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INTRODUCTION 

"Solvent  q u a l i t y "  i s  a c o n t r i v e d  s o l v s n t  p r o p e r t y  used i n  coa l  l i q u e f a c t i o n .  
It i s -  assumed t o  be an impor tan t  gu ide f o r  exp ress ing  how w e l l  a r e c y c l e  s o l v e n t  
w i l l  conve r t  coa l  t o  p roduc ts  s o l u b l e  i n  t e t r a h y d r o f u r a n  (THF) o r  p y r i d i n e .  Over 
t h e  past  40-50 years,  much has been w r i t t e n  about t h e  so l ven ts  used t o  prepare 
c o a l  s l u r r i e s ,  y e t  few s o l v e n t  q u a l i t y  parameters have been q u a n t i f i e d  and r e l a t e d  
t o  process c o n d i t i o n s  o r  feedstocks.  

For t h i s  r e p o r t ,  s o l v e n t  q u a l i t y  was measured by k i n e t i c  m ic roau toc lave  t e s t  
as used a t  t h e  W i l s o n v i l l e  Advanced Coal L i q u e f a c t i o n  F a c i l i t y  (1). The micro-  
au toc lave  method, o r i g i n a l l y  developed by the  Conoco Coal Development Company, 
has been used t o  q u a n t i f y  s o l v e n t  q u a l i t y  a t  W i l s o n v i l l e  s ince  1978. Th is  method 
(Note 1) de f i nes  s o l v e n t  q u a l i t y  as t h e  we igh t  pe rcen t  t e t r a h y d r o f u r a n  so lub les  
generated, based on weight  pe rcen t  mois ture-  and ash - f ree  (MAF) c o a l .  T r a d i t i o n -  
a l l y ,  a s o l v e n t  q u a l i t y  t e s t  r e s u l t  i n  t h e  l ower  range (z65) warned o f  p o t e n t i a l  
p rehea te r  cok ing  problems. More r e c e n t l y ,  s o l v e n t  q u a l i t y  has been used t o  
mon i to r  the e f f e c t s  o f  add ing  l i g h t  s o l v e n t  r e f i n e d  coa l  (LSRC) and d i s t i l l a t e s  
t o  t h e  so l ven t  stream t o  enhance c o a l  l i q u e f a c t i o n  and m a i n t a i n  s o l v e n t  balance. 

T h i s  s tudy  at tempts t o  i d e n t i f y  i m p o r t a n t  independent and dependent v a r i a b l e s  
assoc ia ted  with the  s o l v e n t  r e f i n i n g  o f  coa l  (SAC) by  r e l a t i n g  p l a n t  o p e r a t i o n  t o  
coa l  feedstock and p roduc t  s l a t e  and by c o r r e l a t i n g  t h e  impact t o  changes i n  the  
r e s u l t s  f r o m  t h e  m ic roau toc lave  s o l v e n t  q u a l i t y  t e s t .  

PROPERTIES AN0 CHARACTERISTICS OF COAL LIQUEFACTION SOLVENTS 
I n  SRC l i q u e f a c t i o n ,  an e f f e c t i v e  process so l ven t  should be (a) coa l -de r i ved  

t o  p e r m i t  cont inuous p l a n t  ope ra t i on ;  (b) a d i s t i l l a t e  w i t h  a nominal b o i l i n g  
range o f  450-85OOF; (c)  a b l e  t o  s u s t a i n  a 10-40 w t  % coa l  s l u r r y  through feed 
pumps; (d)  ab le t o  r a p i d l y  accept  coal  d i s s o l u t i o n  p roduc ts  i n  s o l u t i o n  o r  suspens- 
i o n ;  (e) ab le t o  a c t  as a hydrogen donor o r  s h u t t l i n g  agent f o r  hydrogen t r a n s f e r  
under a predominant ly  f r e e - r a d i c a l  mechanism; and ( f )  capable o f  c a r r y i n g  t h e  
l i q u e f a c t i o n  p roduc t  stream th rough  s o l i d / l i q u i d  separa t i on  processes and u l t i m a t e l y  
o f  b e i n g  recyc led  t o  con t inue  t h e  process.  

The chemical p r o p e r t i e s  o f  r e c y c l e  s o l v e n t s  have been well-documented by 
Wh i tehu rs t  e t  a l .  (2) ,  Burke e t  a1.,(3) and Neavel (4). A r e c y c l e  s o l v e n t  
generated under S R C - I  process c o n d i t i o n s  e x h i b i t s  a complex mo lecu la r  compo- 
s i t i o n .  The s o l v e n t  i s  composed o f  a m i x t u r e  o f  a l k y l  (C - C  ) - s u b s t i t u t e d  p o l y -  
n u c l e a r  he te ro -  and hydroaromat i c compounds. Gas chromatoghapf!y/mass spec t romet ry  
(GC/MS) da ta  have revea led  t h a t  40 i n d i v i d u a l  components comprise a lmost  60 w t  % 
o f  t h e  so l ven t .  The remain ing 40 w t  % may i n c l u d e  hundreds t o  thousands o f  
i n d i v i d u a l  compounds (5). The major  mo lecu la r  spec ies a r e  (5-30%) s u b s t i t u t e d  
naphthalenes and (5-1096) phenanthrenes. 

