
.'f» PR . 135 1 DOE/ET/14803-T4

MASTER

COAL LIQUEFACTION CATALYST DEVELOPMENT

Quarterly Progress Report No. 3, October 1 -December 31,1979

BY
D. K. Kim
R. J. Pellet
J. A.  Mahoney

January 1980
Date Published

Work Performed Under Contract No. AC01-79ET14803

Amoco Oil Company
Research and Development Department
Naperville, Illinois

.,         ,.

U. S. DEPARTMENT OF ENERGY

1, INBIlllON DE THIS DOCUMENT IS. UNLBAFTE 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



DISCLAIMER 

'"lhis book was prepared as an aecount of work sped by an agency of the United 
States Government Neither the United States Government nor any agency thereof, nor any 
of their employees, makes any warranty, express or impUtd, or assumea any legal Uabilfty or 
responsibility for the accuracy, completeness, or uwlnerr of any iuformptbn, apparatus, 
product, or process dis~losed, Qr tkpresents that its use wouM not infringe privptdy owned 
rights Referena huein to any specific commtrdrl product, process, or ruvies- by trade 
name, tradma~k, manufact-, or othemb, does nut necessarily constitute or imply its 
enborsenzent, recommendation, or favoring by the United States Govcwmcnt or any agency 
thereof. The vkws mi opiniom of authors e x p m d  herein do not mcemady state or 
reflect those of the United States Government or any agency thereof." 

This report hrus been reproduced directly from the best available copy. 

Available from the National Technical Information Service, U. S. Depwtment of 
Commerce, Sprf@eld, Virginia 22161. 

Pxh:  Papet Copy $6.00 
Microfiche S3.50 



DOElETll4803-T4 
Distribution Category UC-90d 

MASTER 

COAL LIQUEFACTION CATALET DEVELOPMENT 

QUARTERLY PROGRESS REPORT NO. 3 
OaOBER 1 - DECEMBER 31, 1 9 7  9 

D.  K .  KIM, R.  J. PELLET, J. A. ElAHONEY 

DATE PUBLISHED: JANUARY, 1980 

CONTRACT NO. DE-AC0 1- 7 9ET 1 4  80 3 

R e s e a r c h  a n d  D e v e l o p m e n t  D e p a r t m e n t  
Amoco O i l  Company 

P .  0 .  B o x  400 
N a p e r v i l l e  , I l l i n o i s  

605 40 

DISTRIBUTION OF THIS DOCUMENT IS UNUMlTED 

w 





The H-Coal p r o c e s s ,  deve loped  by Hydrocarbon R e s e a r c h ,  I n c o r p o r a t e d  (HRI), 
i n v o l v e s  t h e  d i r e c t  c a t a l y t i c  h y d r o l i q u e f a c t i o n  o f  c o a l  t o  low-su l fu r  
b o i l e r  f u e l  o r  s y n t h e t i c  c r u d e  o i l .  The 200-600 t o n / d a y  H-Coal p i l o t  p l a n t  
i s  b e i n g  c o n s t r u c t e d  n e x t  t o  t h e  Ashland O i l ,  I n c o r p o r a t e d  r e f i n e r y  a t  
C a t l e t t s b u r g ,  Kentucky under  DOE c o n t r a c t  t o  Ashland S y n t h e t i c  F u e l s ,  
I n c o r p o r a t e d .  The h e a r t  o f  t h e  p r o c e s s  i s  t h e  c a t a l y s t ;  t h e r e f o r e ,  i t  i s  
d e s i r a b l e  t o  o p t i m i z e  t h e  s p e c i f i c  f u n c t i o n s  o f  t h e  c a t a l y s t  a s  we1 1 a s  
minimize  i t s  c o s t .  The o b j e c t i v e  o f  t h i s  c o n t r a c t  i s  t o  deve lop  improved 
c a t a l y s t s  f o r  c o a l  l i q u e f a c t i o n  w i t h  t h e  o v e r a l l  o b j e c t i v e  o f  improving 
t h e  H-Coal p r o c e s s .  T h i s  p r o j e c t  is  t h e  c o n t i n u a t i o n  o f  t h e  c a t a l y s t  
development program p r e v i o u s l y  funded by t h e  E l e c t r i c  Power R e s e a r c h  
I n s t i t u t e  (EPRI). 

The c u r r e n t  c o n t r a c t  is  d i v i d e d  i n t o  f i v e  p r o j e c t  t a s k s :  

Task  1 - C a t a l y s t  P r e p a r a t i o n  and S c r e e n i n g  
Task  2 - C a t a l y s t  Aging Tes t s - -Eas te rn  Coal  
Task 3  - C a t a l y s t  Aging Tests- -Western  Coal  
Task  4 - Development Suppor t  S t u d i e s - - S y n t h e t i c  Coal  
Task 5 - A p p l i c a t i o n  o f  New Catalysts--H-Coal 

The o b j e c t i v e  o f  t h i s  r e p o r t  i s  t o  o u t l i n e  p r o g r e s s  i n  a l l  t h e  p r o j e c t  t a s k s  
d u r i n g  t h e  t h i r d  q u a r t e r  o f  t h e  p r o j e c t  (October 1 t o  December 31 ,  1979).  
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QUARTERLY SUMMARY 

Th i s  p r o j e c t  is  a  c o n t i n u a t i o n  o f  t h e  c o a l  l i q u e f a c t i o n  program funded by 
t h e  E l e c t r i c  Power Research I n s t i t u t e  from 1975 t o  1979. During t h e  t h i r d  
q u a r t e r  of  DOE sponsorsh ip  (October 1 t o  December 31, 1979),  p rogress  was 
made i n  a l l  t a s k s  o f  t h e  DOE c o n t r a c t .  

Under Task 1--Catalyst P r e p a r a t i o n  and Screening,  c a t a l y t i c  b a s e l i n e  runs  
continued w i t h  IDS-1442A i n  o r d e r  t o  improve ou r  b a s e l i n e  s t a t i s t i c s  a s  
w e l l  a s  t o  monitor  ba t ch  r e a c t o r  performance. T e s t i n g  o f  s e v e r a l  new 
c a t a l y s t  fo rmula t ions  was completed. No promising cand ida t e s  f o r  t e s t i n g  
i n  t h e  cont inuous ag ing  u n i t  were i d e n t i f i e d  d u r i n g  t h e  t h i r d  q u a r t e r .  
Progress  was l im i t ed  this period by o p e r a t i o n a l  and manpower problems. 

Tasks 2  and 3--Catalyst  Aging Tests--Eastern and Western Coal cen te red  
around e v a l u a t i o n  of  t h e  new SRC-I1 s l u r r y  o i l  a s  a  hydrogen donor 
l i q u e f a c t i o n  s o l v e n t .  Our d a t a  i n d i c a t e s  t h a t  t h e  SRC-I1 heavy d i s t i l l a t e  
o i l  i s  not a s  e f f e c t i v e  a  hydrogen donor so lven t  a s  t h e  hydrogenated 
an thracene  o i l .  It i s  p o s s i b l e  t h a t  t h e  c a t a l y s t  p l ays  a  key r o l e  i n  t he  
thermal  l i q u e f a c t i o n  r e a c t i o n s  by improving t h e  hydrogen donor p r o p e r t i e s  
o f  t h e  s l u r r y  o i l  through i n - s i t u  hydrogenation. Opt imiza t ion  of  t h e  
H-Coal so lven t  composition and t h e  e f f e c t  o f  t h e  c a t a l y s t  on i t s  composit i on  
d u r i n g  o p e r a t i o n  should be an important  t a s k  f o r  f u t u r e  research .  

The d i f f e r e n c e s  i n  l i q u e f a c t i o n  behavior  between I l l i n o i s  No. 6  and Wyodak 
c o a l  were determined.  Wyodak c o a l  i s  more d i f f i c u l t  t o  l i q u e f y  t han  
I l l i n o i s  No. 6 ,  however, t h e  product q u a l i t y  should g e n e r a l l y  be b e t t e r  
fo r  Wyodak once i t  i s  l i q u e f i e d .  

A major p o r t i o n  o f  our  e f f o r t  t h i s  q u a r t e r  was concerned w i t h  a s c e r t a i n i n g  
the  l i q u e f a c t i o n  behavior  o f  a  Western c o a l  such a s  Wyodak w i t h  AMOCAT 
type  c a t a l y s t s ;  A run  w i t h  Mo-G102B(14) was repea ted  because t h e  c a t a l y s t  
i n  t h e  o r i g i n a l  run  was ca l c ined  a t  too  h igh  a  temperature .  t h e  AMOCAT-1B 
c a t a l y s t  was not  a s  a c t i v e  a s  t h e  AMOCAT-1A c a t a l y s t  when p roces s ing  Wyodak 
c o a l  but t h e  AMOCAT-1A c a t a l y s t ,  CoMo-G102B(14), wgs supe r io r  t o  HDS-1442A 
w i t h  t h e  same feed. Larger  micropores  (APD >, 120 A) a r e  needed when 
p roces s ing  Wyodak c o a l  wi thout  t h e  coba l t  promoter.  

These f i nd ings  d i f f e r  from e a r l i e r  r e s u l t s  under t h e  EPRI c o n t r a c t  w i t h  
unpromoted molybdena c a t a l y s t s  (AMOCAT-1B) which u t i l i z e d  a  good donor 
so lven t  a s  w e l l  a s  a  c a t a l y s t  suppor t  w i t h  micropores i n  excess  of  120 A 
pore  d iameter .  I n  t he  EPRI work AMOCAT-lB was found t o  be a  s u p e r i o r  
c a t a l y s t  f o r  p roces s ing  Wyodak coa l .  

Product workups a r e  i n  p rog re s s  fo r  s e v e r a l  runs .  Off-gas a n a l y s i s  was added 
t o  t h e  product  workup. 

A two-month program t o  de te rmine  t h e  f e a s i b i l i t y  of  u s ing  t h e  Amoco continuous 
ag ing  un i t  f o r  SRC-I product  upgrading was ou t  l i n e d .  Experimental work should 
begin i n  March of  1980 depending on r e c e i p t  of  m a t e r i a l  and c a t a l y s t .  I n  
t h i s  program, t h r e e  NiMo c a t a l y s t s  w i l l  be t e s t e d  i n  150 hr cont inuous aging 
u n i t  runs a s  w e l l  a s  a  two-day so lven t  run  and a  two-day thermal  run.  The 
t h i r d  NiMo c a t a l y s t  w i l l  be a  1/32" AMOCAT type  c a t a l y s t  provided by 
W. R .  Grace. 



Under Task 4--Development Support Studies--Synthet ic  Coal d i s t i l l a t i o n  o f  t h e  
Panaso l  s o l v e n t  t o  be used a s  a  hydrogen donor f o r  t he  pure compound s t u d i e s  
w a s  co n t  inued . 
Task 5--Applications o f  New Catalysts--H-Coal continued t o  concen t r a t e  on t h e  
e v a l u a t i o n  of t h e  l a r g e  500 pound ba tch  o f  AMOCAT-1A t o  be used i n  t h e  H R I  
PDU tests. F i n a l  product  ana lyses  were completed and t h e  l a r g e  ba t ch  o f  
AMOCAT-1A c l e a r l y  e x h i b i t e d  improved performance over  t h e  H-Coal c a t a l y s t ,  
HDS- 1442A. 

An Engelhard CoMo c a t a l y s t  on a  s t a b i l i z e d  BaMo alumina was eva lua ted  and 
found t o  have low i n i t i a l  conversion but a l s o  a low d e a c t i v a t i o n  r a t e .  
Product  workups f o r  t h e  r e s i d  and d i s t i l l a t e  p o r t i o n s  a r e  i n  progress .  



