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INTRODUCTION 

This  paper  descr ibes  progress  made dur ing  t h e  f i r s t  year  of a program d i r e c t e d  toward 
developing and e v a l u a t i n g  a concept f o r  r e a c t i n g  pulver ized  coa l  wi th  hea ted  hydrogen 
t o  form hydrocarbon l i q u i d s  s u i t a b l e  f o r  conversion t o  f u e l s  o r  f o r  use as chemical  
feed s tocks .  The b a s i c  concept of  t h e  process  is t h a t  high l i q u i d  y i e l d s  a r e  favored 
by rap id  mixing, r e a c t i o n ,  and subsequent quenching of t h e  r e a c t i n g  mixture .  The 
pulver ized  c p a l  i s  be ing  i n j e c t e d  i n t o  t h e  r e a c t o r  by dense-phase t r a n s p o r t ,  wi th  a 
minimum amount of c a r r i e r  gas  requi red .  A rocket  engine-type i n j e c t o r  is being used 
t o  r a p i d l y  and uniformly mix t h e  coa l  wi th  hydrogen t h a t  has  been hea ted  t o  1200 t o  
2000 F. React ion t imes of 10 t o  1000 mi l l i seconds  a t  temperatures  of 1500 t o  1900 F 
and p r e s s u r e s  of 500 t o  1500 p s i  a r e  be ing  explored.  The concept is be ing  eva lua ted  
wi th  a s imple water-spray quench system. 

The i n i t i a l  e f f o r t  w a s  d i r e c t e d  toward cold-flow t e s t i n g  t o  develop s u i t a b l e  methods 
of t r a n s p o r t ,  i n j e c t i o n ,  and mixing of t h e  pulver ized  coa l .  Subsequent ly ,  r e a c t o r  
t e s t i n g  w a s  begun a t  a nominal c o a l  f l o w r a t e  of 0 .2  t o n s  per  hour ( tph) .  Prepara- 
t i o n s  a r e  a l s o  being made f o r  t e s t i n g  a t  l t p h .  

COLD-FLOW TESTING 

The purpose of t h e  cold-flow t e s t i n g  w a s  t o  develop e f f e c t i v e  means of feeding  t h e  
pulver ized  c o a l  i n t o  a r e a c t o r  and s u i t a b l y  mixing t h i s  coa l  with incoming hydrogen. 
Dense-phase t r a n s p o r t  of t h e  c o a l  was chosen t o  minimize t h e  gas requirement  f o r  
feeding  t h e  c o a l  and, t h u s ,  maximize t h e  gas  a v a i l a b l e  f o r  h e a t i n g ,  because t h e  
process  h e a t  i s  suppl ied  by h e a t i n g  t h e  incoming hydrogen. F u r t h e r ,  cold-flow mixing 
tests were made t o  a l low s e l e c t i o n  of i n j e c t o r  conf igura t ions  and o p e r a t i n g  condi t ions  
t h a t  would produce a h igh  l e v e l  of mixing uniformity.  This high mixing uniformity i s  
needed t o  ensure t h a t  t h e  c o a l  p a r t i c l e s  are exposed t o  a uniform r e a c t i o n  environ-  
ment and r e a c t i o n  time dur ing  t h e i r  b r i e f  res idence  t i m e  i n  t h e  r e a c t o r .  Poor mixing 
would tend  t o  cause some of t h e  p a r t i c l e s  t o  be i n s u f f i c i e n t l y  r e a c t e d ,  thereby  pro- 
ducing a poor y i e l d ,  and o t h e r s  t o  r e a c t  f o r  too  long a per iod  of t i m e ,  wi th  a t t e n -  
dant c racking  of t h e  o i l s  i n t o  gases .  This mixing opt imiza t ion  w a s  accomplished by 
adapt ing  mixing c h a r a c t e r i z a t i o n  techniques t h a t  a r e  used f o r  performance optimiza- 
t i o n  of rocke t  engine i n j e c t o r s .  