Dur ing  S R C - I  l i q u e f a c t i o n ,  each t i m e  t h e  so l ven t / coa l  m i x t u r e  passed through 
t h e  r e a c t o r  0-30 w t %  new s o l v e n t  m a t e r i a l  i s  generated, on an MAF feed  coa l  
bas i s .  Therefore,  t h e  mo lecu la r  compos i t i on  would be expected t o  c o n s t a n t l y  
change and s h i f t  i n  response t o  p rocess ing  c o n d i t i o n s  and feed  s l u r r y  composi t ion.  
A t  W i l s o n v i l l e ,  the v i r g i n  d i s t i l l a t e  s o l v e n t  e x i t s  t h e  process a t  vacuum tower 
T102, t r a y s  3 and 8 (see F igu re  1 f o r  a process f l o w  scheme). The s o l v e n t  i s  
t hen  h e l d  b r i e f l y  i n  a h o l d i n g  tank (V178), from which d a i l y  samples a re  taken 
f o r  s o l v e n t  q u a l i t y  t e s t i n g .  
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Recently, the s o l v e n t  i n  V178 ( o r i g i n a l l y  V131A) has been mixed w i t h  LSRC o r  
o t h e r  product  streams i n  tank  V131B j u s t  be fo re  i t  i s  r e c y c l e d  i n t o  the  process 
a t  V l O l A  as a new coa l  s l u r r y .  The LSRC, a p roduc t  s t ream from the  c r i t i c a l  
So lven t  deasher, i s  added t o  t h e  d i s t i l l a t e  s o l v e n t  f o r  seve ra l  reasons. Most 
impor tan t  t o  t h e  o v e r a l l  process i s  t h a t  LSRC appears t o  enhance s o l v e n t  q u a l i t y  
by adding h i g h - b o i l i n g  compounds (6 ) ,  and somehow promotes d i s t i l l a t e  y i e l d  so 
t h a t  so l ven t  balance i s  mainta ined.  Handl ing the  LSRC i n  m a t e r i a l  ba lance 
c a l c u l a t i o n s  i s  a problem. If the  LSRC i s  i n e r t ,  i t  can s imp ly  be sub t rac ted .  
However, i f  t h e  LSRC i s  a r e a c t a n t ,  i t s  degree o f  conve rs ion  must be q u a n t i f i e d  
before an o i l  y i e l d  can be computed (7). Because the  a d d i t i o n  of LSRC t o  t h e  
d i s t i l l a t e  s o l v e n t  has n o t  been con t inous  f o r  a l l  coa l  types,  s o l v e n t  q u a l i t y  
va lues from V131B samples a re  n o t  i nc luded  throughout  t h i s  r e p o r t .  

Anthracene o i l  i s  sometimes added t o  the  system a t  V178 t o  m a i n t a i n  s o l v e n t  
balance. For  t h i s  s tudy ,  data p o i n t s  were e l i m i n a t e d  i f  more than  5% by volume 
anthracene o i l  was added t o  t h e  V178 s o l v e n t  w i t h i n  5 days o f  a m a t e r i a l  balance 
pe r iod .  

THE ROLE OF SOLVENT I N  S R C - I  LIQUEFACTION 
Our c u r r e n t  understanding o f  coa l  l i q u e f a c t i o n  i s  t h a t  b i tuminous coa l ,  when 

mixed w i t h  s o l v e n t  a t  200-250°F begins t o  d i s s o l v e ,  b u t  t h a t  most o f  t h e  coa l  
m a t r i x  i s  i n  suspension. The p r imary  d i s s o l u t i o n  p roduc ts  a re  b e l i e v e d  t o  be 
smal l  molecules a l ready  t rapped  w i t h i n  t h e  coa l  (8) .  Depending on coa l  t ype  and 
rank,  these compounds may rep resen t  5-20% o f  t he  coa l .  

A t  W i l s o n v i l l e ,  t he  feed s l u r r y  i s  h e l d  a t  150-250°F (depending on t h e  
pe rcen t  LSRC added) f o r  8-12 h r  w i t h o u t  hydrogen be fo re  i t  e n t e r s  t h e  p rehea te r  
(8102) under p a r t i a l  hydrogen pressure.  Under these h o l d i n g  c o n d i t i o n s  i n  tanks  
V l O l A  and V1018, the  r e c y c l e  s o l v e n t  must e x h i b i t  good d i s s o l v i n g  power. That  
way, t h e  so l ven t  can e x t r a c t  and exchange w i t h  t he  sma l l  molecules t rapped  i n  t h e  
coa l  and f i l l  o t h e r  vo ids  c rea ted  by loss  o f  water  and s w e l l i n g .  

Thermal r e a c t i o n s ,  i n  which s i s s i l e  bonds (9) break and i n i t i a t e  ac tua l  c o a l  
m a t r i x  l i q u e f a c t i o n ,  do n o t  occur u n t i l  -6OOOF. Such temperatures a r e  f i r s t  
reached i n  t h e  p rehea te r  (8102) under -2,000 p s i  hydrogen pressure.  A t  l i q u e -  
f a c t i o n  temperatures, t h e  nascent f r e e  r a d i c a l s  apparen t l y  r a p i d l y  combine w i t h  
l a b i l e  hydrogen from t h e  feed  coa l  d u r i n g  the  f i r s t  . l - 5  min, forming a c r e s o l -  
( o r  p y r i d i n e - )  s o l u b l e  p roduc t  (4). When temperatures i n  t h e  p rehea te r  reach 
78OoF, the  r e c y c l e  s o l v e n t  appears t o  r a p i d l y  s o l v a t e  t h e  p r imary  l i q u e f a c t i o n  
product .  A f t e r  t h e  process s l u r r y  stream en te rs  t h e  r e a c t o r ,  t h e  exothermic 
r e a c t i o n  d r i v e s  the  temperature t o  a lmost  84OOF d u r i n g  a res idence t ime  o f  30-60 
min. I n  the  r e a c t o r  t he  o r i g i n a l  r e c y c l e  s o l v e n t  and t h e  new coa l  product  
components s h u t t l e  hydrogen t o  f r e e - r a d i c a l  s i t e s  generated from s p l i t t i n g  and 
c rack ing  a t  r e a c t i o n  temperature (840OF). 

