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ABSTRACT 

Experiments were performed t o  determine t h e  r e s u l t s  of 
carbon iza t ion  under pressure o f  th ree coal l i q u e f a c t i o n  produc 
( o r  by-product) ma te r ia l s  and thus supply data needed as a 
design base f o r  two concepts f o r  advanced coal  l i q u e f a c t i o n  
p lan ts .  Sol id -1  i q u i d  separat ion underf low (SLSU) and so l  vent 
from a hydroext rac t ion  process were carbonized a t  900°F i n  an 
i n e r t  atmosphere a t  pressures up t o  400 psig.  Vacuum s t i l l  
bottoms from the  H-Coal process were pyro lyzed a t  llOO°F i n  a 
methane atmosphere a t  400 psig.  

Results from carbon iza t ion  o f  hydroext rac t ion  so lvent  and 
SLSU show t h a t  (1 ) o n l y  1 t o  7% o f  t h e  so lvent  i s  degraded 
dur ing  carbon iza t ion  a t  900°F and 400 psig,  (2) t he  heavier  
f r a c t i o n  o f  t h e  res idue con t r i bu ted  t h e  most toward coke fo r -  
mation, and (3)  increased pressure increases t h e  degree of 
coking o f  t he  heavier  f r a c t i o n s .  

Results from p y r o l y s i s  o f  t he  vacuum s t i l l  bottoms mate- 
r i a l  a t  llOO°F and 400 p s i g  i nd i ca ted  t h a t  (1 )  small amounts 
o f  l i q u i d  are  produced, (2) a s i g n i f i c a n t  qua1 i t y  o f  gas i s  
produced, and (3) h igher temperatures w i  11 probably be requ i red  
t o  produce f ree- f lowing char. 

1 . INTRODUCTION 

Experiments were performed a t  t he  request o f  t h e  former D i v i s i o n  o f  

Major F a c i l i t i e s  P ro jec ts  Management i n  t h e  U.S. Energy Research and 

Development ~ d m i n i  s t r a t i o n *  t o  evaluate t h e  process f e a s i  b i  1 i ty  o f  u n i t  

operat ions proposed by two o f  t h e i r  cont rac tors  : . F l  uor  Engineers and 

constructors,  Inc.,  and the  Ralph M.. Parsons Company. The purpose o f  

t h i s  r e p o r t  i s  t o  summarize these experiments and. the  r e s u l t s  obtained. 

* 
Now Llie Department o f  Energy. 



F l u o r  Engineers and Constructors, Inc. ,  has prepared a conceptual 

design f o r  a hyd roex t rac t i on  demonstration1 i n  which i t  has proposed 

t h a t  t h e  s o l  id -1  i q u i d  separa t ion  underf low (SLSU) be g a s i f i e d  under 

pressure f o r  hydrogen product ion  a f t e r  low-temperature carbon iza t ion  

s o l v e n t  recovery. To avo id  lock-hoppers, i t  was suggested t h a t  t he  

carbon izer  be pressur ized,  a l l ow ing  the  char s imply t o  over f low from 

t h e  carbon izer  t o  t h e  g a s i f i e r .  I n fo rma t ion  was needed concerning t h e  

q u a n t i t y  o f  so l ven t  which would be the rma l l y  degraded a t  900°F w i t h  

pressures of 50 and 400 ps ig .  An experimental, p ressur ized carbonizer  

us ing  smal l  q u a n t i t i e s  o f  SLSU and so lvent  was used t o  est imate f r a c t i o n  

o f  feed t h e r m a l l y  degraded i n  a f l ~ ~ i d i z e d - b e d  carbonizer .  

The Ralph M. Parsons Company has prepared a conceptual design 

f o r  an advanced coal  l i q u e f a c t i o n  p lan t2  i n  which i t  has proposed t h a t  

vacuum s t i l l  bottoms be t r e a t e d  by r a p i d  p y r o l y s i s  i n  an en t ra ined f l o w  

r e a c t o r  t o  recover  hydrocarbon l i q u i d s  and gases. Since the re  a re  no 

e x i s t i n g  data on y i e l d s  o f  l i q u i d s  and gases f o r  p y r o l y s i s  a t  t h e  des i red  

ope ra t i ng  cond i t i ons  (llOO°F, 500 ps i ,  and gas space t ime between 0.1 

and 1 sec), and s ince  e x t r a p o l a t i o n  o f  data taken near atmospheric pres- 

sure  was f e l t  t o  be t o o  u n r e l i a b l e  f o r  process eva lua t ion ,  t he  equipment 

b u i l t  p r e v i o u s l y  was used t o  p rov ide  t i m e l y  est imates o f  product  y i e l d s  

as a bas i s  f o r  eva lua t i on  o f  Parsons' proposed process step. Since the  

e x i s t i n g  equipment used i n  t h i s  experiment was n o t  designed f o r  t he  

extreme cond i t i ons  proposed by Parsons, these experiments were done a t  

1100°F and 400 p s i g  i n  a f l u i d i z e d  bed ( f l u i d i z e d  w i t h  methane). The 

Parsons' f lowsheet  a l s o  c a l l s  f o r  t h e  vacuum s t i l l  bottoms t o  be f e d  t o  

t h e  p y r o l y s i s  r e a c t o r  w i t h  an equal amount o f  coa l .  Therefore, these 

experiments were conducted w i t h  th ree  feeds: coa l ,  vacuum s t i l l  bottoms, 

and a m ix tu re  o f  coal  and vacuum s t i l l  bottoms. 

