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INTRODUCTION 

A previous paper described t h e  deashing of e x t r a c t i o n  e f f l u e n t s  produced by 
hydrogen-donor e x t r a c t i o n  of bituminous and subbituminous coa ls  .( ) 
descr ibed was the use of batch and continuous g r a v i t y  s e t t l i n g  with and without t h e  
use of deasphalting so lvents  t o  acce lera te  the  s e t t l i n g  process .  

The method 

The present  paper presents  da ta  on t h e  extension of t h e  same deashing technique 
t o  c o a l  l iquefac t ion  products  produced by d i r e c t  hydrogenation of I l l i n o i s  NO. 6 
bituminous coa l .  Deashing experiments were conducted both with products  produced by 
liquid-phase hydrogenation i n  the  presence of an e b u l l a t e d  bed of hydrofining type 
c a t a l y s t  (H-Coal Process){') and with p o u c t s  produced by hydroextract ion,  i.e., 
without added c a t a l y s t  (PAMCO Process)  .f37 

I n  cont ras t  with t h e  previous donor e x t r a c t i o n  case ,  t h e  a d d i t i o n  of a deasphal t -  
ing solvent  was required i n  both t h e  H-Coal and hydroextract ion c a s e s  t o  achieve an 
acceptable  rate of deashing. 

The hydroextract ion products  were produced i n  t h e  CCDC bench-scale u n i t .  Data 
are presented with respect  t o  so lvent  balance, product y i e l d s  and p r o p e r t i e s  i n  
hydroextract ion a s  w e l l  a s  t h e  deashing behavior of t h e  hydroextract ion e f f l u e n t s .  
Continuous u n i t  data  are presented i n  d e t a i l  for t h e  hydroextract ion work while the 
batch work is b r i e f l y  summarized. 

Data are presented f o r  deashing of H-Coal bottoms i n  both batch and continuous 
u n i t s .  

EXPERIMEFWAL 

H-Coal Bottoms - Mater ia l s  and Procedure 

The bas ic  mater ia l  f o r  t h e  deashing s t u d i e s  was t h e  vacuum bottoms from proces- 
s ing of I l l i n o i s  No. 6 coa l  v i a  t h e  H-Coal Process .  The mater ia l  was produced by 
Hydrocarbon Research, Inc.  f o r  t h e  Off ice  of Coal Research i n  t h e i r  8" I.D. Process 
Development Unit .  The d e t a i l e d  condi t ions f o r  production of t h i s  m a t e r i a l  a r e  given 
i n  Table 15 of Reference ( 2 ) .  Operating condi t ions were varied somewhat during t h i s  
run. The average operat ing condi t ions were 2700 p s i g ,  30 l b s  coal  fed /hr - f t3 ,  825'F 
and an average c a t a l y s t  age of 230 hours. 

The mater ia l  "as received" cons is ted  of t h e  vacuum d i s t i l l a t i o n  res idue  from the  
H-Coal hydro bottoms. 
o i l s  removed. The ana lys i s  of t h e  mater ia l  is given i n  Table I .  

The mater ia l  accordingly had most of the  -975OF d i s t i l l a t e  

The deashing i n  p r a c t i c e  l i k e l y  would be done p r i o r  t o  removal of t h e  d i s t i l l a t e  
o i l s .  The mater ia l  w a s  accordingly r e c o n s t i t u t e d  t o  s imulate  i t s  o r i g i n a l  form by 
s o l u t i o n  a t  600OF i n  n a t u r a l  recyc le  so lvent  from Cresap, W. Va. 
p a r t s  solvent  t o  1 p a r t  of vacuum bottoms was used f o r  both batch and continuous runs. 

A r a t i o  of 1.25 

The o r i g i n  and analyses  of t h e  Cresap recyc le  solvent  were given previously.( ' )  
n-Decane ( P h i l l i p ' s  Technical Grade Minimum Pur i ty  954) wa8 used exc lus ive ly  a s  t h e  
deashing solvent  in t h i s  work. 
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The batch s e t t l i n g  experiments were c a r r i e d  out i n  t h e  same manner as  previously 
descr ibed f o r  coal  e x t r a c t i o n  products .  
s t i r r i n g  t o  720°F, n-decane w a s  then added i n  prescr ibed  amount and t h e  mixture cooled 
t o  600'F. The a g i t a t i o n  was stopped and t h e  s l u r r y  allowed t o  sett le.  Both s e t t l i n g  
r a t e s  and c l a r i t y  of the  upper phase a f t e r  about t h r e e  hours of s e t t l i n g  were 
determined. 

