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ABSTRA.CT 

The hexane-so lub le  o i l  f r a c t i o n  o f  t h e  heavy l i q u i d s  p roduced 
f rom t h e  l i q u e f a c t i o n  o f  coa l  u s i n g  t e t r a l i n  donor v e h i c l e  was f r a c -  
t i o n a t e d  by h i g h  p r e s s u r e  l i q u i d  chromatography .  Three f r a c t i o n s  were 
o b t a i n e d :  s a t u r a t e s ,  a r o m a t i c s  and p o l a r s .  Each f r a c t i o n  was i n d i v i -  
d u a l l y  c h a r a c t e r i z e d  v i a  c a p i l l a r y  column gas chromatography/mass 
spec t romet ry .  Severa l  b i n a p h t h y l s  and b i n a p h t h y l  d e r i v a t i v e s ,  p roduc -  
ed f r o m  the  donor  s o l v e n t  t e t r a l i n  under  coa l  l i q u e f a c t i o n  c o n d i t i o n s ,  
were i d e n t i f i e d  i n  t h e  a r o m a t i c  f r a c t i o n .  These a r t i f a c t s  make up an 
i m o r t a n t  f r a c t i o n  o f  t h e  who le  a romat i c  f r a c t i o n .  There i s  a f a i r l y  
c l e a r  tendency  f o r  t h e  c o n c e n t r a t i o n  o f  b i n a p h t h y l s  and de r  
decrease w i t h  i n c r e a s i n g  rank  o f  c o a l .  A s tepw ise  m u l t i  
s i o n a l  a n a l y s i s  shows t h a t  t h e  c l a y  m i n e r a l s  and p y r i t e  
coa l  i n d e p e n d e n t l y  c a t a l y z e  one or  more o f  t h e  t ypes  o f  a r  
ma ti on. 

INTRODUCTION 

P a r t i a l l y  hyd rogena ted  a r o m a t i c  s o l  ven ts  such as t e t r a  
phenanthrenes  and h v d r o w r e n e s  ar'e used as Drocess s o l  ven ts  

v a t i  ves t o  
e r e g r e s -  

i r e s e n t  i n  
i f a c t  f o r -  

in ,  hyd ro -  
i n  s e v e r a l  

c o a l  1 i q u e f a c t i o n  p-roces-ses. An i m p o r t a n t  ' f u n c t i o n  o f  t h e s e  s o l v e n t s  
i s  t o  donate  hydrogen necessa ry  f o r  capp ing  t h e  t h e r m a l l y  p roduced 
f r e e  r a d i c a l s  f rom c o a l  t h e r e b y  p r e v e n t i n g  cha r  fo rma t ion .  The e f f e c t  
o f  hydrogen donor  c o n c e n t r a t i o n  on t h e  convers ion  o f  coa l  t o  THF o r  
p y r i d i n e - s o l u b l e  p r o d u c t s  has been t h r o r o u g h l y  i n v e s t i g a t e d  (1,2) and 
seve ra l  modern a n a l y t i c a l  t e c h n i q u e s  have been a p p l i e d  t o  c h a r a c t e r i z e  
t h e  ensu ing  p r o d u c t s  o f  l i q u e f a c t i o n .  Combined gas chromatography-  
mass s p e c t r o m e t r y  (GC/MS) has been e x t e n s i v e l y  used i n  t h e  c h a r a c t e r i -  
z a t i o n  o f  l i q u e f a c t i o n  p r o d u c t s  f r o m  c o a l  c o n v e r s i o n  processes  (3 -6) .  
However, o n l y  a l i m i t e d  amount o f  work has been done on t h e  i d e n t i f i -  
c a t i o n  o f  a r t i f a c t s  p roduced f rom the  donor  s o l v e n t  i t s e l f  under  t h e  
c o a l  l i q u e f a c t i o n  c o n d i t i o n s  (7 -9 ) .  A knowledge o f  t h e  a r t i f a c t s  
genera ted  from t h e  p rocess  s o l v e n t  w i l l  be v e r y  h e l p f u l  i n  d e v e l o p i n g  
methods f o r  down-stream p r o c e s s i n g  o f  t h e  c o a l - d e r i v e d  l i q u i d s .  I n  
t h i s  paper,  we d e s c r i b e  t h e  i d e n t i f i c a t i o n  o f  t h e  a r t i f a c t s  p roduced 
from a p rocess  u s i n g  t e t r a l i n  as t h e  hydrogen-donor  s o l v e n t  f o r  l i q u e -  
f a c t i o n  o f  c o a l  and t h e  i n f l u e n c e  of  coa l  c h a r a c t e r i s t i c s  on t h e  con- 
c e n t r a t i o n  o f  t h e  a r t i f a c t s  i s  a l s o  d iscussed.  

