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INTRODUCTION 

I n  the Solvent Refined Coal Process ,  coa l  i s  dissolved i n  a coal-derived solvent 
t o  produce a f i l t e r a b l e  l i q u i d .  This is accomplished by means of a mild l iqu id  
phase hydrogenation of t h e  coal .  The l i q u i d  is separated from t h e  inso luble  minerals 
and unreacted organic  mat ter  by f i l t e r a t i o n .  The solvent  is recovered f o r  recycle  
by vacuum d i s t i l l a t i o n ,  and the  SRC is obtained a s  a black shiny s o l i d  a t  room temper- 
t u r e .  Some of t h e  s u l f u r  present  i n  t h e  coa l  i s  removed i n  t h e  form of hydrogen 
s u l f i d e  gas. 

The present s u l f u r  s tandards (0.97 percent  s u l f u r  i n  SRC) a r e  being met by 
conventional SRC processing. New Source Performance Standards (NSPS) recent ly  
proposed by the  Environmental Pro tec t ion  Agency (EPA) would r e q u i r e  a s u l f u r  con- 
t e n t  of 0.5 t o  0.6 percent in SRC f o r  most coals .  The proposed NSPS could be met 
using t h e  conventional SRC process  with t h e  appl ica t ion  of severe operat ing con- 
d i t i o n s  (e .g . ,  a reac t ion  temperature of 4500C,a H2 pressure  of 2,000 ps ig  o r  
13.9 MPa and a long r e a c t i o n  time of 30 t o  60 minutes. 
unreasonably high hydrogen consumption and operat ing cos t .  Therefore ,  a modifi- 
ca t ion  of the conventional SRC process  i s  necessary t o  meet t h e  proposed NSPS with 
minimum hydrogen requirements. 

This would r e s u l t  i n  an 

For the  coa l  s tudied here ,  a bituminous Western Kentucky t9/14 c o a l ,  d i sso lu t ion  
of the  oca1 has  been shown t o  occur very rap id ly , requi r ing  less than 30 minutes t o  
l iquefy  most of t h e  coa l  (2.90 percent ) .  However, a r e l a t i v e l y  long reac t ion  t i m e  
(120 min.) i s  required t o  reduce i t s  s u l f u r  l e v e l  low enough t o  meet even t h e  current  
s tandards (1) .  
suggested by Auburn Universi ty  (2) f o r  solvent  r e f i n i n g  t h i s  coa l .  This  process has 
been shown t o  have t h e  p o t e n t i a l  of producing a low-sulfur s o l i d  SRC product t h a t  
meets t h e  proposed NSPS. It involves  t h e  d i s s o l u t i o n  of t h e  coa l  ( f i r s t  s tage)  i n  
the  presence of an inexpensive mineral  a d d i t i v e ,  and then subsequent hydrotreat ing 
of t h e  f i l t e r e d  l i q u i d  from t h e  f i r s t  s t a g e  i n  t h e  presence of a presulf ided 
Co-Mo-A1 c a t a l y s t .  

A new shor t  res idence  time two-stage SRC type process  has been 

The objec t ive  of t h e  present  work i s  t o  evaluate  the  e f f e c t  of a wide range 
of process  or reac t ion  var iables--react ion temperatuie, hydrogen p a r t i a l  pressure,  
c a t a l y s t  loading,  and r e a c t i o n  time--on hydrodesulfur izat ion and hydrogenation of 
f i l t e r e d  l iqu id  product (coal-derived l i q u i d )  obtained from the  coa l  d i sso lu t ion  
s t a g e  i n  t h e  presence of a commercial p resu l f ided  Co-Mo-A1 c a t a l y s t .  
f o r  desu l fur iza t ion  over hydrogenation (Se) is used t o  r a t e  t h e  e f fec t iveness  of the 
above mentioned process var iab les .  
Fer u n i t  (g! of hydrogen consumed, t h a t  i s ,  

The s e l e c t i v i t y  

Se i s  defined a s  the  f r a c t i o n  of s u l f u r  removal 
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Sf - s o  

Se = so 
H2 Used, g 

where Se: S e l e c t i v i t y ,  
S o :  Original  s u l f u r  content of t h e  coa l  l i q u i d s ,  and 
S f :  Sulfur  content  of t h e  hydrotreated coa l  l i q u i d s .  