The "reconst i tuted" s l u r r y  was heated with 

The same continuous u n i t ( ' )  used f o r  e x t r a c t i o n  and deashing of e x t r a c t i o n  e f f lu-  
e n t  was used f o r  deashing of t h e  "reconst i tuted" H-coal bottoms. The e x t r a c t o r  i n  
t h i s  case served t o  preheat  t h e  s l u r r y  t o  720°F. n-Decane was introduced i n t o  the 
middle s t a g e  of t h e  e x t r a c t o r .  
the  s e t t l e r  which was a l s o  operated a t  600'F. Only one continuous run was made due t o  
l i m i t a t i o n s  i n  supply of m a t e r i a l .  

The o u t l e t  s l u r r y  was cooled t o  600'F before enter ing 

The u n i t  was s t a r t e d  with solvent  flow through a l l  vesse ls  u n t i l  proper tempera- 
t u r e  condi t ions were e s t a b l i s h e d .  The H-Coal s l u r r y  was then passed through t h e  uni t  
f o r  a line-out per iod  of n ine  hours t o  displace t h e  s ta r t -up  so lvent .  A mater ia l  
balance ensued f o r  a per iod  of four  hours  during which t i m e  samples of a l l  appropriate  
streams were taken f o r  ana lyses .  

Hvdroextraction - Mater ia l s  and Procedure 

The hydroextract ion work was c a r r i e d  out  with an  I l l i n o i s  N o .  6 bituminous coal  
from t h e  Burning S t a r  Mine of Consolidation Coal Co. Analysis of t h e  coa l  as fed t o  
t h e  hydroextract ion u n i t  is given i n  Table I .  

A batch program was c a r r i e d  out pr ior  t o  t h e  continuous work i n  t h e  same one- 
g a l l o n  autoclave previously used f o r  donor extract ion.!  ') 
solvent  and n-decane a s  d e a s h i  so lvent .  The experimental procedure was very s imi la r  
t o  t h a t  previously d e s c r i b e d . ( T  The autoclave was heated t o  825-850'F with pure H, 
flowing slowly through t h e  autoclave maintained a t  lo00 ps ig .  The hydrogen flow was 
then  stopped, n-decane added, and t h e  reac tor  cooled t o  600-F. 
stopped f o r  measurement of t h e  s e t t l i n g  r a t e .  

Anthracene o i l  was used as 

The a g i t a t i o n  was 

Continuous hydroext rac t ion  runs were c a r r i e d  a t  two operat ing pressures  of 950 
p s i g  and 2000 ps ig ,  r e s p e c t i v e l y .  

m e r a t i o n  a t  950 wig 

previously i n  t h e  donor e x t r a c t i o n  work.(') 
da te  t h e  use of hydrogen a s  shown i n  t h e  schematic flow diagram of Figure 1. 
F a c i l i t i e s  were added f o r  feeding  a metered stream of pure hydrogen. The hydrogen 
was preheated and added t o  t h e  feed s l u r r y  j u s t  before  t h e  l a t t e r  en tered  the  hori-  
zonta l  s t i r r e d  prehea ter  . 

The 950 psig runs were,conducted with e s s e n t i a l l y  t h e  same equipment as used 
Revisions were made, however, t o  accommo- 

Another s u b s t a n t i a l  change was the  in t roduct ion  of a primary r e c e i v e r  or  "hot 
separator" between t h e  e x t r a c t o r  and t h e  addi t ive  contac tor .  
the  gas  and v o l a t i l i z e d  so lvent  from the  product s l u r r y .  The primary rece iver  was 
normally operated a t  650°F. 

This  served t o  disengage 

The operat ion of t h e  h o t  separa tor  r e s u l t e d  i n  a removal of a considerable  
f r a c t i o n  of the product s l u r r y  as vapor. The experimental r e s u l t s  shown i n  Table I1 
g ive  t h e  a c t u a l  l i q u i d  f e e d  r a t e  t o  the  settler as  a weight f r a c t i o n  of s l u r r y  feed 
t o  the  hydroextract ion u n i t .  

The l i q u i d  l e v e l  i n  t h e  separa tor  was maintained by operat ion of a tungsten 
carbide-trimmed, let-down valve actuated by a l i q u i d  l e v e l  c o n t r o l l e r .  The f i n a l  
product was s i m i l a r l y  handled i n  t h e  overflow r e c e i v e r  where t h e  product was l e t  
down t o  t h e  pot of a vacuum st i l l .  

A s e r i e s  of runs was f i r s t  conducted while bypassing the s e t t l e r  t o  survey the 
e f f e c t  of the  var iab les .  

/' 
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The s ta r t -up  so lvent  was a coal- tar  der ived anthracene o i l  obtained from A l l i e d  
Chemical Co. The o i l  was s t a b i l i z e d  before  use by running i t  through t h e  u n i t  with 
hydrogen a t  950 ps ig ,  but without coal  added, f o r  s i x  cyc les .  
removed by f r a c t i o n a t i o n  i n  t h e  vacuum s t i l l .  The s t i l l  was operated i n  a S e m i -  
continuous fashion.  Before t h e  contents  of t h e  pot  were removed, feed to the  S t i l l  
was in te r rupted ,  t h e  vacuum was reduced t o  1 mm Hg while t h e  temperature of t h e  
s t i r r e d  l i q u i d  i n  t h e  pot was maintained a t  24OoC u n t i l  no more vacuum d i s t i l l a t e  was 
co l lec ted .  The composition of t h e  "s tab i l ized"  anthracene o i l  i s  given i n  Table 11. 