TRANSPORT AND FEEDING TESTS 

Cold-flow tests were made with two s imple pressur ized  feeders  t o  e v a l u a t e  t h e  dense- 
phase feeding  and t r a n s p o r t  c h a r a c t e r i s t i c s  of t h e  pulver ized  coa l .  One of these  
f e e d e r s  w a s  made from a 4-inch-diameter Pyrex pipe 4 f e e t  long  and t h e  second w a s  
made from a 10-inch s teel  p ipe  1 7  f e e t  long.  A 30-degree included-angle  cone w a s  
used i n  t h e  bottom of each.  Pulver ized  c o a l  fed from each feeder  through a b a l l v a l v e  
and through s t e e l  tub ing  i n t o  a ca tch  v e s s e l .  No f l u i d i z i n g  gas w a s  provided o t h e r  

"Program funded by ERDA F o s s i l  Energy, Divis ion of Coal conversion and U t i l i z a t i o n  
(Contract  E(49-18)-2044) 

185 



than t h a t  a s s o c i a t e d  w i t h  p r e s s u r i n g  t h e  f e e d e r .  The t r a n s p o r t  gas  requirement 
w a s  i n f e r r e d  from t h e  r a t e  of gas flow t o  t h e  feeder  dur ing  t h e  flow of s o l i d s .  
Pressures  were measured a t  t h e  top of t h e  feeder  and at  s e v e r a l  p o i n t s  i n  t h e  feed 
l i n e .  

T e s t s  were made wi th  two c o a l  p a r t i c l e  sizes--170 micron and 54 micron mass median 
(27 and 74 percent  through a ZOO-mesh screen) .  I n  most cases ,  n i t r o g e n  w a s  used a s  
a carrier gas b u t  tests were a l s o  made wi th  helium and carbon d ioxide  t o  assess den- 
s i t y  e f f e c t s .  The c o a l  was f e d  through 1 / 2 - ,  3/8-,  and 1/4-inch tubing ( i n s i d e  
diameters  of 0.402, 0.277, and 0.180 i n c h ,  r e s p e c t i v e l y ) .  

Typical  p r e s s u r e  g r a d i e n t  r e s u l t s  are shown i n  Fig.  1. An approximate minimum pres-  
s u r e  grad ien t  i s  shown below which the  c o a l  would not  flow. For each p a r t i c l e  s i z e ,  
t h e  pressure  g r a d i e n t  r e s u l t s  tended t o  f a l l  a long a s i n g l e  l i n e  i r r e s p e c t i v e  of tube 
diameter .  The c o a r s e r  c o a l ,  which w a s  used r e p e a t e d l y  because of a l i m i t e d  supply,  
produced an increased  p r e s s u r e  grad ien t  wi th  increased  usage, a l though t h e  r e s u l t s  
s t i l l  e x h i b i t e d  t h e  same dependence on s o l i d s  mass f l u x .  The p r e s s u r e  grad ien t  w a s  
unaf fec ted  by t h e  s u b s t i t u t i o n  of helium or carbon d ioxide  f o r  n i t r o g e n  a s  the  
t r a n s p o r t  gas. The d i f f e r e n c e  i n  pressures  between t h a t  measured i n  t h e  feeder  and 
t h a t  measured n e a r  t h e  upstream end of t h e  feed  l i n e  e x h i b i t e d  a s i m i l a r  dependence, 
varying from 1.6 t o  14 p s i  a t  s o l i d  mass f l u x e s  of 400 and 1500 lbm/f t -sec,  
r e s p e c t i v e l y  . 
The t r a n s p o r t  gas  requirement  i s  shown i n  Fig.  2. The r e s u l t s  i n d i c a t e  t h a t  t h e  coa l  
i s  leaving  t h e  feeder  a t  near  its s t a t i c  bulk d e n s i t y  and only t h e  gas c a r r i e d  i n  the  
i n t e r s t i c e s  of t h e  p a r t i c l e s  i s  requi red  f o r  t r a n s p o r t .  

The d ispersed  s o l i d s  d e n s i t y  was measured by s imultaneously c l o s i n g  two b a l l  va lves  i n  
t h e  l i n e  t o  t r a p  t h e  amount of s o l i d s  be ing  c a r r i e d .  For t h e  170 micron c o a l ,  t h i s  

e x h i b i t e d  a power l a w  dependence on s o l i d s  mass f lux ,  vary ing  from 50 t o  30 
a t  150 and 700 lbm/f t2-sec f o r  each c a r r i e r  gas .  