TASK 1 - CATALYST PREPARATION AND SCREENING 

Under Task 1 of  t h e  Coal  L i q u e f a c t i o n  C a t a l y s t  Development Program, new 
e x p e r i m e n t a l  c a t a l y s t s  w i l l  be p r e p a r e d ,  c h a r a c t e r i z e d ,  and t e s t e d  i n  a 
b a t c h  s c r e e n i n g  u n i t .  Most o f  t h e  e x p e r i m e n t a l  c a t a l y s t s  a r e  p r e p a r e d  
i n  o u r  Amoco l a b o r a t o r i e s .  The a c t i v i t i e s  under Task 1 f o c u s  on t h e  
development o f  h i g h l y  improved c a t a l y s t s  by s t r u c t u r i n g  t h e  e x p e r i m e n t a l  
program t o  a r e a s  which o f f e r  t h e  most promise.  The most p r o m i s i n g  a r e a s  
c o n s i s t  o f  t h e  f o l l o w i n g :  

Modif ied  a l m i n a s  
A l t e r n a t e  c a t a l y t i c  m a t e r i a l s  
M111ti f l lnrt innal  r a t a l y g t c  

Novel c a t a l y s t  sys tem 

Base Case Runs 

Dur ing  t h e  l a s t  q u a r t e r  we completed s e v e r a l  t h e r m a l  and c a t a l y t i c  b a s e  r u n s  
w i t h  IDS-1442A a s  t h e  r e f e r e n c e  c a t a l y s t  . Toluene s o l u b l e  c o n v e r s i o n  was 
s e l e c t e d  a s  t h e  b a s i s  f o r  measur ing  l i q u e f a c t i o n  performance and t h e  s e t  o f  
c o n d i t i o n s  l i s t e d  i n  T a b l e  I was chosen f o r  a l l  r u n s .  

Our base  r u n s  i n d i c a t e  t h a t  a  30 minu te  r u n  t ime shou ld  be s e l e c t e d  f o r  
screen in^ e x p e r i m e n t a l  c a t a l y s t s .  From F i g u r e  1 ,  we can  s e e  two r e a s o n s  
f o r  s e l e c t i n g  t h i s  r u n  l e n g t h .  F i r s t  t h e  d i f f e r e n c e  between t h e r m a l  and 
c a t a l y t i c  c o n v e r s i o n s  a p p e a r  t o  be g r e a t e s t  a t  t h i s  r e a c t i o n  t ime .  Thus t h e  
c a t a l y t i c  c o n t r i b u t i o n  t o  t h e  o v e r a l l  c o n v e r s i o n  w i l l  be maximized. Secondly  
a t  30 m i n u t e s ,  t h e  t o t a l  c o n v e r s i o n  is  f a r  from comple te ,  and c a t a l y s t s  more 
a c t i v e  t h a n  IDS-1442A, shou1.d be e a s i l y  d e t e c t a b l e .  Having chosen t h e  30 
minu te  r u n  d u r a t i o n ,  base  c a t a l . y t i c  r u n s  have been i n t e r s p e r s e d  w i t h  t h e  
s c r e e n i n g  t e s t s  t o  more. a c c u r a t e l y  d e t e r m i n e  c o n v e r s i o n  l e v e l s .  T h i s  s e r v e s  
two purposes :  . ( I )  t o  improve t o  base  c a s e  s t a t i s t i c s ,  and ( 2 )  t o  constant1.y 
m o n i t o r  r e a c t o r  performance.  The r e s u l t s  o f  t h e s e  base  r u n s  a r e  p r e s e n t e d  
i n  Tab le  11. The a v e r a g e  c o n v e r s i o n  a t  30 minu tes  w i t h  HDS-1442A is  66 .3% 
w i t h  an a v e r a g e  d e v i a t i o n  o f  4.1%. The d e v i a t i o n  shou ld  d i m i n i s h  a s  more 
b a s e  r u n s  a r e  completed.  

C a t a l y s t  P r e p a r a t i o n s  

C a t a l y s t  p r e p a r e d  f o r  t h e  i n i t i a l  phase  o f  t h e  DOE c o n t r a c t  a r e  l i s t e d  i n  
Tab le  111. They encompass a l l  f o u r  c a t e g o r i e s  d e s c r i b e d  i n  t h e  work s t a t e m e n t  
and i n c l u d e :  

Modif ied  a luminas  
A l t e r n a t e  m a t e r i a l s  
Two-ca ta lys t  sys tems  ( p h y s i c a l  m i x t u r e )  
Novel c a t a l y s t  sys tems  

I l l i n o i s  No. 6 c o a l  w i l l  c o n t i n u e  t o  be used a s  t h e  feed m a t e r i a l  f o r  t h e .  b a t c h  
s c r e e n i n g  r u n s .  Wyodak c o a l  w i l l  be used t o  t e s t  s u c c e s s f u l  c a n d i d a t e s .  Base 
case d a t a  w i l l  have K O  be genera ted  f o r  Wyodak c o a l .  



FIGURE 1. 

C o i l  Liquofactior Base Runs x t k r r t  mume 
0 - Cokly&rc n u b ,  MDS14- 

Run Duratron, minute 



TABLE I 

RUN CONDITIONS 

Screening  Tes t  Condi t ions 

C a t a l y s t  Charge log ,  d r y  b a s i s  

C a t a l y s t  S i z e  Through GO on 100 mesh 

Co2l Charge 150g, a s  r ece ived  

Coal S i z e  Through 60 mesh 

Solvent  298 gm Panaso l  (AN-3R) 

P re s su re  137 atm (2000 p s i g )  

Hydrogen Flow Rate 3 CFIhr 

Mixing Speed 1800 rpm 

Temperature (Maximm) 399°C (750°F) 

React lot1 T h e  (Nominal) 30 minutes  



TABLE I1 

Modi f i ed  Aluminas 

Run No. 

110 

116 

S W Y  OF SCREENING RESULTS 
October-December . 197 9 

Cat  I -- 

4367-3 

4367-4 

A l t e r n a t e  M a t e r i a l s  

10 4 4367-1-3 

MlxeJ C a t a l v s t s  

Novel  System - 

9 6 

Eosc Runs 

98  

Cat Des -- 

CoMo /3%U-A1203 

CoMo/3. 6ZBa0-A1203 

X Conv. 

53 .4  

52 .6  

10% N i  i n  G r a p h i t e  5 2 . 8  

35% A1C13  i n  G r a p h i t e  33.5 

HDS- 1442A. 3%Co 1.6ZM003/A1~0~ 

I I 11 



TABLE 111 

CATALYSTS FOR BATCH SCREENING 

3I COO 161 )L103/sarbonirod C120 bA1203 

** 
31 COO 16X lb03/101 &*hl2O3 (neutralized) 

Stabilitatioa 

** 
* C a t a l y s t  P r e p ~ r a t l o n  

1SI E N 3  i. Ct~wt* (Ucem&t.O 

Comp l e t e d  ,t * 
**Tested 

101 li SD 6rapUta (L.tezcrl~rd) 



C a t a l y s t  Screening  R e s u l t s  

System ma l func t ions  and suppor t  s t a f f  i l l n e s s  l i m i t e d  progress  t h i s  q u a r t e r .  
E iodi f ica t ions  were made t o  t h e  p r e s s u r e  and flow c o n t r o l  systems t o  improve 
c o n t r o l  o f  t h e s e  p roces s  parameters  a f t e r  base ca se  runs  i n d i c a t e d  problems 
i n  t h i s  a r ea .  Some c a t a l y s t  from a l l  c a t e g o r i e s  have now been t e s t e d .  The 
convers ion  l e v e l s  observed f o r  a l l  c a t a l y s t s  t e s t e d  i n  t h e  t h i r d  q u a r t e r  
a r e  summarized i n  Table  11. 

Two-Cat a l v s t  Svstems ( P h v s i c a l  Mixtures )  

Three mixed c a t a l y s t  systems have been t e s t e d .  A l o g  charge of  mix ture  was 
used i n  each  t e s t .  Each mix ture  was composed o f  80% Moo3 on alumina and 
20% COO on a  modified alumina. There were two ques t i ons  t o  be answered by 
t h i s  l i n e  o f  experiment.  F i r s t ,  w i l l  a  c o b a l t  promotional  e f f e c t  be observed 
when c o b a l t  i s  p h y s i c a l l y  s epa ra t ed  from molybdenum? Secondly, w i  11 
v a r i a t i o n s  i n  c o b a l t  suppor t  a c i d i ~ y  af feet tht: mixture performance? 

I n  answer t o  t h e  f i r s t  q u e s t i o n ,  i t  now appears  t h a t  a d i r e c t  i n t e r a c t i o n  o f  
cobalt-mo lybdenum is  needed f o r  op t ima l  conversion. A l l  t h r e e  mixt w e s  
produced about 10% less t o l u e n e  s o l u b l e  m a t e r i a l  t han  t h e  base HDS-1442A 
c a t l a y s t .  However, t o  de te rmine  i f  coba l t  component of t h e  mix ture  has any 
promot iona l  e f f e c t ,  a  mix tu re  composed o f  80% molybdenum on alumina and 20% 
pure  alumina w i l l  have t o  be run  f o r  comparison. 

I n  answer t o  t h e  second q u e s t i o n ,  suppor t  a c i d i t y  of  t he  coba l t  component 
has  l i t t l e  e f f e c t  on convers ion  l e v e l s  s i n c e  a l l  t h r e e  mix tu re s  had i d e n t i c a l  
a c t i v i t i e s  w i t h i n  exper imenta l  e r r o r .  I n  o rde r  t o  de te rmine  i f  d i f f u s i o n  
l i m i t a t i o n s  were r e s p o n s i b l e  f o r  t h e  poor mix ture  performance one more 
c a t a l y s t  must be t e s t e d .  This  c a t a l y s t  should be a  composite formed from 
v e r y  f i n e l y  d iv ided  coba l t /a lumina  and molybdenum/alumina p a r t i c l e s .  
Th i s  composite would have bo th  components i n  c l o s e  con tac t  e a s i n g  d i f f u s i o n  
r e s t r i c t i o n s  wh i l e  avoid ing  any chemical  i n t e r a c t i o n  between coba l t  and 
mo lybd e n m .  

Fu tu re  work w i l l  t e s t  t h e  e f f e c t  of  mixing suppor t s  w i t h  d i f f e r e n t  pore s i z e  
d i s t r i b u t i o n s .  The proposed mix tures  a r e  sunmarized i n  Table  I V .  

Novel C a t a l y s t  Systems 

Under t h i s  ca t ego ry ,  four  c a t a l y s t s  have been t e s t e d .  These c a t a l y s t s  
c o n s i s t e d  o f  me ta l s  i n t e r c a l a t e d  i n t o  a  g r a p h i t e  layered mat r ix .  I n  t e s t i n g  
t h e s e  systems,  i t  was hoped t h a t  t h e  layered  g r a p h i t e  suppor t ,  which 
resembles  the  c o a l  s t r u c t u r e ,  would i t s e l f  l i q u e f y  and render  t h e  i n t e r -  
c a l a t e d  me ta l s  r e a d i l y  a c c e s s i b l e  t o  t he  r e a c t i o n  mix ture .  Graphi te  systems 
c o n t a i n i n g  N i ,  C r C 1 3 ,  Co and AlCl3 have been t e s t e d .  The r e s u l t s  o f  t h e s e  
tests a r e  summarized i n  Table  11. A l l  i n t e r c a l a t e s  performed ex t remely  
poo r ly .  A l l  except  t h e  n i c k e l  con ta in ing  m a t e r i a l  gave conversions below 
t h e  thermal conversion l e v e l .  The r e s u l t s  sugges t  t h a t  g r aph i t e  i s  
a c t u a l l y  r e t a r d i n g  l i q u e f a c t i o n ,  perhaps by f r e e  r a d i c a l  scavenging. 
Before any o t h e r  g r a p h i t e  c a t a l y s t s  a r e  t e s t e d ,  two t e s t s  must be performed. 
F i r s t ,  g r a p h i t e  c a t a l y s t s  should be examined by X-ray d i f f r a c t i o n  t o  
de te rmine  i f  t h e  a c t i v e  me ta l  i s  t r u l y  i n t e r c a l a t e d  i n t o  t h e  layered  
s t r u c t u r e .  Secondly, t h e  e f f e c t  o f  pure g raph i t e  on a  known c a t a l y s t  should 
be examined. T h i s  could i nvo lve  t e s t i n g  a  mixture  o f  g r a p h i t e  and HDS-1442A. 
I f  g r aph i t e  poisons t h e  c o a l  l i q u e f a c t i o n  p roces s ,  conversion w i t h  HDS-1442A 
w i l l  be g r e a t l y  reduced. 



I n  t h e  nea r  f u t u r e ,  w e  p l a n  t o  t e s t  t h e  m o l t e n  s a l t  c a t a l y s t  d e s c r i b e d  i n  
Tab le  I V .  