The so l ven t ,  which i s  now m o d i f i e d  i n  mo lecu la r  composi t ion by  t h e  a d d i t i o n  
o f  c r a c k i n g  and s p l i t t i n g  products  from 0-30 w t  % MAF c o a l ,  can i t s e l f  be rehydro- 
genated. Th is  newly a v a i l a b l e ,  "donatable"  hydrogen can be s h u t t l e d  t o  more 
r e c e n t l y  generated a c t i v e  s i t e s  formed i n  r e a c t o r  R l O l  t o  f u r t h e r  s t a b i l i z e  the 
system. 

That p o r t i o n  o f  t h e  s o l v e n t  t h a t  i s  a c t i v e  i n  s h u t t l i n g  hydrogen t o  f ree -  
r a d i c a l  s i t e s  has been assoc ia ted  w i t h  t h e  hydroaromat ic  con ten t .  Other  hydrogen- 
t r a n s f e r  spec ies have been suggested ( 2 )  t o  be a c t i v e  when hydroaromat ic  species 
were absent o r  depleted,  i n c l u d i n g  aromat ic  hyd roxy l  (e .g . ,  p-naphthol )  and a l k y l  
(methy l )  s i d e  chains l i k e  those found on 2-methylnaphthalene. Curran e t  a l .  (10) 
concluded t h a t  t h e  l i q u e f a c t i o n  s o l v e n t  needs s u f f i c i e n t  donatable hydrogen t o  
promote g r e a t e r  d i s t i l l a t e  y i e l d  and reduce cok ing,  and t h a t  t h e  hydrogen can 
come from many sources. 

i 
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C o r r e l a t i o n  o f  So lven t  Q u a l i t y  t o  Process Opera t i on  
A rev iew  o f  p a s t  o p e r a t i n g  r e p o r t s  from W i l s o n v i l l e  and i n t e r v i e w s  w i t h  

W i l s o n v i l l e  s t a f f  r e s u l t e d  i n  an- assemblage o f  48 p r imary  parameters t h a t  def ine 
a p i l o t  p l a n t  r u n  under t h e  S R C - I  f i r s t - s t a g e  regime (Note 2) .  F i f t y - s e v e n  data 
p o i n t s  analyzed f o r  these 48 v a r i a b l e s  span f rom 1978 ( r u n  133) t o  1982 ( run  
234). D u r i n g  t h i s  pe r iod ,  f i v e  ma jo r  c o a l  types were processed f o r  3-58 days on 
stream, p e r  run. Usua l l y  one t o  t h r e e  da ta  p o i n t s  from each run were se lec ted  t o  
rep resen t  a m a t e r i a l  ba lance a t  nominal s teady -s ta te  c o n d i t i o n s .  These m a t e r i a l  
balance p o i n t s  form the  da ta  base o f  t h i s  r e p o r t .  

In ana lyz ing  these data,  we assumed t h a t  each coal  t y p e  can be viewed inde -  
pendent ly ,  and t h a t  data f o r  each c o a l  t y p e  can be averaged. The reason f s r  t h i s  
assumption was t h a t  we b e l i e v e  t h e  v a r i a b i l i t y  i n  csa i  r e a c t i v i t y  changes t h e  
demand o n  t h e  o p e r a t i n g  c o n d i t i o i l s ,  generates a c o a l - s p e c i f i c  r e c y c l e  s o l v e n t  
a f t e r  l i n e  au t ,  and would promote a un ique p roduc t  d i s t r i b u t i o n .  A l l  coa l s  o r  
s i m i l a r  c o a l  types a re  combined o n l y  when deemed necessary f o r  genera l  comparison 
purposes. The o b j e c t i v e  o f  t h i s  s tudy  i s  t h e r e f o r e  t o  r e l a t e  t h e  m ic roau toc lave  
s o l v e n t  q u a l i t y  t e s t  r e s u l t  t o  process f a c t o r s  t h a t  cause o r  a r e  a f f e c t e d  by a 
change i n  t h e  s o l v e n t ' s  r o l e  i n  S R C - I  l i q u e f a c t i o n .  

The o b j e c t i v e s  o f  f i r s t - s t a g e  SRC-I l i q u e f a c t i o n  a r e  assumed t o  be: 

o Maximum convers ion o f  coa l  t o  c r e s o l  ( o r  p y r i d i n e )  so lub les  
o Minimum hydrogen consumption based on MAF coa l  convers ion 
o Maintenance o f  process s o l v e n t  i n  s o l v e n t  ba lance 
o Minimum hydrocarbon and maximum heteroatom gas p r o d u c t i o n  
o Minimum preasphal tene c o n t e n t  i n  t h e  vacuum tower  (T102) bottoms 

The ma jo r  process v a r i a b l e s  cons ide red  a re  c o a l  t ype ,  d i s s o l v e r  (R101) 
temperature and pressure,  and coa l  space r a t e  i n  t h e  d i s s o l v e r .  