R e s u l t s  from t h i s  t e s t i n g  have shown t h a t  pu lver ized  c o a l  can be e f f e c t i v e l y  fed 
from a s imple p r e s s u r i z e d  feeder .  
Flowrates from -0 .1  t o  1 .0  lbm/sec were r e a d i l y  obta ined .  Flowrates  -10 lbm/sec 
were obtained wi th  another  pressur ized  f e e d e r ,  used f o r  loading t h e  10-inch p i p e  
feeder .  

The dense-phase f low is  smooth and reproducib le .  

COLD-FLOW M I X I N G  TESTS 

Cold-flow tests were a l s o  made t o  d e f i n e  coa l /gas  i n j e c t o r  conf igura t ions  and opera- 
t i n g  condi t ions  which w i l l  g i v e  r a p i d  and uniform mixing. Because techniques have 
been developed f o r  achiev ing  and c h a r a c t e r i z i n g  i n j e c t o r  mixing f o r  l iqu id-propel lan t  
r o c k e t  engines ,  t h e s e  techniques  w e r e  adapted f o r  t h e  c o a l / g a s  case. Furthermore, 
i n j e c t o r  c o n f i g u r a t i o n s  known t o  g i v e  high l e v e l s  of  mixing i n  rocke t  engines  were 
considered primary c a n d i d a t e s  f o r  t h e  coa l /gas  case.  

For t h i s  t e s t i n g ,  n i t r o g e n  was chosen a s  a s imulant  f o r  t h e  heated hydrogen i n  t h e  
r e a c t o r .  Both t h e  gas  i n j e c t i o n  v e l o c i t y  and d e n s i t y  w e r e  modeled i n  t h e  cold-flow 
case .  T h e  p r e s s u r e  i n  t h e  cold-flow chamber w a s  chosen t o  g i v e  a gas  d e n s i t y  cor res -  
ponding t o  t h a t  of t h e  hydrogen a t  i n j e c t i o n  condi t ions .  To model hydrogen a t  1000 
p s i a  and 1500 F. t h e  n i t r o g e n  p r e s s u r e  should be  19.1 p s i a .  Consequently, t h e  use 
o f  n i t r o g e n  allowed t h e  t e s t s  t o  b e  made a t  near ly  atmosphere condi t ions .  

A two-phase flow probe was used t o  c h a r a c t e r i z e  t h e  f lowf ie ld  c r e a t e d  by t h e  c o a l /  
gas  i n j e c t i o n .  S imi la r  probes have been used e x t e n s i v e l y  t o  c h a r a c t e r i z e  g a s / l i q u i d  
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i n j e c t i o n  f o r  rocket  i n j e c t o r s  (e .g . ,  Ref. 1 and 2 ) .  These probes have been 
developed from t h a t  o r i g i n a l l y  used by Dussourd and Shapiro (Ref. 3 ) .  

The cold-flow mixing tests were made with a s i n g l e  i n j e c t i o n  element i n  t h e  cold- 
flow chambers. 
r e c i r c u l a t i o n .  
f l u x e s  of a gas  and coa l .  The l o c a l  mass f l u x  v a l u e s  were numer ica l ly  i n t e g r a t e d  
t o  obta in  c o l l e c t i o n  e f f i c i e n c i e s  by comparison with measured i n j e c t i o n  f l o w r a t e s .  

The r e s u l t a n t  mass f l u x  d i s t r i b u t i o n s  were p l o t t e d  f o r  q u a l i t a t i v e  assessment;  a l s o ,  
a mixing e f f i c i e n c y  w a s  c a l c u l a t e d .  
f o r  rocke t  engine i n j e c t o r  c h a r a c t e r i z a t i o n  by Rupe (Ref. 4 ) .  This  mixing e f f i c i e n c y  
is usua l ly  expressed a s  

A secondary f low of  gas  was also used  i n  t h e  chamber t o  suppress  
Data from t h e  probe tests were analyzed t o  c a l c u l a t e  t h e  l o c a l  mass 

The mixing e f f i c i e n c y  used was one developed 
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of c o a l  and gas ,  r e s p e c t i v e l y ,  i n  t h e  ith steamtube.  A r e l a -  are t h e  loca lmass  f lowra tes  
t i v e l y  s imple i n t e r p r e t a t i o n  of Eq. 1 c a n b e  obtained by recognizing t h a t  t h e  terms i n  
p a r e n t h e s i s  i n  t h e  equat ion  represent  l o c a l  d e f i c i e n c i e s  of t h e  f r a c t i o n a l  mass f luxes .  
The f l o w f i e l d  d a t a  were numerical ly  i n t e g r a t e d  t o  o b t a i n  t h e  mixing e f f i c i e n c i e s .  