The r-eniai ni ng sec t ions  o I' t h i s  repoiiL d-i scuss Llle e ~ p e r - i ~ ~ i e ~ ~ l d l  

equipment, the  var ious  feedstocks examined i n  the  experiments, t he  

experimental  procedures, t h e  measured r e s u l t s ,  and some conclusions 

t h a t  can be drawn f rom t h e  observat ions. 



2. EXPERIMENTAL 

The mate r ia l s  t h a t  were i nves t iga ted  i n  these experiments, t he  equip- 

ment, and the  procedures are  described i n  t h i s  sec t ion .  

2.1 Charac ter iza t ion  o f  Feed Mater ia ls  

SLSU and so lvent  f o r  t he  s tud ies  i n  support o f  t he  hydroext rac t ion  

process designed by F luor  had much d i f f e r e n t  p roper t i es  from t h e  vacuum 

s t i l l  bottoms mate r ia l  used f o r  t h e  s tud ies  i n  support of t h e  res idue 

treatment step proposed by Parsons. These mate r ia l s  are  described below. 

2.1.1 Hydroextract ion SLSU and so lvent  

Three mate r ia l s  were used as feedstocks f o r  t h e  study o f  hydro- 

e x t r a c t i o n  SLSU carbon iza t ion  : (1 ) SLSU cons is t i ng  o f  so l  i d s  suspended 

i n  so lvent  s i m i l a r  t o  the  expected carbonizer  feed obta ined from Conoco 

Coal Development Corporat ion .(CCDC) i n  December 1976; (2)  another q u a n t i t y  

o f  a s i m i l a r  SLSU obtained from CCDC i n  June 1977; and (3) so l ids- f ree  

so lvent  (de f ined as the  -700°F b o i l i n g  f r a c t i o n  o f  t h e  SLSU) a l s o  obta ined 

from CCDC i n  June 1977. U l t imate  and proximate analyses of these mate- 

r i a l s  a r e  shown i n  Table 1. Both SLSU samples a re  q u i t e  vis.cous, though 

d e f i n i t e l y  f l u i d  a t  room temperature, and contained v i s i b l e  so l  i d  p a r t i  - 
c les.  However, as seen i n  Table 1, t he  SLSU obta ined from CCDC i n  June 

1977 contains considerably fewer s o l i d  mater ia ls ,  as r e f l e c t e d  i n  the  

ash content.  Th is  d i f f e r e n c e  i n  the  two SLSU samples i s  a1 so r e f l e c t e d  

i n  the  r e s u l t s ,  which are 'd iscussed i n  Sect. 3. The solvent ,  which i s  

the  -700°F b o i l i n g  f r a c t i o n  o f  t h e  residue, (a lso  obta ined from CCDC i n  ' 

June 1977) i s  a much less  viscous l i q u i d  w i t h  no s o l i d s  and a very small 

s u l f u r  and ash content.  S imi la ted b o i l i n g  curves f o r  the  two SLSU and 

sol  vent a re  shown i n  Figs. 1 , 2, and 3. These bo i  1 i ng curves a re  

obtained by t h e  ASTM chromatographic technique .and do n o t  account f o r  

any o f  t he  ma te r ia l  which i s  nonvo la t i l e .  

2.1.2 Vacuum s t i l l  bottoms mate r ia l s  

The res idue used f o r  the  s tud ies  i n  support of t he  Parsons' design 

was a vacuum s t i l l  bottoms (VSB) ma te r ia l  produced by the  H-Coal process. 



Table 1. Analyses o f  p rsssur ized  ca rbon i za t i cn  feed m a t e r i a l s  

Proximate ana l ys i s  ( w t  % as received)  Heat ing 
V o l a t i l e  F ixed U l t ima te  ana l ys i s  (wt  % maf va lue 

i a l  s  Mo is tu re  Ash m a t b r  carbona Carbon Hydrogen N i t rogen Z u l f u r  ( B t u / l b )  Mater 

SLSU (1 2/76) . . 1.76 17.5 43.8 36.9 88.7 6.45 1.07 4.52 13,356 

SLSU (6/77) - - 0.08 94.02 5.90 91 -12 8 .a I  0.16 0.44 17,504 P 

Sol ven t  b 0.14 <0.2 < I 0 0  - - 91.83 8.06 0.02 0.07 17,762 

Vacuum s t i l l  0.21 18.05 35.9 45.8 85.43 6.07 1.84 2.63 15,374 
bottoms 

I l l i n o i s  No. 6 1.19 11.14 14.2 73.5 89.31 4.32 1.27 1.57 9,454 
coal  

a ~ y  d i f f e r e n c e .  

b ~ o l  ven t  denotes t h e  -700°F bo i  1  i ng f r a c t i o n  o f  res idue (6/77).  
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F ig .  1.  Simulated b o i l i n g  curve f o r  SLSU rece ived December 1976. 
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F ig .  2. Sim11latc2cl b o i l i n g  curve for SLSU obtained from CCDC .irl 
June 1977. 





The material had been obtai ned from Hydrocarbon Research, Inc. (sampl e 
LO-282) i n  l a t e  1975 fo r  an ea r l i e r  project. Ultimate and proximate 
analyses and heating values for  th i s  VSB material are  also tabulated i n  

Table 1. The VSB material i s  quite intractable  and solid a t  room tempera- 
ture .  As seen in Table 1 ,  the H-Coal VSB i s  not a premium material since 
i t  contains high concentrations of sulfur  and ash. In addition to  H-Coal 
VSB, I l l i no i s  No. 6 coal was also used as a feed material for  the second 
phase of th i s  project.  The ultimate and proximate analyses for  t h e ,  

I l l i n o i s  No. 6 coal used are  also shown i n  Table 1. 

