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COAL LIQUEFACTION I. CATALYST POISONS PRESENT I N  COAL 

BY 

S .  M. Kovach and J. Bennet t ,  Ashland O i l ,  I n c .  
Ashland, Kentucky 4 1 1 0 1  

INTRODUCTION 

A favorable  economic f u t u r e  of  c o a l  so lva t ion-hydrogenat ion  tech-  
nology w i l l  depend upon t h e  proper  s e l e c t i o n  of c o a l  f e e d s t o c k s  and upon 
c a t a l y s t  l i f e  and a c t i v i t y .  I t  i s  reasonably  w e l l  e s t a b l i s h e d  t h a t  t h e  
r e a c t i v e  c h a r a c t e r  of d i f f e r e n t  c o a l s  vary  widely i n  s o l v a t i o n -  
hydrogenat ion r e a c t i o n s  (1, 2 ,  3 ) .  Some c o a l s  appear  t o  have a s e l f -  
c a t a l y t i c  c h a r a c t e r  ( 3 ,  4 )  whi le  o t h e r s  cause  a pronounced d e a c t i v a t i o n  
o r  poisoning of t h e  hydrogenat ion c a t a l y s t  ( 5 ) .  I n  any c a s e ,  deep hydro- 
gena t ion  t o  remove o r g a n i c  s u l f u r  from the  l i q u i d  product  w i l l  r e q u i r e  a 
c a t a l y s t  ( 4 ,  6 ) .  The p r e s e n t  maximum c a t a l y s t  l i f e  f o r  c e r t a i n  c o a l  
l i q u e f a c t i o n  p r o c e s s e s  i s  of t h e  o r d e r  of  30 t o  90  days.  The causes  f o r  
t h e s e  vary ing  r a t e s  of  c a t a l y s t  d e a c t i v a t i o n  a r e  n o t  c l e a r l y  understood.  
These e f f e c t s  a r e  b e l i e v e d  t o  be a s s o c i a t e d  w i t h  t h e  v a r i o u s  c o a l  
c h a r a c t e r i s t i c s  i n c l u d i n g  t h e  n a t u r e  and c o n c e n t r a t i o n  of minera ls  o r  
t r a c e  elements  i n  t h e  r e s p e c t i v e  c o a l s ,  o r  t o  l a r g e  phorphyrin type  
molecules  t h a t  f i l l  t h e  c a t a l y s t  pores and hence cause reduced a c t i v i t y .  

Previous i n v e s t i g a t i o n s  of c o a l  l i q u e f a c t i o n  p r o c e s s e s  employing 
a heterogeneous c a t a l y s t  i n  a so lva t ion-hydrogenat ion  system have r e -  
p o r t e d  c a t a l y s t  d e a c t i v a t i o n  w i t h i n  t h e  t i m e  l i m i t s  p r e v i o u s l y  mentioned. 
C a t a l y s t  a c t i v i t y  i s  measured by t h e  amount of  unconverted c o a l  and by 
product  d i s t r i b u t i o n .  A s  t h e  amount of  unconverted c o a l  i n c r e a s e s  and 
product  d i s t r i b u t i o n  s h i f t s  t o  t h e  h e a v i e r  ends t h e  c a t a l y s t  i s  d e s c r i b e d  
as be ing  d e a c t i v a t e d .  A t  t h i s  p o i n t  i n  t h e s e  p r i o r  s t u d i e s  t h e  c a t a l y s t s  
w e r e  removed and analyzed as t o  s u r f a c e  area, pore  s i z e  and volume and 
meta ls  on c a t a l y s t .  I n  most c a s e s ,  s u r f a c e  a r e a  and pore  s t r u c t u r e  de- 
c r e a s e d  d r a m a t i c a l l y  w i t h  a l a r g e  pickup of meta ls  on t h e  c a t a l y s t  s u r f a c e  
from t h e  c o a l  ash .  C a t a l y s t  d e a c t i v a t i o n  has  been a t t r i b u t e d  p r i m a r i l y  
t o  t h e s e  metals, and t h e o r i e s  advanced on a l k a l i  metal poisoning  such as 
sodium, calcium, magnesium; a c i d i c  component po isoning  such a s  boron, 
t i t a n i u m ,  and s i l i c a - a l u m i n a ;  and t h e  poisoning  e f f e c t s  of  i r o n  on hydro- 
gena t ion  meta ls .  
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I t  w a s  f e l t  by t h e  a u t h o r s  t h a t  t h e  convers ion  of  c o a l  t o  c o a l  
l i q u i d s  i n  such a p r o c e s s  is a combination of  t h r e e  mechanisms, namely, 
thermal ,  hydrogen donor ,  and heterogeneous c a t a l y s t s ,  and t h a t  c a t a l y s t  
a c t i v i t y  and d e a c t i v a t i o n  w a s  be ing  masked by t h e  g r o s s  e f f e c t s  of t h i s  
p r o c e s s .  T o  b e t t e r  unders tand  c a t a l y s t  d e a c t i v a t i o n  a more s e n s i t i v e  
method f o r  measuring c a t a l y s t  a c t i v i t y  and d e c l i n e  was r e q u i r e d .  S ince  
m e t a l s  d i s p o s i t i o n  on t h e  c a t a l y s t  s u r f a c e  was o c c u r r i n g  throughout  t h e  
p r o c e s s  p e r i o d  and a t  d i f f e r e n t  rates,  t h i s  more s e n s i t i v e  technique  
should  a l low f a s t e r  and m o r e  a c c u r a t e  c a t a l y s t  a c t i v i t y  measurements. A 
system was devised  f o r  t h i s  exper imenta l  s t u d y  t o  expose t h e  c a t a l y s t  t o  
a coal-ash-donor s o l v e n t  sys tem and then  i s o l a t e  t h e  c a t a l y s t  f o r  a c t i v i t y  
measurement as r e l a t e d  t o  hydrogenat ing a p p r e  a romat ic  hydrocarbon. This  
pure hydrocarbon i s  t h e  p a r e n t  a romat ic  hydrocarbon f o r  producing  t h i s  
donor s o l v e n t .  