Two coal /gas  i n j e c t o r  conf igura t ions  were chosen f o r  cold-flow e v a l u a t i o n :  a concen- 
t r ic  tube conf igura t ion  and a 4-on-1 impinging conf igura t ion .  Both of t h e s e  y i e l d  
high mixing e f f i c i e n c y  i n  rocke t  a p p l i c a t i o n s .  Fur ther ,  they w e r e  no t  expected t o  
r e s u l t  i n  s u b s t a n t i a l  impingement of coa l  on t h e  wal l s .  The c o n c e n t r i c  tube element 
involves  coaxia l  flow of t h e  two s t reams wi th  c o a l  i n  t h e  c e n t r a l  tube and gas flow- 
ing  i n  t h e  annulus. The 4-011-1 element involves  impingment of four  gas s t reams on 
a c e n t r a l  c o a l  stream. The dimensions of t h e  i n j e c t i o n  elements were a l s o  s e l e c t e d  
on the  b a s i s  of rocke t  engine experience.  

Resul ts  from t h e  cold-flow mixing tests are summarized i n  Fig. 3 and 4 .  High l e v e l s  
of mixing e f f i c i e n c y  have been obtained,  wi th  both  types of e lements .  
engines ,  mixing e f f i c i e n c i e s  g r e a t e r  than 80 t o  90 percent  lead  t o  very high com- 
bust ion e f f i c i e n c i e s  (’95 p e r c e n t ) .  

The mixing r e s u l t s  ob ta ined  with t h e  c o n c e t r i c  tube  element e x h i b i t  d i f f e r e n t  t r e n d s  
from those  obtained wi th  g a s / l i q u i d  i n j e c t i o n  element ,  probably because of d i f f e r -  
ences i n  t h e  shear  i n t e r a c t i o n  i n  t h e  element. 
i n j e c t o r  e x h i b i t s  q u a l i t a t i v e l y  s i m i l a r  c h a r a c t e r i s t i c s  t o  a g a s / l i q u i d  o r  l i q u i d /  
l i q u i d  i n j e c t o r .  
a l though i n  each c a s e ,  t h e  mixing on only one s i d e  of t h e  optimum h a s  been def ined .  

In r o c k e t  

Conversely, t h e  coa l /gas  &-on-1 

Optimum mixing was obtained wi th  two d i f f e r e n t  diameter  r a t i o s ,  

These two r e s u l t s  may be used t o  o b t a i n  a diameter  r a t i o  dependence a s :  
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High l e v e l s  of mixing have been demonstrated w i t h  both  t h e  concentric-tubeand4-on-1 
e l e m e n t  c o n f i g u r a t i o n s .  The h i g h e s t  l e v e l s  of mixing were obta ined  wi th  t h e  4-on-1 
conf igura t ion ,  a l though e i t h e r  type  appears  s u i t a b l e  on t h e  b a s i s  of mixing f o r  
r e a c t o r  t e s t i n g .  Furthermore,  t h e  a b i l i t y  t o  u s e  a two-phase f low probe t o  charac- 
t e r i z e  coa l /gas  mixing has  been demonstrated. 

REACTOR TESTING 

Reactor t e s t i n g  c u r r e n t l y  under way is  d i r e c t e d  toward e v a l u a t i o n  and development of 
a r e a c t o r  based on t h e  shor t - res idence  t i m e  concept. The r e a c t o r s  a r e  being designed 
t o  promote r a p i d  mixing (based on t h e  cold-flow r e s u l t s )  and t o  o b t a i n  r e l a t i v e l y  
high gas v e l o c i t i e s ,  t o  promote i n t e r a c t i o n  (mass t r a n s f e r  and r e a c t i o n )  of the  gas 
with the p a r t i c l e .  The hydrogen i s  being p a r t i a l l y  hea ted  by i n d i r e c t  hea t ing  and 
by p a r t i a l  combustion w i t h  oxygen a s  necessary t o  supply t h e  requi red  process  h e a t .  
The r e a c t o r  i s  being opera ted  wi th  high i n t e r n a l  w a l l  temperatures  t o  minimize a 
tendency f o r  adhesion o f  t h e  p a r t i a l l y  reac ted  coa l  p a r t i c l e s  on t h e  wal l .  The 
amount of hydrogen f e d  i s  be ing  kept  a s  low as  p r a c t i c a l  because of t h e  recyc le  i m -  
p l i c a t i o n  f o r  a complete process .  A simple water-spray quench system i s  being used. 