React ion s e v e r i t y ,  i . e . ,  t h e  degree o f  coa l  conve rs ion  t o  d i s t i l l a t e  and 
gas, can be assessed from y i e l d  s t r u c t u r e  i n f o r m a t i o n ,  such as hydrocarbon and 
heteroatom gas p r o d u c t i o n  ( t o t a l  gas minus H20) and n e t  hydrogen consumption. 

A l though t o t a l  gas p r o d u c t i o n  may n o t  seem t o  r e l a t e  t o  t h e  r e c y c l e  s o l v e n t ' s  
p h y s i c a l  or chemical p r o p e r t i e s ,  i t  i s  presumed t o  be a f f e c t e d  by " s o l v e n t  q u a l i t y . "  
So lven t  q u a l i t y  i n  t h i s  case r e f e r s  t o  t h e  s o l v e n t ' s  a b i l i t y  t o  s h u t t l e  hydrogen 
t o  those coal  spec ies t h a t  have s p l i t  i n t o  l a r g e  components and t o  min imize 
hydrocarbon c r a c k i n g  t h a t  forms C1;C4 gases. 

The benzene so lub les  (SRC o i l s  and asphal tenes)  o f  t he  vacuum tower  bottoms 
(T102) and t h e  t o t a l  SRC ( p y r i d i n e  s o l u b l e s )  o f  t h i s  same stream may be t h e  b e s t  
analyzed samples t o  q u a n t i f y  b o t h  p r o d u c t  d i s t r i b u t i o n  and r e a c t i o n  s e v e r i t y .  
T h i s  T102 bottoms stream i s  "process-normal ized"  i n  t h a t  minor  process excu rs ions  
a r e  averaged by t h e  volume and th roughpu t  o f  t h e  tower. 

Process s o l v e n t  i s  n o t  measured, b u t  i t  i s  determined by d i f f e r e n c e  when 
c a l c u l a t i n g  a m a t e r i a l  ba lance f rom l a b o r a t o r y  d i s t i l l a t i o n  (450-end p o i n t )  and 
subsequent gas chromatography r e s u l t s  (450-850OF). We b e l i e v e  process s o l v e n t  
y i e l d  i s  n e i t h e r  a p r e c i s e  n o r  an accu ra te  parameter t o  cons ide r  f o r  c o r r e l a t i o n .  

The l i g h t  o i l s  (C5-45OoF), which a r e  q u a n t i f i e d  by  gas chromatography data,  
p r o v i d e  another  measure o f  l i q u e f a c t i o n  s e v e r i t y  and s o l v e n t  breakdown independent 
o f  t o t a l  gas p roduc t i on .  

Table 1 l i s t s  t y p i c a l  process parameters w i t h  t h e  l i m i t s  o f  t he  va lues 
accepted as equ iva len t  i n  t h i s  s tudy.  
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Table 1 

W i l s o n v i l l e  SRC Process Cond i t i ons  

D i s s o l v e r  pressure 

D i s s o l v e r  temperature 

D isso lve r  volume i n  use 

Coal space r a t e  

1,700 _+ 100 p s i g  

825 f 10°F 

7 5% 

38 t 3 l b / h r - f t  
3 

H2 p a r t i a l  pressure (hea te r  i n l e t )  

Representat ive s o l v e n t  q u a l i t y  t e s t  r e s u l t s  f o r  V178 ( h o l d i n g  tank )  s o l v e n t  
c o l l e c t e d  over t h e  p a s t  4 yea rs  a r e  p l o t t e d  as a f u n c t i o n  o f  t ime  and coa l  t ype  
i n  F igu re  2. Day-to-day v a r i a t i o n  can be as g r e a t  as 10 u n i t s  on t h e  s o l v e n t  
q u a l i t y  scale. As an a n a l y t i c a l  t e s t ,  s o l v e n t  q u a l i t y  may be considered t o  have 
a p r e c i s i o n  o f  +2. 

RESULTS 

To ta l  Gas Product ion 
F igu re  3 p l o t s  t h e  e n t i r e  data s e t  f o r  t o t a l  hydrocarbon and heteroatom gas 

p roduc t i on  (MAF c o a l )  vs. s o l v e n t  q u a l i t y  f o r  a l l  coa ls .  The d i s t r i b u t i o n  i s  
c l u s t e r e d  a t  8 * 2% t o t a l  gas and 75 2 6 s o l v e n t  q u a l i t y .  R e p l o t t i n g  t o t a l  gas 
p roduc t i on  from Kentucky #9 coal  o n l y  g i v e s  f o u r  d i s t r i b u t i o n  curves,  one f o r  
each mine. F igu re  4 shows t h a t  each p l o t  has d i s t i n c t  c l u s t e r s  and a few o u t l y i n g  
data p o i n t s .  I n  F igu re  4, t h e  data p o i n t s  a re  coded t o  d e f i n e  common d i s s o l v e r  
c o n d i t i o n s  (pressure,  temperature, and volume used). Only i n  t h e  F i e s  Mine 
Kentucky #9 coa l  i s  t h e r e  an apparent s h i f t  t o  g r e a t e r  gas p r o d u c t i o n  a t  h ighe r  
d i s s o l v e r  temperature and pressure.  F igu re  5 p rov ides  a d i f f e r e n t  p e r s p e c t i v e  by 
p l o t t i n g  t o t a l  gas p r o d u c t i o n  data as a f u n c t i o n  o f  days on stream over  4 years.  
Note t h a t  because da ta  p o i n t s  a re  presented, process c o n d i t i o n s  v a r i e d  more 
than the  accepted l i m i t s  g i v e n  i n  (Table 1) f o r  any one common p rehea te r / reac to r  
c o n d i t i o n .  Note t h a t  h i g h  gas p roduc t i on  u s u a l l y  f o l l o w s  a change i n  coa l  type.  
Th is  t r e n d  i s  apparen t l y  independent o f  r e a c t o r  pressure,  coa l  space r a t e ,  and 
a lmost  independent o f  temperature (825-840OF). 