This  paper d e s c r i b e s  t h e  poisoning  e f f e c t  o f  t h e  major components 
p r e s e n t  i n  a Western Kentucky c o a l  on a c o a l  l i q u e f a c t i o n  c a t a l y s t .  
T h e i r  e f f e c t s  on c a t a l y s t  hydrogenat ion a c t i v i t y  w a s  determined by 
impregnat ion techniques  and by c a t a l y s t  exposure t o  a s i n g l e  i n o r g a n i c  
s a l t  i n  an i s o l a t e d  system. The major i n o r g a n i c  e lements  s t u d i e d  were 
sodium, magnesium, calcium, i r o n ,  t i t a n i u m ,  s i l i c a - a l u m i n a ,  sodium 
s i l i c a t e  and phosphorus. 

. 

EXPERIMENTAL 

Apparatus  

The c o a l  l i q u e f a c t i o n  experiments  and r e f e r e n c e  s t a n d a r d  hydro- 
g e n a t i o n  tes ts  were performed i n  an Autoclave Engineers  2L magnedrive 
s t i r r e d  autoclave.  The equipment on t h i s  a u t o c l a v e  was s t a n d a r d  a s  re -  
c e i v e d  from t h e  f a c t o r y .  The c o o l i n g  c o i l  was removed, and a s p e c i a l  
3/8" d r a i n  va lve  w a s  added to t h e  bottom of t h e  r e a c t o r  f o r  e a s y  and 
f a s t  dumping of t h e  r e a c t o r  product .  The e n t i r e  system was p r o p e r l y  
manifolded f o r  easy and r a p i d  a d d i t i o n  of  any l i q u i d  feed  or gas .  L iquid  
product  was c o l l e c t e d  by p a s s a g e  through a c o o l i n g  c o i l ,  p r e s s u r e  w a s  
c o n t r o l l e d  by a r e g u l a t i n g  v a l v e ,  and a l l  g a s e s  passed through a H2S 
s c r u b b e r  and w e t  t e s t  meter b e f o r e  vent ing  t o  t h e  atmosphere.  

Ref rac tometer .  
R e f r a c t i v e  i n d i c e s  w e r e  measured by means o f  a Bausch and Lomb 

C a t a l y s t  s u r f a c e  area and pore  size-volume w e r e  determined by a 

Elemental  a n a l y s i s  o f  c a t a l y s t s  b e f o r e  and a f t e r  t r e a t m e n t  w i t h  
c o a l  and t h e  poison s t u d i e d  w e r e  determined by atomic a b s o r p t i o n .  

C a t a l y s t  samples w e r e  suspended i n  a w i r e  mesh b a s k e t  a t t a c h e d  

Micro-Meretics ins t rument .  

t o  t h e  b a f f l e  p l a t e  s u p p l i e d  by t h e  manufacturer .  
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M a t e r i a l s  

\ 

I 

The c a t a l y s t  chosen f o r  t h i s  s tudy  was Nalcomo 471. The proper -  
t i es  of  t h i s  c a t a l y s t  a r e  given i n  Table  1. This  c a t a l y s t  was chosen 
because of i t s  e x t e n s i v e  use  by r e s e a r c h e r s  i n  e a r l i e r  s t u d i e s .  

The c o a l  u t i l i z e d  i n  t h i s  p r o j e c t  w a s  a Western Kentucky #11 from 
t h e  F i e s  Mine, i t s  p r o p e r t i e s  a r e  g iven  i n  Table  2 .  This  c o a l  was re -  
ce ived  as run of  t h e  mine ( l a r g e  lumps) and s t o r e d  i n  double  p l a s t i c  bags 
i n s i d e  of  a s e a l e d  meta l  can. The c o a l  w a s  c rushed ,  sieved and q u a r t e r e d  
t o  p a s s  through a 200 mesh s c r e e n  a s  needed. P r i o r  t o  use  t h e  c o a l  w a s  
d r i e d  i n  a vacuum oven a t  100°C. 

The r e f e r e n c e  s t a n d a r d  u t i l i z e d  i n  o u r  hydrogenat ion  tests t o  
measure c a t a l y s t  a c t i v i t y  i s  a naphthalene-alkylnaphthalene mixture .  The 
p r o p e r t i e s  o f  this feed  a r e  g iven  i n  Table  1. 