TABLE I V  

CATALYSTS FOR BATCH SCREENING: LIST 2 
( t o  be p repa red  i n  4 t h  Q u a r t e r )  

1) Modi f f e d  Aluminas 

S t a b i l i z e d  Suppor t s  - Rare  E a r t h  Doping 

3% COO 162 MoOISX SL02-Al203 (Aero 105) 

2) A l t e r n a t e  Materials 

3)  Mixed C a t a l y s t s  

NfO 16X MoO~lHigh S u r f a c e  Area Alumina 
( f o r  d e s u l f u r i z a t  i o n )  

16% MoOj/Bimodal Alumina - ( for conve ra fon )  

F X  COO 1 6 1  ! ~ o o ~ / H & ~  S u r f a c e  Area Alumina 

! 16X Xo03/Birnodal Alumina 
- 
'32 COO 16% Mo031.2X P/Aero 105 Alumina I 

1 16% Mo03/BLmodal Alumina 

4)  Novel C a t a l y s t  Systems - Hol t en  S a l t s  

66X SnCl2 - 34% A1203 

42X ZnNO3 - 58X A1203 



A l t e r n a t e  M a t e r i a l s  

Under t h i s  c a t e g o r y ,  o n l y  one c a t a l y s t  h a s  been t e s t e d .  It  c o n s i s t s  o f  2.6% 
c o b a l t  b o r i d e  and 11.4% molybdenum n i t r i d e  g e l l e d  i n t o  an a lumina m a t r i x .  
B o r i d e s ,  c a r b i d e s  and n i t r i d e s  have been proposed f o r  t e s t i n g  because  o f  
t h e i r  p o s s i b l e  s t a b i l i t y  under  t h e  hydro thermal  c o n d i t i o n s  o f  c o a l  l i q u e f a c t i o n .  
The c a t a l y s t  we t e s t e d  was s u r p r i s i n g l y  a c t i v e  w i t h  a  56% c o n v e r s i o n  t o  
t o l u e n e  s o l u b l e  m a t e r i a l s .  However, a c t i v i t y  was s t i l l  below t h a t  obse rved  
w i t h  HDS-1442A (66.3%) and could  have been d u e  t o  t h e  a lumina m a t r i x  used a s  
a  b i n d e r  o r  due t o  a breakdown of  t h e  b o r i d e  and n i t r i d e  i n t o  t h e  c o r r e s p o n d i n g  
s u l f i d e ,  o x i d e ,  o r  o x y s u l f i d e .  F u t u r e  r u n s  w i l l  t e s t  t h e  a c t i v i t y  o f  t h e  
p u r e  compounds i n  t h e  absence  o f  t h e  a lumina m a t r i x  and X-ray a n a l y s i s  o f  
t h e  s p e n t  c a t a l y s t  w i l l  d e t e r m i n e  i f  t h e  b o r i d e s  and n i t r i d e s  have s u r v i v e d  
r u n  c o n d i t i o n s .  

Modif ied Aluminas .,*., 

Under t h i s  c a t e g o r y .  v a r i o u s  components w i l l  be added t o  an  a lumina m a t r i x  t o  
improve s u p p o r t  s t a b i l i t y  a g a i n s t  s u r f a c e  a r e a  l o s s  under hydro thermal  
c o n d i t i o n s .  We propose  t o  t e s t  t h e  f r e s h  modi f i ed  c a t a l y s t  i n  tlw ba tch  
u n i t  t o  d e t e r m i n e  i n i t i a l  a c t i v i t y .  We t h e n  p l a n  t o  age t h e  c a t a l y s t  w i t h  
s t eam a t  e l e v a t e d  t e m p e r a t u r e s  and r e t e s t  t h e  aged c a t a l y s t  i n  t h e  b a t c h  u n i t  
t o  measure  a c t i v i t y  maintenance.  Both f r e s h  and aged , c a t a l y s t  w i l l  be 
s u b m i t t e d  f o r  p o r e  s i z e  d i s t r i b u t i o n  a n a l y s e s  t o  d e t e r k i n e  how w e l l  t h e  
m o d i f i e d  a lumina h a s  r e s i s t e d  s i n t e r i n g .  

To d a t e ,  a  u r a n y l  and a  barium modif ied cobalt-molybdenum-alumina c a t a l y s t  
have been t e s t e d  i n  t h e  b a t c h  u n i t .  Nei ther '  performed w e l l  a t  52 t o  53% 
c o n v e r s i o n  compared t o  66.3% f o r  t h e  b a s e  c a t a l y s t  under  t h e s e  c o n d i t i o n s .  
A p o r e  s i z e  d i s t r i b u t i o n  a n a l y s i s  may r e v e a l  t h e  r e a s o n s  f o r  t h i s  poor 
pe r fo rmance  . 



TASKS 2 , 3  - CATALYST AGING TESTS--EASTERN AND WESTERN COAL 

Aging behav io r  i s  t h e  c r i t i c a l  t e s t  f o r  an  improved c o a l  l i q u e f a c t i o n  c a t a l y s t .  
Once p romis ing  c a n d i d a t e s  have been i d e n t i f i e d  i n  Task  1, C a t a l y s t  P r e p a r a t i o n  
and S c r e e n i n g ,  and Task 4 ,  Development Suppor t  S tud ie s - -Syn the t i c  Coal ,  t h e y  
a r e  t e s t e d  f u r t h e r  i n  a  150-hour ag ing  t e s t  i n  a  con t inuous  p i l o t  p l a n t  u n i t .  

The s p e c i f i c  o b j e c t i v e s  o f  Task 2  i n c l u d e  t h e  fo l lowing :  

1. E s t a b l i s h  a g i n g  behav io r  o f  new o r  modi f ied  Amoco c a t a l y s t s  a t  h i g h e r  
s e v e r i t y  t e s t  c o n d i t i o n s  w i t h  E a s t e r n  c o a l .  

2 .  Develop a  b e t t e r  u n d e r s t a n d i n g  o f  t h e  c a t a l y s t  d e a c t i v a t i o n  th rough  
e x t e n s i v e  c h a r a c t e r i z a t i o n  o f  s p e n t  c a t a l y s t s .  

3 .  P e r f o m  a g i n g  t e s t s  on  o t h e r  DOE c o n t r a c t o r s '  c a t a l y s t s ,  when 
r e q u e s t e d .  

The o b j e c t i v e  o f  Task  3  i s  t o  c h a r a c t e r i z e  l i q u e f a c t i o n  o f  s u b b i t m i n o u s  
Western c o a l  s u c h  a s  Wyodak c o a l  and t o  deve lop  c a t a l y s t s  un ique ly  s u i t e d  
t o  t h a t  c o a l .  Some o f  t h e  key p o i n t s . t o  c o n s i d e r  i n c l u d e  t h e  fo l lowing :  

L i q u e f a c t i o n  y i e l d  
Product  q u a l i t y  
C a t a l y s t  a g i n g  behav io r  
Hydrogen consumption 

The m a c e r a l  composi t ion  o f  Wyodak c o a l ,  .low humini te  and h igh  f u s i m i t e  c o n t e n t s  
r e l a t i v e  t o  I l l i n o i s  No. 6 c o a l ,  might  have some r e l a t i o n s  t o  t h e  l i q u e f a c t i o n  
y i e l d .  Although s u l f u r  c o n t e n t  is low, n i t r o g e n  c o n t e n t  o f  Wyodak i s  h igh  a s  
shown i n  Tab le  V .  C a t a l y s t  a g i n g  i s  an  impor t an t  conce rn  when c o n s i d e r i n g  

' t h e  h i g h e r  m o i s t u r e  c o n t e n t  o f  Wyodak c o a l  and t h e  h igh  c o n c e n t r a t i o n  o f  
a l k a l i n e - e a r t h  i n  t h e  m i n e r a l  m a t t e r .  Hydrogen consumption i s  expec t ed  t o  be h i g h  
due t o  t h e  h igh  oxygen c o n t e n t ,  which  would havk an un favorab le  impact  on  
t h e  p r o c e s s  economics. 

TABLE V 

ANALYSES OF COALS 

Ul t ima te  Ana lvs i s .  W t %  
I l l i n o i s  No. 6 

Burnine  S t a r  

Moi s tu re  
Ash 
Carbon 
Hydrogen ( o r g a n i c )  
Oxygen (by d i f f e r e n c e )  
N i t rogen  
S u l f u r '  
Atomic H / C  

S u l f u r  Types,  W t %  

I n o r g a n i c  
P y r i t i c  
O r  garlic 

Wyodak 
G i  l l e t t e  ,% 



The continuous-f  low l i q u e f a c t i o n  u n i t ,  g e n e r a l  procedures f o r  c a t a l y s t  t e s t i n g ,  
product  workup and a n a l y s i s  methods were desc r ibed  i n  t h e  f i r s t  q u a r t e r l y  
r e p o r t .  During t h e  second p e r i o d ,  t h e  new s l u r r y  o i l  t o  be used a s  a  
l i q u e f a c t i o n  s o l v e n t  throughout t h e  p r o j e c t  was s e l e c t e d ,  and a  d e s i g n  change 
w a s  made on t h e  c a t a l y s t  basket  which had presented some u n c e r t a i n t i e s  i n  
a s s e s s i n g  c a t a l y s t  performance. Using t h e  new s l u r r y  o i l  and t h e  improved 
c a t a l y s t  baske t ,  two runs  w i t h  I l l i n o i s  No. 6  were completed comparing 
l i q u e f a c t i o n  performance o f  t h e  H-Coal c a t a l y s t ,  HDS-1442A and a  c o n t r o l  
sample,  CoMo-G120B(11). A t h i r d  r u n  w i t h  t h e  500 l b  ba tch  of  AMOCAT 1 A  
c a t a l y s t  was a l s o  completed. S i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  l i q u e f a c t i o n  
behavior  between I l l i n o i s  No. 6 and Wyodak c o a l  were a s c e r t a i n e d  f o r  both  
c a t a l y t i c  and thermal  convers ions .  A run w i t h  Mo-G120B(14) which was 
i n a d v e r t e n t l y  ca lc ined  a t  a  v e r y  high temperature was a l s o  concluded. 
A s h o r t  run  of  47 hrs d u r a t i o n  was completed t o  genera te  a  used c a t a l y s t  
f o r  c h a r a c t e r i z a t i o n .  Three runs  w i t h  Wyodak c o a l  were f i n i s h e d .  The 
Mo-102B(14) c a t a l y s t  was used i n  two o f  t h e  runs  whi le  the  t h i r d  was a  
the rmal  base  case  run.  The runs  made s o  f a r  employing SKC-11 heavy 
d i s t i l l a t e  a s  t h e  s l u r r y  o i l  a r e  l i s t e d  i n  Table  V I  f o r  r e fe rence .  

TABLE V I  

SUMMARY OF A G I N G  TESTS 

Kun No. CaLalys L Notc 

1 l . l i n o i s  No. 6  
5 186 

Wyodak Coal 
5  189 

HDS- 1442A 
Amocat- lA [CoMo-G108(16) ] 
CoMo-G120B ( 11) 
None 
Mo-C102B( 14) 
Enge lha rd  CoMo 
CoMo-G102B(14) 

HDS- 1442A 
CoMo-G102B(14) 
Mo-G102B(14.) 
None 
Mo-G102B( 14) 
Mo-G102B(14) 

H-Coal c a t a l y s t  
500 l b .  batch 
Experimental ,  c o n t r o l  sample 
Thermal base run 
18 lb .  ba tch  
Lot //11015-26-1 
47 hr  run f o r  c a t a l y s t  
c h a r a c t e t i z a e i o n  

H-Coal c a t a l y s t  
18 lb .  ba tch  
18 lb .  ba tch  
Thermal base run  
Aborted due t o  Magnedrive f a i l u r e  
Rerun of  5191 

S l u r r y  O i l s  

S l u r r y  o i l  i n s p e c t i o n s  a r e  g iven i n  Table V I I .  The c u r r e n t  s l u r r y  o i l ,  
FSN- 10, has a lower s p e c i f i c  g r a v i t y  but h igher  endpoint  than  hydrogenated 
anthracene o i l ,  FSN-6. Vacuum d i s t i l l a t i o n  of  FSN-10 g ives  2 .9  w t %  r e s i d  
bottom a t  970°F (520°C). whi le  FSN-6 con ta ins  1.1 w t %  r e s i d  t h a t  b o i l s  above 
935°F. Hydrogen content  and atomic r a t i o  of  H/C a r e  h igher  f o r  FSN-10. 
It has  been p rev ious ly  repor ted  t h a t  s o l v e n t  e f f e c t i v e n e s s  i s  r e l a t e d  t o  i t s  
H/C atom r a t i o  ( 1 ) .  Solvent e f f e c t i v e n e s s  dec reases  w i t h  i n c r e a s i n g  H/C 
f o r  bo th  c o a l  and petroleum der ived  s o l v e n t s .  This  s u g g e s t s  t h a t  hydrogenation 
a l t e r s  t h e  composit ion o f  t h e  o i l ,  e. g. ,  removes oxygen and n i t r o g e n  compounds, 

(1.) ~ a t a l ~ s t ~ e v e l o p m e n t  f o r  Coal L iquefac t ion ,  EPRI AF-- 1084, June,  197 9. 



s o  a s  t o  reduce i t s  s o l v e n t  power and t h a t  e x t e n s i v e  hydrogenat ion is  not  
necessary  t o  provide  adequate hydrogen donor c a p a b i l i t y .  Therefore ,  w e  
would expec t  FSN-10 t o  be a  poorer  hydrogen donor t han  FSN-6 because i ts  
H / C  atom r a t i o  is h igher  (0.992 v s .  0.792).  Add i t i ona l ly ,  t h e  high 
o v e r a l l  and b a s i c  n i t r o g e n  conten t  o f  FSN-10 could a l s o  poison t h e  a c t i v e  
si tes o f  t h e  c a t a l y s t .  The h igh  oxygen conten t  could a l s o  s h i e l d  a c t i v e  
si tes a s  w e l l  a s  scavenge hydrogen r a d i c a l s  thereby  premature ly  t e r m i n a t i n g  
l i q u e f a c t i o n  type  r e a c t i o n s .  I n  t h e  f u t u r e  w e  p l a n  t o  de te rmine  t h e  a romat ic  
conten t  o f  a l l  our  s o l v e n t s .  