Reactor  t e s t i n g  was begun wi th  a system capable  of f e e d i n g 3 5  lbmof c o a l  a t a p l a n n e d  
f l o w r a t e  of -0.1 lbm/sec (-0.2 tph) .  The 0.2 tph  r e a c t o r  assembly is i l l u s t r a t e d  
i n  Fig.  5 and a schemat ic  f low diagram of t h e  test  system i s  shown i n  Fig. 6. The 
r e a c t i o n  chamber f o r  m o s t  tests w a s  a 1-1/2-inch-diameter, 0.049-inch-wall s t a i n l e s s  
steel  ( type 321) tube ,  36 inches  long. This  r e a c t i o n  chamber is contained wi th in  an 
i n s u l a t e d  p r e s s u r e  v e s s e l  made from 8-inch pipe.  Coal i s  fed  i n  dense phase t o  t h e  
r e a c t o r  from a p r e s s u r i z e d  f e e d e r  of t h e  type used dur ing  t h e  cold-flow t e s t i n g .  The 
f e e d e r  is  a 6-inch d iameter  v e s s e l  w i t h  a c o n i c a l  (15-degree h a l f  angle)  e x i t .  Reac- 
t i o n  products  pass  from t h e  r e a c t i o n  chamber i n t o  a quench s e c t i o n ,  which has  a set 
of water spray  nozz les ,  and i n t o  a char  rece iver .  The hydrogen i s  hea ted  i n  a 260- 
inch-long c o i l e d  tube  t h a t  i s  hea ted  by pass ing  an e lec t r ic  c u r r e n t  through t h e  tube. 
Up t o  150 k i l l o w a t t s  of  power i s  suppl ied  t o  t h i s  tube by seven motor-generator sets. 
Nearly a l l  of t h i s  power is t r a n s f e r r e d  co t h e  hydrogen a s  hea t .  

Two types of i n e j c t o r s  have been used: a c o n c e n t r i c  tube  and a 4-011-1 conf igura t ion .  
The 4-on- l in jec tor  c o n f i g u r a t i o n  i s  shown i n  Fig. 7. The body of t h i s  i n j e c t o r  i s  
made from a l-1/2-inch tube  f i t t i n g  tee .  
from t h e  s i d e ,  flows around t h e  i n s u l a t e d  c o a l  feed tube ,  and through four  i n j e c t i o n  
o r i f i c e s .  The f o u r  hydrogen stream impinge with a 30-degree h a l f  angle  a t  a po in t  
0.400-inch from t h e  i n j e c t o r  face .  Also inc luded  a r e  f o u r  oxygen i n j e c t i o n  o r i f i c e s  
which a l s o  impinge w i t h  an angle  of 30 degrees  b u t  at  a d i s t a n c e  of 0.700 inch  from 
t h e  i n j e c t o r  f a c e .  

I n i t i a l  t e s t i n g  w a s  d i r e c t e d  toward so lv ing  o p e r a t i o n a l  problems wi th  t h e  system. 
The i n i t i a l  tests were made wi th  t h e  concent r ic  tube  i n j e c t o r  and without  oxygen 
a d d i t i o n .  The r e a c t o r  temperature  was found t o  be lower than a n t i c i p a t e d  dur ing  
these  tests. 
whereas exothermic c h a r a c t e r  w a s  a n t i c i p a t e d .  Hydrogen-to-coal f l o w r a t e  r a t i o s  n e a r  
0.36 were r e q u i r e d  t o  o b t a i n  a r e a c t o r  o u t l e t  temperature  A r e a c t o r  o u t l e t  
temperature  -1500 t o  1800 F was be l ieved  t o  be needed f o r  h igh  conversions.  
i t  was found t h a t  t h e  c h a r  i n  t h e  r e a c t o r  tended t o  agglomerate  and adhere t o  t h e  
w a l l s  of the  r e a c t o r .  
temperature ,  which was (1000 F dur ing  i n i t i a l  tests. Feldmann e t  al. (Ref. 5)  
r e p o r t  t h a t  w a l l  temperatures  of 1340 t o  1470 F were requi red  i n  t h e  Hydrane r e a c t o r  
t o  avoid w a l l  adhesion.  
mize h e a t  l o s s e s  from the r e a c t o r  tube  and, a l s o  e l e c t r i c  w a l l  h e a t e r s  were t r i e d .  
However, t h e  w a l l  t empera tures  were not  increased  s u f f i c i e n t l y  t o  e l i m i n a t e  the  w a l l  
adhesion problem. 
gen t o  r a i s e  t h e  tempera tures  by p a r t i a l  combustion. 