The purpose of t h i s  study is to  i d e n t i f y  a set of opera t ing  condi t ions f o r  
hydrotreat ing reac t ions  a t  which maximum s e l e c t i v i t y  is a t t a i n e d  f o r  a spec i f ied  
s u l f u r  content of the  s o l i d  SRC product. 

There a r e  many d i f f e r e n t  types of search rout ines  used t o  l o c a t e  optimum 
operat ing conditions. One approach i s  t o  make a l a r g e  number of runs a t  d i f f e r e n t  
combinations of temperature, reac t ion  time, hydrogen p a r t i a l  p ressure ,  and c a t a l y s t  
amount, and then run a mul t ivar iab le  computer search r o u t i n e  ( l i k e  t h e  Hooke-Jeeves 
method o r  Powell method). A second approach is  t o  formulate  a mathematical model 
from t h e  experimental r e s u l t s  and then use an a n a l y t i c a l  search method t o  l o c a t e  the  
optimum. The formulation of a mathematical model i s  not an easy task ,  and i n  many 
cases ,  t h i s  is t h e  most c r i t i c a l  s tep .  Sometimes i t  is impossible t o  formulated a 
mathematical model f o r  t h e  system, a s  i n  t h e  case of the  system s tudied  here ,  and 
an experimental search must be performed. 

The experimental s t r a t e g y  used here  is t o  perform a s e r i e s  of small experiments 
A u n i v a r i a t e  search was made i n  which ins tead  of a s i n g l e  comprehensive experiment. 

only one var iab le  was changed a t  a time. The information obtained in the  e a r l i e r  
experiments performed during t h e  univar ian t  search  w a s  used t o  p lan  subsequent experi- 
ments. By doing so,  t h e  r e s u l t s  were a v a i l a b l e  quickly,  and t h e  experimental error 
was checked and minimized dur ingthe  course of experimentation. 

In t h e  f i r s t  s t e p  of the  univar ia te  search a series of experiments were performed 
i n  which base values  were used f o r  t h e  i n i t i a l  hydrogen p a r t i a l  p ressure ,  r e a c t i o n  
time and react ion temperature,and only t h e  amount of c a t a l y s t  used w a s  var ied.  The 
amount of c a t a l y s t  which yielded t h e  bes t  performance ( i . e .  maximum se1ect ivi ty)and 
bes t  s a t i s f i e d  p r a c t i c a l  c o n s t r a i n t s  was se lec ted .  In t h e  next s t e p  a s e r i e s  of 
experiments was performed i n  which t h e  se lec ted  amount of c a t a l y s t  was used, base 
values  were used f o r  temperature and time, and only t h e  i n i t i a l  hydrogen p a r t i a l  
pressure was var ied.  
f o r  t h e  amount of c a t a l y s t  i n  t h e  first s tep .  

The dependence of s e l e c t i v i t y  (Se) on t h e  r e a c t i o n  time and temperature was modeled 

An i n i t i a l  hydrogen p a r t i a l  p ressure  w a s  se lec ted  a s  was done 

using empirical expressions f o r  desu l fur iza t ion  and hydrogen consumption k i n e t i c s .  
The same values se lec ted  f o r  i n i t i a l  hydrogen p a r t i a l  p ressure  and amount of c a t a l y s t  
i n  t h e  f i r s t  two s t e p s  of t h e  univar ia te  search were used i n  determining these  k i n e t i c  
expressions. The f i n a l  s t e p  of the search  procedure was t o  perform a s e r i e s  of 
experiments mapping t h e  region c lose  t o  the  above determine optimum condi t ions f o r  
v e r i f i c a t i o n .  

EXPERIMENTAL 

Reagents and Materials 

the  wi l sonvi l le  SRC P i l o t  P lan t ,  operated by Southern Company Services ,  Inc.  The 
Light recyole o i l  (LRO) and Western Kentucky C9/14 coal  were obtained from 
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LRO contains  0.26% sulfur ,and the  Western Kentucky :19/14 coa l  i s  analyzed t o  be 
67% C ,  4.9% H ,  3.10% S ,  and 1 2  % mineral  mat te r .  The coa l  was dr ied overnight  a t  
I n n o r  -..A * c  -.--L-- ".. .."^ .... ," L,.F"-,. ..-n 
I U U  L, -11," A, L L L C 1 I S D  L . 6  " ' A L Y U  Y C A Y L C  V I - .  