TABLE V I I  

SLURRY 0 1  L  INSPECTIONS 

S l u r r y  O i l  

S p e c i f i c  Gravi ty  @ 25OC 
V i s c o s i t y ,  cs  

ASTM D-1160, W t %  
IBP-650°F 
650- 935 " F  
650-970°F 
Resid bottom 

Elemental Analys i s ,  W t %  
C 
H 
S  
N 
0  
Atomic H/C 
Basic  Nitrogen 
Moisture  

FSN- 10 FSN- 6 
SRC-I1 Hvy. D i s t i l l a t e  Hydrog. Anthracene O i l  

39.3 (IBP 5 0 0 " ~ )  43.9 (IBP 500°F) 
55.0 

57.8 
2.9 1.1 

C a t a l y s t s  

C a t a l y s t  i n s p e c t i g n s  a r e  shown i n  Table  VIII. HDS-1442A is t h e  r e f e r e n c e  H-Coal 
c a t a l y s t  w i t h  56 A average pore d iameter .  The next two c a t a l y s t s  a r e  
r e s p g c t i v e l y  1 8  pound batches of  CoMo and Mo supported on an i d e n t i c a l  Grace 
102 A bimodal alumina, denoted a s  ' G - 1 0 2 ~ ( 1 4 )  and prepared by W.. R. Grace & Co. 
The average micropore d iameter  o f  t h e s e  t yo  ba tches  turned o u t  t o  be somewhat 
sma l l e r  than  t h e  o r i g i n a l l y  intended 120 A. The unpromoted molybdenum 
c a t a l y s t ,  Mo-G102B(14), was t e s t e d  twice  because o f  t h e  u n c e r t a i n t y  t h a t  t h e  
c a t a l y s t  might have been mishandled i n  t h e  f i r s t  test .  



TABLE V I I I  

CATALYST INSPECTIONS 

qD S A P  V Macropore Volume 
Run No. C a t a l y s t  - A m2 Ig cc /g  % o f  t o t a l  Hg PV 

5 189 XIS- 1442A 5 6  332 .741 
5  190 CoMo-G102B(14) 1.0 2  188 .681 
5191, Mo-G102B (14) 10 2  191 .704 
-95 ,-96 

5  187 AMOCAT lA(I1- 108116) 108 186 .686 
.5 194 Enge lha rd  175 98 .352 

S t a b i l i z e d  CoMo 

The Engelhard c a t a l y s t  had a  cons ide rab le  amount of macropores w i t h  an average 
pore  d iamete r  g r e a t e r  t h a n  l U U O  A (18%) a s  w e l l  as a l a r g e  micropore average 
di.ameter (175 A ) .  Sur face  a r e a  and pore  volume o f  t h i s  c a t a l y s t  a r e  low. 
T h i s  c a t a l y s t  has a  BaMo s t a b i l i z e d  alumina base which may reduce asplial tene 
a d s o r p t i o n  and he lp  prevent  s i n t e r i n g  of  t h e  alumina i n  t h e  presence of  water 
a t  h igh  temperatures .  

C a t a l y s t  P re t rea tment  

A l l  c a t a l y s t  runs  on t h e  continuous aging u n i t  a r e  d r i e d  a t  1000°F be fore  they 
a r e  loaded i n t o  t h e  c a t a l y s t  basket .  There is  cons ide rab le  l i t e r a t u r e  
ev idence  t h a t  i n d i c a t e s  t h a t  p r e s u l f i d i n g  wet h y d r o t r e a t i n g  c a t a l y s t s  i s  
d e t r i m e n t a l  t o  c a t a l y s t  a c t i v i t y .  I n  run 519.3 t h e  Mo-G102B(14) was 
i n a d v e r t e n t l y  ca lc ined  a t  1500°F and the  'experiment, was completed before  we 
were aware of  t h i s  f a c t .  C a l c i n a t i o n  a t  lSOO°F lowered the  s u r f a c e  a r e a  of 
the  f r e s h  c a t a l y s t o f r o m  1910m2/g t o  99 m 2 1 g  and increased t h e  average pore 
diameter from 1.02 A t~ 276 A. S u r p r i s i n g l y ,  the  pore volume was reduced from 
0.704 c c l g  t o  o n l y  0.662 cc lg .  

The Engelhard c a t a l y s t  has s i m i l a r  s u r f a c e  p r o p e r t i e s  but i t s  average pore 
v o l ~ m e  was only  0.352 cc/g .  It appears  t h a t  c a l c i n i n g  w i t h  d r y  gases s h r i n k s  
t h e  pore  s t r u c t u r e  wi thout  c o l l a p s i n g  pores  and l o s i n g  volume. 

P re l iminary  workup o f  t h e  d a t a  wi th  I l l i n o i s  No. 6  c o a l  feed i n d i c a t e s  t h a t  
t h e  THF, benzene, and hexane s o l u b l e  conversion f o r  t h i s  c a t a l y s t  a r e  s l i g h t l y  
b e t t e r  than  WS-1.442A but not  a s  good a s  AMOCAT 1 A  (11-108116). 

Experiment a 1  

The t e s t  cond i t ions  f o r  measuring c a t a l y s t  aging behavior a r e  a s  follows: 

TABLE I X  

STANDARD TEST CONDfTIONS 

C a t a l y s t  Charge: 
Coal S l u r r y  Feed : 
P r e s s u r e :  
Temperature : 
H2 Feed Rate:  
S l u r r y  Feed Rate: 
Reactor  Holdup: 
Residence Time: 
LHSV : 
Mixing Speed : 

60 c c ,  1/16" e x t r u d a t e s ,  20cc,  3mm g l a s s  beads + g l a s s  wool 
25 w t %  c o a l  i n  SRC I1 heavy d i s t i l l a t e  (FSN-10) 
137 atm (20UU p s i g )  
440°C (825°F) 
225 l . i t e r s / h r  ( 8  SCFH) 
422 p,/hr 
310 cc  
45 minutes  
1.76 g -coa l /h r / cc  c a t a l y s t  
1500 rpm 



C a t a l y s t  performance i s  compared on t h e  b a s i s  o f  t h e  same volumet r ic  load ing ,  
60 c c  of  1/16" e x t r u d a t e s  contained i n  a n  annular  shape ,  s t a t i o n a r y  baske t .  
A 25 w t %  powdered c o a l  ( 35 micron) is  s l u r r i e d  i n  SRC I1 heavy d i s t i l l a t e  
(FSN-10) and pumped t o  2000 p s i g .  The s l u r r y  feed is  combined w i t h  hydrogen 
flow and in t roduced  t o  t h e  bottom o f  t h e  s t i r r e d  au toc l ave  r e a c t o r .  The 
products  a r e  withdrawn through an  overf low tube  which ex tends  about 8  cm 
from t h e  r e a c t o r  bottom t o  g ive  a holdup volume o f  310 cc.  

During t h i s  per iod  cons ide rab l e  o p e r a t i o n a l  d i f f i c u l t y  was experienced w i t h  
t h e  Magnedrive I1 s t i r r i n g  assembly which d r i v e s  t h e  a g i t a t o r  t h a t  i n s u r e s  
good mixing o r  CSTR behavior  i n  t h e  Autoclave r e a c t o r .  Fau l ty  welds caused 
hydrogen t o  s1owl.y l e a k  i n t o  t h e  encapsula ted  Magnedrive assembly. The r a r e  
e a r t h  magnets used i n  t h e  assembly s w e l l  i n  t h e  presence  of  hydrogen which 
causes  t h e  a g i t a t o r  t o  s e i z e  s p o r a d i c a l l y  d u r i n g  t h e  run.  Poor mixing 
causes  dead zones i n  t h e  r e a c t o r  and al lows t h e  c o a l  s l u r r y  t o  s o l i d i f y  
a t  r e a c t i o n  cond i t i ons .  O s c i l l a t i o n s  i n  i n t e r n a l  r e a c t o r  temperature  appear 
a s  soon a s  any i n t e r n a l  s o l i d s  a r e  formed because t h e  s o l i d s  i n s u l a t e  t h e  
temperature  c o n t r o l  thermocouple. Two runs  were aborted due t o  Magnedrive 
f a i l u r e .  The Magnedrive I1 was rep laced  w i t h  a  Magnedrive I which doe's no t  
have hydrogen s e n s i t i v e  r a r e  e a r t h  magnets. 

A Perkin-Elmer Sigma I gas chromatograph system equipped w i t h  a  thermal  
conduc t iv i t y  d e t e c t o r  has been set up f o r  r o u t i n e  a n a l y s i s  of  gas 
compositions o f  t h e  hydrogen-rich gas e f f l u e n t  from t h e  r e a c t o r .  The 
i n l e t  gas s t ream t o  t h e  r e a c t o r  i s  pure hydrogen. Because of  t h e  
s i m p l i c i t y  of  measuring carbon ox ides  and Cl-Cq l i g h t  hydrocarbons a t  t h e  
same t ime,  t h e  thermal  conduc t iv i t y  d e t e c t o r  was adopted i n s t e a d  o f  a  flame 
i o n i z a t i o n  d e t e c t o r .  Some of  t h e  G.C. a n a l y s i s  r e s u l t s  a r e  l i s t e d  i n  
,Table X t o  i l l u s t r a t e  t h e  magnitudes o f  gas-make du r ing  t h e  l i q u e f a c t i o n  
of  bo th  I l l i n o i s  No. 6  and Wyodak coa l .  Table  X shows t h a t  t h e  predominant 
component i n  t h e  gas i s  methane followed by e thane  and t h e r e  a r e  cons iderab le  
amounts of carbon ox ides  produced d u r i n g  t h e  l i q u e f a c t i o n .  I n  a l l  cases  
hydrogen p u r i t y  i s  above 95 volume pe rcen t .  Wyodak c o a l  appears  t o  g ive  
s l i g h t l y  more l i g h t  gases  than  I l l i n o i s  No. 6  coa l .  

