i n v e s t i g a t i n g  t h e  inf luence  o f  pressure .  A f t e r  150 hours of  experiments a t  
the  s e r i e s  of pressures  4,000-1,000 p s i ,  t h e  p l a n t  pressure  was r e s t o r e d  t o  4,000 p s i  
and the hydrogenation continued f o r  29 hours. The batchwise inspec t ion  d a t a  of  the 
l i q u i d  products  from t h i s  per iod f o r  organic  benzene i n s o l u b l e s ,  asphal tenes ,  and 
s p e c i f i c  g r a v i t y  a r e  g iven  i n  f i g u r e  4, and the  average a n a l y s i s  of the  l i q u i d  pro- 
duc ts  i s  compared wi th  t h e  average a n a l y s i s  of  t h e  l i q u i d  products  from the  e a r l i e r  
per iod of  hydrogenation a t  4,000 p s i  i n  t a b l e  4. 
t h e  two per iods  i s  w i t h i n  experimental e r r o r .  
measurable loss i n  t h e  c a t a l y s t ' s  a c t i v i t y  wi th  r e s p e c t  t o  t h e  y i e l d  of o i l  bo i l ing  
below 355' C: t h e  average y i e l d  decreased from 53 percent  by weight of  the feed t o  
37 percent  in  139.5 hours-- the t i m e  i n t e r v a l  between t h e  midpoints of  the two per iods 
of  experiment a t  4,000 p s i .  To allow f o r  c a t a l y s t  de-ac t iva t ion ,  the  a c t u a l  y i e l d s  
i n  experiments a t  425' C may therefore  be cor rec ted  according t o  t h e  fol lowing equa- 
t i o n  before  comparison: 

' 

The agreement i n  t h e  r e s u l t s  f o r  
The experiment however revea led  a 1 

, 

Corrected y i e l d  = Actual  y i e l d  (1 + 0.0031 x hours  on s t ream).  

Table 4.- Average a n a l y s i s  of l t q u i d  products 
a t  4,000 p s i  and 425' C 

t 1st per iod  2nd per iod  

Hour on s t ream .................... 0 - 50.5 150.5 - 179 I 

Solvent  a n a l y s i s .  w t  p c t  I 

Organic benzene i n s o l u b l e s  .... 7.1 7.1 
I 
1' 

Asphaltenes .............. 12.3 14.2- 
O i l  ................. 77.1 75.2 

Ash ............ 3.5 3.6 
/ 

U l t i m a t e  a n a l y s i s ,  w t  p c t  (ash- f ree  b a s i s )  

Carbon ........................ 88.5 88.3 
Hydrogen ....................... 8 . 3  8.1 
Nitrogen ...................... 0.4 0.5 
S u l f u r  ........................ 0.3 0.3 
Oxygen (by d i f f e r e n c e  ) ....... 2.5 2.9 

Inf luence  of  S l u r r y  Composition 

The inf luence  of s l u r r y  composition on the  parameters o f  i n t e r e s t  is shown i n  
f i g u r e  5. A t  425' C and 4,000 p s i ,  approximately 74 p e r c e c t  of the combined organic 
benzene i n s o l u b l e s  from c o a l  and tar  was converted t o  benzene s o l u b l e s  or gases ,  and 
t h e  conversion was independent of  s l u r r y  composition i n  the  range 20-40 w t  p c t  coa l .  
This  corresponds t o  an average conversion of  about  81 percent  maf c o a l .  The concen- 
t r a t i o n  of r e s i d u a l  organic  benzene i n s o l u b l e s  and asphal tenes  i n  t h e  l i q u i d  products 
increased l i n e a r l y  with i n c r e a s e  o f  coa l  concent ra t ion  i n  t h e  feed and, correspoad- 
i n g l y ,  the concent ra t ion  of o i l  decreased.  A s  t h e  c o a l  concent ra t ion  increased  from 
20 to 40 percent  i n  t h e  f e e d ,  t h e  concent ra t ion  both of organic  benzene inso lubles  
and asphal tenes  i n  t h e  l i q u i d  products  increased  by about  50 percent ,  from 8.4 percent  
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t o  12.7 percent  and from 11.0 percent  t o  17.2 percent  r e s p e c t i v e l y .  
c e n t r a t i o n  decreased from 80 t o  68 percent .  