The second s e r i e s  of runs was conducted with t h e  settler operat ing and n-decane 

Polymer formed was 

added t o  increase s e t t l i n g  r a t e .  

A f i n a l  series of runs was conducted i n  an attempt t o  genera te  n a t u r a l  so lvent .  
To minimize physical  so lvent  losses ,  t h e  opera t ion  of the  settler was bypassed. The 
t o t a l  hydroextract ion e f f l u e n t  was processed through t h e  vacuum s t i l l  t o  recover  a l l  
d i s t i l l a t e s .  The overhead d i s t i l l a t e  was then  f r a c t i o n a t e d  i n  a continuous atmos- 
pher ic  f r a c t i o n a t i n g  column packed with Goodloe packing, and having t h e  equivalent  of 
about 50 t h e o r e t i c a l  p l a t e s .  The l i g h t  c u t  b o i l i n g  below 24OoC a t  1 atm was removed 
i n  t h i s  way before  recyc le  of t h e  solvent  t o  the  e x t r a c t i o n  u n i t .  

Two types of operat ion were conducted i n  t h e  above recyc le  so lvent  program. The 

The second operat ion consis ted of a "hybrid" type operat ion where e i t h e r  one- 
i n i t i a l  method cons is ted  of d i r e c t  recycle  of spent  solvent  t o  t h e  hydroextract ion 
u n i t .  
h a l f  or a l l  of t h e  recovered solvent  was rehydrogenated o v e r  a fixed-bed, n icke l  moly- 
bdate  c a t a l y s t  before  recycle  t o  t h e  hydroextract ion u n i t .  The f i n a l  opera t ion  
returned t o  d i r e c t  recyc le .  Resul ts  of t h e  f i n a l  recyc le  opera t ion  only a r e  repor ted  
here .  

The hydroextract ion was normally operated with a stirrer speed of 600 rpm. The 
system was inoperable due t o  coke formation when t h e  stirrer speed was reduced t o  
300 rpm. 

a e r a t i o n  a t  2000 wig 

The 2000 psig operat ions were conducted i n  a s i m i l a r  manner. A new f ive-s tage,  
s t i r r e d  e x t r a c t o r  was b u i l d  f o r  the  higher  pressure  with o v e r a l l  dimensions of (pre-  
h e a t e r  and e x t r a c t o r )  of 5.2" I .D .  by 49.8" i n  he ight .  

The i n i t i a l  operat ions a t  2000 ps ig  were conducted i n  two phases without opera t ion  
of t h e  s e t t l e r .  The f i r s t  phase consis ted of a shor t  study of the  system var iab les  
using t h e  anthracene o i l  s t a b i l i z e d  a t  2000 ps ig .  The second phase c o n s i s t e d  of opera- 
t i o n  at  constant  operat ing condi t ions t o  generate  n a t u r a l  so lvent .  

The na tura l  solvent  was then  used i n  a f i n a l  campaign i n  which both t h e  continu- 
ous e x t r a c t i o n  and settler u n i t s  were operated simultaneously. I n  t h i s  campaign t h e  
overflow and underflow streams were mixed and sen t  t o  the  vacuum s t i l l  f o r  recovery 
of so lvent .  n-Decane was again used exc lus ive ly  a s  t h e  deashing so lvent  i n  t h i s  work. 

The vacuum s t i l l  during t h e  ZOO0 p s i g  hydroextract ion campaign w a s  operated t o  a 
f i n a l  pot temperature of 290°C a t  1 mm Hg, as  cont ras ted  t o  t h e  f i n a l  pot  temperature 
of 240% a t  1 mm Hg used i n  t h e  950 p s i g  campaign. The corresponding atmospheric 
b o i l i n g  poin ts  a re  474OC and 535'C, respec t ive ly .  
t h a t  some lower-boiling mater ia l s  w i l l  be re ta ined  i n  t h e  pot  l i q u i d s  by v i r t u e  of 
d i l u t i o n  with higher-boi l ing residue.  

It should be recognized, of course,  

Analyt ical  and Calcula t iona l  Procedure 

The a n a l y t i c a l  procedures were f o r  the  most p a r t  i d e n t i c a l  t o  those reported 
e a r l i e r  . ( I )  
used i n  the €I-Coal work ins tead  of c reso l  ( i n  a l l  o ther  work) t o  c h a r a c t e r i z e  t h e  
quant i ty  of inso luble  res idue.  Resul ts  of t h e  two so lvents  a re ,  however, very 
s i m i l a r .  Sl ight ly-higher  inso lubles  a r e  obtained with te t rahydrofuran .  