TABLE X 

EFFLUENT GAS COMPOSITIONS DURING LIQUEFACTION 
OF ILLIEfOIS NO. 6  AND WYODAK COAL .- 

I l l i n o i s  No. 6  Wyod ak  
Sample I . D .  86-10 94-2 94-8 - - -  89-8 96-2 96-6 - - - 
C a t a l y s t  CoMo CoMo CoMo CoMo Mo Mo 
C a t a l y s t  Age, h r s  . 120 24 9 2 97 2 0 6 6 
Benzene Sol .  Conv. , W t %  maf 68.3 74.0 66.9 68.2 80.2 70.6 

Exi t  Gas Composition, Vol% 
CO N A 0 .69  0.70 0 .38  0.63 0 .83  

C02 NA 0.15 0.15 0.83 0.20 0 .43  
Methane 1.67 1.92 1.18 2.33 1.32 1.32 
Ethane 0.70 0.93 0 .48  0 .78  0 .71  0.57 
Propane 0.24 0.14 0.14 0.50 0 . 1 3  0 .09  
Butane 
T o t a l  

W t %  T o t a l  on S l u r r y  Feed 1.47 1.74 1.46 2.69 1.58 1.88 
(C1-C3) W t %  on n Dry Coal 5 . 1 1  4.60 3 . 3 3  6.47 3.81 3.54 

Bas is  



Non-Catalytic L ique fac t ion  o f  I l l i n o i s  No. 6  and Wyodak Coal 

A thermal  base r u n  wi thout  a  c a t a l y s t  r e v e a l s  a n  i n t e r e s t i n g  c o n t r a s t  i n  
l i q u e f a c t i o n  behavior  between a  bituminous I l l i n o i s  No. 6  c o a l  and sub- 
b i t m i n o u s  Wyodak c o a l ,  and perhaps g ives  some i n s i g h t  i n t o  t h e  r o l e  t h a t  
a  c a t a l y s t  p l ays  d u r i n g  t h e  l i q u e f a c t i o n .  The c o a l  convers ions  t o  THF, 
benzene, and hexane s o l u b l e  m a t e r i a l s  a s  w e l l  a s  t o  t he  a s h  f r e e  520°C+ 
r e s i d  a r e  shown i n  Table X I  a long  w i t h  t h e  product  s u l f u r  and n i t r o g e n  
c o n t e n t s  f o r  two d i f f e r e n t  types  o f  s l u r r y  o i l s  used f o r  l i q u e f a c t i o n  o f  
I l l i n o i s  No. 6  and Wyodak coa l .  FSN-10 is  t h e  c u r r e n t  s l u r r y  o i l  der ived  
from SRC-I1 heavy d i s t i l l a t e  and FSN-6 is t h e  topped,  hydrogenated an thracene  
o i l  (HAO) which had been used p r i o r  t o  t h e  p re sen t  DOE c o n t r a c t .  The test 
c o n d i t i o n s  were i d e n t i c a l  t o  those  of  our s tandard  ag ing  test (137 atm, 
440°C) except  f o r  t h e  c a t a l y s t  basket  which was f i l l e d  w i th  g l a s s  beads 
i n s t e a d  of  c a t a l y s t .  I n  t h e  c a t a l y s t  ag ing  t e s t  t h e  r e s idence  t ime i s  
t y p i c a l l y  45 minutes  w i t h  a  LHSV of  1.72 g  c o a l / h r / c c - c a t a l y s t .  

TABLE X I  

THEMIAL LIQUEFACTION OF ILLINOIG NO, 6 AND WYODM COAL 

Pressure :  137 atm 
Temperature : 440°C 
Coal Concentrat ion:  25 w t %  
Residence Time: 44 minutes  

SRC-I1 Heavy D i s t i l l a t e  Hydrogenated Anthracene O i l  
FSN- 10 (Current)  FSN-6 (HAO) 

Coal Conv., - W t %  maf I l l i n o i s  No. 6  Wyodak I l l i n o i s  No. 6  IJy_odak - 
THE s o l u b l e  86.5 73 .1  92.6 79.6 
Benzene s o l u b l e '  58.4 5 5 . 8  62.0 64.8 
He xane s o  l u b l e  23.6 18.2 
520°C+ r e s i d  67.6 5 6 . 9  62.1  38.5 

S u l f u r ,  W t %  

T o t a l  l i q u i d  
520°c+ r e s i d  

Ni t rogen ,  W t %  

Tnt al,  !.iquid 
520°C+ r e s i d  

The THF s o l u b l e  convers ion ,  which is  a  measure of  a b o i l e r  f u e l  y i e l d ,  is 
cons ide rab ly  lower f o r  Wyodak c o a l  i n d i c a t i n g  t h a t  Wyodak c o a l  i s  much more 
d i f f i c u l t  t o  l i q u e f y  t han  I l l i n o i s  No. 6  c o a l .  However, t he  benzene s o l u b l e  
convers ions  a r e  comparable f o r  both coa l s .  The d i f f e r e n c e  between THF and 
benzene s o l u b l e  convers ions ,  i. e. p reaspha l t ene  con ten t ,  i s  lower w i t h  Wyodak 
c o a l  sugges t ing  t h a t  t h e  product  q u a l i t y  should be g e n e r a l l y  b e t t e r  f o r  
Wyodak c o a l  once i t  i s  l i q u e f i e d .  The c o a l  conversion t o  520°C+ r e s i d  
appears  t o  be lower w i t h  Wyodak coa l ;  but t h e  product  q u a l i t y  i n  terms o f  



520°C+ r e s i d  con ten t  o f  t h e  THF s o l u b l e  l i q u i d  appears  t o  depend on t h e  s l u r r y  
o i l  used w i t h  FSN-6 (HAO) e f f e c t i n g  much less r e s i d  conten t  i n  t h e  l i q u e f i e d  
Wyodak c o a l  t han  I l l i n o i s  No. 6  coa l .  Hexane s o l u b l e  convers ions ,  a l though 
d i f f i c u l t  t o  de te rmine  f o r  t he  thermal  l i q u e f a c t i o n  p roduc t ,  a r e  h ighe r  w i t h  
I l l i n o i s  No. 6 c o a l  i n  comparison t o  Wyodak coa l .  I t  i s  noted ,  however, 
t h a t  i n  t h e  presence  of a  c a t a l y s t  t h e  Wyodak c o a l  can be more r e a d i l y  
l i q u e f i e d  t o  hexane s o l u b l e  product  t han  I l l i n o i s  No. 6  coa l .  

S u l f u r  and n i t r o g e n  con ten t s  i n  t h e  520°C+ r e s i d  w h i c h . c o n s i s t s  mos t ly  of  
l i q u e f i e d  c o a l  o i l ,  p rovide  a  more d i r e c t  i n d i c a t i o n  f o r  heteroatom removal 
t han  those  of t o t a l  l i q u i d .  I l l i n o i s  No. 6  c o a l  shows a  high concen t r a t i on  
o f  s u l f u r  i n  520°C+ r e s i d ,  whereas removal of s u l f u r  from Wyodak c o a l  i s  a  
l e s s  concern because o f  a  low s u l f u r  conten t  i n  Wyodak coa l .  Nit rogen 
conten t  is  e q u a l l y  h igh  f o r  bo th  I l l i n o i s  and Wyodak coa l .  

When a  hydrogenated anthracene o i l  (FSN-6) i s  used a s  s l u r r y  o i l  t he  THF 
s o l u b l e  conversion o f  I l l i n o i s  No. 6  c o a l  i s  h igh  a t  92.6% and p r a c t i c a l l y  
t h e  same a s  t h e  one ob t a inab le  w i t h  a  c a t a l y s t ,  wh i l e  t h a t  o f  subbituminous 
Wyodak c o a l  is on ly  about 80% wi thout  c a t a l y s t  but i n c r e a s i n g  w i t h  an a c t i v e  
c a t a l y s t .  For t h e  l i q u e f a c t i o n  of  I l l i n o i s  No. 6  c o a l  t h e  c a t a l y s t  i s  
p r i m a r i l y  needed t o  remove s u l f u r  and improve o t h e r  product  q u a l i t i e s ,  
whereas f o r  Wyodak c o a l  t h e  c a t a l y s t  is  r equ i r ed  t o  i n c r e a s e  l i q u e f a c t i o n  
y i e l d .  

Compared t o  t h e  r e s u l t s  ob ta ined  w i t h  FSN-6 (HAO), t h e  thermal  l i q u e f a c t i o n  
w i t h  SRC-I1 heavy d i s t i l l a t e  (FSN-10) g ives  much lower THF s o l u b l e  
conversions f o r  bo th  I l l i n o i s  No. 6  and Wyodak c o a l  a s  shown i n  Table  X I .  
Apparent ly ,  SRC-I1 heavy d i s t i l l a t e  i s  a  less e f f e c t i v e  hydrogen donor 
s o l v e n t  compared w i t h  hydrogenated an thraccne  o i l .  It seems t h a t  maintenance 
o f  proper  donor s o l v e n t  q u a l i t y  through rehydrogenat ion is c e r t a i n l y  one o f  
t h e  more important  func t ions  of  c a t a l y s t  f o r  maximizing l i q u e f a c t i o n  y i e l d .  

Comparison of  C a t a l y t i c  L ique fac t ion  o f  I l l i n o i s  No. 6 and Wyodak Coal 

C a t a l y t i c  l i q u e f a c t  ion conversions t o  THF, benzene and hexane s o l u b l e  products  
a r e  compared i n  F igure  2  f o r  I l l i n o i s  No. 6 and Wyodak coa l .  The c a t a l y s t  
used is  t h e  CoMo on alumina HDS-1442A which i s  be ing  used i n  H-Coa1,process 
development. The d a t a  were obta ined  from t h e  s t anda rd  ag ing  test r u n s ,  
5186 axid 5189, which employed SKC-11 heavy d i s t i l l a t e  (FSN-10) a s  t h e  
l i q u e f a c t i o n  s o l v e n t .  

C a t a l y t i c  l i q u e f a c t i o n  o f  Wyodak c o a l  r e s u l t s  i n  a  s u b s t a n t i a l l y  h igher  THF 
s o l u b l e  conversion when compared w i t h  thermal  l i q u e f a c t i o n ,  but i t  d e c l i n e s  
r a p i d l y  w i t h  c a t a l y s t  age t o  a  l e v e l  much lower t han  t h a t  o f  I l l i n o i s  No. 6 
coa l .  THF s o l u b l e  conversion o f  I l l i n o i s  No. 6 c o a l  i s  r a t h e r  i n s e n s i t i v e  
t o  whether c a t a l y s t  i s  p re sen t  o r  no t .  The c a t a l y t i c  convers ions  t o  benzene 
and hexane s o l u b l e s  a r e  h igher  f o r  Wyodak than  I l l i n o i s  c o a l ,  but  t h e  d e c l i n e  
rares are f a s t e r  w i t h  Wyodak coa l .  I n  sunmary, Wyodak c o a l  is  d i f f i c u l t  t o  
l i q u e f y  and c a t a l y s t  is  needed t o  i n c r e a s e  t he  l i q u e f a c t i o n  y i e l d  of  Wyodak 
coa l .  Once l i q u e f i e d ,  Wyodak c o a l  g ives  a  product  t h a t  con ta in s  a  h igher  
concen t r a t ron  o f  benzene and hexane s o l u b l e  m a t e r i a l s  o r  b e t t e r  q u a l i t y  
product  t han  I l l i n o i s  No. 6. However, such  product  q u a l i t i e s  d e t e r i o r a t e  
r a p i d l y  w i t h  c a t a l y s t  age. Wyodak c o a l  appears  t o  d e a c t i v a t e  t h e  c a t a l y s t  
more s e v e r e l y  t han  I l l i n o i s  No. 6 coal .  



FIGURE 2 

Liquefaction conversions of Illinois #6 and 
Wyodak coal with HDS-1442A catalyst 
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The THF s o l u b l e  l i q u i d  products  from t h e  two base  runs  (5186 and 5189) 
which used HDS-1442A c a t a l y s t  t o  l i q u e f y  25 w t %  I l l i n o i s  No. 6  and 
Wyodak c o a l  r e s p e c t i v e l y  i n  SRC-I1 s l u r r y  o i l ,  were f r a c t i o n a t e d  and 
analyzed f o r  e l emen ta l  compositions o f  t o t a l  l i q u i d ,  343-520°C (650-970°F) 
f r a c t i o n  and t h e  520°C+ r e s i d  cottom which c o n s i s t s  mos t ly  of  l iquef ied '  
coa l .  The r e s u l t s  a r e  summarized i n  Table  X I 1  and X I 1 1  w i t h  r e s p e c t  t o  
c a t a l y s t  age i n  days  on s t ream.  

The, ASTM d i s t i l l a t i o n  shows t h a t  t h e  l i q u i d  products  from Wyodak c o a l  
con ta in  sma l l e r  amounts of  520°C+ r e s i d  throughout t h e  test pe r iods .  
Compared t o  I l l i n o i s  No. 6  c o a l ,  s u l f u r  con ten t s  a r e  lower i n  a l l  f r a c t i o n s  
o f  l i q u i d  product  from Wyodak coa l .  Nit rogen c o n t e n t s  a r e  above 1 w t %  and 
t h e r e  appears  t o  be l i t t l e  den i t rogena t ion  achieved from e i t h e r  coa l .  The 
oxygen conten t  i n  520°C+ r e s i d  i s  s u r p r i s i n g l y  lower f o r  t he  product  de r ived  
from Wyodak c o a l  r a t h e r  t han  I l l i n o i s  c o a l ,  a l though Wyodak c o a l  con ta in s  
cons iderab ly  more oxygen than  I l l i n o i s  c o a l ,  16% v s .  9%. The atomic H / C  
r a t i o s  appear t o  be equ iva l en t  i n i t i a l l y  f o r  bo th  c o a l s ,  but t hose  f o r  Wyodak 
c o a l  d e t e r i o r a t e  f a s t e r .  