The coal  1iqi;id i s  obtained by r e a c t i n g  Ky 1\9/14 coal-LXO s l u r r y  f o r  60 minutes 
a t  41OOC i n  an autoclave reac tor  under 2000 psig (13.9 W a )  hydrogen pressure.  The 
product from the  autoclave is col lec ted  and f i l t e r e d  using Watman 1\51 f i l t e r  paper 
t o  remove t h e  mineral mat ter  and undissolved coa l .  The l i q u i d  product i s  saved 
and used for  f u r t h e r  hydrotreat ing s t u d i e s .  
from t h e  coal d i sso lu t ion  s t e p  i s  given i n  Table I .  

The ana lys i s  of t h e  f i l t e r e d  product 

Co-No-Al i s  a commercial c a t a l y s t  from Laporte I n d u s t r i e s ,  Inc.  (Comox 451). 
The c a t a l y s t  was ground and screened t o  -325 mesh before  use.  
was prepared by c o l l e c t i n g  t h e  s o l i d  r e s i d u e  a f t e r  reac t ion  of creosote  o i l  (S  = 0.64 
percent)  with Co-Mo-A1 i n  t h e  autoclave r e a c t o r .  
su l f ided  Co-Mo-A1 was 2.76%. 

Presulf ided Co-Mo-A1 

The s u l f u r  content  of t h e  pre- 

Hydrogen gas cy l inders  (6OOOpsi grade)  were suppl ied by Linde. 

Equipment 
A commercial 300 m l  magnedrive au toc lave  (Autoclave Engineers) reac tor  was 

used f o r  a l l  reac t ion  s t u d i e s  and has  been Previously descr ibed (3-6). Varian 
gas chromatogra2hs (Model 920 and 1800) were used f o r  a n a l y s i s  of gas samples 
and products from t h e  hydrotreat ing r e a c t i o n s .  
532) was used f o r  ana lys i s  of s u l f u r  i n  t h e  products. 

Procedure 
One hundred grams of coa l  l i q u i d  was combined with a predetermined amount of 

presulf ided Co-MO-Al c a t a l y s t  and charged t o  the  autoclave.  Reaction temperature 
f o r  the  runs varied from 360 t o  435OC, depending on the  run. A s t i r r i n g  s e t t i n g  
of 1000 rpm was used, and t h e  i n i t i a l  t o t a l  pressure was var ied  from 1500 (10.4 MF'a) 
t o  2500 (17.3 W a )  psig.  The heat-up r a t e  was about 12 to20°F/min, thus requi r ing  
a t o t a l  heat-up time of about 20-25 min. Af te r  a spec i f ied  reac t ion  t i m e ,  a gas 
sample was taken; the  autoclave was cooled t o  below 1000C;and the  reac t ion  products 
were co l lec ted .  The f i l t e r e d  l i q u i d  product was vacuum d i s t i l l e d  under <1.0 mm Hg 
pressure t o  recover the  process  solvent  added p r i o r  t o  the  reac t ion .  The 27OOC + 
f r a c t i o n  obtained by vacuum d i s t i l l a t i o n  was def ined a s  t h e  solvent  re f ined  coal  
(SRC). 

A LECO s u l f u r  determinator (Model 

A su l fur  ana lys i s  w a s  performed on each f r a c t i o n .  

The conversion of SRC t o  o i l  and gases  is defined a s  

(Amount Of SRC) o r i g i n a l  l i q u i d  - Of SRC) hydrotreated l i q u i d  SRC Conversion,% = - 
(Amount of SRC) 

I o r i g i n a l  l i q u i d  

and i s  used' a s  a cons t ra in t .  

RESULTS AND DISCUSSION 

Effec t  of Catalyst  Loading 

is tabulated i n  Table 11. It was observed t h a t  increasing the  amount of Co-Mo-A1 from 
1 g t o  15 g increases  t h e  s u l f u r  removal by 52 percent ,  increases  hydrogen consumption 
by 87 percent ,  and increases  SRC conversion from 16 t o  24 percent .  Figure 1 shows the  
v a r i a t i o n  of s e l e c t i v i t y  versus  the  amount of c a t a l y s t  used while keeping t h e  other  
r e a c t i o n  var iab les  constant .  It can be seen t h a t  the  maximum s e l e c t i v i t y  resu l ted  when 

The e f f e c t  of t h e  amount of Co-Mo-A1 c a t a l y s t  present  i n  the  hydrotreat ing react ion 

166 



I 

10 g Of Co-Mo-Al was used. 
amounts of c a t a l y s t  used was i n s i g n i f i c a n t ,  t h a t  is, wi th in  the  range of experimental 
e r r o r  (standard devia t ion  i s  only 3 percent ) .  The change i n  SRC conversion t o  o i l  and 
gases, a s  shown i n  Table 11, was a l s o  within the  range of experimental e r r o r  (standard 
deviat ion is l e s s  than 8 percent) .  The use of 1 g af Co-Mo-Al gave t h e  lowest amount Of 
SRC conversion ( z  16 percent) .  