*Cur ren t  Address: Process Sc iences  D i v i s o n ,  Brookhaven N a t i o n a l  
-______ 

L a b o r a t o r y ,  Upton ,  NY 11973. 
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EXPERIMENTAL 

Coal Samples : 

S e l e c t e d  c h a r a c t e r i s t i c s  o f  t h e  c o a l s  used i n  t h e  l i q u e f a c t i o n  
s t u d i e s  a r e  shown i n  Tab le  1. The s e t  o f  c o a l s  cove rs  a w ide  range o f  
rank  and g e o l o g i c  p r o v i n c e ;  t h e  m i n e r a l  m a t t e r  c o n t e n t  v a r i e s  f rom a 
low o f  6% t o  a h i g h  o f  34% and a w ide  v a r i a t i o n  i n  t h e  s u l f u r  c o n t e n t  
can a l s o  be no ted .  O the r  c h a r a c t e r i s t i c s  o f  t h e  c o a l s ,  such as 
macera ls  c o n t e n t ,  c a l o r i f i c  va lue ,  c o m p o s i t i o n  o f  t h e  m i n e r a l  m a t t e r  
a r e  a v a i l a b l e  f rom t h e  Penn Sta te /DoE c o a l  d a t a  base. The a r o m a t i c i -  
t i e s  were de te rm ined  by  G e r s t e i n ,  e t  a l .  u s i n g  CP-MAS I 3 C  nmr (10) .  

L i q u e f a c t i o n :  

The l i q u e f a c t i o n  runs  were per fo rmed i n  d u p l i c a t e  i n  t u b i n g  bombs 
under  t h e  f o l l o w i n g  c o n d i t i o n s :  2.5 gm c o a l  t 7 m l  t e t r a l i n ,  425OC, 
H2 p r e s s u r e  ( a t  t empera tu re )  1400 p s i ,  30 m in  r e a c t i o n  p e r i o d  and a g i -  
t a t i o n  a t  400 m i n  -1. A f t e r  t h e  gases had been vented ,  t h e  p r o d u c t s  
were r i n s e d  o u t  o f  t h e  r e a c t o r  i n t o  a S o x h l e t  t h i m b l e  w i t h  e t h y l  
ace ta te .  E x t r a c t i o n  was c o n t i n u e d  i n  t h e  S o x h l e t  appara tus  f o r  24 
hours.  A f t e r  e v a p o r a t i o n  o f  t h e  e t h y l  a c e t a t e ,  t h e  r e s i d u e  was we igh-  
ed t o  de te rm ine  t h e  t o t a l  c o n v e r s i o n  and t h e n  mixed w i t h  500 m l  hexane 
and l e f t  t o  s t a n d  o v e r n i g h t ,  a f t e r  wh ich  i t  was f i l t e r e d .  A f t e r  remo- 
v a l  o f  t h e  hexane, t h e  s o l u b l e  p o r t i o n  was d i s t i l l e d  a t  about  70°C and 
5 mm Hg p r e s s u r e  t o  remove naph tha lene  and excess t e t r a l i n  and t h e  
monomeric by -p roduc ts  formed f rom them d u r i n g  t h e  process .  The u n d i s -  
t i l l e d  m a t e r i a l  was weighed and i s  r e p o r t e d  as " o i l " .  

A n a l y t i c a l  Procedures :  

i )  HPLC Separa t i on :  

P r i o r  t o  GC/MS a n a l y s i s ,  g roup t y p e  s e p a r a t i o n  o f  t h e  hexane- 
s o l u b l e  o i l  was pe r fo rmed  u s i n g  a Waters Model ALC/GPC-PO1 HPLC 
(Waters Assoc ia tes ,  M i l f o r d ,  Mass.). The i n s t r u m e n t  c o n t a i n e d  o f  t h e  
f o l l o w i n g  accessory  hardware :  Model 6000A s o l v e n t  d e l i v e r y  system, a 
Model 660 s o l v e n t  programmer, a Model U6K septumless  i n j e c t i o n  system, 
a Rheodyne Model 7010 b a c k f l u s h  v a l v e  and a Model 440 absobance 
d e t e c t o r  w i th  i n t e r - c h a n g e a b l e  UV f i l t e r s .  