Gas p r o d u c t i o n  i s  graphe'd as a f u n c t i o n  o f  t o t a l  e lementa l  hydrogen consump- 
t i o n  i n  F igu re  6; a l l  da ta  p o i n t s  a r e  presented.  I f  a t o t a l  gas p r o d u c t i o n  range 
o f  5-10% and a hydrogen consumption o f  1.5-3% on MAF coa l  a r e  a r b i t r a r i l y  s e t  as 
lower  and upper l i m i t s ,  t he  p o i n t s  o u t s i d e  these l i m i t s  a r e  m a i n l y  those from t h e  
m a t e r i a l  balance pe r iods  taken  w i t h i n  30 days a f t e r  a change i n  coa l  t ype  f o r  
S R C - I  process ing.  These same p o i n t s  a re  t h e  o u t l y i n g  da ta  p o i n t s  i n  F i g u r e  4. 

1,470 ? 75 p s i  

Product  C o r r e l a t i o n  t o  So lven t  Q u a l i t y  
I n  o rde r  t o  analyze the  da ta  mean ing fu l l y  and o b j e c t i v e l y ,  we r e l a t e d  s o l v e n t  

q u a l i t i e s  t o  p roduc t  d i s t r i b u t i o n  by coa l  t ype  a t  t h e  s e l e c t e d  m a t e r i a l  balance 
pe r iods .  Process v a r i a b l e s  such as p rehea te r  temperature and r e a c t o r  pressure,  
temperature, and volume a re  documented i n  t h e  d iscuss ion.  

D o t i k i  Kentucky #9 Coal. The major d i f f e r e n c e s  i n  p rocess ing  D o t i k i  coa l  
occurred between Runs 202/203 and 204/206/208. The f i r s t  s e t  o f  runs was 
conducted a t  a lower  d i s s o l v e r  temperature (825 vs. 84OOF). A lso,  t h e  p y r i t e  
con ten t  o f  t h e  coa l  i n  runs 2068 and 208 was l e s s  than  1.1%, whereas i n  r u n  203 
i t  was 1.3%. 

F igures 7A-7D p l o t  s o l v e n t  q u a l i t y  vs. s p e c i f i c  p r o d u c t  components. F igu re  7A 
( p y r i t e  con ten t  vs. s o l v e n t  q u a l i t y )  i d e n t i f i e s  each p o i n t  by run/  m a t e r i a l  
balance number and can be used as a gu ide  t o  i d e n t i f y  t h e  e q u i v a l e n t  r u n  i n  
F igu res  76-70. 
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Solvent  q u a l i t y  does n o t  appear t o  a f f e c t  p roduc t  y i e l d .  However, the 
pe rcen t  p y r i t e  i n  the  feed  c o a l  appears t o  a f f e c t  s o l v e n t  q u a l i t y ;  t h a t  i s ,  if 
t h e  percent  p y r i t e  i s  below 1 .1  w t  %, t h e  s o l v e n t  q u a l i t y  va lue  dev ia tes  from the 
major  d i s t r i b u t i o n  c l u s t e r .  The o p e r a t i n g  c o n d i t i o n s  d u r i n g  runs 206 and 207 
were upset because the  h igh -p ressu re  separator  f a i l e d  and n e a r l y  70 v o l  % o f  the 
u n i t  was f i l l e d  w i t h  c r e s o l - i n s o l u b l e  m a t e r i a l .  Run 208, which was s h o r t ,  however, 
had t h e  h i g h e s t  s o l v e n t  q u a l i t y  (70) and lowes t  (1.1%) p y r i t e  con ten t .  Th is  
s o l v e n t  q u a l i t y  v a l u e  i s  u n u s u a l l y  h igh ;  i t s  cause i s  unknown and o n l y  one m a t e r i a l  
ba lance (MB) sample was taken f o r  t h i s  run. D a i l y  s o l v e n t  q u a l i t i e s  measured 
b e f o r e  and a f t e r  t h e  208AB MB were between 64 and 66. 