2.2 Experimental Equipment Procedures 

Because o f  the s ignif icant  differences in the feed materials for  
these studS es (hydroextraction SLSU and VSB) , different  experimental 
techniques were required, necessitating s l ight ly  different  flowsheets 
f o r  the experimental apparatus. The flowsheet variations and the experi- 
mental procedure fo r  each variation a re  described. 

2.2.1 Equipment and procedures for  experiments using hydroextraction 
resSdue and solvent feedstock - 

The flowsheet used for  pressurized carbonization of hydroextraction 
SLSU and solvent i s  shown i n  Fig. 4. The equipment consists of a 500-ml 
feed tank, a Mil ton Roy Model A packed plunger positive-displacemenl; pump 

f o r  SLSU s lu r r i e s  or sol ids-free solvent, ,a f l  uidized-bed carboniza1;ion 
vessel,  a water-cooled condenser, a primary-condensate receiver, a 
cyclone for, aerosol removal, a secondary-condensate receiver, an ac t i -  
vated charcoal bed for additional vapor removal, and a t ra in  of 10 gas- 

sample bombs for  sampling the gas strearn from the carbonizer. The car- 
bonization vessel contained a bed of alumina fluidized by preheated argon. 
The carbonlzer vessel,  the condenser, the primary-condensate receiver, the 
gas preheater, and the s lur ry  atomizing nozzle a re  described in detai l  in 

the Appendix. 

Since the Fluor design called for  continuous fluidized-bed carboni- 
zation of the SLSU, an attempt was made to  simulate continuous operation 
as closely as possible without continuous solids removal from the bed. 
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Fig.  4. Schematic of .experimental  system f o r  pressur ized carboni -  
z a t i o n  of SLSU. 



The experimental procedure was as f o l  lows : 

1. The bed mate r ia l  (alumina o r  char)  was charged t o  the  
carbon iza t ion  vessel,  and t h e  system was sealed and 
1 eak-tested. 

2. F l u i d i z i n g  argon f low was begun a t  f l o w  ra tes  o f  0.15 
t o  2.0 SCFM ( c o n t r o l l e d  using c a l i b r a t e d  o r i f i c e  f l o w  
meters),  and power t o  the  e l e c t r i c a l  heaters on the  
gas preheater  and carbonizer  was turned on. Cool ing 
water f l o w  t o  the  condenser was s tar ted .  

3. As the  system was being heated, the  feed tank was f i l l e d  
w i t h  t h e  feed l i q u i d .  With the  feed l i n e  disconnected 
.from t h e  system, t h e  feed pump was 's ta r ted  so t h a t  t he  
tubing between t h e  feed tank and the  carbonizer  was 
f i l l e d  wi.Lh feed. 

4 .  The feed tank was rbealuved, i t s  welght recorded, and then 
i t  was r e i n s t a l l e d .  A.sample o f  t he  feed was s e t  as ide 
f o r  f u t u r e  ana lys is .  

5. When t h e  temperatures (recorded on mu1 t i  p o i n t  recorders)  
became s tab le ,  t he  pump was turned on t o  in t roduce feed 
i n t o  t h e  carbonizer  a t  a r a t e  of 10 t o  20 mllmin. 

6. During t h e  run, grab samples o f  t he  gas leav ing  the  
cyclone were taken a t  10-min i n t e r v a l s .  Readings on 
the  we t - tes t  meter were recorded a t  5-min i n t e r v a l s .  
Power t o  t h e  heaters was adjusted t o  main ta in  a 
constant  temperature i n  the  carbonizer,  which was 
u s u a l l y  constant  t a  - +lO°F. 

The run  cont inued u n t i l  ~ 2 0 0  g o f  feed was pumped i n t o  
t h e  reac to r ;  a t  t h a t  time, the  pump was stopped, the  
feed tank removed, and i t s  weight recorded. The amount 
o f  feed was assumed t o  be the  d i f f e r e n c e  between t h i s  
weight and t h e  weight  recorded i n  step 4. Run tempera- 
t u r e  was maintained i n  the  system for  a t  l e a s t  20 min 
a f t e r  t h e  feed was stopped; gas samples and readings on 
t h e  we t - tes t  meter were a l so  taken du r ing  t h i s  t ime. 

8. The system was purged overn ight  w i t h  a small f l o w  r a t e  
o f  argon. Char was ren~uved Prom the  carbonizer,  weighed, 
and sampled. L i q u i d  products were removed from the  con- 
densate rece ive r ,  cyc lone- rece iver ,  and a c t i v a t e d  carbon 
t rap ,  as w e l l  as from tub ing connect ing those vessels. 
These products were weighed and sampled. 



2.2 .2  Flowsheet f o r  experiments w i t h  vacuum s t i l l  bottoms mate r ia l  
and experimental procedure 

The equipment was modi f ied  t o  a l l ow  feeding the  coal and VSB t o  the  

pressur ized carbonizer vessel. Also, t o  s imulate t h e  Parsons' process 

as c l o s e l y  as possib le,  methane was used as the  f l u i d i z i n g  gas t o  the  

carbonizer.  The f lowsheet o f  t he  modi f ied  experimental equipment i s  

shown i n  Fig.  5. 