Some s l i g h t  d i f fe rences  a r e  noted, however. Boi l ing te t rahydrofuran  was 
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The c h a r a c t e r i z a t i o n  of t h e  so lvents  by boi l ing  point  i n  t h i s  work was determined 
by r e t e n t i o n  t i m e  i n  gas  chromatography. A Perkin-Elmer 900 gas chromatograph was 
used.  The column used was of an open tubular  type,  100' x 0.0465" I .D. ,  support 
coated with an Apiezon L s u b s t r a t e  containing a f i n e l y  divided s i l i c e o u s  support i n  
t h e  coat ing so lu t ion .  The column r e t e n t i o n  t imes were c a l i b r a t e d  with known compounds 
of t h e  type present  i n  t h e  c o a l  der ived solvent  such a s  t e t r a l i n ,  naphthalene, methyl- 
naphthalenes, phenanthrene, pyrene and chrysene . 

Coal conversion i n  t h e  hydroextract ion runs was defined on the  same b a s i s  as  i n  
t h e  previous donor e x t r a c t i o n  case  .( ') 

The hydrogen consumption was measured i n  two ways, by d i r e c t  measurement of hydro- 
gen gas i n  and out  excluding f l a s h  gases  and by forced elemental balance.  The l a t t e r  
genera l ly  was higher  than  t h e  former as might be expected due t o  small  leaks,  e t c .  
Accordingly, only t h e  l a t t e r  values a r e  repor ted .  

The y i e l d  s t r u c t u r e  and mater ia l  balance werear r ived  at by t h e  following procedure: 

a .  Force H,S, NH, and H,O y i e l d s  by forced  N,  0 and S balances.  
b. Force t o t a l  m a t e r i a l  balance, i . e . ,  solvent  p lus  coa l  p lus  

C.  

H, consumed = products ex H, gas.  
I t e r a t e  s t e p s  a )  and b )  u n t i l  a simultaneous s o l u t i o n  is 
obtained.  

The mater ia l  balance invar iab ly  was q u i t e  good such t h a t  very l i t t l e  forc ing  under 
s t e p  b )  was requi red .  

EXPERIMENTAL RESULTS 

H-Coal Bottoms 

A summary of the  batch deashing runs is given i n  Table 111. The i n i t i a l  s e t t l i n g  
r a t e  f o r  t h e  500 and 600°F r u n s  are p l o t t e d  i n  Figure 2 versus decane/slurry weight 
r a t i o .  I t  i s  noted t h a t  t h e  s e t t l i n g  r a t e s  a re  near ly  i d e n t i c a l  a t  both temperatures. 
When t h e  decane/s lurry r a t i o  w a s  increased t o  0.35, t h e  s e t t l i n g  r a t e  was t o o  f a s t  f o r  
accurate  measurement. Only a minimum r a t e  can be s p e c i f i e d  as  shown i n  Table 111. 

The "equilibrium" c l a r i t y  of the  upper phase is p l o t t e d  against  the  decane/slurry 
It is noted t h a t  a much lower ash "ultimate" product can be 
Wall depos i t s  were noted, however, i n  some of t h e  500°F runs which 

r a t i o  i n  Figure 3. 
achieved at 500°F. 
r a i s e d  some doubt about o p e r a b i l i t y  of a continuous s e t t l e r  operated a t  t h i s  tempera- 
t u r e .  

For  t h i s  reason, t h e  continuous demonstration run was c a r r i e d  out a t  600OF. 
Conditions and r e s u l t s  of t h i s  run are given i n  Table I V .  

The r e s u l t s  of the  cont inuous and batch runs are i n  good agreement. The s e t t l e r  
upflow ve loc i ty  of 0.37 in/min (Table I V )  is equivalent  t o  an i n i t i a l  s e t t l i n g  
ve loc i ty  i n  t h e  batch u n i t  at a s l i g h t l y  lower decane/slurry r a t i o  of 0.20 (Table 111). 
The ash content of 0.13 w t  i s  equivalent  t o  t h e  equi l ibr ium c l a r i t y  of t h e  batch run 
of 0.18 w t  $. 

The amount of p r e c i p i t a t e d  residuum was ca lcu la ted  by t h e  method out l ined  i n  a 
previous paper . ( ' )  
i n  the  same range i n d i c a t e d  by t h e  batch measurements. 