La faye t te  Kentucky #9 Coal. Runs 163 t o  201 were conducted w i t h  La faye t te  
c o a l .  Runs 163, 166, and 201 were a t  75% d i s s o l v e r  volume a t  1,700 p s i  and 
825OF; d i s s o l v e r  p ressu re  i n  runs 167, 168, 171, and 172 increased t o  2,100 p s i  
with ori iy 50 v o i  X o f  t h e  d i s s o l v e r  i n  use; and r u n  190 was per formed a t  2,100 
p s i ,  825OF. and 75% d i s s o l v e r  volume. The l a r g e s t  volumes o f  anthracene o i l  were 
added t o  t h e  system between runs 170 and 182. So lven t  q u a l i t y  increased from 65 
t o  75, bu t  f e l l  t o  68 a f t e r  r u n  182 and remained t h e r e  u n t i l  t h e  n e x t  coa l  type 
( D o t i k i )  was used. F igu res  8A-8D i l l u s t r a t e  t h e  r e l a t i o n s h i p  f o r  L a f a y e t t e  coal .  
Note t h a t  most L a f a y e t t e  feed  c o a l s  had a p y r i t e  c o n t e n t  o f  l e s s  than  1 .2  w t  %. 

Pyro Kentucky #9 Coal. Pyro Mine c o a l  was r u n  under d i s s o l v e r  c o n d i t i o n s  o f  
1,700 p s i  and 825OF f o r  runs 151, 159, 160. and 161, and a t  2,100 p s i  and 825OF 
f o r  r u n  162. These process c o n d i t i o n s  a r e  the  most cons tan t  f o r  t h e  coa ls  tested.  
Because r u n  151 was conducted w i t h  Ind iana  V s o l v e n t  and processed 3 months 
b e f o r e  run 159, r u n  151 can be e l i m i n a t e d  from each s o l v e n t  q u a l i t y  c o r r e l a t i o n .  
F igu res  9A-9D show t h e  r e l a t i o n s h i p  between Pyro coa l  s o l v e n t  q u a l i t y  and product  
d i s t r i b u t i o n .  Product  y i e l d  ranged w i d e l y  (+8%), b u t  s o l v e n t  q u a l i t y  changed 
o n l y  s l i g h t l y  (+ 2 ) .  The range o f  p r o d u c t  d i s t r i b u t i o n  i s  no l e s s  than  t h a t  f o r  
o t h e r  coal types t h a t  exper ienced s o l v e n t  q u a l i t y  changes o f  more than  + l o  from 
t h e  average. 

F ies  Kentucky #9 Coal. F i e s  Mine c o a l  was processed under t h e  most v a r i e d  
c o n d i t i o n s  o f  a l l  coa l  types (Note 2). Most F i e s  Mine coa l  was r u n  a t  d i s s o l v e r  
c o n d i t i o n s  o f  2,100 p s i ,  84OoF, and 75 v o l  %. Only  t h r e e  feed coa ls  (229A, 2298, 
and 210AB) had a p y r i t e  c o n t e n t  be low 1.1%. Anthracene o i l  was added o n l y  once, 
a f t e r  run 210. So lven t  q u a l i t y  was 75 and was n o t  g r e a t l y  a f f e c t e d  (i2). The 
reason f o r  t h i s  i s  n o t  c l e a r ,  b u t  t h e  optimum a c t i v i t y  o f  hydrogenated anthracene 
o i l  may be 75 k 2 as measured by t h e  s o l v e n t  q u a l i t y  t e s t .  So lven t  q u a l i t y  and 
p r o d u c t  d i s t r i b u t i o n  f o r  F i e s  Mine coa l  are compared i n  F igu res  10A-100. I n  
genera l ,  o n l y  t o t a l  gas p r o d u c t i o n  (dep ic ted  e a r l i e r  i n  F i g u r e  4) shows any 
apparent  c o r r e l a t i o n  between s o l v e n t  q u a l i t y  and d i s s o l v e r  temperature: lower 
d i s s o l v e r  temperature and h i g h e r  s o l v e n t  q u a l i t y  y i e l d  t h e  l owes t  gas p roduc t i on .  

E f f e c t  o f  So lven t  Q u a l i t y  on t h e  A t ta inmen t  o f  L i q u e f a c t i o n  Ob jec t i ves  
We assume so lven ts  a r e  p r i m a r y  p roduc ts  o f  t he  feed  coa ls ,  t h e r e f o r e  t h e i r  

composi t ions a re  a f f e c t e d  f i r s t  by  t h e  c o a l ' s  s t r u c t u r e ,  second by process ing 
c o n d i t i o n s ,  and t h i r d  by  a d d i t i o n  o f  e x t e r n a l  m a t e r i a l  (LSRC), c o n t r o l  o f  d i s t i l -  
l a t e  b o i l i n g  p o i n t  d i s t r i b u t i o n ,  o r  m o d i f i c a t i o n  by  chemical means. 

Once a new s teady -s ta te  process c o n d i t i o n  i s  reached and t h e  s o l v e n t  l i n e d  
o u t ,  t he  s o l v e n t ' s  new p r o p e r t i e s  apparen t l y  a l l o w  a d i f f e r e n t  p roduc t  y i e l d  
d i s t r i b u t i o n  t o  be mainta ined.  The p rehea te r  and r e a c t o r  temperatures have t h e i r  
g r e a t e s t  impact  on t h e  r a t e  o f  f o r m a t i o n  o f  p r imary  l i q u e f a c t i o n  p roduc ts  t h a t  
p l a c e  a demand on t h e  s o l v e n t  f o r  r a p i d  coa l  d i s s o l u t i o n  and hydrogen donat ion.  