T e s t  Procedure 

A given weight  of  c a t a l y s t  was charged t o  t h e  c a t a l y s t  b a s k e t  i n  
t h e  a u t o c l a v e ,  t h e  a u t o c l a v e  was s e a l e d  and p r e s s u r e  checked a t  2500 PSIG. 
A f t e r  a s u c c e s s f u l  p r e s s u r e  check t h e  u n i t  was depressured  t o  a tmospheric  
p r e s s u r e  and r e p r e s s u r e d  t o  250 PSIG w i t h  hydrogen s u l f i d e  and heatup 
s t a r t e d .  The c a t a l y s t  w a s  p r e s u l f i d e d  a t  t h e  g a s  c y l i n d e r  p r e s s u r e  and 
700°F f o r  t h r e e  hours .  
a tmospheric  p r e s s u r e  and t h e  tempera ture  dropped t o  250°F. 
c o n d i t i o n s  1000 c c  of t e t r a l i n  w a s  added fol lowed by c o a l  a d d i t i o n  
(300 grams) w i t h  s t i r r i n g .  The au toc lave  w a s  then  s e a l e d ,  p r e s s u r i z e d  t o  
2000  PSIG wi th  hydrogen and hea ted  t o  t h e  o p e r a t i n g  tempera ture  (650 t o  
775OF). This  h e a t  up p e r i o d  r e q u i r e d  60 t o  9 0  minutes .  

A f t e r  p r e s u l f i d i n g  t h e  u n i t  w a s  d e p r e s s u r e d  to  
A t  t h e s e  

A t  t h e  end of  t h e  c o a l  l i q u e f a c t i o n  t e s t ,  which l a s t e d  from s i x  
t o  e i g h t  hours ;  s t i r r i n g  was s topped,  and hydrogen p r e s s u r e  was s h u t  
down. The product  w a s  dumped and c o l l e c t e d .  A s  t h e  p r e s s u r e  w a s  reduced 
a l l  gases  i n  t h e  r e a c t o r  w e r e  passed through a c o o l i n g  c o i l  t o  c o l l e c t  
condens ib les .  

To remove any t r a c e s  of heavy hydrocarbons,  t h e  c a t a l y s t  and 
v e s s e l  w e r e  washed once wi th  t e t r a l i n  and once w i t h  t h e  r e f e r e n c e  hydro- 
g e n a t i o n  feeds tock  a t  r e a c t i o n  tempera ture  and p r e s s u r e .  T h i s  concluded 
t h e  f i r s t  c o a l  run of a test  series on t h e  same c a t a l y s t  charge.  

The n e x t  s t e p  i n  t h e  tes t  procedure w a s  t o  measure c a t a l y s t  
hydrogenat ion a c t i v i t y  of  t h e  a romat ic  hydrocarbon s t a n d a r d .  P r i o r  t o  
t h e  s tar t  of t h e  hydrogenat ion a c t i v i t y  t es t ,  t h e  a u t o c l a v e  w a s  p rehea ted  
t o  720°F. Upon t h e  a d d i t i o n  of 1000 cc of t h e  r e f e r e n c e  f e e d s t o c k  
(Table  1) and p r e s s u r i n g  t o  2000 PSIG wi th  hydrogen w i t h  s t i r r i n g ,  t h e  
tempera ture  of t h e  c o n t e n t s  of t h e  a u t o c l a v e  dropped t o  6500F +50F which 
then  became t h e  o p e r a t i n g  temperature  of  t h e  s t a n d a r d  test .  A t  f i f t e e n  
minute i n t e r v a l s  s m a l l  samples of  t h e  hydrogenated f e e d s t o c k  are with-  
drawn f o r  r e f r a c t i v e  index  measurement. T h i s  a l lows  us  t o  o b t a i n  a rate 
of  R I  decrease  and can determine t h e  e x a c t  t i m e  r e q u i r e d  t o  reach t h e  

I 
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d e s i r e d  p o i n t  of hydrogenat ion .  The d e c r e a s e  d e s i r e d  i s  lower ing  t h e  
index  from 1.5877 to 1.5700. This  r e p r e s e n t s  approximately a 50% con- 
v e r s i o n  of b i c y c l i c  a r o m a t i c s  t o  t h e  corresponding t e t r a l i n s .  A f t e r  t h e  
hydrogenat ion t e s t  is  completed,  t h e  u n i t  i s  prepared  f o r  t h e  n e x t  c o a l  
run  by fo l lowing  t h e  t e s t  procedure  o u t l i n e d  a f t e r  c a t a l y s t  p r e s u l f i d i n g .  
This  sequence of per forming  a c o a l  l i q u e f a c t i o n  run  fol lowed by t h e  
c a t a l y s t  hydrogenat ion a c t i v i t y  t e s t  can be repea ted  on t h e  same c a t a l y s t  
charge.  I n  t h e s e  exper iments  it was r e p e a t e d  between t h r e e  and e i g h t  
t i m e s .  