The value obtained, i.e., 7 . 9  w t  $ of the  +474OC feed,  is a l s o  

Recovery of "soluble" residuum i n  the overflow was 76.5%. This value could be 
improved, of course, by back washing of t h e  underflow. 
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Hvdroext r a c t  i o n  

The i n i t i a l  ba tch  experiments on hydroextraction were made wi th  anthracene O i l  
solvent  a t  1000 ps ig ,  825'F e x t r a c t i o n  temperature and 600OF s e t t l i n g  temperatures .  
The settling r a t e  was s u b s t a n t i a l l y  zero  without addi t ion  of deasphal t ing  so lvent .  A 
r e l a t i v e l y  h igh  s e t t l i n g  r a t e  of 1 . 9  in/min was obtained,  however, by a d d i t i o n  of 
decane i n  a weight r a t i o  of 0.3 t o  e x t r a c t i o n  s o l v e n t .  

The i n i t i a l  opera t ions  i n  t h e  continuous u n i t  u t i l i z e d  s t a b i l i z e d  anthracene o i l  
as  t h e  solvent  a t  950 ps ig  t o t a l  p ressure .  A survey of t h e  temperature var iab le  was 
made a t  constant  s l u r r y  f e e d  r a t e  of 30 l b f h r  and constant  t o t a l  p ressure  of 950 ps ig .  
The hydrogen p a r t i a l  p ressure  a t  t h e  e x t r a c t o r  e x i t  was i n  the  range of 800-830 p s i a .  
The optimum temperature a t  t h i s  pressure was 800°F, giving a conversion of 825, a s  
r e s u l t s  i n  Table V i n d i c a t e .  
study, however, s i n c e  t h e  residuum e x t r a c t  showed a more favorable  lower sulfur con- 
t e n t ,  i.e., 0.86% S versus 1.M S a t  800°F, a s  noted i n  Table V.  

A temperature of 825'F was chosen f o r  more i n t e n s i v e  

I t  was t h e r e f o r e  decided t o  generate  n a t u r a l  so lvent  from c o a l  by continuous 
recovery and r e c y c l e  of so lvent  a t  825'F and t o  simultaneously s tudy t h e  deashing and 
e x t r a c t i o n  during t h e  production of t h e  n a t u r a l  so lvent .  

The deashing v ia  continuous s e t t l i n g  wi th  decane a d d i t i o n  was s t u d i e d  e a r l y  i n  
t h e  solvent  recyc le  program. A t y p i c a l  r e s u l t  i s  shown i n  Table V I  where good deash- 
ing  was obtained a t  a decane-to-extraction so lvent  r a t i o  of 0.29 and a settler upflow 
ve loc i ty  of 1 infmin. 
above where under comparable condi t ions t h e  i n i t i a l  s e t t l i n g  ve loc i ty  was 1.7 infmin. 

This r e s u l t  is roughly i n  agreement with batch r e s u l t s  c i t e d  

The so lvent  recyc le  program was f i n a l l y  abandoned a f t e r  i t  was found t h a t  the  l o w  
pressure  operat ion could not be se l f - sus ta ined  without p e r i o d i c  a d d i t i o n  of f r e s h  
anthracene o i l .  

The f a i l u r e  t o  c lose  solvent  balance i s  c l e a r  from t h e  product y i e l d s  c i t e d  i n  
Table V. The da ta  a t  825°F and 950 p s i g  represent  average performance a f t e r  about 25 
cyc les .  I t  i s  noted t h a t  t h e r e  is a net  def ic iency  of 5.2% of recycle solvent  i n  t h e  
b o i l i n g  range used, i.e., 240 x 474'C. The use of a h igher  endpoint ,  a s  noted, i n  
Table V would have s u b s t a n t i a l l y  reduced t h e  so lvent  d e f i c i t  but would not  have e l i -  
minated it. A t  any r a t e ,  handling l o s s e s  were s u f f i c i e n t l y  high such t h a t  it would 
have been impossible t o  genera te  pure n a t u r a l  so lvent  even with t h e  h igher  d i s t i l l a -  
t i o n  endpoint. Accordingly, no f u r t h e r  deashing s t u d i e s  were c a r r i e d  out  a t  t h e  low 
pressure  l e v e l .  

It  i s  apparent ,  however, from t h e  da ta  given i n  Table 11, t h a t  s i g n i f i c a n t  even 
though p a r t i a l  displacement of t h e  i n i t i a l  solvent  w a s  obtained i n  t h e  950 p s i g  
operat ion.  This is i l l u s t r a t e d  by t h e  lower b o i l i n g  range and h igher  hydrogen content  
a f t e r  25 cyc les  a s  compared with t h e  s t a b i l i z e d  anthracene o i l .  

The hydroextraction opera t ion  was then  c a r r i e d  out a t  a h igher  t o t a l  p ressure ,  
i .e.,  ZOO0 p s i g ,  with a hydrogen p a r t i a l  p ressure  approximately 1850 p s i a .  A so lvent  
surp lus  was r e a d i l y  generated a t  2000 ps ig ,  p a r t l y  because of t h e  h igher  pressure  and 
p a r t l y  because of t h e  higher  d i s t i l l a t i o n  endpoint used i n  recovery of recyc le  
s o l v e n t .  