The o i l  con- 

Ult imate  a n a l y s i s  o f  the  l i q u i d  products  revealed t h a t  the r e s i d u a l  concentra-  
. t i o n  of S ,  0.2 percent ,  was only nominally a f f e c t e d  by increase  i n  coa l  concentra-  

t i o n ,  but  the  concent ra t ion  of N increased  s h a r p l y  from 0.3 t o  0.7 percent  a s  the  
c o a l  concent ra t ion  i n c r e a s e d  from 20 t o  40 percent .  For t h e  same change i n  c o a l  
concent ra t ion ,  the  H conten t  of t h e  l i q u i d  products  decreased from 8.5 t o  7.8 per-  
c e n t .  - 

The y i e l d  of o i l  b o i l i n g  below 355" C was h i g h e s t  a t  30 percent  coa l  concentra-  
t i o n :  the  cor rec ted  y i e l d  amounted t o  47 percent  by weight  o f  the  feed compared t o  
37 percent  a t  both 20 p e r c e n t  and 40 percent  c o a l  concent ra t ions .  The shape of t h e  
y i e l d  curve i n  f i g u r e  5 i s  of  course  a r b i t r a r y  in-so- far  as the  p r e c i s e  l o c a t i o n  of  
t h e  maxima i s  concerned. 

The y i e l d  of  t o t a l  l i q u i d  products  and gaseous hydrocarbons, 95 percent  and 
about  1 . 5  percent  of t h e  p a s t e  feed r e s p e c t i v e l y ,  were independent of s l u r r y  com- 
p o s i t i o n .  

Inf luence  of temperature  

The inf luence  o f  temperature  on the hydrogenat ion of 30 weight-percent coa.1 
s l u r r y  a t  4,000 p s i  i s  shown i n  f i g u r e  6 .  
vious  experiment. 

The r e s u l t s  f o r  425' C a r e  from the  p r e -  
The conversion of  organic  benzene i n s o l u b l e s  a t  450' C was the  

same a s  a t  425' C--about 75 percent--but  decreased t o  65 p e r c e n t  a t  460' C and 55 p e r -  
c e n t  a t  470' C .  
s i m i l a r  p a t t e r n  of i n f l u e n c e  o f  temperature .  
and 450' C d i f f e r e d  o n l y  margina l ly ,  but the  ana lyses  of the products  a t  460' C and 
470' C were markedly d i f f e r e n t .  
p h a l t e n e s ,  S ,  and N increased  r a p i d l y  w i t h  temperature above 450' C and t h e  concen- 
t r a t i o n  of o i l  and H decreased.  
38 percent  by weight of the  feed a t  425' C t o  29 percent  a t  470° C .  

The s o l v e n t  and u l t i m a t e  ana lyses  of the  l i q u i d  products  showed a 
The ana lyses  of t h e  products  a t  425' C 

The concent ra t ion  of organic  benzene i n s o l u b l e s ,  as-  

The y i e l d  of  oil b o i l i n g  below 355' C decreased from 

- 

Another u n d e s i r a b l e  i n f l u e n c e  of i n c r e a s e  i n  r e a c t i o n  temperature was an in-  
o r d i n a t e  increase  i n  t h e  y i e l d  of gaseous hydrocarbons--from about 1.5 percent  of 
the p a s t e  feed a t  425' C t o  9.2 p e r c e n t  a t  450' C. S ince  t h e  o b j e c t i v e  of this  pro- 
gram c a l l s  f o r  maximizing t h e  y i e l d  of l i q u i d  products ,  t h e  gaseous hydrocarbons 
r e p r e s e n t  a was te fu l  consumption of  HB. 
and 470' C were 7.8 and 5.7 p e r c e n t  of the paste feed r e s p e c t i v e l y .  Thus, i n  the 
range o f  temperature 425'-410° C ,  t h e  y i e l d  of  gaseous hydrocarbons appears t o  be 
maximum a t  450' C .  