The s tandard  c o n d i t i o n s  u t i l i z e d  i n  each  series of  tes ts  a r e  out-  
l i n e d  i n  Table  3. The p o i s o n  s t u d i e s  i n  which t h e  c a t a l y s t  was exposed 
t o  a s i n g l e  e lement  p r e s e n t  i n  t h e  c o a l  ash is  similar t o  t h e  technique  
employed i n  t h e  c o a l  and r e f e r e n c e  hydrogenat ion tests. I n  t h e s e  tests,  
a s i n g l e  ash  component w a s  added t o  t h e  t e t r a l i n ,  i t s  weight  correspond-  
i n g  t o  i t s  c o n c e n t r a t i o n  i n  a t y p i c a l  coal run.  An example i s  t h e  u s e  of 
calcium carbonate .  I n  a t y p i c a l  c o a l  r u n ,  300g of coal is u t i l i z e d  which 
ana lyzed  a t  23.13% a s h  and 1.37% calcium oxide.  This  i s  p r o r a t e d  t o  show 
t h a t  1.8g of  calcium c a r b o n a t e  would be p r e s e n t  i n  t h e  ash.  The c a t a l y s t  
was exposed t o  t h i s  s i n g l e  e lement  i n  t e t r a l i n  a t  c o n d i t i o n s  corresponding 
t o  t h a t  employed i n  a t y p i c a l  c o a l  run.  C a t a l y s t  washing and t h e  r e f e r e n c e  
f e e d s t o c k  hydrogenat ion t es t s  a r e  i d e n t i c a l  t o  those  p r e v i o u s l y  descr ibed .  

RFSULTS AND DISCUSSION 

The apparent  d e a c t i v a t i o n  of heterogeneous c a t a l y s t s  employed i n  
c o a l  l i q u e f a c t i o n  p r o c e s s e s  ( so lva t ion-hydrogenat ion)  i s  r a p i d  when com- 
pared  t o  t h e  use of t h e  same c a t a l y s t  i n  petroleum p r o c e s s e s .  This  de- 
a c t i v a t i o n  r a t e  v a r i e s  depending upon c o n d i t i o n ,  type  o f  c o a l ,  etc. 
(F igure  1). The cause  o f  c a t a l y s t  d e a c t i v a t i o n  has  been a t t r i b u t e d  by 
o t h e r  r e s e a r c h e r s  t o  metals poisoning.  Analys is  of t h e i r  s p e n t  c a t a l y s t s  
has  shown t h e  presence  o f  h i g h  c o n c e n t r a t i o n s  of a l k a l i n e  and a l k a l i n e  
e a r t h  metals, a c i d i c  meta l  o x i d e s ,  and i r o n .  However, c a t a l y s t  a c t i v i t y  
i n  t h e s e  s t u d i e s  was measured by t h e  amount o f  unconverted c o a l  and 
product  d i s t r i b u t i o n  ( l i g h t  v s .  heavy e n d s ) .  W e  f e l t  t h a t  c a t a l y s t  
a c t i v i t y  as measured i n  t h e s e  systems w a s  being masked by t h e  g r o s s  
e f f e c t s  o f  t h e  o v e r a l l  p r o c e s s .  That  i s ,  c o a l  was be ing  conver ted  t o  
l i q u i d s  by t h e  t h r e e  p r e v i o u s l y  mentioned mechanisms o p e r a t i n g  i n  any 
h igh  temperature-donor so lvent -he terogeneous  c a t a l y s t  p rocess .  To b e t t e r  
de te rmine  t h e  d e a c t i v a t i o n  mechanism o r  poisoning  e lements  p r e s e n t ,  an 
i n v e s t i g a t i o n  was i n s t i t u t e d  t o  look a t  c a t a l y s t  a c t i v i t y  d u r i n g  c o a l  
l i q u e f a c t i o n  i n  t h e  e a r l y  s t a g e s  (100-200 h r s . )  , and t o  employ a more 
s e n s i t i v e  t es t  t o  measure c a t a l y s t  a c t i v i t y .  The best t e s t  t o  measure 
c a t a l y s t  a c t i v i t y  i s  t h e  hydrogenat ion of  a pure  a romat ic  hydrocarbon. 
This  test  is  very s e n s i t i v e  t o  c a t a l y s t  po isoning  by a d s o r p t i o n  o r  re- 
a c t i o n  of  t h e  hydrogenat ion metals w i t h  o t h e r  metals p r e s e n t  i n  t h e  
r e a c t i o n  media. 

S i n c e  t h e  coal l i q u e f a c t i o n  p r o c e s s  employs a donor s o l v e n t ,  i n  
t h i s  case t e t r a l i n ,  t h e  a romat ic  hydrocarbon chosen w a s  a methylnaphtha- 
l e n e  c o n c e n t r a t e  (Table 1). C a t a l y s t  a c t i v i t y  was measured as t h e  t i m e  
r e q u i r e d  t o  hydrogenate  t h i s  c o n c e n t r a t e  from t h e  naphtha lene  t o  t h e  50% 
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t e t r a l i n  s t a g e .  This  rate w a s  chosen because a t  t h e  50% t e t r a l i n  s t a g e ,  
t h e  hydrogenat ion of t e t r a l i n  t o  d e c a l i n  h a s  n o t  occur red  which can com- 
p l i c a t e  t h e  rate of  r e a c t i o n  ( t i m e ) .  