The i n i t i a l  scheme t o  feed the  VSB mater ia l  was t o  s l u r r y  the  s o l i d s  

i n  a r e l a t i v e l y  i n e r t  organic l i q u i d  (e.g., benzene) and pump t h e  s l u r r y  

i n t o  t h e  reac to r  us ing e x i s t i n g  equipment. However, t he  volume o f  l i q u i d  

requ i red  t o  make a pumpable s l u r r y  was too l a r g e  f o r  t h i s  scheme t o  be 

p r a c t i c a l .  Therefore, a p lan  using several small feed i n j e c t i o n  tubes 

opera t ing  s i m i l a r l y  t o  lock-hoppers was used, al though t h i s  d i d  n o t  

r i ! jorously s imulate the  Parsons' process. The feed tubes are  described 

i n  d e t a i l  i n  the  Appendix. 

The ac t i va ted  charcoal t r a p  was a l s o  removed from the experiment 

since i t  was predetermined t h a t  i t  was n o t  needed f o r  these experiments 

w i t h  VSB mate r ia l .  

The experimental procedure was as f o l  1 ows : 

1. The bed mater ia l  (alumina) was charged t o  the  carbon iza t ion  
vessel, and the  system was sealed, leak- tested,  and f lushed 
w i t h  argon t o  remove a i r  from the system. 

2.  The alumina bed was f l u i d i z e d  w i t h  argon, and the  power t o  
the  e l e c t r i c a l  heaters was turned on. When t h e  tempera- 
tu res  were near run  condi t ions,  argon f l o w  was stopped and 
methane f l o w  s tar ted ;  t h e  temperatures were then al lowed 
t o  s t a b i l i z e .  

3. When run cond i t ions  were s t a b i l i z e d ,  the  VSB/coal was fed 
t o  t h e  r e a c t o r  i n  t h e  f o l l o w i n g  sequence: 

a. With valve 1 (see Fig.  5) closed, a feed tube 
prev ious ly  f i l l e d  w i t h  VSB/coal was I n s t a l  led .  

b. With valves 3, 4, and 5 closed, va lves 1 and 2 
were opened t o  pressur ize  ( t o  ~ 1 8 0 0  ps ig )  the  
tub ing upstream o f  t h e  feed tube. 

c ,  With valve 1 closed and valve 2 s t i l l  open, 
valves 3, 4, and 5 were opened i n  succession 
t o  impel the  VSB i n t o  t h e  reac to r .  
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Fig. 5. Schema: ic of experimental sys tem ,for rapid-pressuri zed 
pyrolysis of VSB/coa'l . 



d. A l l  valves were closed, and the  procedure repeated 
u n t i l  t h e  contents o f  a l l  feed tubes were fed. I n  
order  t o  s imulate continuous operat ion as c l o s e l y  
as possib le,  t he  feed tubes were fed a t  i n t e r v a l s  
o f  approximately 3 t o  5 min. The feed tubes were 
weighed before and a f t e r  i n j e c t i o n  t o  determine 
the  amount o f  VSB/coal fed. 

4. During t h e  run, grab samples o f  t h e  gas leav ing  the  cyclone 
were taken a t  10-min i n t e r v a l s .  Readings on the  wet - tes t  
meter were recorded a t  5-min i n t e r v a l s .  Power t o  the  
heaters was adjusted t o  main ta in  a constant temperature i n  
t h e  carbonizer,  which was u s u a l l y  constant  t o  - +lO°F. 

5. The system was purged overn ight  w i t h  a small f l o w  r a t e  o f  
argon. Char was removed from the  carbonizer,  weighed, and 
sampled. L i q u i d  products were removed from the  condensate 
rece iver ,  cyclone rece iver ,  and ac t i va ted  carbon t rap ,  as 
w e l l  as from tub ing connecting those vessels. These 
products were weighed and sampled. 

3. RESULTS 

T h i r t y  experimental runs were performed i n  support o f  t h e  two con- 

ceptual designs. The f i r s t  seven runs were shakedown operat ions f o r  the  

experiments support ing hydroext rac t ion  res idue carbon iza t ion  and used 

methylnaphthalene as feed; s i x teen  runs were made using e i t h e r  hydro- 

e x t r a c t i o n  SLSU o r  solvent;  f o u r  runs were made t e s t i n g  methods f o r  

feeding VSB mate r ia l  and coal ;  and f o u r  runs were made us ing VSB mate r ia l ,  

coal ,  o r  VSB/coal mixtures. The r e s u l t s  from t h e  experiments i n  support 

o f  t he  two conceptual designs a re  discussed separate ly  i n  the  f o l l o w i n g  

secttons. 

3.1 Pressurized Carbonizat ion o f  Hydroextract ion SLSU 

Hydroextract ion SLSU was carbonized i n  a f l u i d i z e d  bed a t  65 and 

415 ps ia  and 900°F (one run  was a t  1050°F). Two bed mate r ia l s ,  alumina 

and hydrocarbonizat ion char (obtained from t h e  ORNL Bench-Scal e Hydrocar- 

bon iza t ion  F a c i l i t y )  were used as the  f l u i d i z e d  s o l i d .  In each case, 

argon was t h e  f l u i d i z i n g  gas. Experiments were operated such t h a t  gas 

and l i q u i d  ( s l u r r y )  'feeds were continuous bu t  were batch experiments w i t h  

respect  t o  the  f l u i d i z e d  so l  i 'ds ( i  .e., t he re  was an unsteady-state bu i ldup 

o f  coke i n  the  bed dur ing  a run) .  