Steady opera t ion  was sus ta ined  f o r  a t o t a l  of 500 hours u n t i l  t h e  i n i t i a l  so lvent  
was l a r g e l y  displaced.  The product and y i e l d  d i s t r i b u t i o n  a f t e r  genera t ion  of n a t u r a l  
solvent  is g iven  i n  Table V .  The p r i n c i p a l  d i f fe rences  as compared with t h e  950 p s i g  
operat ion,  i .e ., higher  c o a l  conversion, p o s i t i v e  n e t  so lvent  genera t ion ,  h igher  over- 
a l l  d i s t i l l a t e  y i e l d  and lower e x t r a c t  s u l f u r  conten t ,  are c l e a r  from t h e  da ta  pre- 
sented i n  Table v .  The apparent reduct ion  i n  e x t r a c t  s u l f u r  i s  not  very g r e a t ,  i.e., 
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0.86 t o  0 . 7 .  The a c t u a l  reduct ion  l i k e l y  is considerably g r e a t e r .  The s u l f u r  content  
of the  950 psig residuum i s  a r t i f i c i a l l y  low s ince  it conta ins  a s i g n i f i c a n t  quant i ty  
of 474 x 535'C so lvent  polymer and heavy o i l  not present  i n  t h e  2000 ps ig  product. 

The continuous deashing of t h e  2000 ps ig  product with n-decane addi t ive  was then 
s tudied  with the r e s u l t s  shown i n  Table V I .  I t  i s  again shown t h a t  very l i t t l e  ash 
removal i s  obtained without addi t ion  of decane. Almost complete deashing is achieved 
by use of a r a t i o  of decane-to-extraction so lvent  of 0.50. A t  t h i s  condi t ion,  it was 
determined by the  method o u t l i n e d  previous ly , ( ' )  t h a t  the  deashing was accompanied by 
p r e c i p i t a t i o n  of 16 w t .  $ of t h e  cresol-soluble  residuum fed  t o  t h e  sett ler.  

DISCUSSION OF RESULTS 

The p a r t i c l e  s i z e  d i s t r i b u t i o n  of the c r e s o l  inso lubles  i n  t h e  H-Coal bottoms 
hydroextract ion a t  ZOO0 and 950 p s i g  a r e  compared i n  Figure 4 .  I t  is  noted, i . e . ,  
t h e  s i z e  of the  res idue  decreases  with increasing s e v e r i t y  of hydrogenation i n  going 
from 950 t o  2000 ps ig  hydroext rac t ion  t o  2700 p s i g  c a t a l y t i c  hydrogenation (H-Coal). 
A l l  of t h e  products show a f i n e r  s i z e  res idue than t h e  donor e x t r a c t i o n  products 
discussed i n  the e a r l i e r  paper  .( ') 

The r e l a t i v e  ease  of deashing might be expected t o  fol low the  same sequence a s  
res idue  s i z e .  The r e s u l t s  i n  Table VI are  i n  agreement with t h i s  i n  t h a t  a higher  
decane-to-extraction s o l v e n t  r a t i o  is required t o  deash t h e  ZOO0 p s i g  a s  compared with 
t h e  950 p s i g  hydroextract ion product .  
between t h e  H-Coal and t h e  hydroextract ion products  because of t h e  f a c t  t h a t  the 
l a t t e r  was a r t i f i c i a l l y  " recons t i tu ted"  by use of Cresap recycle  so lvent ,  

Unfortunately, no v a l i d  comparison can be made 

The mechanism of deashing a s  discussed previously,  undoubtedly involves  agglomera- 
t i o n  of f i n e  residue p a r t i c l e s  by p r e c i p i t a t i o n  of heavy a s p h a l t .  

The da ta  i n  Table VI1 c l e a r l y  show t h a t  t h e  benzene-insoluble content fol lows the 
same t r e n d  a s  res idue  s i z e  with increasing s e v e r i t y  of hydrogenation t reatment .  Thus, 
from t h i s  point  of view also, a l a r g e r  quant i ty  of deasphal t ing so lvent  would be 
requi red  t o  achieve an equiva len t  amount of benzene-insoluble r e j e c t i o n .  Unfortunately, 
i n s u f f i c i e n t  data  a r e  a v a i l a b l e  t o  v e r i f y  t h i s  suppos i t ion .  