A series of hydrogenat ion tests were made w i t h  t h e  v i r g i n  pre-  
s u l f i d e d  c a t a l y s t  and t h e  r e f e r e n c e  f e e d s t o c k  t o  e s t a b l i s h  uncontaminated 
c a t a l y s t  a c t i v i t y .  
feeds tock  o n l y , e s t a b l i s h e d  t h e  t i m e  necessary  t o  reach t h e  50% conversion 
l e v e l  us ing  t h e  v i r g i n  c a t a l y s t .  A s m a l l  d e c l i n e  i n  c a t a l y s t  a c t i v i t y  
w a s  recorded  between t h e  f i r s t  t w o  runs .  The remaining f o u r  runs  i n -  
d i c a t e d  t h a t  an asymptot ic  va lue  of  a c t i v i t y  had been reached .  The t i m e s  
for t h e s e  f o u r  runs  w e r e  averaged and t h i s  e s t a b l i s h e d  an e q u i l i b r a t e d  
c a t a l y s t  a c t i v i t y  t i m e  of  1 7 1  minutes .  From t h e s e  t es t s  i n i t i a l  c a t a l y s t  
a c t i v i t y  was determined and a s s i g n e d  a v a l u e  of c a t a l y s t  r e l a t i v e  
a c t i v i t y  of 1 .0 .  A l l  o t h e r  c a t a l y s t  a c t i v i t i e s  are measured r e l a t i v e  t o  
t h i s  va lue  and are determined as fo l lows:  

A series o f  s i x  p r e l i m i n a r y  r u n s  u s i n g  t h e  r e f e r e n c e  

C a t a l y s t  R e l a t i v e  A c t i v i t y  = 171 minutes  
T i m e  (min) t o  hydrogenate  t o  1.5700 

Since any s i g n i f i c a n t  po isoning  of  t h e  c a t a l y s t  by c o a l  c o n s t i t u e n t s  w i l l  
i n c r e a s e  Time (1.5700) t h e  denominator w i l l  always be g r e a t e r  than  171 
minutes .  Thus t h e  c a t a l y s t  r e l a t i v e  a c t i v i t y  w i l l  be between z e r o  and one. 

Coal L i q u e f a c t i o n  S t u d i e s  

Based upon o u r  i n i t i a l  premise a s  t o  c a t a l y s t  a c t i v i t y ,  c a t a l y s t  
d e a c t i v a t i o n ,  and l i q u e f a c t i o n  mechanisms, a series of s t u d i e s  on c a t a l y s t  
a c t i v i t y  d e c l i n e  d u r i n g  coal l i q u e f a c t i o n  w e r e  i n i t i a t e d .  W e  a n t i c i p a t e d  
t h a t  t h e  i n i t i a l  measurements of  c a t a l y s t  hydrogenat ion a c t i v i t y  would 
remain high ( n e a r  1 . 0 )  and would show a s l i g h t  d e c l i n e  i n  t h e  reg ion  of 
50-100 l b s .  c o a l  p e r  l b .  of  c a t a l y s t .  Beyond t h i s  p o i n t  c a t a l y s t  a c t i v i t y  
would d e c l i n e  more r a p i d l y  and t h e  ra te  would de te rmine  a t  what p o i n t  the  
c a t a l y s t  would be removed f o r  a n a l y s i s .  Analys is  a t  t h i s  p o i n t  would 
c o n s i s t  of s u r f a c e  a r e a  and pore size-volume measurements and t h e  determi- 
n a t i o n  of any t r a c e  e lements  absorbed on t h e  c a t a l y s t  s u r f a c e  from t h e  
c o a l  ash.  

A s  no ted  i n  F igure  2 t h i s  never  occurred.  A f t e r  many r e p e a t  t e s t s  
t o  c o r r e c t  o p e r a t i n g  procedure ,  and mechanical  problems,  w e  f i n a l l y  re- 
s o l v e d  t h a t  c a t a l y s t  d e a c t i v a t i o n  w a s  o c c u r r i n g  i n  t h e  f i r s t  t e s t  upon 
exposure t o  c o a l .  This  i s  shown by t h e  curve f o r  c o a l  l i q u e f a c t i o n  a t  
675OF. A d d i t i o n a l  experiments  w e r e  made a t  h igher  tempera tures  on t h e  
premise t h a t  t o o  much heavy m a t e r i a l  was remaining unconverted and re- 
q u i r e d  h i g h e r  tempera tures  t o  be cracked and hydrogenated t o  l e s s  
v i s c o u s  m a t e r i a l .  The curves  f o r  o p e r a t i o n  a t  7250F and 7750F show t h a t  
i n i t i a l l y  c a t a l y s t  a c t i v i t y  improved b u t  r a p i d l y  d e c r e a s e d  w i t h  subsequent  
c o a l  l i q u e f a c t i o n  r u n s ,  and approached ( w i t h i n  exper imenta l  error) t h e  
same u l t i m a t e  asymptot ic  va lue  of a c t i v i t y .  
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A t  t h i s  p o i n t  it w a s , n o t  known i f  c a t a l y s t  d e a c t i v a t i o n  w a s  due 
t o  carbon laydown o r  metals poisoning.  Analys is  of t h e  c a t a l y s t  by X-ray 
d i f f r a c t i o n  and AA showed o n l y  t r a c e s  of  a s h  components p r e s e n t  on t h e  
c a t a l y s t  s u r f a c e .  These were only  p r e s e n t  i n  0 . 1  w t .  % or less concen- 
t r a t i o n  which w a s  c o n s i d e r e d  i n s u f f i c i e n t  t o  d e c r e a s e  c a t a l y s t  a c t i v i t y  
any s i g n i f i c a n t  amount. 