The hea ted  hydrogen e n t e r s  t h e  i n j e c t o r  

The r e a c t i o n  process  appeared t o  e x h i b i t  thermally n e u t r a l  charac te r  

1100 F. 
Fur ther ,  

The l a t t e r  problem w a s  be l ieved  due t o  a low r e a c t o r  wal l  

The system and opera t ing  procedures  were modified t o  mini- 

Therefore ,  t h e  system was modified t o  a l low t h e  a d d i t i o n  of oxy- 
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Two methods of oxygen a d d i t i o n  were t r i e d :  (1) i n j e c t i o n  i n  a small combustor up- 
s t ream from t h e  i n j e c t o r ,  and ( 2 )  i n j e c t i o n  d i r e c t l y  i n t o  t h e  r e a c t o r .  R e l a t i v e l y  
s m a l l  amounts of oxygen are r e q u i r e d  t o  i n c r e a s e  t h e  gas temperature  t o  n e a r  2000F. 
Both methods were s u c c e s s f u l ,  a l though some d i f f i c u l t i e s  w e r e  encountered w i t h  over- 
h e a t i n g  t h e  i n j e c t o r s  and preburners  w i t h  t h e  preburner  approach. Agglomeration was 
l a r g e l y  e l imina ted  f o r  r e a c t o r  temperatures  g r e a t e r  than  -1600 F and r e a c t o r  plugging 
due t o  w a l l  adhesion d id  not  occur  wi th  r e a c t o r  temperatures  above -1500 F. 

A series of t e s t s  was made t o  assess t h e  e f f e c t s  of r e a c t o r  temperature ,  l o c a t i o n  of 
oxygen a d d i t i o n ,  res idence  t i m e ,  and v e l o c i t y .  

The raw char  gas samples, and aqueous samples from t h e  tests have been analyzed t o  
determine t h e  composition of t h e  products  and t o  a l low c a l c u l a t i o n  of m a t e r i a l  
balances.  The gas samples were analyzed by gas chromatography f o r  N 2 ,  H 2 ,  0 2 ,  CO, 
C02, and C 1  t o  C4 hydrocarbons. A gas chromatographic a n a l y s i s  is used a l s o  f o r  
benzene, toluene,  and xylene.  The l a t t e r  procedure was confirmed by m a s s  spec t ro-  
m e t r i c  a n a l y s i s .  
l i k e  m a t e r i a l s .  

Aqueous samples from t h e  cyclone and secondary s e p a r a t o r s  and t h e  water removed from 
t h e  char  rece iver  have been analyzed f o r  carbon content  wi th  a t o t a l  carbon ana lyzer .  

The r a w  char  samples are weighed, a i r  d r i e d ,  and reweighed a f t e r  which a por t ion  of 
t h e  sample i s  dr ied  i n  an oven a t  2 2 1  F f o r  1 hour. A por t ion  of t h e  a i r - d r i e d  sam- 
p l e  i s  s e n t  t o  an o u t s i d e  labora tory  f o r  proximate and u l t i m a t e  ana lyses .  Also, an 
a n a l y t i c a l  benzene e x t r a c t i o n ,  employing a Soxhlet  appara tus ,  i s  used t o  determine 
an e x t r a c t a b l e  f r a c t i o n .  Most of t h e  e x t r a c t i o n s  have been made wi th  material d r i e d  
a t  2 2 1  F f o r  1 hour. An ash a n a l y s i s  is a l s o  made. 

Typical  results  from t h e  0 . 2  tph t e s t i n g  are shown i n  Tables  1 through 3 ,  which sum- 
marize t h e  test condi t ions  and product composition from f o u r  tests made w i t h  t h e  
4-011-1 i n j e c t o r .  