However, t h e  v a r i a t i o n  i n  s e l e c t i v i t y  f o r  the  d i f f e r e n t  

From t h e  shape of t h e  s e l e c t i v i t y  versus  amount of Co-Mo-A1 
J ca ta lys t  used curve (Figure l ) ,  i t  appears  t h a t  hydrodesulfur izat ion i s  favored over hydro- 

genation i n  the range i n  which 1 g t o  10 g of c a t a l y s t  were used. However, increasing the 
CO-MO-Al amount beyond 10 g tends t o  favor  hydrogenation and a ,decrease  i n  s e l e c t i v i t y  was 
observed. A search 
i n  the  v i c i n i t y  c lose  t o  where maximum s e l e c t i v i t y  occurs  (10 g of Co-Mo-Al) w a s  not  done 
because t h e  i n s e n s i t i v i t y  of s e l e c t i v i t y  and SRC conversion t o  t h e  amount of c a t a l y s t  used. 

Effect  of Pressure 

su l fur  removal, hydrogen consumption, and SRC conversion. It was observed t h a t  increasing 
the  i n i t i a l  hydrogen p a r t i a l  pressure by 1500 ps ig  (10.4 m a )  decreased t h e  s e l e c t i v i t y  
by 7 2  percent ,  increased hydrogen consumption by a f a c t o r  of 2.6, enhanced s u l f u r  
removal by a fac tor  of 1.9, and d id  not  a f f e c t  SRC conversion appreciably.  For i n i t i a l  
hydrogen pressures  of 1500, 2000, and 2500 ps ig ,  the  v a r i a t i o n  of s e l e c t i v i t y  was 
within the  range of experimental e r r o r .  
t h e  maximum s e l e c t i v i t y .  
proposed NSPS (0.5 t o  0.6 percent  SRC s u l f u r )  were not  m e t  (SRC s u l f u r  content  
a t  1000 psig is  0.66%). 
higher s e l e c t i v i t y  than was obtained with e i t h e r  1500 o r  2500 ps ig ,  and a s u f f i c i e n t  
amount of s u l f u r  was removed. 
for  fur ther  s tud ies .  

Effect  of Reaction Time and Temperature 
The amount of c a t a l y s t  (10 g of Co-Mo-A1 i n  100 g of coa l  l i q u i d s )  and t h e  

i n i t i a l  hydrogen p a r t i a l  p ressure  (2000 psig)  determined above were used t o  study 
the  e f f e c t  of reac t ion  time and temperature. Hydrodesulfur izat ion and hydrogen 
consumption k i n e t i c s  were determined, a s  ou t l ined  i n  t h e  following paragraphs. 

In order  t o  determine t h e  r a t e  equat ion f o r  hydrodesulfur izat ion,  a semi- 

\ 

I Thus 10 g of Co-Mo-Al was used throughout t h e  remainder of the  study. 

Table 111 shows t h e  e f f e c t  of t h e  i n i t i a l  hydrogen p a r t i a l  pressure on s e l e c t i v i t y ,  

Use of a 1000 ps ig  hydrogen pressure gave 
However, a t  1000 ps ig  the  s u l f u r  requirements s e t  by t h e  

The use of a 2000 ps ig  hydrogen p a r t i a l  p ressure  gave a s l i g h t l y  

Therefore ,  a hydrogen pressure  of 2000 p isg  was chosen 

logari thematic  p lo t  of t h e  t o t a l  s u l f u r  content  with time was made (Figure 2 ) .  The 
p lo t  indicated two independent f i r s t - o r d e r  reac t ions  with g r e a t l y  d i f f e r e n t  r a t e  
constants .  This is i n  agreement with t h e  f ind ings  of Gates e t  a l .  ( 7 )  and P i t t s  ( 3 ) .  
A procedure s imi la r  t o  t h a t  of P i t t s  (3) w a s  used t o  descr ibe  t h e  hydrodesulfur izat ion 
k i n e t i c s .  The r a t e  expression is given below 

The emperical parameters S l0 ,  S20, KlO, K 2 0 ,  BE , and AE2 were determined by 
a numerical search rout ine .  
experimental data  and represents  a s a t i s f a c t o r y  curve f i t .  