The c a t a l y s t  w a s  t h e n  submit ted f o r  s u r f a c e  area and pore  volume 
a n a l y s i s .  The r e s u l t s  (Table 5 )  w e r e  more dramat ic  as t o  r e a s o n s  f o r  
c a t a l y s t  d e a c t i v a t i o n .  

TABLE 5 

S.A. Mi/% P.V.  cc /g  % c - W t .  % 

Fresh 4 7 1  260  0.46 0.0 
Used 471 - 675'F 126.5 0.20 18 

Used 471 - 775OF 158 0.25 15 

These r e s u l t s  showed t h a t  c a t a l y s t  d e a c t i v a t i o n  w a s  o c c u r r i n g  as 
soon as t h e  c a t a l y s t  c o n t a c t e d  t h e  c o a l - s o l v e n t  system. These heavy 
carbonaceous m a t e r i a l s  c o u l d  i n c l u d e  tars ,  a s p h a l t e n e s ,  mal tenes ,  r e s i n s ,  
etc. To e s t a b l i s h  if t h i s  theory  was correct .the c a t a l y s t  would only  
need t o  be  r e g e n e r a t e d  i n  air t o  remove t h e  carbon and be r e s t o r e d  t o  
v i r g i n  a c t i v i t y .  

F i g u r e  3 shows t h e  e f f e c t  of carbon on c a t a l y s t  and r e g e n e r a t i o n  
w i t h  a i r  on c a t a l y s t  a c t i v i t y .  The c a t a l y s t  w a s  c o n t a c t e d  w i t h  c o a l  for 
a s i n g l e  pass  and its a c t i v i t y  measured. I t  w a s  t h e n  r e g e n e r a t e d  i n  a i r  
a t  925OF and i t s  a c t i v i t y  measured. 
same c a t a l y s t  with t w o  c o a l  runs  i n  sequence. Regenerat ion w i t h  a i r  
a g a i n  r e s t o r e d  t h e  c a t a l y s t  t o  v i r g i n  a c t i v i t y .  The e f f e c t  of r e p e a t e d  
exposure of t h e  c a t a l y s t  t o  t h e  c o a l - s o l v e n t  sys tem g i v e s  c a t a l y s t  re- 
l a t i v e  a c t i v i t y  r a t e s  t h a t  f a l l  on  t h e  o r i g i n a l  curves  shown i n  Figure 2.  

These d a t a  show t h a t  c a t a l y s t  hydrogenat ion  a c t i v i t y  drops  drama- 
t i c a l l y  upon i n i t i a l  exposure  t o  a c o a l - s o l v e n t  system. C a t a l y s t  r e l a t i v e  
a c t i v i t y  drops t o  1 0 - 2 0 %  of v i r g i n  a c t i v i t y  when o n l y  20-40 l b s .  of  c o a l  
i s  processed  p e r  lb .  of  c a t a l y s t .  Those p r o c e s s e s  p r e s e n t l y  showing 
p o t e n t i a l  f o r  commercial development t h a t  have r e p o r t e d  a c a t a l y s t  
o p e r a t i n g  a t  a h i g h  and c o n s t a n t  a c t i v i t y  l e v e l  are i n  r e a l i t y  operating 
a t  a l e v e l  that  i s  a lmost  n e a r  complete d e a c t i v a t i o n .  T h i s  i s  f u r t h e r  
s u b s t a n t i a t e d  by t h e  sudden and r a p i d  d e c l i n e  i n  a c t i v i t y  t h a t  t h e y  
themselves  have r e p o r t e d .  

This  sequence was r e p e a t e d  on t h e  

Poisons i n  Coal Ash - C a t a l y s t  Impregnat ion 

The n e x t  phase  of t h i s  program was t o  determine t h e  major  elements 
p r e s e n t  i n  our  c o a l  a s h  (Table  2 )  and t h e  t y p e  of  compound they  r e p r e s e n t .  
This  was t e n t a t i v e l y  i d e n t i f i e d  by t h e  Chemical Engineer ing-Geological  
Department of t h e  U n i v e r s i t y ,  of  Kentucky. The f i r s t  s t e p  w a s  t o  s tudy  the 
effects  of t h e s e  e lements  on  c a t a l y s t  a c t i v i t y  by impregnat ion.  
g i v e s  t h e  r e s u l t s  of t h e s e  t e s t s .  