Carbon conversion r e s u l t s  from t h e  0 . 2  tph  t e s t i n g  a r e  shown i n  Fig.  8, which shows 
o v e r a l l  and gas conversions.  Resul t s  a r e  shown from tests made wi th  a b a s i c  r e a c t o r  
s i z e  of 1.402 inch  diameter  x 36 inch  long and a l s o  wi th  0.995 inch  diameter  x 36 
inch ,  1.995 inch d iameter  x 36 inch  and 1.402 diameter  x 18 inch r e a c t o r s .  Thus, 
t h e  r e a c t o r  res idence t i m e  w a s  increased  and decreased by a f a c t o r  of 2.0 from t h e  
base case.  
used as a t r a c e r .  
cen t .  The o v e r a l l  conversions appear t o  vary most s t r o n g l y  with temperature  and 
res idence  time, whi le  changes in t h e  l o c a t i o n  of oxygen a d d i t i o n  (preburner  o r  r e a c t o r )  
and i n j e c t o r  (concent r ic  tube  o r  4-011-1) had r e l a t i v e l y  smal l  e f f e c t s .  The e f f e c t  
on conversion t o  gas  of  changing the  l o c a t i o n  of oxygen a d d i t i o n  w a s  s i g n i f i c a n t .  
The i n c r e a s e  i n  gas formed wi th  oxygen a d d i t i o n  i n  t h e  r e a c t o r  appears  t o  r e s u l t  from 
oxida t ion  of l i q u i d  products .  

Carbon conversion t o  l i q u i d s  i s  shown i n  F ig .  9. Not a l l  of t h e  .carbon w a s  recovered 
dur ing  many of t h e  t e s t s .  This  lost m a t e r i a l  is be l ived  t o  be l i q u i d ,  probably a 
m i s t  of s m a l l  d r o p l e t s  n o t  removed by t h e  cyclone s e p a r a t o r  and s e t t l i n g  tank.  
t a r r y  m a t e r i a l  was recovered from t h e  gas sample b o t t l e s  but  the  accuracy of t h a t  
sample i s  not  s u f f i c i e n t  f o r  it t o  be used t o  account f o r  t h e  carbon d e f i c i t .  Tar 
q u a n t i t i e s  ranging from a few mil l igrams t o  a few grams have been obta ined  whi le  
samples i n  the  middle of t h i s  range would account  f o r  t h e  l o s s .  The carbon f r a c t i o n  
corresponding t o  t h e  l i q u i d  obta ined  by benzene e x t r a c t i o n  of the  char  and t a r  re- 
moved from t h e  s e p a r a t o r s  i s  shown i n  Fig.  9 a long t h e  f r a c t i o n  i n f e r r e d  by d i f f e r -  
ence. The carbon d e f i c i t  i s  shown i n  Fig.  10. 

Also, t h e  sample b o t t l e s  are washed wi th  a so lvent  t o  remove tar- 

The o v e r a l l  conversion has  been c a l c u l a t e d  wi th  t h e  a s h  i n  t h e  c o a l  being 
I n  most cases  t h e  ash recovery was i n  t h e  range of 90 t o  100 per- 

Some 
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Current e f f o r t  i s  d i r e c t e d  toward improving t h e  carbon recovery 
reac tor  t e s t i n g  a t  1 t p h .  

CONCLUSIONS 

Resul ts  from t h e  t e s t i n g  are regarded as h ighly  s i g n i f i c a n t  and 
t i v e  methods of f e e d i n g  t h e  c o a l  and of  i n j e c t i o n  and mixing of 

and prepara t ion  f o r  

encouraging. Ef fec- 
t h e  hydrogen and c o a l  

have been developed. 
r e a c t o r  process  and f e a s i b i l i t y  has  been demonstrated. For comparable f lowra tes ,  
t h e  s i z e  of t h i s  r e a c t o r  i s  s e v e r a l  o r d e r s  of magnitude smal le r  than  some of t h e  
o t h e r  l i q u e f a c t i o n  r e a c t o r s  be ing  developed. 

The test r e s u l t s  i n d i c a t e  high o v e r a l l  conversion,  approaching t h a t  requi red  f o r  a 
balanced p l a n t  opera t ion .  Liquid y i e l d s  a l s o  appear h igh ,  a l though t h e  lack  of: 
t o t a l  recovery leaves  some u n c e r t a i n t y .  