Figure 3 compares t h e  t f ieore t ica l  curves with t h e  

The amount of hydrogen gas  present  i n  t h e  reac tor  was p lo t ted  aga ins t  reac t ion  
time on a semi-logarithemic scale (Figure 4 ) .  
a f i r s t -order  r a t e  expression. P i t t s  (3 )  a l s o  suggested a f i r s t - o r d e r  r a t e  expression 

This p l o t  gave a s t r a i g h t  l i n e  ind ica t ing  
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f o r  hydrogen consumption. 
hydrogen consumption r a t e  expression is given by 

A procedure s i m i l a r  t o  t h a t  of P i t t s  (3) was used. The 

!k := EXP [-KO EXP (-AE/RT)t] 
Hgo 

A numerical search r o u t i n e  was appl ied t o  determine the  va lue  of KO and AE. 
Figure 4 compares t h e  t h e o r e t i c a l  curve wi th  t h e  experimental data  and represents  a 
s a t i s f a c t o r y  curve f i t .  The t o t a l  s u l f u r  content  and SRC s u l f u r  content  f o r  hydro- 
t rea ted  product were p lo t ted  (Figure 5), and a l i n e a r  r e l a t i o n s h i p  was shown to  
ex ix t  between them. 

The rate expression for hydrodesulfur izat ion and hydrogenation descr ibed above 
were used t o  compute s e l e c t i v i t y .  
s u l f u r  contents  ( s p e c i f i c a l l y ,  0.6, 0.5, and 0.4 percent)  were determined The 
opt imizat ion procedure used i s  i l l u s t r a t e d  below f o r  a spec i f ied  SRC content of 
0.5% o r  a t o t a l  s u l f u r  content  of 0.23 % ( see  Figure 5). 

The optimum process condi t ions f o r  d i f f e r e n t  SRC 

The v a r i a t i o n  of t h e  ca lcu la ted  t o t a l  s u l f u r  values  versus  r e a c t i o n  time and 
r e a c t i o n  temperature was p lo t ted  (Figure 6 ) .  
l e v e l  of 0.23 percent ;  t h e  region above t h i s  l i n e  was l a b e l l e d  as being i n f e a s i b l e  
because, for  a t o t a l  s u l f u r  content  higher  than 0.23 percent ,  t h e  SRC content  was more 
than 0.5 percent. So, t h e  f e a s i b l e  region of search was t h a t  below t h e  dashed l i n e .  
The computed values  of s e l e c t i v i t y  versus  r e a c t i o n  time and temperature was p lo t ted  
(Figure 7 ) .  

A dashed l i n e  was drawn a t  a t o t a l  su l fur  

The maximum s e l e c t i v i t y  f o r  each temperature w a s  found t o  be  located on t h e  dashed 
curve shown i n  Figure 7 ,  t h a t  is, a t  the  boundary. The maximum s e l e c t i v i t y  values  
f o r  each temperature w e r e  compared (Table IV). The highest  temperature and the  
s h o r t e s t  reac t ion  time used gave t h e  maximum s e l e c t i v i t y .  
o i l  with reac i ton  time and temperature were p lo t ted  a l s o  f o r  comparison purposes 
(Figure 8 ) .  A s  shown i n  Table I V ,  t h e  h ighes t  temperature and the  s h o r t e s t  reac t ion  
t i m e  r e s u l t e d  i n  t h e  lowest amount of conversion of SRC t o  o i l .  
performed f o r  d i f f e r e n t  SRC s u l f u r  conten ts ,  and f o r  each case, t h e  h ighes t  tempera- 
t u r e  and the  s h o r t e s t  r e a c t i o n  time gave t h e  maximum s e l e c t i v i t y  and t h e  lowest SRC 
ocnversion. 
l e v e l s  is given i n  Table V. 

The conversion of SRC to  

S i m i l a r  analyses  were 

A summary of t h e  optimum r e a c t i o n  condi t ions obtained f o r  d i f f e r e n t  su l fur  

The opt imizat ion s tudy discussed above suggests  t h e  use of a high temperature 
and a short-react ion time. 
t h e  autoclaves used, t h i s  s tudy was l imi ted  t o  reac t ion  temperatures 5435OC. 
c a t i o n  s t u d i e s  a t  higher  temperatures (>43SoC) a r e  ongoing using micro-reactors. 
The present  s tudy should be supported by complementary c a t a l y s t  aging s t u d i e s  t o  
determine t h e  maximum temperature l i m i t  below which serve deac t iva t ion  and aging does 
not occur. 