F igure  4 

/ 

1 
Y 
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The e lements  w e r e  impregnated upon t h e  Nalco 471 c a t a l y s t  th rough 
t h e  use  of w a t e r  s o l u b l e  s a l t s .  These sa l t s  w e r e  t y p i c a l l y  n i t r a t e s  or 
c h l o r i d e s .  A s  e x p e c t e d ,  t h e  a l k a l i  sa l t s  (Na, C a ,  Mg) gave t h e  h i g h e s t  
degree  of d e a c t i v a t i o n  whereas t h e  a c i d i c  components 
l i t t l e  or no d e a c t i v a t i o n .  Secondly,  t h e s e  curves  would g i v e  a b a s i s  f o r  
measuring c a t a l y s t  d e a c t i v a t i o n  when t h e  c a t a l y s t  was exposed t o  a s i n g l e  
a s h  compound. 

(B, T i ,  S i )  gaye 

Poisons  i n  Coal Ash - C a t a l y s t  Exposed t o  S i n g l e  Component 

n e x t  phase was t h e  exposure of t h e  Nalco 471 c a t a l y s t  t o  a s i n g l e  com- 
ponent.  This  was accomplished by employing t e t r a l i n  a s  t h e  s o l v e n t  and 
suspending t h e  s i n g l e  compound i n  t h e  donor s o l v e n t  as a f i n e  powder ( a s  
p r e s e n t  i n  t h e  c o a l  a s h  d u r i n g  a coal r u n ) .  The compounds u t i l i z e d  i n  
t h i s  series a r e  g iven  i n  F igures  5 and 6 a l o n g s i d e  of  t h e  a p p r o p r i a t e  
a c t i v i t y  curves .  I n  some c a s e s  t h e s e  a c t i v i t y  c u r v e s  a r e  i d e n t i c a l  t o  
t h a t  o b t a i n e d  f o r  t h e  impregnat ion tests and i n  o t h e r s  d i s s i m i l a r ,  

The b e s t  i n t e r p r e t a t i o n  of t h e s e  tests and c u r v e s  are g iven  i n  
Table  4 .  The grams of  each  compound u t i l i z e d  r e p r e s e n t s  i ts c o n c e n t r a t i o n  
i n  300g of  c o a l  (amount p e r  t e s t  r u n ) .  A f t e r  t h i s  had been exposed t o  
f i v e  r e p e a t  runs  ( t h e  e q u i v a l e n t  o f  6 0  l b s .  of  c o a l  p e r  lb. of c a t a l y s t ) ,  
t h e  c a t a l y s t  w a s  removed and ana lyzed  f o r  t h e  amount of  t h e  p a r t i c u l a r  
e lement  t e s t e d  t h a t  had been adsorbed on i t s  s u r f a c e .  This  f i g u r e  i s  
r e p o r t e d  as % meta l  o x i d e  on c a t a l y s t  - AA. The f i n a l  a c t i v i t y  of t h e  
c a t a l y s t  a f t e r  t e poison  s t u  y is  r e p o r t e d  under t h e  column c a t a l  s t  

The f l n a l  column c:talyst a c t i v i t y  based on F i g u r e d e  
-activity as e s t i m a t e d  from Figure  4 based upon t h e  amount of 
t h e  poison  (ash  c o n s t i t u e n t )  analyzed by AA and r e p o r t e d  accord ingly .  

ments. The l a r g e  d i s c r e p a n c i e s  occur  i n  t h e  o c c l u s i o n s  of  t h e  a c i d i c  
components. 

Upon complet ion o f  t h e  c a t a l y s t  po ison  s t u d y  by impregnat ion ,  t h e  

The b a s i c  m a t e r i a l s  fo l low f a i r l y  c l o s e  t o  t h e  a c t i v i t y  measure- 

SUMMARY AND CONCLUSIONS 

The l i q u e f a c t i o n  of  c o a l  i n  a donor so lvent -he terogeneous  c a t a -  
l y s t  system l e a d s  t o  c a t a l y s t  d e a c t i v a t i o n  by two t y p e s  of  po isons .  
These poisons  a r e  of  a temporary and permanent type.  The temporary 
poison  i s  a heavy carbonaceous m a t e r i a l  which acts immediately upon 
c a t a l y s t  a c t i v i t y ,  b u t  a c t i v i t y  can be restored t o  n e a r  v i r g i n  a c t i v i t y  
by an a i r  r e g e n e r a t i o n .  The permanent po isons  (no known commercial 
economical method known f o r  i ts  removal) a r e  t h e  components p r e s e n t  i n  
c o a l  ash.  The d e g r e e s  of  d e a c t i v a t i o n  by t h e s e  c o a l  a s h  components on 
heterogeneous c a t a l y s t s  have been determined and it has been shown t h a t  
t h e  a l k a l i n e  materials are more 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  than  
t h e  a c i d i c  components. 