T y p i c a l l y ,  20 m i c r o l i t e r  o f  t h e  o i l  was i n j e c t e d  on t o  a semi-  
p r e p a r a t i v e  (8mm I D  X 30 cm l e n g t h )  micro-Rondapak-NH2 column (Waters  
Assoc ia tes ,  M i l f o r d ,  MA.).  The m o b i l e  phase was s p e c t r a l  q u a l i t y  
n-hexane d i s t i l l e d  i n  g l a s s  ( B u r d i c k  and Jackson,  Muskegon, M I )  and a 
f l o w  r a t e  o f  6.0 m l  m i n - l  was used. S a t u r a t e s  a re  n o t  r e t a i n e d  i n  t h e  
column and a r e  e l u t e d  f i r s t  f o l l o w e d  by  a r o m a t i c  hydrocarbons .  P o l a r s  
have g r e a t e r  a f f i n i t y  towards  t h e  s t a t i o n a r y  phase wh ich  makes t h e  
a n a l y s i s  t i m e  l o n g e r .  Hence a f t e r  t h e  e l u t i o n  o f  t h e  a r o m a t i c  hyd ro -  
carbons ,  s o l v e n t  f l o w  t h r o u g h  t h e  column was r e v e r s e d  u s i n g  t h e  back-  
f l u s h  v a l v e  and t h e  e l u t i n g  m a t e r i a l  was c o l l e c t e d  as t h e  p o l a r  f r a c -  
t i o n .  UV d e t e c t o r  response a t  254 nm was reco rded  f o r  t h e  a r o m a t i c  
and p o l a r  f r a c t i o n s .  
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The t h r e e  f r a c t i o n s - - s a t u r a t e ,  a ro ina t i c  and po la r - -were  c o l l e c t e d  
i n  separa te  f l a s k s  and excess  hexane f rom t h e  f r a c t i o n s  was d i s t i l l e d  
o f f  i n  a r o t a r y  e v a p o r a t o r .  F u r t h e r  c o n c e n t r a t i o n  was e f f e c t e d  by 
b low ing  a g e n t l e  s t ream o f  n i t r o g e n  u s i n g  a S i l l i v a p  c o n c e n t r a t o r .  

i i )  GC/MS C h a r a c t e r i z a t i o n :  

I d e n t i f i c a t i o n s  o f  i n d i v i d u a l  components i n  each f r a c t i o n  were 
performed on an i n t e g r a t e d  GC/MS/Computer system. The i n s t r u m e n t  used 
was a F i n n i g a n  Model 4000 a i l tomated E I / C I  mass spec t romete r  equ ipped 
w i t h  a quadrupo le  i o n  d e t e c t o r  and i n t e r f a c e d  w i t h  a F i n n i g a n  Model 
9610 gas chromatograph and a d e d i c a t e d  LSI computer w i t h  16K inemory. 

Severa l  s t a t i o n a r y  phases c o a t e d  on g l a s s  c a p i l l a r y  columns were 
t e s t e d  f o r  t h e i r  a p p l i c a t i o n  wh ich  i n c l u d e d  SP-2100, SP-2250 ( b o t h  
f rom Supe lco  Inc . ,  B e l l e f o n t e ,  Pa.) ,  SE-30, SE-52, SE-54 and D e x s i l  
300 ( a l l  f r om A p p l i e d  Sc ience  Lab., S t a t e  C o l l e g e ,  Pa.). A 30 mete r  
S E - 5 4  ( m e t h y l p h e n y l s i l i c o n e )  s t a t i o n a r y  phase coa ted -g lass  c a p i l l a r y  
column ( f i l m  t h i c k n e s s ,  0.25 m i c r o m e t e r )  was found s a t i s f a c t o r y  f o r  
t h e  ana lyses  o f  b o t h  a r o m a t i c  and p o l a r  f r a c t i o n s .  

i n j e c t o r  tempera-  
t u r e  25OoC; c a r r i e r  gas, he l i um;  f l o w - r a t e ,  1 ml /min .  The sample was 
q u a n t i t a t i v e l y  i n t r o d u c e d  i n t o  t h e  c a p i l l a r y  column by purged s p l i t -  
l e s s  i n . i e c t i o n  t e c h n i a u e  (11) .  The oven temoera tu re  was i n i t i a l l v  

The o p e r a t i n g  c o n d i t i o n s  used f o r  t h e  GC were:  

programmed t o  i n c r e a s e '  f r o m  io0 t o  100°C a t  20°C m i n - l  and t h e n  t o  
300oC a t  5OC min-1 .  