TABLE X I 1  

LIQUEFACTION OF ILLINOIS NO. 6  COAL WITH HDS-1442A (RUN 5186) 
PRODUCT COMPOSITIONS - 

Days on Stream 1 2  3  4  5  6 7 - - - 
Residence Time, Min. 45.3 44.3 44.4 45.0 46.0 44.0 42.9 

ASTM D- 1160, W t %  
IBP-343°C 

T o t a l  Liquid (THF s o l )  , W t %  
S  0.22 0.27 0 .30  0.32 0.32 0.37 0.38 
N 
0  
Atomic H / C  

N 
0 
Atomic H / C  

520°C+ Resid , W t %  
S  
N 
0  
Atomic H / C  



TABLE X I 1 1  

LIQUEFACTION OF WYODAK COAL WITH HDS-1442A (RUN 5189) 
PRODUCT COMPOSITIONS 

1 2 3 4 5 6 7 Days on Stream - .  - 
Resicence  Time, min. 45.1 42.7 43.3 44.4 45.1 43.2 42.2 ' 

ASTM D- 1160, W t %  
IBP-343" C 

T o t a l  L iqu id ,  W t %  
S 0.14 0.17 0.19 0.20 0 , 7 1  0 . 2 3  0.22 
N n. 99 1.06 1 , o l  1.01 1.07 1.08 1.10 
0 1.63 1 - 3 3  1 '76  0.97 1.27 L , O !  1 - 4 4  
Atomic H / C  1.038 1.015 0.901 0 .871  0.891 0 .911  0.891 

343-520°C, W t Z  
S  0 .16 0 . 2 1  0 .23  0.24 0.25 0.29 0.26 
N 1 .13  1. 19 1.17 1 .23  1.22 1.20 1.17 
0 1.02 0 .46  1.70 1.60 1.60 1.64 1.42 
Atomic H / C  0.977 0.947 

520°C+ Res id ,  W t %  
S  0.35 0.37 0.32 0 .31  0.30 0.32 0.29 
N 1.57 1.72 1.66 1.77 1.76 1.79 1.74 
0 3.55 3.17 2.50 2.30 5 .53  2 .01  4.45 
Atomic H/c 0.833 0.010 0.788 0 , 7 6 1  0.762 0.772 0.774 

C a t a l y s t  Ranking f o r  L ique fac t ion  o f  Wyodak Coal 

Three d i f f e r e n t  types  o f  c a t a l y s t  have been t e s t e d  f o r  l i q u e f a c t i o n  o f  Wyodak 
c o a l .  The purpose o f  t h e s e  comparison tests was t o  a s s e s s  p re l imina ry  e f f e c t s  
o f  a  l a r g e  micropore d iameter  and t o  s e l e c t  a  p r e f e r r e d  c a t a l y t i c  me ta l  between 
d o  and CoMo. 

The l i q u e f a c t i o n  convers ions  t o  THF, benzene, and hexane s o l u b l e  producrs  
a r e  compared i n  F igure  3 f o r  HDS-1442A (CoMo) , CoMo-G102B(14) and Mo-GlOZB(14) 
c a t a l y s t s .  The conversions a r e  based on the  microres idue  workup r e s u l t s  and 
a d j u s t e d  f o r  s m a l l  f l u c t u a t i o n s  i n  feed r a t e  around the  t a r g e t  va lue .  The 
expe r imen ta l  CoMo-G102B(14) c a t a l y s t ,  which has  a  l a r g e r  micropore diameter  
t h a n  HDS-1442A c a t a l y s t ,  e x h i b i t s  a  s u p e r i o r  performance t o  HDS-1442A fo r  
a l l  THF, benzene and hexane s o l u b l e  conversions.  However, t h e  convers ions  
w i t h  t h e  unpromoted molybdenum v e r s i o n ,  Mo-G102B(14) a r e  nowhere near  t h e  
CoMo-G102B(14) and a r e  s l i g h t l y  lower t han  those  o f  HDS-1442A c a t a l y s t  a f t e r  
60 h r s  on s t rcam. 

Some o f  t h e  e a r l i e r o w o r k  done f o r  EPRI i n d i c a t e d  t h a t  molybdenum c a t a l y s t  
suppor ted  on a  120 A a v e r a e  pore d iameter  alumina showed a s  good a  
performance as  CoMo on 120 A alumina, and led t o  t h e  conc lus ion  t h a t  
c a t a l y s t s  s u i t  a b l e  f o r  l i q u e f y i n g  Wyodak c o a l  should have l a r g e r  micropores  
t h a n  those  f o r  I l l i n o i s  c o a l  ( 120 A) and molybdenum was much p r e f e r r e d  t o  



FIGURE 3 

Liquefaction conversions of Wyodak coal 
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cobalt-mo lybdenum f o r  reduc ing  hydrogen consumption. I n  view o f  t h e  
d i s a p p o i n t i n g  performance o f  Mo-G102B(14) c a t a l y s t  shown i n  F igure  3,  
t h e  c a t a l y s t  might simply have been prepared improperly a s  t h e r e  was some 
concern expressed f o r  d i s p e r s i n g  molybdenum i n  t h e  alumina suppor t ,  o r  
e l s e  t h e  micropores  a r e  no t  l a r g e  enough f o r  unpromoted molybdenum case.  
On t h e  o t h e r  hand i t  is  e n t i r e l y  p o s s i b l e  t h a t  when hydrogen donor c a p a c i t y  
o f  t h e  l i q u e f a c t i o n  s o l v e n t  is  low a s  i t  i s  w i t h  SRC-I1 heavy d i s t i l l a t e  
a hydrogenat ion component s t r o n g e r  t han  molybdenum may be needed. The 
e f f e c t s  o f  c a t a l y s t  pore s i z e ,  me ta l s  and hydrogen donor p r o p e r t i e s  of  
SRC-I1 s l u r r y  o i l  w i l l  have t o  be cha rac t e r i zed  i n  t h e  coming months i n  
o r d e r  t o  ta i lor-make a c a t a l y s t  s y i t e d  t o  l i q u e f a c t i o n  o f  Wyodak coa l .  
While c a t a l y s t  suppor t s  w i t h  150 A and 200 A average micropore d iameter  
a r e  be ing  prepared by W. R. Grace & Co., a l abo ra to ry  s c a l e  ba t ch  o f  Mo 
o n  140 1 alumina i s  ready  f o r  t e s t .  

Turning t o  a f u r t h e r  comparison of  56 HDS-1442A and 102 CoMo-G102B(14) 
c a t a l y s t s ,  t he  52OUC+ r e s i d  y i e l d s  and product s u l f u r  conteriis are pluc ted  
v s .  t ime on s t ream i n  F igure  4. The exper imenta l  ba t ch  of  AMOCAT-1A 
type  c a t a l y s t ,  CoMo-G102B(14), c l e a r l y  shows lower 520°C+ r e s i d  y i e l d  
and lower s u l f u r  c o n t e n t s  i n  borh 520nC+ .rrsid ard t o t a l  l i q u i d  than  the  
s m a l l  pore HDS-1442A c a t a l y s t .  

F e a s i b i l i t y  o f  Using t h e  Continuous Aging Unit f o r  T e s t i n g  SRC Upgrading 
C a t a l y s t s  

A two-month program t o  de te rmine  t h e  f e a s i b i l i t y  o f  u s ing  the  Amoco equipment 
f o r  SRC-I product  upgrading was o u t l i n e d .  Three NiMo c a t a l y s t s  w i l l  be 
t e s t e d .  Two w i l l  be provided by Lummus and W. R. Grace w i l l  p r epa re  a 1/32" 
AMOCAT type  NiMo c a t a l y s t .  S t a r t -up  procedures  and a n a l y t i c a l  requirements  
f o r  t h e  products  w i l l  be provided by Lummus and C i t i e s  Serv ice .  Experimental 
c o n d i t i o n s  were d i s cus sed .  Space v e l o c i t y  w i l l  be determined by t h e  maximum 
c a t a l y s t  c a p a c i t y  o f  our baske t .  The test program w i l l  i nc lude  t h r e e  150 h r  
cont inuous  ag ing  u n i t  r u n s ,  a 2 day so lven t  run ,  and a 2 day thermal  run.  
Thinnrn~~s will prov ide  1 b a r r e l  o f  t h e  SRC product ground i n t o  s m a l l  pieces 
and 1 b a r r e l  of  t h e  s o l v e n t .  h o c o  w i l l  determine t h e  optimum blend of SRC 
product  and s o l v e n t  t h a t  w i l l  p rov ide  a punpable feed s t r eam i n  our test 
equipment. 
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TASK 4 - DEVELOPMENT SUPPORT STUDIES--SYNTHETIC COAL 

D e l i v e r a b i l i t y  o f  an improved c a t a l y s t  f o r  t h e  H-Coal process  i s  a  primary 
o b j e c t i v e  o f  t h e  program. To ach ieve  t h i s  g o a l  t h e  c a t a l y s t  development 
program w i l l  be supplemented w i t h  work aimed a t  answering fundamental 
q u e s t i o n s .  S i g n i f i c a n t  advances i n  c a t a l y s t  technology f r e q u e n t l y  r e q u i r e  
a  blend of fundamental and app l i ed  work; t h e  c a t a l y s t  development programs 
i n  t h e  petroleum i n d u s t r y  have s u c c e s s f u l l y  used t h i s  approach on numerous 
occas ions .  

The mechanism s t u d i e s  by Curran e t  a 1  have been tremendously va luab le  i n  
unders tanding  hydrogen donor r e a c t i o n s  involved i n  non -ca t a ly t i c  c o a l  
l i q u e f a c t i o n .  However, t h e  presence  of a  c a t a l y s t  i n  t h e  l i q u e f a c t i o n  medium 
adds a  new dimension t o  t h e  p i c t u r e .  Although c e r t a i n  t h e o r i e s  have been 
advanced on t h e  funceion o f  ~1 .w l i q u e f a c t i o n  c a t a l y s t ,  t h e r e  i s  an obvious 
need t o  more c l e a r l y  d e f i n e  . i t s  r o l e .  

Some s i g n i f i c a n t  s t r i d e s  i n  c o a l  l i q u e f a c t i o n  can be accomplished i n  a 
fundamental s t udy  us ing  s y n t h e t i c  c o a l  mix tures .  Two t ypes  of  s y n t h e t i c  
c o a l s  w i l l  be used--one r ep re sene ing  EasLeru c o a l  and t h e  o t h e r  Western. 
D i f f e r e n c e s  i n  s u l f u r  and oxygen conten t  w i l l  r e f l e c t  t h e  two types  of  coa l .  
I t  should be po in ted  o u t  t h a t  t h e  s p e c i f i c  compounds which comprise t h e  
s y n t h e t i c  coa l s  a r e  no t  a s  l a r g e  as  t hose  p re sen t  i n  c o a l ;  however, they  
should  adequate ly  r e p r e s e n t  u n i t s  of  f u n c t i o n a l i t y  found i n  coa l .  This  
r ea son ing  i s  based on t h e  e x c e l l e n t  work by Whi tehurs t ,  e t  a l ,  a t  Mobil O i l .  
The s p e c i f i c  c a t a l y s t  f u n c t i o n s  t h a t  we b e l i e v e  a r e  important  i n  c o a l  
1 i .quefac t ion  inc lude :  

1. hydrogenat ion,  
2 .  c r ack ing ,  
3. hydrogenolysis  t o  remove s u l f u r ,  n i t r o g e n ,  and oxygen, 
4. i somer i za t i on .  