If the s o l v e n t  i s  r e t u r n e d  t o  t h e  f r o n t  end w i t h o u t  a d d i t i o n  from another 
s t ream (LSRC o r  d i s t i l l a t e ) ,  we can a t  b e s t  a n t i c i p a t e  an apparent  s teady -s ta te  
s o l v e n t  because t h e  feed coa l  i s  c o n s t a n t l y  changing. Most i m p o r t a n t l y ,  t he  
c o a l ' s  p y r i t e  c o n t e n t  and d i s t r i b u t i o n  i s  more v a r i a b l e  than t h e  o rgan ic  macro- 
mo lecu la r  s t r u c t u r e .  F i g u r e  11 shows t h e  range i n  s o l v e n t  q u a l i t y  as a f u n c t i o n  
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O f  Coal t ype  w i t h  and w i t h o u t  LSRC a d d i t i o n ,  independent o f  process c o n d i t i o n s ,  
f o r  a l l  m a t e r i a l  balance pe r iods .  C i r c l e s  rep resen t  average r e s u l t s ,  and t h e  
ba rs  de f i ne  the  upper and lower  l i m i t s  o f  t h e  s o l v e n t  q u a l i t y .  

Next, we considered o n l y  those s o l v e n t  q u a l i t y  r e s u l t s  ob ta ined  from m a t e r i a l  
ba lances more than 30 days a f t e r  a change i n  feed  coa l  t ype  and more than  5 days 
a f t e r  a d d i t i o n  o f  anthracene o i l .  A l l  da ta  p o i n t s  were averaged by  coa l  t ype  
w i t h  respec t  t o  t h e i r  p y r i t e  c o n c e n t r a t i o n  (F igu re  12). 

F igu re  12 shows t h a t  t he  F ies,  Pyro, and Ind iana  V c o a l s  w i t h  >1.2% p y r i t e  
generated so l ven ts  w i t h  average SQ values above 72. The t r e n d  o f  F i e s ,  Pyro, and 
Ind iana  coal  data c l u s t e r i n g  toge the r  and D o t i k i  and L a f a y e t t e  coa l  d a t a  c l u s t e r i n g  
toge the r  was a l s o  observed f o r  n e a r l y  a l l  average p roduc t  d i s t r i b u t i o n s  (e .g . ,  
F igu res  7-11) as w e l l  as o t h e r  v a r i a b l e s  n o t  i n c l u d e d  i n  t h i s  r e p o r t .  

Measurement o f  L i q u e f a c t i o n  Behavior 
Based on these obse rva t i ons ,  a l o g i c a l  approach t o  d e f i n i n g  coa l -de r i ved  

r e c y c l e  s o l v e n t  q u a l i t y  i s  t o  r e a c t  samples o f  t h e  s o l v e n t ,  o r  t he  m o d i f i e d  
so l ven t ,  i n  t h e  microautoc lave t e s t  w i t h  t h e  d a i l y  f eed  coa l .  T h i s  s o l v e n t  
q u a l i t y  t e s t  would i n v o l v e  comparison o f  t h e  d a i l y  m ic roau toc lave  p roduc t  d i s t r i -  
b u t i o n  ( res idue,  preasphal tenes,  and t o t a l  benzene s o l u b l e s )  w i t h  t h e  p roduc t  
d i s t r i b u t i o n  f o r  a we l l -ma in ta ined  s tandard coa l  o f  t he  same type. The p r imary  
l i q u e f a c t i o n  a c t i v i t y  o f  t he  s o l v e n t  would be determined under hydrogen-starved, 
s o l v e n t - r i c h  c o n d i t i o n s ,  t o  mimic t h e  s l u r r y  tanks and t h e  r a p i d  coa l  d i s s o l u t i o n  
process i n  the  p rehea te r  a t  750 f Z0F. The secondary l i q u e f a c t i o n  a c t i v i t y  o f  
t h e  so l ven t  would be determined from a s i m i l a r  p roduc t  d i s t r i b u t i o n  under hydrogen- 
r i c h  c o n d i t i o n s  (2,000 p s i ) ,  t o  q u a n t i f y  t h e  s u s t a i n i n g  hyd rogen- t rans fe r  r e a c t i o n s  
i n  t h e  reac to r .  

These two t e s t s  would be made w i t h i n  t h e  same sand ba th ;  a t  t h e  same t ime ,  a 
t h i r d  t e s t  microautoc lave would be run. I n  t h i s  t h i r d  bomb, t h e  s tandard coa l  
t ype  would be reac ted  w i t h  a s tandard model compound s o l v e n t  m ix tu re .  Together, 
a l l  t h r e e  r e s u l t s  would p r o v i d e  i n t e r n a l  checks on t h e  r e l i a b i l i t y  o f  t h e  t e s t  
(s tandard coa l  vs. s tandard so l ven t ) ;  optimum con t inued  d i s s o l u t i o n  o f  process 
coa l  ( f eed  coa l  vs. r e c y c l e  so lvent /no H ) ;  and optimum con t inued  convers ion  t o  
t h e  des i red  p roduc t  s l a t e  ( feed  coa l  5. r e z y c l e  so l ven t /  H2). 