The r e s u l t s  of hydroext rac t ion  SLSU carbon iza t ion  are  summarized i n  

Table 2. As mentioned e a r l i e r ,  t he  o b j e c t i v e  o f  t h i s  work i s  t o  est imate 

so l ven t  losses i n  pressur ized carbonizat ion.  The measure o f  so lveot  l oss  

was t h e  coke formation i n  the  reac tor ,  w i t h  the  gas and l i q u i d  y i e l d s  

( i  .e. , mater i  a1 balance c losu re )  o f  secondary importance. The coke 

product ion  was measured by t h e  weight ga in  o f  the  bed, and t h i s  an, i lysis 

was t h e  most r e l i a b l e  measurement o f  so lvent  degradation. As can be seen 

f rom t h e  runs us ing  so l ven t  as the  feed mate r ia l ,  the  so lvent  losses are 

q u i t e  low (1 t o  7% o f  feed). For most o f  these runs, no s i g n i f i c a n t  gas 

product ion  was detected. As discussed e a r l i e r ,  t he  SLSU received i n  

June 1977 i s  a much l i g h t e r  mater ia l  w i t h  a lower s o l i d s  content;  t h i s  

d i f f e r e n c e  i s  r e f l e c t e d  i n  t h e  considerably lower coke format ion i r ~  runs 

us ing  t h i s  SLSU. It should a l so  be noted t h a t  coke formation i s  n u t  

t h e  s o l e  measure o f  l i q u i d  losses s ince the  reac t i on  t h a t  produces coke 

a l s o  produces some gas. The gas formed from the CSF residue carbon iza t ion  

cons is ted main ly  o f  Hz and CHq 

The l i q u i d s  recovered were a l i g h t ,  high-Btu l i q u i d  having low 

concentrat ions o f  ash and su l fu r .  Table 3 shows the u l t i m a t e  and 

proximate analyses o f  t h e  l i q u i d  products recovered. The q u a l i t y  o f  

these mate r ia l s  can be compared w i t h  t h a t  o f  the  feed mate r ia l s  by 

re ference t o  Table 1. I n  add i t i on ,  representa t ive  simulated b o i l i n g  

curves f o r  l i q u i d  products o f  the  th ree  feedstocks are shown i n  Figs. 6 

(product  o f  p ressur i  zed carbon iza t ion  o f  SLSU rece i  ved i .n  December 1976, 

7 (product  of p ressur ized carbon iza t ion  o f  SLSU received i n  June 1977), 

and 8 (product  o f  p ressur ized carbon iza t ion  o f  so lvent ) .  

Reference t o  Table 2 revea ls  t h a t  the  ma te r ia l  balance c losures are  

c o n s i s t e n t l y  d e f i c i e n t  20 t o  30%; t h i s  def ic iency was probably caused by 

incomplete recovery o f  1 i q u i  d products. When one considers the  small 

amount o f  l i q u i d  present. i n  a f a i r l y  l a r g e  p i ~ c r !  n f  equipment, i t  car1 Lc 

e a s i l y  seen t h a t  t he  amount o f  l i q u i d  needed t o  make up the  mater ia l  

balance de f i c iency  could e a s i l y  be l o s t  i n  f i t t i n g s ,  tube bends, e tc .  I n  

add i t i on ,  t he  m a t e r i a l  balance measurements associated w i t h  the  s o l i d  and 

gas products were re1 i ab le  and reproduci b l  e. 



Table 2. Summary o f  r e s u l t s  f o r  p r e s s u r i z e d  c a r b o n i z a t i o n  o f  h y d r o e x t r a c t i o n  SLSU 

M a t e r i  a1 
Bed Pressure Temperature F l u i d i z i n g  Feed w t  Coke w t  F r a c t i o n  L i q u i d  w t  Gas wt  ba lance 

~ u n ~  m a t e r i a l  ( p s i g )  ("F) gas Feed (g)  ( g )  . coked ( 9 )  ( g )  c l o s u r e  (%)  

PRC-7 A1 umi na Argon SLSU 
(12176) 
SLSU 

(12176) 

Sol  v e n t  

PRC-3 A1 umi na Argon 

161 12 0.074 89 ~-4 63 

179 13 0.073 111 'LO 69 

167 Resu l t s  i n v a l i d  due t o  i m p r o p e r l y  d e v o l a t i z e d  char  

PRC-3 A1 umi na 

PRC- I 0  A1 umi na 

PRC-I1 Char 

Argon 

Argon 

Argon 

Sol v e n t  

SLSU 
(6177) 

b 
PRC- 12 A1 umi na 

PRC-'I 3 A1 umi na 

Argon 

Argon 

Sol ven t  

SLSU 
(6177) 

SLSU 
(6177) 

Sol ven t  

177 --- --- 140 --- 
21 1 39.7 0.188 99 'LO 66 

PRC-' 4 A1 um'na Argon 262 40.8 0.156 152.6 'LO 74 

271 2.7 0.010 208.2 -0 78 

161 4.4 0.027 , 110 1.3 7 2 

346 --- --- 199.3 --- --- 

PRC-: 5 A1 umi na 

PRC-17 Char 

P R C - 1 8 ~  Char 

Argon 

Argon 

Argon 

So lven t  

SLSU 
(6177) 
SLSU 

(6'177) 
SLSU 

(6177) 

SLSU 
(6177) 

SLSU 

PRC-lgb Char Argon 

F'RC-EO Char Argon Run abor ted  due t o  f i l t e r  f a i l u r e  

PRC-21 Char Argon 

PRC-22 Char Argon 

a ~ u n s  1 t o  7 were shakedown runs u s i n g  methy lnapthalene as feed; r u n  16 was t o  t e s t  char  d e v o l a t i l i z a t i o n .  

b ~ e s u l  t s  i n v a l i d  due t o  o p e r a t i n g  d i f f i c u l t i e s .  