CONCLUSIONS 

ing t h e  product from t h e  coa l  d i s s o l u t i o n  s tage.  
presented by two p a r a l l e l  f i r s t - o r d e r  r a t e  expression,  and hydrogen consumption k ine t ics  
can be presented by a f i r s t - o r d e r  r a t e  expression.  A l i n e a r  r e l a t i o n s h i p  e x i s t s  
between t o t a l  s u l f u r  content  and SRC s u l f u r  content  of t h e  hydrotreated product. 

Because of t h e  heat-up and cool-down time l i m i t a t i o n s  of 
Ver i f i -  

The proposed NSPS can be met by hydro t rea t ing  t h e  coal  l i q u i d s  obtained by f i l t e r -  
The desul fur iza t ion  k i n e t i c s  can be 

For 
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1. 
2 .  

3 .  
4. 

5. 

6. 

7. 

t he  Western Kentucky bituminous C9114 coa l  s tudied he re ,  t h e  maximum s e l e c t i v i t y  
and lowest SRC conversion t o  o i l  f o r  a f ixed  SRC s u l f u r  content  a r e  obtained using 
the  highest  r eac t ion  temperature (435'12) and t h e  s h o r t e s t  r eac t ion  time (5 7 min.). 
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Figure 1 .  E f f e c t  of  Amount o f  C a t a l y s t  (Co-Wo-AI) on 
S e l e c t i v i t y  

Reactor - Autoclave 
Coal Liquids - lOCg 
I n i t i a l  Hydrogen Pressure = 2000 PSig (13.9 b!Pd) 
Reaction Time = 30 m i l l u t e s  
Reaction Tempt. = J l C O C  

I I I I 1 1 

0 2 3 6 8 10 12 14 16 

h a u n t  o f  C a t a l y s t ,  g 

Figure 2. Semi-Cog ? l o t  of  T o t a l  Sul fur  (:) vs. Time 
for  Hydrotreat ing Reaction i n  The ?resence o f  Co-+!o-Al 

Reaction Condi t i o n s :  
Coal l i q u i d  - 1CC g 
co-Ro-ai i o  9 
Reactor - dutoclave 
Pressure - ZOCO p s j g  ( i 3 . 3  HPa) i ( z  

0 . W  

E l  \\ 
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Figure 4 .  
Hydrotreating Reaction i n  the Presence of  Ca-m-al 

Semi-Log P l o t  of Hg/?so ' 4 s .  iime for 

Jeaction Condi:ions: See Figure 2 
Eg = amount o i  hydrogen ( g )  i n  :he 

Ego = amount o f  hydroqen (9) ini:al ly  
reac-or a t  m y  time 

charqed t o  f5e reac tor  

I 

- ;heoretical  Curve 

Exceri mn ta  1 Ca tj 
0 360' 
0 3as0: 

a 41OoC 

J350C 

0.3 I 1 
:c 1 5  60 7: 

Reaction Tine, .*.linures 
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Figure 5 .  Relat ionship  Between Hydrotreated Total 
Sul fur  Content ( 2 )  and SRC Content (L) 
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T o t a l  Sul fur  Content, % 

Figure 6. V a r i a t i o n  o f  Tota l  Sulfur Content w i t h  Reaction Time dlld Temperature for  
Hydrotreat ing Reaction 

SRC Sulfur = 0.50% 
Total L i q u i d  Sul fur  = 0.23: 

0 
- I  1 1 1 1 1 1 1 1 ~ ~ ~ ~  
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Figure 7 .  Variation of Se lec t iv i ty  w i t h  Reaction Time and lrniperature for 
Hydro trea t i  ng Reaction 
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'1 10 20 30 40 50 60 70 80 90 100 110 120 

Reaction Time. Minutes 

Figure 8. Conversion of SRC with Hydrotreating Reaction 
Time and Temperature 

Reactor - Autoclave 
Coal Liquids * 1009 40 - 0 435% 
Co-NO-A1 109 

P 410°C In i t ia l  Hydrogen Pres ,sure = 
1 

Reaction T i m ,  ninutes 
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