The y i e l d s  of gaseous hydrocarbons a t  460' C 

The y i e l d  of  t o t a l  l i q u i d  products  w a s  95 percent  by weight  of the feed a t  425' C ,  
90 percent  a t  450' C ,  and 93 p e r c e n t  each a t  460' C and 470' C. 

In f luence  of P r e s s u r e  

The inf luence  of  p r e s s u r e  on t h e  hydrogenation of 30 w t  p c t  c o a l  s l u r r y  a t  425' c 
i n  t h e  range of  1,000-4,000 p s i  is  shown i n  f i g u r e  7 .  
zene inso lubles  even a t  the lowest  p r e s s u r e  of  1,000 p s i  was 55 percent ,  and increased 
w i t h  p r e s s u r e  to  74 p e r c e n t  a t  2,000 p s i ,  and 79 percent  a t  3,000 p s i .  The conversion 
a t  4,000 p s i ,  8 1  p e r c e n t ,  was only nominally d i f f e r e n t  from t h a t  a t  3,000 p s i .  
i n s o f a r  a s  t h e  convers ion  of organic  benzene i n s o l u b l e s  is concerned , the  advantage 
in o p e r a t i n g  above 2,000 p s i  i s  nominal. 
of the  l i q u i d  products  and the f i g u r e s  f o r  t h e  y i e l d  o f  o i l  b o i l i n g  below 355' C show 
s u b s t a n t i a l  improvement i n  the q u a l i t y  o f  the l i q u i d  products  between 2,000 and 4,000 P S I .  

The conversion of organic  ben- 

Thus, 

However, the  s o l v e n t  and u l t i m a t e  ana lyses  

. .  
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the  conccnt ra t ion  of asphalLenes decreased from 24.9 pcrcenL E t  2,000 p s i  t o  12.3 per- 
cen t  a t  4,000 p s i ,  the coriccntration of N decreased from 0.8 pcrcent  t o  0.4 percent ,  
t h e  H content  of the l i q u i d  products increased from 6.9 percent  to  8 .3  p e r c e n t ,  and 
the cor rec ted  y i e l d  of o i l  b o i l i n g  below 355' C increased from 38 percent  t o  57 per- 
c e n t .  Tndeed, the H cont rn t  of the  l i q u i d  products and the  y i e l d  of  o i l  b o i l i n g  below 
355O C appear t o  be increasing a t  s i g n i f i c a n t  enough r a t e s  near  the  upper l i m i t  of 
our pressure  range t h a t  some i n v e s t i g a t i o n  a t  p ressures  h igher  than 4,000 p s i  may be 
p r o f i t a b l e .  

I t  may be noted t h a t  the removal of S i s  independent od pressure:  t h e  r e s i d u a l  
concent ra t ion  of S i n  t h e  l i q u i d  products  was e s s e n t i a l l y  cons tan t  a t  about 0.2-0.3 per- 
c e n t  over the  range of 1,000 t o  4,000 p s i .  
pendent. 
with increase  i n  pressure ,  from 1.0 percent  a t  1,000 p s i  t o  0 . 4  percent  a t  4,000 ps i .  

about 3 percent  of the p a s t e  feed r e s p e c t i v e l y ,  were independent of pressure .  

Throughout the  s e r i e s  of experiments descr ibed i n  the  present  work, the  mater ia l  

The removal of N ,  however, is  pressure  de- 
The r e s i d u a l  concent ra t ion  of N i n  t h e  l i q u i d  products  decreased l i n e a r l y  

/The y i e l d s  of t o t a l  l i q u i d  products  and gaseous hydrocarbons, 95-98 percent  and 

balance was 95-98 percent ,  and ash  recovery was e s s e n t i a l l y  q u a n t i t a t i v e .  