Tab1 e  3 .  Analys is  of hydroex t rac t ion  res idue ca rbon iza t i on  product mater i  a1 s  

Proximate anhl v s i  s  
( w t  % as r e c e i i e d  U1 t imate  ane.1ysi s  

V o l a t i l e  (maf)'. Heating value, 
Run Mois ture  As hi mat te r  Carbon Hydrogen N i  t rcgen Sul f u r  ( B t u l l  b )  (maf) 

~ ~ c - 7 ~  

P R C - B ~  

PRC-9 

PRC- 1  0 

PRC-11 

PRC-12 

PRC-13 

PRC-14 

PRC-15 

PRC-17 

PRC-21 

PRC-22 

a!loisture and ash f ree.  

b~ l  timate  ana lys i s  f o r  r9r,s 7  and 8  are on as-received basis.  
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SAMPLE NO. 2094 

100 200 300 4 00 500 600 

TEMPERATURE ( O C )  

Fig. 6.' ' Simulated boiling curve for product of pressurized 
carbonization of SLSU obtained in December 1976. 
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Fig .  7. .S imu la t ed  b o i l i n g . c u r v e  f o r  product  o f  pressur i .zed 
c a r b o n i z a t i o n  of  SLSU obta ined  June 1977. 



SAMPLE NO. 3668 

300 400 

TEMPERATURE (*C) 

Fig .  8. Simulated b o i l i n g  p o i n t  curve f o r  product  o f  p ressur ized  
carbon iza t ion  o f  so l ven t  rece ived December 1976. 



The s o l i d s  l e f t  i n  t h e  carbonizer  were always f r e e  f lowing; however, 

f o r  some of the  runs us ing  SLSU as the  feed mater ia ls ,  some small agglom- 

e ra tes  were present .  I t  should a l so  be noted t h a t  t he  l i q u i d s  produced 

i n  these experiments were o f  h igh  q u a l i t y ,  showing low ash and s u l f u r  

contents  and a h i g h  heat ing  value. 

As noted i n  Sect. 2, two batches of SLSU were used i n  these exper i -  

ments. Although these m a t e r i a l s  were obta ined from the  same source, t he re  

were d i f f e r e n c e s  i n  t h e  two m a t e r i a l s  (as noted i n  Table 1 ) and r e f l e c t e d  

i n  t h e  r e s u l t s  shown i n  Table 2. The second batch of SLSU contained l e s s  

so l  i d s  (ash and f i x e d  carbon) and produced a smal le r  f r a c t i o n  o f  cake. 

3.2 Rapid Pressurized P y r o l y s i s  o f  
V;11.:111riil S t i  11 Rnttorns and Coal 

Vacuum s t i l l  bottoms (VSB), coal ( I l l i n o i s  No. 6), and a 1 :1 m ix tu re  

o f  VSB/coal were carbonized a t  llOO°F, 415 p s i a  i n  a methane atmosphere. 

Usinq t h e  method o f  feed ing  described i n  Sect. 2, t he  gas residence t ime 

a t  t h e  t ime  o f  feed ing  was est imated t o  be 3 sec. The expekiments were 

cont inuous w i t h  respect  t o  methane, semicontinuous w i t h  respect  t o  VSB/ 

coa l ,  and batch w i t h  respect  t o  f l u i d i z e d  s o l i d s ,  again causing unsteady- 

s t a t e  accumulat ion o f  coke i n  t he  flu-idlzed bed. 

Table 4 summarizes t h e  r e s u l t s  o f  the  pressur ized carbon iza t ion  o f  

t h e  VSB/coal . As seen f rom t h i s  tab le ,  t he  ma te r ia l  balarlce c losures 

a r e  somewhat d e f i c i e n t ;  however, s ince  methane was used as the  f l u i d i z i n g  

gas f o r  these runs, i t  was n o t  poss ib le  t o  est imate methane product ion.  

Therefore, the  methane produced may account f o r  a I d r y e  p o r t i o n  o f  t h e  

m a t e r i a l  balance d e f  J c i  t. 

The l i q u i d  product  recovered from pressur ized carbon iza t ion  o f  H-Coal 

VSB was no t  o f  t h e  h i g h  q u a l i t y  o f  t he  l i q u i d  recovered i n  e a r l i e r  exper- 

iments. I he product  was n o t  f l u , i d  a 1  rooa temper-atuie and had unacccplabl j i  

h i g h  s u l f u r  concentrat ions.  The u l t i m a t e  and proximate analyses o f  t he  

products o f  H-Coal VSB a r e  shown i n  Table 5. 