The f a i l u r e  t o  c l o s e  t h e  so lvent  balance i n  hydroextract ion a t  950 ps ig  is con- 
s i s t e n t  with r e s u l t s  publ i shed  previously.( ') 
so lvent  a t  2000 ps ig  is  c o n s i s t e n t  with recent  r e s u l t s  on t h e  PAMCO process published 
by Anderson.(') 

The successfu l  generat ion of na tura l  
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Proximate Analysis 
Moisture and D i s t i l l a t e  
1-474'C) Free. W t  46 

V o l a t i l e  Matter 
Fixed Carbon 
Ash Oxidized 
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TABLE I 

Analvsis of Feed Mater ia l s  

I l l i n o i s  No. 6 Coal 
Burning S t a r  Mine H-Coal Vacuum Bottoms 

Ultimate Analvsis 
Moisture and D i s t i l l a t e  
(-474OC) Free. W t  % 

Hydrogen 
Carbon 
Nitrogen 
Oxygen ( d i f f  . ) 
Tota l  Sulfur  
Organic Sulfur  
P y r i t i c  Sulfur  
S u l f a t e  Sulfur  

D i s t i l l a t i o n .  W t  $ 
Disti l lates (-474°C) 
Residue (+474OC) 

Solvent  F r a c t i o n a t i o n  . w t  5 
THF Insoluble  
Benzene Insoluble-THF Soluble  
Asphaltene s 
O i l s  

41.4 
48.4 
10.2 

4.71 
70.79 
1.27 

10.14 
2.93 
2.15 
0.54 
0.24 

0 
100 

Screen Analysis, Tyler 
Mesh. W t  $ 

+ 28 0.1 
28 x 48 1.6 
48 x 100 18 .O 

100 x 200 22.4 
200 x 325 19.5 

-325 38.4 

-- 
24.3 

5.01 
66.63 

1.20 
0.92 
1.98 
1.45 -- 

6.3 
93.7 

38 .O 
7 .O 

29 .O 
26 .O 

P a r t i c l e  S ize  Analysis, 

+26 microns 1.8 
20.7 x 26 3.3 
1 3  x 20.7 13.2 
6.5 x 13.0 34 .O 
4.1 x 6.5 35.7 

-4.1 ' 12 .0  

THF Insolubles  W t  $ 



Boil ing Rawe bv G.C., w t .  % 
-218°C 
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TABJAE I1 

Analysis of Feed and Product 
Recvcle Solvents  

218 x 240OC 
241 x 260'C 
261 x 294OC 
295 x 34OoC 

+34O0c 

Ultimate Analvsis. w t .  % 
Hydrogen 
Carbon 
Nitrogen 
Oxygen 
S u l f u r  

S t a b i l i z e d  After  25 Cycles ,  Natural  Solvent  Af te r  
Anthracene Oil a t  950 usie: Z o o 0  usip Oueration 

0.57 
2.29 
6.91 

28.13 
36.92 
25.18 

5.92 
91.42 
0.94 
1.28 
0.44 

1.12 
5.24 

15.32 
27.98 
33.42 
16.92 

7.48 
90.49 

0.36 
1.52 
0.15 

5.03 
15.33 
18.92 
21.81 
24.09 
14.82 

7.84 
88.43 

0.67 
2.71 
0.35 

TABU 111 

Summary of Batch S e t t l i n g  
Runs with H-Coa l  Bottoms 

Run Number 1 6  - - -  3 5 7 4 

Temperature, "F 
Additive 
Additive/Reconst i t u t e d  

S lur ry ,  W t  Rat io  

500- 600 > 
None n-Decane * 
0.0 0.10 0.35 0.10 0.20 0.36 

Cresau Recvcle Solvent, W t  Ra t io  
€I-Coal Vacuum Bottoms 2.04 1.25 * 
I n i t i a l  S e t t l i n g  Rate, in/min 0.04 0.12 >> 1.1 0.12 0.38 > 1.71 
W t  $ Ash in Ultimate C l a r i f i e d  

P r e c i p i t a t e d  Residuum Solubles ,  
Layer 0.48 0.12 0.02 0.23 0.18 0.11 

W t  $ of Residuum Fed (1) (1) (1) (1) (1) 7.9( 2 )  

(1) 
( 2 )  Determined by f i l t r a t i o n .  

Consis tent  values by solvent  balance could not be obtained. 
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TABLE I V  

Conditions and Resul t s  of Continuous 
DeashiDg Run with H-Coal Bottoms 

Feed Slur ry  

A. Temueratures. "F 
Pumping 
Preheat 
S e t t l e r  

B .  Feed and Product Rates 
Raw Slurry,  Ib/hr  
Decane Feed, W t  $ of S lur ry  
Calculated S e t t l e r  Upflow Veloci ty ,  

infmin 

Product S u l i t .  W t  $ 
Overflow 
Unde r f  1 ow 
V e n t s  - Condensed Vapor 

C .  Product Q u a l i t y  
Ash i n  Overflow, W t  $ 

i n  Total 
i n  +474 C Residuum 

Tota l  Underflow 
i n  +474OC Residuum 

THF Insolubles  i n  Underflow Wt. k 

D. Calculated W t  $ Residuum i n  
Feed P r e c i u i t  a ted  

W t  $ Recovery, THF Soluble Residuum 
i n  Overflow 

E. 