The f i r s t  t h r e e  l i s t e d  c a t a l y t i c  func t ions  a r e  t h e  most impor t an t ,  and tl iese 
w i l l  be examined by an app rop r i a t e  mixture  o f  model compounds i n  a  hydrogen 
donor so lven t  . 
Deact iva ted  c a t a l y s t s  w i l l  a l s o  be i n v e s t i g a t e d  w i t h  t h e  s y n t h e t i c  c o a l  system 
t o  a s s e s s  which c a t a l y t i c  func t ions  have been a l t e r e d  and t o  what e x t e n t .  
For example, i t  is  q u i t e  p o s s i b l e  t h a t  t h e  f r e s h  c a t a l y s t  performance has 
l i t t l e ,  i f  any, r e l a t i o n  eo t h e  performance of  a l i q u e f a c t i o n  c a t a l y s t  a f t e r  
i t  has  been aged o n l y  one hour. To c l a r i f y  t h i s  p o s s i b i l i t y ,  c a t a l y s t s  which 
have been aged only  one hour w i l l  be examined t n  t h e  development suppor t  
u n i t  a long  with c a t a l y s t s  aged f o r  longer  pe r iods  of  t ime (150 hours ) .  

So lvent  Product i o n  

Various m a t e r i a l s  have been used a s  hydrogen donor s o l v e n t s  i n  c o a l  l i q u e f a c t i o n .  
I n  g e n e r a l ,  t h e s e  m a t e r i e l s  con ta in  s u b s t a n t i a l  q u a n t i t i e s  o f  condensed a romat ic  
compounds. The s o l v e n t  must have t h e  c a p a b i l i t y  o f  t r a n s f e r r i n g  hydrogen t o  
a  hydrogen-deficient  subs t ance ,  such  a s  c o a l  feed.  For t he  purpose of  c a t a l y s t  
s c r e e n i n g  and s y n t h e t i c  c o a l  model compound s t u d i e s ,  Panasol  AN-3 was chosen 
a s  a  s o l v e n t .  This  m a t e r i a l  i s  recovered from t h e  d i s t i l l a t i o n  bottoms a f t e r  
h igh  s e v e r i t y  re forming  o f  naphtha. 



Panasol  is  completely a romat ic  and c o n s i s t s  p r i m a r i l y  o f  mono-, d i -  and 
t r imethylnaphtha lene .  The t r imethylnaphtha lenes  bo i  1 between 2 78°C and 
289°C and a r e  t h e  h ighes t  b o i l i n g  f r a c t i o n s  of  t h i s  p a r t i c u l a r  s o l v e n t .  
We have been a t t empt ing  t o  d i s t i l l  t he  Panasol  t o  recover  t h e  heavy, 
t r imethylnaphtha lene  bottoms. Use of  narrow b o i l i n g  range s o l v e n t  w i l l  
improve a n a l y t i c a l  accuracy o f  t h e  model compound s tudy  by minimizing 
i n t e r a c t i o n  between t h e  so lven t  and model compound gas chromatographic 
s p e c t r a .  This  d i s t i l l a t i o n  has  proved t o  ve ry  t ime consuming and d i f f i c u l t .  
The p ro j ec t ed  completion d a t e  f o r  t h e  d i s t i l l a t i o n  is  l a t e  January.  

We have begun p r e p a r a t i o n  o f  some of  t h e  Eas te rn  s y n t h e t i c  c o a l  mix ture  t o  
use a s  a  feed i n  debugging t h e  Development Support Unit (DSU). A new Ruska 
feed pump was added t o  t h e  DSU t o  improve t h e  accuracy o f  our feed r a t e  and 
thereby  improve o v e r a l l  accuracy o f  t h e  k i n e t i c  r a t e  cons t an t s .  

The second purpose o f  running  experiments  w i t h  t h e  raw Panasol  so lven t  is  
t o  determine whether t h e  hydrogen donor so lven t  c a p a b i l i t y  of  t h e  Panaso l  
i s  a  func t ion  o f  t h e  composition o f  this mixture .  S ince  t h e  Panaso l  so lven t  
con ta in s  p r i m a r i l y  s u b s t i t u t e d  naphthalenes i t  is  f e l t  t h a t  t h e  d i s t i l l a t  i o n  
w i l l  have l i t t l e  e f f e c t  on t h e  donor so lven t  c a p a b i l i t y .  



TASK 5 - APPLICATION OF NEW CATALYSTS--H-COAL 

Most o f  t h e  e f f o r t  by t h e  p a r t i c i p a n t s  i n  t h e  H-Coal p r o j e c t  is d i r e c t e d  a t  
p rocess  development and r e a c t o r  improvements. However, i t  is important  t o  
n o t e  t h a t  c a t a l y s t  performance has a  s t r o n g  impact on product q u a l i t y ,  
o p e r a t i n g  s t r a t e g y  ( c a t a l y s t  replacement,  r e a c t o r  c o n d i t i o n s )  and economics. 

The o b j e c t i v e  o f  Task 5  i n c l u d e  t h e  following: 

1. Provide  t e c h n i c a l  suppor t  on M.-Coal t e s t s ' r u n  a t  W I .  

2. C o r r e l a t e  performance between H-Coal and Amoco t e s t  u n i t s .  

3. Provide  l a r g e  s c a l e  samples o f  l i q u e f a c t i o n  c a t a l y s t  f o r  
e v a l u a t i o n  i n  H-Coal YUU o r  upgrading proceSs@s. 

4. Coordinate a c t i v i t i e s  w i t h  o t h e r  DOE f a c i l i t i e s .  

I n  Task 5  we completed t h e  e v a l u a t i o n  o f  the  l a rge  500 l b  batch of  AMOCAT-1A. 
Using SKC-11 heavy d i s t i l l a t e  as ehe s l u r r y  011, rhe r e s u l c s  from the  aglr~g 
test are q u i t e  c l e a r .  The 500 pound ba tch  of AMOCAT-1A i s  good q u a l i t y  and 
e x h i b i t s  h i g h l y  improved performance over t h e  H-Coal c a t a l y s t ,  HDS-1442A. 
The performance r e s u l t s  of  t h e  l a rge  ba tch  were e q u i v a l e n t  t o  o r  b e t t e r  than 
t h o s e  of  e a r l i e r  l a b o r a t o r y  samples. The H-Coal Technical  Advisory Committee 
voted i n  favor  o f  a  H-Coal PDU run based on t h e s e  favorab le  r e s u l t s .  

Samples o f  used c a t a l y s t s  from our  aging t e s t s  were s e n t  t o  PETC f o r  c a t a l y s t  
c h a r a c t e r i z a t i o n .  Also, a sample of  t h e '  Panasol  s o l v e n t  was provided t o  
them. 

During t h e  per iod we continued t o  confer  w i t h  Hydrocarbon Research, I n c .  
concerning t h e i r  c o a l  l i q u e f a c t i o n  c a t a l y s t  development program. They 
w i l l  p rov ide  us w i t h  3 c a t a l y s t  samples f o r  t e s t i n g  i n  our equipment. 

0 

Our s u b c o n t r a c t o r ,  W .  R. Grace,  i s  i n  t h e  p rocess  o f  making a  150 A and 
200 1 v e r s i o n  o f  AMOCAT-1A and 1 B  f o r  t e s t i n g  i n  Tasks 2 and 3. They w i l l  
a l s o  p rov ide  us w i t h  a  1/32" NiMo AMOCAT type  c a t a l y s t  f o r  use  i n o t h e  SRC-I1 
upgrading program. The bimodal c a t a l y s t s  w i t h  the  150 A and 200 A micropores 
should  be a v a i l a b l e  i n  January.  

A c a t a l y s t  submit ted  by Engelhard was t e s t e d  and found t o  have low i n i t i a l  
a c t i v i t y  but a  low a c t i v i t y  d e c l i n e  r a t e .  

Conversion and Product Q u a l i t y  Comparison, HDS- 1442A Versus AMOCAT- 1A (11- 10 8/16) 

The SOU l b  ba tch  of AMOCAT-1A (11-108116) and HUS-1442A were t e s t e d  and compared 
a t  t h e  s t andard  t e s t  c o n d i t i o n s  us ing I l l i n o i s  No. 6  c o a l  and SRC-I1 s l u r r y  o i l .  
Complcte convers ion and product q u a l i t y  d a t a  w i l l  be presented i n  t h i s  s e c t i o n .  
F i r s t  , t h e  l i q u e f a c t i o n  p e r  forrnance based on product s o  l u b i  l i t  y  a r e  presented 
i n  Figure  5 .  The THF s o l u b l e  convers ion which may be termed a s  b o i l e r  f u e l  
y i e l d  i s  high and e s s e n t i a l l y  t h e  same f o r  both HDS-1442A and AM0CA'l'-1A 
(11-108116) c a t a l y s t s .  Th i s  is  c h a r a c t e r i s t i c  of  bituminous I l l i n o i s  No. 6 
c o a l .  However, benzene s o l u b l e  and hexane s o l u b l e  convers ions ,  the  more 
s e n s i t i v e  performance i n d i c a t o r s ,  a r e  h igher  f o r  AMOCAT-1A (11-108116) than  
HDS- 1442A throughout t h e  e n t i r e  run l eng th .  The d i f f e r e n c e  . i n  hexane s o l u b l e  
convers ion is e s p e c i a l l y  l a r g e .  The c a t a l y s t  r ank ing  f o r  l i q u e f a c t i o n  
conversior!  turned o u t  a s  expected f o r  AMOCAT-1A type c a t a l y s t s .  



FIGURE 5 

Conversion of Illinois #6 coal 



Product  q u a l i t i e s  a l s o  appear t o  be b e t t e r  f o r  AMOCAT-1A (11-108116) t han  
HDS-1442A c a t a l y s t .  S p e c i f i c  g r a v i t i e s  o f  t h e  t o t a l  THF s o l u b l e  l i q u i d  
p roduc t s  con ta in ing  s l u r r y  o i l  a r e  lower w i t h  AMOCAT-1A (11-108116) t han  
HDS-1442A a s  shown i n  Table  X I V .  

TABLE X I V  

SPECIFIC GRAVITY OF THE SOLUBLE LIOUID 

Run 5  186 Run 5  187 
AMOCAT-1A 

Days HDS- 1442A (11-108116) 

The THF s o l u b l e  l i q u i d  products  from Run 5186 and 5187, which used respe.ct iv?ly 
HDS-1442A and AMOCAT-1A (11- 108/16),  (500 l b  ba tch)  c a t a l y s t  t o  l i q u e f y  
25 w t %  I l l i n o i s  No. 6  c o a l  i n  SRC-11 heavy d i s t i l l a t e ,  were f r a c t i o n a t e d  and 
analyzed f o r  e l emen ta l  compositions o f  t h e  t o t a l  l i q u i d  , 343-520°C (650-970°F) 
f r a c t i o n  and 520°C+ r e s i d  bottoms. The e l emen ta l  compositions o f  l iqusd  
p roduc t s  a r e  summarized i n  Table  XV and X V I .  

The 520°C+ r e s i d  c o n s i s t s  o f  mos t ly  l i q u e f i e d  c o a l  o i l ;  whereas,  t h e  t o t a l  
l i q u i d  and 343-520°C c u t  c o n t a i n  s u b s t a n t i a l  amounts o f  l i q u e f a c t i o n  so lven t .  
Ideally, t h e  s e s i d  bottom should be f r e e  of l i q u e f a c t i o n  s o l v e n t ,  but SRC-I1 
heavy d i s t i l . l a t e  con ta in s  2 .9  w t X  of !520nC+ ulacer ia l  whose sul f i ~ r  conten t  
is  0.82%; The composi t ions of  t o t a l  l i q u i d  a r e  on a s o l v e n t  f r e e  b a s i s .  

AMOCAT- 1 A  c a t a l y s t ,  which has  given a hlgller l i quc f  a c t i o n  cnnvers ion ,  slwws 
c o n s i s t e n t l y  lower s u l f u r  csntontG i n  the resid as w e l l  as i n  t h e  343-520°C 
d i s t i l l a t e  c u t  and t h e  t o t a l .  l i q u i d  t h a n  IIDS-1442A c a t a l y s t .  The r e s i d  
n i t r o g e n  c o n t e n t s  appear t o  be s l i g h t l y  lower w i t h  AMOCAT-1A than  HDS-1442A, 
but a s  can be s e e n  from t o t a l  l i q u i d  n i t r o g e n  con ten t s  t h e  e x t e n t  o f  n i t r o g e n  
removal i s ,  i n  gene ra l ,  low f o r  bo th  c a t a l y s t s .  Oxygen con ten t s  i n  t he  
343-520°C d i s t i l l a t e  c u t s  are no t i ceab ly  h igher  f o r  AMOCAT-1A. Although 
t h e r e  a r e  l a r g e  d i f f e r e n c e s  i n  hexane s o l u b l e  conten t  o f  t h e  product between 
AMOCAT-1A and HDS-1442A c a t a l y s t s ,  t h e  atomic H/C r a t i o s  do not  d i f f e r  ve ry  
much between c a t a l y s t s  and w i t h  c a t a l y s t  age. 