S i g n i f i c a n t  gaseous products were recovered f rom t h e  pressur ized 

ca rbon iza t i on  o f  H-Coal VSB; the  gas-analysis da ta  a re  summarized i n  

Table 6. Because o f  t h e  ambigui ty  in t roduced by us ing  a d iscont inuous 



Tab1 e 4. Summary o f  r e s u l  t s  o f  p ressu r i zed  
c a r b o n i z a t i o n  o f  VSB/coal 

Run number 

Temperature, OF 

Pressure, p s i g  

Average methane f l o w  r a t e ,  scfma 

Feed m a t e r i a l  

Feed weight ,  g 

Feed we igh t  (maf),c g 

Char we igh t  (maf) ,c g 

Char y i e l d ,  $ d 

Char y i e l d  (maf)  ,c % 

Mass gas recovered (CH4, C02, 
Ar, a i r - f r e e ) ,  g 

Mass l i q u i d  recovered, g 

M a t e r i a l  ba l  an'ce c losure ,  % 

PRC-72 

11 00 

400 

0.46 

VSB 

6 7 

55 

58.7 

PRC-28 

1100 

400 

1.65 

coa l  

125 

11 1 

58.3 

57.8 

52.5 

13.9 

5bi5!s~ 
50% coa l  

118 

a ~ t a n d a r d  c o n d i t i o n s  = 20°C, 1 atm. 

b~~~ = H-Coal vacuum s t i l l  bottoms; coa l  = I l l i n o i s  No. 6. 

C ~ o i s t u r e -  and ash- f ree  bas is .  

d#oi  s t u re - f r ee ,  ash inc luded .  



Table 5. Summary o f  VSB/coal p roduc t  a ra lyses  . 

Proximate ana1ysi:s ( w t  5) Heat ing 
V o l a t i l e  Fixedb U l t ima te  a n a l y s i s  (maf)a ( w t  %) ' va1 ue 

Mo is tu re  Ash rnetter carbon Carbon Hydrogei N i t rogen Sul f u r  (B tu / l  b )  

H-Coal VSB 0.21 18.03 35 -9 45.9 85.43 6.07 1.84 2.62 15,375 

I l l i n o i s  NO. 6 
coal 1.19 11.14 -4.2 73.5 

L i q u i d  p roduc t  - - 0.79 - - -- 
PRC-27 

L i q u i d  p roduc t  5.46 1.15 68.1 25.29 88.77 7.08 1.32 1.69 15,899 
PRC-29 

L i q u i d  p roduc t  8.02 0.06 70 .I 21.82 93.34 7.91 1.68 1.14 1 7,284 
FRC-30 

al; loistur?- and ash- f ree bas is .  

b ~ y  d i f f e r e n c e .  



Table 6. Summary o f  gas analyses from pressurized carbonizat ion o f  VSB/coal 

. .  

PRC-27 PRC-28 PRC-29 PRC-30 
Concentration Tota l  Concentration Total Concentration Tota l  Concentrat ion Tota l  

(mole %)a weight (mole %)a wei ght  (mole %Ia weight . (mole %)a  weight 
Gas Average Peak (g )  Average Peak (g )  Average Peak (g )  Average Peak (g )  

0.05 0.10 0.65 0.05 \ 0.18 4.60 0.01 0.02 0.58 0.01 0.02 0.40 

BALANCE 

a .9rgon- and a i r - f r e e .  



f eed ing  method and t a k i n g  grab samples , both vo l  ume-averaged and peak gas 

concent ra t ions  a r e  shown. The t o t a l  weight of each species was ca l cu la ted  

f rom t h e  volume-averaged concent ra t ion .  As can be seen, t he  gas conta ins 

s i g n i f i c a n t  q u a n t i t i e s  o f  Hz, C2H6, and C3H8, as we1 1 as H20 and C02. I n  

a d d i t i o n ,  C4, C5 a l i p h a t i c s  and mono-olefins, as we l l  as benzene, toluene, 

and xylene, were analyzed f o r  bu t  were n o t  detected. 

The VSBjcoal proved t o  be a very  d i f f i c u l  t mate r ia l  t o  carbonize i n  

a f l u i d i z e d  bed. The VSB appeared t o  form a s t a b l e  l i q u i d  a t  opera t ing  

c o n d i t i o n s .  When cooled f o r  c l  eanout o f  t he  reac tor ,  t h i s  1 i q u i d  hardened 

t o  form an agglomerate over  t h e  e n t i r e  cross sec t i on  o f  t he  reac to r .  The 

overhead product,  when condensed, a1 so formed ver.y stubborn plugs i n  t he  

condenser tubing.  

4. CONCLUSIONS 

Since the s tud ies  discussed i n  t h i s  r e p o r t  were n o t  an exhaust ive 

i n v e s t i g a t i o n  o f  p ressur ized carbon iza t ion  o f  coal l i q u e f a c t i o n  by-products 

b u t  were in tended t o  be scout ing  o r  p r e l i m i n a r y  t e s t s ,  cau t i on  must be 

used i n  drawing conclus ions.  From the r e s u l t s  presented i n  Sect. 3, the  

f o l  1  owing conclus ions a r e  o f fe red .  

4.1 Carbonizat ion o f  Hydroex t rac t ion  SLSU 

Several conclus ions can be drawn from an ana lys i s  o f  t he  r e s u l t s  o f  

t h e  SLSU experiments. The f o l l o w i n g  conclusions a re  presented: 

1. Pressur ized carbon iza t ion  o f  SLSU causes o n l y  small amounts 
(1  t o  7%) o f  so l ven t  degradat ion. 

2. Pressur ized ca rbon iza t i on  o f  SLSU produces a h i g h - q u a l i t y  
l i q u i d ,  low i n  ash and s u l f u r .  

3 .  Pressur ized carbon iza t ion  o f  SLSU formed a f ree - f l ow ing  
char  w i t h  o n l y  smal l  agglomerates. 

4. Char i s  formed p r i m a r i l y  from the  h igher  b o i l i n g  f r a c t i o n  
o f  the, SLSU. 

5. Increased pressure has a smal l  e f f e c t  on the  product ion  
o f  char  from t h e  so l ven t  f r a c t i o n  of t he  SLSU. 