Inf luence of Ash 

I n  the  course of the  i n v e s t i g a t i o n s  descr ibed  above, the hydrogenation of 30 wt 
p c t  coal  s l u r r y  a t  425' C and 4,000 p s i  was conducted twice: 
gat ion of  the inf luence  of s l u r r y  composition, and aga in  during the i n v e s t i g a t i o n  of 
t h e  inf luence of pressure .  We w i l l  c a l l  the  former run A and the  l a t t e r  run B .  A 
comparison of the r e s u l t s  of the  two runs--for  convenience brought toge ther  i n  tab le  5-- 
shows t h a t  the  conversion of organic  benzene i n s o l u b l e s  and t h e  y i e l d  of oil boi l ing  
below 355' C was higher i n  run B than i n  run A.  We b e l i e v e  t h i s  d i f f e r e n c e  i s  due t o  
the  higher  ash content  of  the c o a l  and t a r  employed i n  r u n  B compared t o  the ash con- 
t e n t  of the coa l  and t a r  employed i n  run  A.  
l o t  1 3  which had 11.1 percent  a s h ,  and the t a r  came from l o t  B which had 0.7 percent  
ash.  For run A ,  the  coa l  had come from l o t  8 1  which had 4.7 percent  ash ,  and t a r  
from l o t  A which had cO.1 percent  ash .  
c e n t  o r  more Fe, a convent ional  c a t a l y s t  f o r  the  conversion of  coa l  t o  l i q u i d s .  I n  
a d d i t i o n ,  the  ash  has been repor ted  t o  conta in  Sn, Pin, and o t h e r  t r a n s i t i o n  elements 
known t o  have c a t a l y t i c  a c t i v i t y  i n  the hydrogenation of  c o a l  ( 3 ) .  

f i r s t  during t h e  i n v e s t i -  

I n  run B ,  t h e  c o a l  employed came from 

Ash from hvab P i t t s b u r g h  C 0 3 1  conta ins  10 per- 

CONCLUSIONS 

S l u r r i e s  of coa l  i n  high-temperature t a r  can b e  hydrogenated on f ixed  beds of 
p e l l e t t e d  c o b a l t  molybdate S a t a l y s t .  The concent ra t ion  of  o i l  i n  the  l i q u i d  products 
decreased a s  the  concentrat ion of c o a l  i n  the  feed increased from 20 t o  40  percent .  
I n  the range of temperature 425O C-470' C and pressure  1,000-4,000 p s i ,  hydrogenation 
of 30 w t  p c t  c o a l  s l u r r y  proceeded most favorably a t  425O C and 4,000 p s i .  Under 
these condi t ions ,  91 percent  of  maf c o a l  was converted t o  l i q u i d s  and g a s e s ,  wi th  
t h e  y i e l d  of l i q u i d  products amounting t o  96 percent  of the  p a s t e  feed. 
77 percent  of the l i q u i d  products  was o i l ,  7 percent  organic  benzene i n s o l u b l e s ,  12 per-  
c e n t  asphal tenes ,  and the balance ash .  
0.4 percent  N ,  and 0.3 percent  S on an ash- f ree  b a s i s .  
i n g  below 355' C was 53 percent  by weight of the  feed.  

Approximately 

The l i q u i d  products  contained 8.3 percent  H ,  
The i n i t i a l  y i e l d  of o i l  bo i l -  

1. 

2 .  
3.  
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Table 5.- In f luence  of a sh  on the  hydrogenation of 
c o a l  s l u r r y  i n  high-temperature t a r  

Run A 
(low ash) 

Conversion of organic  benzene ....... 74 
i n s o l u b l e s ,  w t  p c t  ................ 74 

Conversion of maf c o a l ,  w t  p c t  ...... 8 1  

Solvent  a n a l y s i s  of l i q u i d  p roduc t s ,  w t  p c t  

Organic benzene i n s o l u b l e s  ..... 10.2 
Asphal tenes  .................... 13.6 
O i l  ............................ 74.7 

Ultimate a n a l y s i s  of l i q u i d  p roduc t s ,  
w t  p c t  (ash-free b a s i s )  . 

Carbon ......................... 88.8 
Hydrogen ....................... 8.1 
Nitrogen ....................... 0.5 
S u l f u r  ......................... .0.2 . 

Yield of o i l  b o i l i n g  below.355* C, 
w t  pct  of  feed ( co r rec t ed  f o r  
c a t a l y s t  de -ac t iva t ion )  ........... 46.9 

/ 

. Run B 
(high ash) 

81 
8 1  

91  

7.1 
12.3 
77.1 

88.5 

0.4 
0.3 

8.3 

.. - 

56.6 

\ 
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