O u r  f u t u r e  w o r k  w i l l  e n t a i l  s t u d i e s  t o  f i n d  a c a t a l y s t  t h a t  i s  
more a c t i v e  i n  t h e  presence  of t h e s e  carbonaceous materials. 
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Also we w i l l  de t e rmine  t h e  r a t e  of  d e p o s i t i o n  of t h e  e lements  
from coal a sh  on a c a t a l y s t  and t h e  r a t e  of change of c a t a l y s t  a c t i v i t y  
wi th  concen t r a t ion .  
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TABLE 1 

NALCOMO 471 
(Cobal t-Molybdenum- Alumina) 

CHEMICAL ANALYSESl W t .  % 

% MOOS 
% coo 
% Na20 
% Fe 
% Si02 

12.5 
3.5 
.05 
.03 

. 3  

PHYSICAL PROPERTIES 

Sur face  A r e a ,  M2/gm 
P o r e  V o l u m e ,  Cm:/gm 
Dens i ty ,  l b s / f t  
Dens i ty ,  gm/cc 
S t r e n g t h ,  lbs c rush  

* A t t r i t i o n  Index  
S i z e  
Form 

260 
(c C I S )  .46 

39 
.67 

(avg. 1 1 4  
92 

1/16" 
E x t r u d a t e  

* % Reta ined  on a 2 0  mesh s i e v e  a f t e r  tumbl ing  one hour .  

STANDARD ( 4 1  TK) FEED 
GC ANALYSIS ( W t .  % )  

1. 
2. 
3. 
4. 
5. 
6. 
7.  
8 .  
9 .  
10. 
11. 
1 2 .  
13.  
1 4 .  
15. 
16. 

L e s s  than  Naph. 
Naphthalene 
Naph-MN 
2-Methylnaph 
1 - M e  t h y  lnaph 

2-Ethy lnaph 
Biphenyl 
1-Ethylnaph 
2 ,6  + 2,7 DMN 
1 , 7  DMN 
1 , 3  + 1 , 6  DMN 
2 , 3  + 1 , 4  DMN 
1 , 5  DMN 
1 , 2  DMN 
Greater t h a n  DMN 

MN-EN 

R e f r a c t i v e  Index (24OC) 

9.61 
15.74 

4.06 
27.44 
13.78 

0 .41  
1 .91  

0.66 
5.60 
2.60 
7.33 
2.18 
0 .91  
1.55 
6.22 

----- 

1.5877 



Moisture 

Ash 

Vo l a t  i le s 

Fixed Carbon 

Sulfur 

BTU/ lb .  
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TABLE 2 

COAL SAMPLE 11-000 
#11 MADISONVILLE - F I E S  MINE 

I s l a n d  C r e e k  C o a l  C o m p a n y  

A S  RECEIVED 

4.68 

22.05 

33.90 

39.37 

3.68 

10,390 

ASH ANALYSIS - WT. % ASH 

Si02 53.81 

Fe 2 0  3 12.11 

T i 0 2  0.89 

A 1 2 0 3  23.48 

CaO 1.37 

MgO 0.80 

MOISTURE FREE 

----- 
23.13 

35.56 

41.31 

3.86 

10,900 

! 
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TABLE 3 

\ ’  

STANDARD CONDITIONS 

COAL RUNS 

F i g u r e s  2 and 3 

Temperature OF - A s  Noted 

C a t a l y s t  - 25g Nalcomo 471 

S o l v e n t  - 1,OOOg T e t r a l i n  
S t i r r i n g  Rate  - 1200 RPM 

P r e s s u r e  - 2,000 PSIG 

Coal  - 300g 

STANDARD REFERENCE RUNS 

MEASURE RELATIVE ACTIVITY OF CATALYST 

F i g u r e s  2 ,  3 ,  4 ,  5 ,  6 

1,000 cc of 4 1  TK Feed 

P r e s s u r e  - 2,080 PSIG 
Temperature OF - 650 F 
S t i r r i n g  R a t e  - 1200 RPM 
C a t a l y s t  - 25g Nalcomo 471 

POISON STUDIES 

F i g u r e s  5 and 6 

Temperature OF - 675OF 

S o l v e n t  - l , , O O O g  T e t r a l i n  
S t i r r i n g  Rate  - 1200 RPM 

P r e s s u r e  - 2,000 PSIG 

Amount of S i n g l e  Poison Added per r u n  - See T a b l e  4 
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TABLE 4 
1 

ASH CONSTITUENT 

NaHCO 3 

CaCO 3 

MgCO 3 

Fez03 

T i c 1 2  ( C P ) 2  

NHbPO4 

N a 2 S i O 3  

g R U N  

1.0 

1 .8  

1.3 

8.0 

2.0 

0 .5  

1.0 

50 

CATALYST 
ACTIVITY 

0.53 

0.69 

0 .60  

0.34 

0.82 (R)  

0.80 (R)  

0.75 

0.69 

% METAL OXIDE 
ON CATALYST-- 

2.2 

0.44 

3.0 

10.0 

2.2 

1.1 T o t a l  
0.45 N a  

7.3 

CATALYST ACT. 
BASED ON F I G .  4 

0.51 

0.79 

0.72 

0.38 

0.98 

0.9 - S i 0 2  
0.80 - N a  

0.90 

1 
(R)  = CATALYST REGENERATED I N  A I R  TO REMOVE CARBON OR AMMONIA 