6. Increased pressure has a s i g n i f i c a n t  e f f e c t  on t h e  produc- 
t i o n  o f  char f rom t h e  h igher  b o i l i n g  f r a c t i o n  of t he  SLSU. 



4.2 Pressurized Rapid Py ro l ys i s  o f  Vacuum 
S t i l l  Bottoms and Coal 

Several conclusions can be made from an examination o f  t he  r e s u l t s  o f  

t h e  r a p i d  p y r o l y s i s  of vacuum s t i l l  bottoms and coa l :  

1. S i g n i f i c a n t  q u a n t i t i e s  o f  gaseous products ( p r i m a r i l y  Hz, 
CHq, C2H6, and C H8) a re  produced from pressur ized ca r -  
bon iza t ion  o f  H- ? oal  vsB. 

2. Pressurized carbon iza t ion  o f  H-Coal VSB produces small 
amounts o f  l i q u i d  product  under the  cond i t i ons  i n v e s t i -  
gated (llOO°F, 400 p s i g ) .  

3. Pressurized carbon iza t ion  o f  H-Coal VSB does n o t  produce 
a  f r e e - f l  owing char(so1 i d )  product ( i  . e. , the  nonvol a t i  1  e  
ma te r i a l s  a r e  1  i q u i d  a t  carbon iza t ion  cond i t i ons )  under 
the  cond i t i ons  i nves t i ga ted  (1 1  OO°F, 400 ps ig )  . 
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7. APPENDIX: DETAILS  OF EXPERIMENTAL EQUIPMENT 



7.1 Carbonizat ion Vessel 

The carbon izer  cons is ted  o f  a 2 - f t  sec t i on  o f  2 - in .  NPS sched-40 

p i p e  and a 1 - f t  s e c t i o n  o f  3 - in .  NPS sched-40 pipe--both o f  SST 304. 

Pressure and thermocouple taps were l oca ted  as shown i n  F ig .  9. The top  

f l a n g e  was a 1500-lb metal r i n g  j o i n t  f l ange  o f  316 SST. An i n t e r n a l  

porous s t a i n 1  ess s t e e l  f i  1 t e r  (average pore diameter o f  7 removed 

p a r t i c l e s  from t h e  ex i t -gas  stream. This design proved e n t i r e l y  adequate 

except t h a t  f o r  t h e  VSB/coal work, b e t t e r  access t o  t h e  lower p o r t i o n  

wou1.d have been des i rab le .  

7.2 Condenscr 

The condenser, shown i n  F ig.  10, cons is ted  o f  t h ree  concent r ic  tubes: 

a 1-in.-diam, 0.049-in.-wall tube con ta in ing  the  coo l i ng  water, a  1 /2- in . -  

diam, 0.035-in.-wal l  tube con ta in ing  h o t  gas from the  carbonizer  and a 

3/8-in.-diam, 0.035-in.-wal l  tube con ta in ing  the  cooled gas from the  

condensate rece i ve r .  A l l  t ub ing  and sheet metal used i n  t he  condenser 

was 300-series SST; compression f i t t i n g s  were o f  347 SST. A thermocouple, 

l oca ted  a t  t he  t o p  o f  t h e  condenser, monitored ex i t -gas  temperature. Two 

problems were encountered w i t h  the condenser: (1 ) du r ing  the  VSB/coal . 
s tud ies ,  t h e  heavy product  condensed i n  the  0.055-in.-wide annulus between 

t h e  3/8- in .  and 1 /2- in .  tubes, causing stubborn plugging; and (2)  du r ing  

t h e  hyd roex t rac t i on  res idue  carbon iza t fon  studfes,  t he  condensate formed 

an aerosol  t h a t  was d i f f i c u l t  t o  recover .  

7.3 Condensate Receiver 

The condensate r e c e i v e r  was a 2- in .  NPS sched-40, 304-SST pipe, 

capped a t  t h e  bottom and f langed a t  t h e  top, as shown i n  F ig.  11. The 

flanges were 31 6 SST (300-1 b y  ra ised- face f langes)  sealed w i t h  s p i r a l  - 
wound. asbestos /s ta in less  s t e e l  gasket. 

7.4 Gas Preheater 

The gas preheater,  see F ig .  12, cons is ted  o f  a 1/4-in.-OD SST-347 

tube f i t t e d  w i t h  f o u r  2.5-kW e l e c t r i c a l  heaters.  Thermocouples were 

tack-welded t o  t h e  tube t o  mon i to r  wa l l  temperatures. 
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F ig .  9. Carbonizat ion vessel. 
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Fig. 12. Gas preheater.  



7.5 Atomizing Nozzl es 

The atomiz ing nozzles, as seen i n  F ig.  13, cons is ted  o f  two concen- 

t r i c  tubes and a compression f i t t i n g .  The s l u r r y  l i q u i d  t o  be atomized 

f lowed through the  i nne r  tube, and t h e  atomiz ing gas f lowed through the  

annulus. The gas mixed w i t h  t he  l i q u i d  a t  a  h igh  v e l o c i t y  upon e x i s t i n g  

t h e  1132-in.-diam holes a t  t h e  mouth o f  t h e  nozzle. 

7.6 Feed I n j e c t i o n  Tubes 

The feed i n j e c t i o n  tubes, shown i n  F ig .  14, were composed o f  318-in.- 

OD tub ing  t h a t .  was 20 i n .  l ong  w i t h  a b a l l  va l ve  a t  each end. Each tube 

he1 d %10 g o f  VSB/coal . 
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