F igu re  13 summarize how t h i s  approach t o  measuring s o l v e n t  q u a l i t y  c o u l d  be 
used t o  p r e d i c t  l i q u e f a c t i o n  behavior  o f  t h e  nex t  day ' s  ope ra t i on .  Over a 3-month 
p e r i o d  i n  ou r  l a b o r a t o r i e s ,  we have demonstrated t h a t  s o l v e n t s  from h o l d i n g  t a n k  
V178  y i e l d  d i f f e r e n t  SQ va lues depending on whether t h e y  a r e  t e s t e d  w i t h  t h e  feed  
coa l  t h a t  t hey  w i l l  be s l u r r i e d  w i t h i n  t h e  nex t  r u n  o r  a s tandard  Ind iana  V c o a l .  
The g r e a t e s t  d i f f e r e n c e  i s  t he  r e l a t i v e  d i s t r i b u t i o n  o f  benzene s o l u b l e s  t o  
preasphal tenes.  S i l v e r  and M i l l e r  (11) were f i r s t  t o  n o t e  s i m i l a r  c o a l  conve rs ion  
d i f f e r e n c e s  when u s i n g  a s o l v e n t  generated from Wyodak coa l  and r e a c t i n g  i t  w i t h  
Kentucky #9 coa l .  

SUMMARY 
The concept o f  q u a n t i f y i n g  s o l v e n t  q u a l i t y  by  a m ic roau toc lave  t e s t  does 

have m e r i t  i f  t h e  t e s t  i s  r u n  w i t h  t h e  same c o a l - t y p e  used t o r  coa l  l i q u e f a c t i o n .  
C o r r e l a t i o n  o f  t h e  s o l v e n t  q u a l i t y  r e s u l t  t o  p rehea te r  chemis t r y  ( r a p i d  coal  
d i s s o l u t i o n  w i t h  minimum hydrogen s h u t t l i n g )  and r e a c t o r  chemis t r y  ( r a p i d  and 
s u s t a i n i n g  hydrogen d o n a t i o n / s h u t t l i n g )  i s  apparen t l y  poss ib le .  A s  used a t  
W i l s o n v i l l e  d u r i n g  runs 133-234, the m ic roau toc lave  SQ r e s u l t  was o f  t a n g e n t i a l  
s i g n i f i c a n c e  f o r  abso lu te  day-to-day p i l o t  p l a n t  ope ra t i on .  However, d u r i n g  the 
p a s t  4 yea rs  t h e  W i l s o n v i l l e  s t a f f  has c o l l e c t e d  SQ d a t a  under t h e  most v a r i e d  o f  
c o n d i t i o n s ,  e.g., changes i n  feed  coa l ,  a d d i t i o n  o f  LSRC t o  t h e  s o l v e n t ,  r e d e f i n i t -  
i o n  o f  s o l v e n t  b o i l i n g  range, and most r e c e n t l y ,  a d d i t i o n  o f  h y d r o t r e a t e d  m a t e r i a l  
t o  t he  so l ven t .  These SQ r e s u l t s  do p r o v i d e  us w i t h  a r e l a t i v e  measure o f  coal 
convers ion behav io r  t o  s o l v e n t  composi t ion under p i l o t  p l a n t  c o n d i t i o n s  t o  consider  
f o r  f u t u r e  process design. The W i l s o n v i l l e  s t a f f  has prepared a t o p i c a l  r e p o r t  
on s o l v e n t  a c t i v i t y  c o v e r i n g  t h i s  s u b j e c t  (12). 
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From o u r  SQ s tudy of W i l s o n v i l l e  i t  i s  our  o p i n i o n  t h a t  bench-scale exper i -  
ments comparing d i f f e r e n t  c o a l s  w i t h  s o l v e n t s  o f  ques t i onab le  parentage f o r  
s i n g l e  pass convers ion a re  a t  b e s t  of  l i m i t e d  r e l a t i v e  value, and r e s u l t  i n  
c o n f l i c t i n g  i n t e r p r e t a t i o n s  from l a b  t o  l ab .  Such experiments do d e f i n e  t h e  k ind  
o f  s o l v e n t  composi t ion t h a t  p rov ides  s p e c i f i c  r e s u l t s .  I f  such r e s u l t s  o r  such 
so l ven ts  can be produced i n  s i t u  i s  another  ques t i on .  Laboratory  l i q u e f a c t i o n  
experiments t h a t  may be t h e  most meaningfu l  (a l t hough  t h e  most time-consuming and 
expensive) a re  f u l l  r e c y c l e  o f  t h e  s o l v e n t  f o r  a t t a i n i n g  apparent s teady-state 
ope ra t i on .  We es t ima te  5-12 s o l v e n t  passes a re  r e q u i r e d  f o r  l i n e - o u t  depending 
on process c o n d i t i o n s .  
Note 1 

W i l s o n v i l l e  So lven t  Q u a l i t y  T e s t  (#43080-GO): I n t o  a 30 mL bomb, add 
1.5 g o f  s tandard 1nd;an.i '4 c o a l ,  12 g o f  so l ven t ,  and a 1 - i n .  s t e e l  rod. 
P lace i n  sandbath (750°F) f o r  10 min and shake a t  1,000 spm over 1.5 i n .  
E x t r a c t  t h e  r e a c t i o n  p roduc ts  w i t h  t e t r a h y d r o f u r a n  (THF) t o  determine THF 
i n s o l u b l e s .  Ca lcu la te  pe rcen t  conve rs ion  on MAF coa l .  See Reference 12 f o r  
d e t a i l s .  

Note 2 
The f u l l  data base i s  a v a i l a b l e  upon reques t  f rom t h e  author .  
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FIGURE 8 
SOLVENT OUALITY VS. 

PRODUCT YIELDS FOR LAFAVETTE COAL 
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F I Q U R E B  
SOLVENT DUALITY VS. 

PRODUCT YIELDS FOR PVRD COAL 
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FIGURE 10 
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