1.25 l b  Cresau Recycle Solvent 
l b  H-Coal Vacuum Bottcans 

600 
720 
600 

31.3 
25 

0.37 

66.1 
28.7 
5.7 

0.034 
0.13 

46.8 
71.9 

7.9 

76.5 
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TABLE V 

Yields  and Solvent Balance i n  
Hvdroextraction 

A .  Conditions 

Total  Pressure,  p s i g  
Extract ion Temperature, OF 
Solvent/MF Coal, W t  Ra t io  
Slurry Feed Rate, lb,/hr 
Coal Throughput, l b  MF/hr-ft3 
Ha Rate, SCF/lb MAF Coal 
H ,  P a r t i a l  Pressure  a t  E x i t ,  p s l a  
Solvent Age, Cycles 

950 
800 
2.5 

30 
38 

27.8 
* 830 

15 

950 
825 

30 
38 

27.8 - 800 
avg. 17 

275 

2000 
822 
2.0 

28.1 
41 

26.3 - 1850 
Natural  

B. Res u l t a  

Coal Conversion, W t  $ of MAF Coal Fed 82.4 77.8 94.3 
w s .  W t  4 of MAF Coal 

MAF Cresol Inso lubles  17.6 22.2 5.7 
Extract  (+474OC Residuum Solubles )  

Water 
Ext rac t  (+535OC " " ) 

H,S + NH, 
co, + co 
CI-C, Hydrocarbons 
C, x 240°C Light  D i s t i l l a t e  
240 x 474°C Recycle Solvent 
240 x 535'C " 

Tota l  

Ha Consumed, W t  $ MAF Coal 
Extract  S u l f u r ,  W t  $ 

+474'C Residuum 
+535OC 

66 .fj 

6.6 
2.5 
1.3 
4.7 
4.1 

-1.9 

101.5 

-- 

-- - 

62.4 
57.8 
6.4 
2.2 
1 .6  
5 .O 
6.8 

-5.2 
-0.6 

101.4 

-- 
56.2 

9.1 
2.3 
1.6 
7.4 
6.6 -- 
14 ,O 

102.9 

1 .s 1.4  2.9 

1 .OO 0.86 -- 
0.7 -- -- 

+I 
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TABLE V I  

Resu l t s  of Deashine Hvdroextraction Ef f luen t  

Ex t rac t  i on  
Solvent /m Coal, W t  R a t i o  
Solvent Age, Cycles 
Temperature, OF 
Pressure,  psig 

Condi t ion ing  
Temperature, OF 
n-Decane/Extract ion Sol vent , W t  Rat i o  

S e t t l i n g  
Temperature, OF 
Free Cross  Section, f t 2  
S e t t l e r  Feed as W t  F rac t ion  of Slurry 

Fed t o  Extractor  
Overflow, lb /h r - f t2  
Overflow Velocity,  in/min 
Underflow, W t  $ of S e t t l e r  Feed 

Resu l t s  
g u a l i t v  of Residuum i n  Overflow. W t  % 

Cresol  Insolubles  
Ash 
Sul fu r  

W t  $ Of Extract  Fed 
Ex t rac t  Recovery i n  Overflow, 

W t  . % of Ash Fed i n  S e t t l e r  Overflow 

2.5 
- 3  
825 
950 

599 
0.29 

611 
.079 

-- 
282 
1 .o 
25.3 

8.6 
0.40 
0 .80 

70.1 

1.6 

2 .o 2 .o 2.0 2.0 

600 * 
0.00 0.31 0.49 0.50 

600 * 

0.75 0.77 0.63 0.70 

0.9 1.6 1.7 1.8 
22.8 17.0 18.9 7.5 

285 368 343 414 

17.1 14.7 0.25 0.14 
11.3 9.9 0.17 0.10 
1.3 1.2 0.65 0.76 

81.1 75.0 69.0 80.4 

54.7 43.8 0.6 0.4 
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I 

TABLE V I 1  

Solvent Fractionation Analyses - Cresol-Soluble Residue 

Process 

Operating Pressure, ps ig  

Operating Temperature, O F  

Benzene Insolubles, w t  $ 
Asphaltenes, W t  $ 
O i l  (+4740c), w t  k 
o i l  (+535Oc), w t  4 

Hydroextrac t ion 

950 2000 

825 8 25 

31.8 17.8 
40.2 60.2 
28 .o -- 

22 .o -- 

€I-Coal Bottoms 

2700 

8 25 

11 .3  
46.8 
41 .9  -- 

? 



a. 
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Figure 2 
SettI ing Rate of H - Coal Bottoms Slurry 

( Effect of Decane Addition 1 
2 

I 
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Figure 3 
Equilibrium" Clarity of Products 

as a Function of Decane Addition 
and Temperature 

II 
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Figure 4 
Particle Size of Creso, Insolubles 