S i g n i f i c a n t  progress  has  been made on developing t h e  des i red  
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TABLE 1. TEST CONDITIONS FOR TYPICAL TESTS 

Ibm. 

19.7 
15.6 

T o t a l  I Flowra tes ,  Ibm/sec 1 Average Temperatures, F 
Coal. Dura t ion .  I . . I ^  I I I C a l c u l a t e d  

seconds. Coal '2 2 Wal l  Reactor Reactor I n j e c t o r  

234 0.084 0.0383 0.0226 1780 1780 1830 4-on-I 
210 0.074 0.0380 0.0230 1820 1700 1920 I 

Test 
Number 

23 
24 
25 
26 

NOTES: 
.- - 

(3) Ca lcu la ted  r e a c t o r  temperatures correspond t o  m i x i n g  w i t h  no heat of 
r e a c t  ion. 

17.0 155 0.110 
19.2 1 240 I 0.080 

0.0372 0.0149 I430 1400 1590 
0.0386 0.0196 1550 1500 1770 

Tes t  24 

0.9 

91 

3.4 

0.2 

4.0 
<o. 1 

0. I 

7 . 3 (  10-4) 
1 .3 (  10-5) 

I 
.. . ~ . ,  ~~~~ - . . 

(21 Test 25 was made w i t h  oxvaen i n i e c t i o n  i n  t h e  Dreburner.  

Test 25 

1 . 3  
93 

0.3 

0.1 

1.6 

<o. I 
0.4 

<O.l 

2.5( 

I .  3 ( 

2.8(10-5) 

TABLE 2 .  COMPOSITION O F  COAL, CHAR AND LIQUID 
PRODUCT FROM TYPICAL TESTS 

Composition, percentage by I 
C o n s t i t u e n t  

Mo i s t u r e  
Ash 
Carbon 
Hydrogen 
N I t rogen 
C h l o r i n e  
S u l f u r  
Oxygen ( D i f f . )  
Benzene 

E x t r a c t a b l e  
F r a c t i o n  

Coa I 

2.05 
10.56 
69.25 

4.87 
1.46 
0.01 
4.26 
7.54 
0.5 

___ 

3.28 
1.47 

15.5 

:har 

0.02 

* e i g h t  

Benzene 
E x t r a c t a b l e  M a t e r i a l  

85.70 

TABLE 3 .  COMPOSITION O F  PRODUCT GAS FROM TYPICAL TESTS 

:omponen t 

N2 
H2 

co2 

CH4 

co 

'ZH4 

'2"6 

C3H8 
C4H IO 
Benzene 

Toluene 

Xylene 

Test 23 

2.6 

89.4 

4.7 

0.2 

2.2 

0.2 

'.7(10-4) 

I .  8(  10-5) 

Mole F r a c t i o n .  percent  I 
Test 26 

<o. 1 

0.2 

4.8( 10-5) 

I .  2 (  10-6) 
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Figure 1. Measured Transport Line Pressure Gradient 
Obtained From Mixing Test Facility 
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Figure 2. Ratio of Solid-to-Gas Volumetric Flowrates 
Obtained From Transparent Feeder Data 
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F i g u r e  4. Cold-Flow Mixing R e s u l t s  From 4-011-1 
I n j e c t i o n  Elements 
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Figure 5. 
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Schematic Diagram of 0.2-tph Reactor Assembly 
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Figure 6. Flow Diagram of 0.2-tph Reactor T e s t  System 
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Figure  7. 0.2-tph 4-on-1 I n j e c t o r  and Preburner  With 
Oxygen I n j e c t i o n  Capab i l i t y  
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Figure 8 .  Carbon Conversion Resu l t s  From 0.2-tph Reactor Tes t ing  
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Figure  9. Carbon Conversion to Liqu ids  From 0.2-tph 
T e s t i n g  

OU'ESTIWED RESULT 
' 0  . . 

0 .  

CARBON DEFICIT EXCLUSIVE OF 
TAR I N  SAMPLE BOTTLES 

OPEN SYMBOLS - 9 IN REACTOR 

b 

. 
0 

d 

Q 0 

1 I I 

, 1400 1500 ls00 1700 1800 1900 2My) 2 
CALCULA1EDREACTORTEMPERATURE.F 

F i g u r e  10. Carbon D e f i c i t  i n  Products  From 0.2-tph 
Tes t ing  
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