TABLE XV 

Days on Stream 
Residence Time, Min. 

ASTM D-1160, Wt% 
343-520°C 

PRODUCT QUALITY 
(Run 5 186, HDS- 1442A) 

To ta l  Liquid (THF S o l ) ,  Wt% 
S 0.22 0.27 0.30 0.32 0.32 0.37 0.38 
N 
0 
Atomic H / C  

N 
0 
Atomic H / C  

520°C+ Resid . Wt% 
N 
0 
Atomic H / C  



TABLE X V I  

PRODUCT QUALITY 
(Run 5  187 , AMOCAT- 1A) 

Days on Stream 
Res icence  Time, Min. 

ASTM D- 1160, W t %  
343-520°C 

T o t a l  Liquid (THF S o l ) ,  W t %  
S 0 .24 0.27 0.27 0 .31  0 .31  
N I . 0 1  1.02 1.06 1 .03  1.09 
u 2 . 4 4  1.68 1. ~n 0.60 2.55 
Atomic H / C  1.029 1.033 1.033 1.013 1.016 

343-520°C, W t %  
S 
N 
0 
Atomic H/C 

520°C+ Resid,  W t %  
S 
N 
0  
A t o m i c  H/C 

Tes t  . .- of  Engelhard CoMo Ca ta ly s t  Tor ~ i ~ u e f a c t i o n  o f  I l l i n o i s  No. 6  Coal .- 

An Engelhard Cobalt-Molybdenue c a t a l y s t  on a s t  ehi l i z e d  ( D M ~ )  alumina 
(Lot 11015-26-I), whic was developed under DOE c o n t r a c t ,  was p r e s u l f i d e d  
i n  s i t u  and t e s t e d  f o r  l i q u e f a c t i o n  of  I l l i n o i s  No. 6  c o a l  fo l lowing  ou r  
s t anda rd  t e s t  procedure.  The alumina was s t a b i l i z e d  w i t h  BaMo t o  r e t a r d  
hydrothermal aging.  The run  s t a r t e d  normally and proceeded w e l l  u n t i l  t h e  
s i x t h  day on s t ream when a u n i t  upset occur red .  The r e s u l t s  o f  c a t a l y s t  
ag ing  behavior  up t o  t h e  s i x t h  day a r e  compared w i t h  t hose  o f  HDS-1442A and 
t h e  500 pound ba tch  AMOCAT-LA (11-108116) c a t a l y s t  in Figure 6 .  It appears  
t h a t  t h e  Engelhard c a t a l y s t  i s  not a s  a c t i v e  i n i t i a l l y  a s  HDS-1442A c a t a l y s t  
f o r  conve r t i ng  I l l i n o i s  No. 6 c o a l  t o  THF, benzene o r  hexane s o l u b l e  product .  
The d e a c t i v a t i o n  r a t e  o f  chc Engelhard c a t a l y s t  is  low fo r  benzene conversion 
and a t  125 h r s  i t s  a c t i v i t y  l e v e l  is comparable t o  HDS-1442A but i s  s t i l l  
f a r  be low AMOCAT- 1A. Hexane s o l u b l e  conversions a r e  c o n s i s t e n t  l y  be low t h e  
base  c a s e  c a t a l y s t .  

Deac t iva t ion  r a t e s  a r e  low b e c a m e  t h e  c a t a l y s t  con ta in s  over  18% of 
macropores which a r e  d i f f i c u l t  t o  plug.  The s u r f a c e  a r e a  o f  the c a t a l y s t  
i s  low (98 m2/gm) and t h i s  probably accounts  f o r  t h e  low i n i t i a l  a c t i v i t y .  

Elemental  a n a l y s i s  o f  t h e  v a r i o u s  b o i l i n g  p o i n t  f r a c t i o n s  w i l l  be r epo r t ed  
i n  t h e  next q u a r t e r l y .  



FIGURE 6 

Performance of Engelhard catalyst for 
liquefaction of Illinois coal 

I Engelhard ~ o M o  THF soluble I 

Benzene soluble 

401 I I I I I I 1 I I 
0 20 40 80 80 100 120 140 180 180 

Hours on stream 



Fu tu re  Work 

Task  2 -- 

The fo l lowing  r u n s  w i t h  I l l i n o i s  No. 6 c o a l  are planned: 

Run No. C a t a l y s t  

S l u r r y  O i l  E f f e c t  Run 
Regenerated AMOCAT- 1A Cata lys t  

A d e t a i l e d  a n a l y s i s  o f  t h e  d a t a  from t h e  runs  w i t h  Wyodak c o a l  and AMOCAT 
type  c a t a l y s t  w i l l  be completed. Addi t iona l  runs w i t h  o t h e r  Grace bimodal 
s u p p o r t s  w i t h  l a r g e r  micropore d iameters  w i l l  be undertaken i n  o r d e r  t o  
op t imize  t h e  e f f e c t  o f  micropore s t r u c t u r e  on l i q u e f a c t i o n  a c t i v i t y ,  heteroatom 
removal and a c t i v i t y  d e c l i n e  r a t e .  

The fo l lowing  runs  a r e  planned: 

Run No. Ca ta ly s t  Coal 

5  1100 Mo-G150B Wyod ak  
5 1101 Mo-G200B Wyod ak 
5  11.04 Regenerated AMOCAT- 1 A  W yod ak 

OP 1 8  

Task 4  

Blending of the Eas t e rn  and Western s y n t h e t i c  c o a l  mix tu re s  wi l l .  begin as  soon 
as t h e  d i s t i l l e d  Panasol  s o l v e n t  is  a v a i l a b l e .  Cur ren t ly ,  w e  a r e  l imi ted  by 
t e c h n i c i a n  manpower and a t  t h i s  s t a g e  i n  our program we f e e l  t h a t  Task 4 
should have a  lower p r i o r i t y  r e l a t i v e  t o  t h e  ocher  Lasku. 

Task 5 

The fo l lowing  runs w i t h  I l l i n o i s  No. 6 c o a l  a r e  planned: 

Run No. Cat a l y s  t 

C a t a l y s i s  Research C U L . ~ .  Cata lys t  
Harshaw NiMo Cat al.ys t 

T e s t i n g  o f  Hvdrocarbon Research. Inc.  C a t a l v s t s  

Hydrocarbon Kesearch, Inc. (BRI) has a DOE sponcored Contract  program e n t i t  led 
" C a t a l y t i c  Evalua t ion  fnr H-Coal." One o f  t h e  sub ta sks  o f  t he  Amoco program 
is t h e  e v a l u a t i o n  o f  t h e  b e s t  c a t a l y s t s  o f  o t h e r  DOE sponsored c o a l  l i q u e f a c t i o n  
c a t a l y s t  development program. HRI w i l l  submit a  sample of  t h e i r  vanadium, 
t i t a n i u m ,  and magnesium NiMo H-Coal c a t a l y s t s  f o r  t e s t i n g  i n  t h e  Amoco ba tch  
s c r e e n i n g  u n i t .  The most a c t i v e  c a t a l y s t  determined from t h e s e  experiments  
w i l l  t h e n  be t e s t e d  i n  t h e  esnt inuouo aging u n i t .  The t e s t  would run  under 
our  s tandard  s c r een ing  procedure w i t h  I l l i n o i s  No. 6 coa l .  



Another s u b t a s k  o f  t h e  DOE sponsored Amoco program i s  t o  develop a  mathematical  
c o r r e l a t i o n  between r e s u l t s  ob ta ined  on t h e  HRI and t h e  Amoco t e s t  u n i t s .  
J o i n t  t e s t i n g  o f  i d e n t i c a l  c a t a l y s t s  by both HRI and Amoco w i l l  p rov ide  t h e  
d a t a  base f o r  t h e  development of t h e s e  mathematical  exp re s s ions .  

P repa ra t i on  o f .  Modified Aluminas--W. R. Grace Subcontract  

W. R. Grace has been subcont rac ted  t o  p repa re  modified aluminas t o  be used a s  
suppor t s  f o r  our  c o a l  l i q u e f a c t i o n  c a t a l y s t s .  I n  Task 3 of  t h i s  Qua r t e r ly  
r e p o r t  w e  d i scussed  the  p o s s i b i l i t y  t h a t  micropore s i z e  could be a  c r i . t i c a 1  
v a r i a b l e  i n  p roces s ing  Wyodak c z a l .  W. R .  Grace is  p repa r ing  two bimodal 
alumina s u p p o r t s ,  one w i t h  150 A average micropore d i ame te r ,  t h e  o t h e r  w i t h  
200 1. These c a t a l y s t s  w i l l  be used i n  ag ing  t e s t s  w i t h  Wyodak c o a l  d u r i n g  
t h e  coming q u a r t e r .  

W .  R. Grace w i l l  a l s o  at tempt  t o  prepare  a  1/32" NiMo AMOCAT c a t a l y s t  f o r  
use i n  t h e  SRC upgrading e f f o r t .  They have a l r eady  prepared a  1/16" v e r s i o n  
o f  t h e  same c a t a l y s t  f o r  t h e  o ld  EPRI c o n t r a c t .  

W. R. Grace has  a l s o  been contac ted  about p r epa r ing  a  l a r g e  ba tch  o f  AMOCAT-1B 
c a t a l y s t  f o r  t e s t i n g  by H R I  i n  t h e i r  l a r g e  PDU e b u l l a t e d  bed p i l o t  p l a n t .  
They have been informed t h a t  we do not c u r r e n t l y  have t h e  d a t a  f o r  'determining 
t h e  optimum c a t a l y s t  f o r  p roces s ing  Wyodak c o a l  but we £$el t h a t  i t  is  
c r u c i a l  t h a t  t h e  micropore diameter,  be g r e a t e r  t han  120 A. . I n  c o n t r a s t  w e  
do not  f e e l  t h a t  micropore diameter  is  a s  c r u c i a l  i n  p roces s ing  I l l i n o i s  
No. 6 c o a l  and t h a t  t h e  c u r r e n t  AMOCAT-1A i s  t h e  op t ima l  c a t a l y s t  f o r  
p roces s ing  this coa l .  

DKK:RJP: J A M :  s g j  



APPENDIX A 

PILOT PLANT RUN SUMMARY 

During t h e  t h i r d  q u a r t e r  of  t h e  c u r r e n t  program, s i x  runs  were made on t h e  
cont inuous  ag ing  u n i t  us ing  t h e  c a t a l y s t s  l i s t e d .  

Run No. C a t a l y s t  

5 192 Glass  Beads Wyodak c o a l  f o r  f i r s t  ha l f  and I l l i n o i s  
No. 6 f o r  balance o f  run. Uncatalyzed 
hase r u n  made a t  s e v e r a l  r e s idence  t imes 
w i t h  both coa l s .  O ~ l e r  t e a t  cond i t i ons  
and s l u r r y  o i l  were not changed. 

MO-G102B(14) I l l i n u l s  No. 6 coa l .  Betermlnlng e f fec t  
(3651-81) o f  co-promoter w i t h  Ill.  #6 c o a l  us ing  

W .  R. Grace 's  molybdenum c a t a l y s t .  

Enge lhard  Lot No. I l l i n o i s  No. 6 coa l .  Eva lua te  a  10U gm 
11015-26-1 sample o f  BaMo s t a b i l i z e d  3% Coo-15% 
(365 1- 10 9) ' Moo3 on A1203 c a t a l y s t  from Engelhard. 

This  was one o f  t h e  c a t a l y s t s  suppl ied  
by DOE through a c o n t r a c t o r .  

Mo-G102B ( 14) Wyodak coa l .  Continup e v a l u a t i o n  of  
(3651-81) t h e  unpromoted molybdenum a a t a l y s t  

w i t h  Western coal .  The r u n  was 
terminated prematurely when t h e  a g i t a t o r  
on t h e  r e a c t o r  f a i l e d  which caused coke 
t o  be depos i ted  throughout t h e  reactor, 
and p a r t i c u l a r l y  on the  c a t a l y s t  bed. 

Wyodak coa l .  Succes s fu l  r e p e a t  o f  run  
5  195. 

I l l i n o i ~  No. 6 r n a l .  Determine e f f e c t  
of Co promoter on  I l l .  /I6 c o a l  by comparing 
t h e  restilts w i t h  t hose  ob ta ined  w i t h  t h e  
unpromoted Mo-G102B(14) c a t g l y s t  . Both 
c a t a l y s t s  use t he  same 102 A bimodal 
alumina base.  
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