The mass spec t romete r  was opera ted  i n  t h e  e l e c t r o n - i m p a c t  mode 
(70eV e l e c t r o n  energy ) .  Chemical  i o n i z a t i o n  mass s p e c t r a  (methane 
reagen t  gas)  o f  t h e  e l u t i n g  components were o b t a i n e d  when necessary .  
Spec t ra l  d a t a  a c q u i s i t o n  was pe r fo rmed  a t  a p p r o p r i a t e  scann ing  
i n t e r v a l s  and t h e  mass s p e c t r a  were reco rded  on inagnet ic tapes  f o r  
l a t e r  r e t r i e v a l .  S p e c i f i c  compound i d e n t i f i c a t i o n  was made from t h e  
c h a r a c t e r i s t i c  mass s p e c t r a l  s p l i t t i n g  p a t t e r n s .  R e t e n t i o n  t i m e  da ta  
and response f a c t o r s  were o b t a i n e d  f o r  r e p r e s e n t a t i v e  compounds. By 
m o n i t o r i n g  t h e  s p e c i f i c  i o n  c u r r e n t  ( s i n g l e  i o n  m o n i t o r i n g ) ,  d e t e c t i o n  
o f  compounds p r e s e n t  a t  t r a c e  l e v e l s  was c o n s i d e r a b l y  improved. 

RESULTS AND DISCUSSION 

T e t r a l i n  has been w i d e l y  used as a hydrogen donor  s o l v e n t  i n  many 
coa l  l i q u e f a c t i o n  s t u d i e s .  I n  a d d i t i o n  t o  t h e  t r a n s f e r  o f  hydrogen 
from t h e  hyd roa romat i c  r i n g  t o  c o a l  f r e e  r a d i c a l s ,  t e t r a l i n  undergoes 
t h e  f o l l o w i n g  changes under  c o a l  l i q u e f a c t i o n  c o n d i t i o n s :  

1. I s o m e r i z a t i o n :  T e t r a l i n  rea r ranges  ( i s o m e r i z e s )  t o  p roduce 
me thy l i ndans .  T h i s  r e a c t i o n  i s  t e m p e r a t u r e  dependent (12 )  and i s  
c a t a l y z e d  b y  p y r i t e  (13) .  
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2. F ragmen ta t i on :  I n  t h i s  case, t e t r a l i n  decomposes t o  p roduce a 
mix o f  s m a l l e r  mo lecu les  wh ich  i s  m a i n l y  made up o f  a l ky lbenzenes .  
Cur ran  e t  a l .  r e p o r t e d  t h a t  t h e  decompos i t i on  o f  t e t r a l i n  t o  C4 ben- 
zenes was enhanced i n  t h e  p resence  o f  c o a l  e x t r a c t s  (14 ) .  

3. Adduc t ion /Po lymer i za t i on :  From d e u t e r i u m  l a b e l 1  i n g  s t u d i e s ,  
Franz e t  a l .  showed t h a t  b o t h  2 - t e t r a l y l  and 1 - t e t r a l y l  r a d i c a l s  a re  
produced i n  c o m p e t i t i v e  amounts when a l ow- rank  coa l  i s  heated  i n  
t e t r a l i n  (15 ) .  The t e t r a l y l  o r  naph thy l  r a d i c a l  i n t e r m e d i a t e s  can 
r e a c t  w i t h  f r e e  r a c i d a l s  genera ted  f rom c o a l  o r  t hey  can recombine 
among themse lves  l e a d i n g  t o  p o l y m e r i z e d  p r o d u c t s  such as b i n a p h t h y l s  
and t h e i r  d e r i v a t i v e s .  

Var ious  o t h e r  i somers  o f  t h e  above r e p r e s e n t a t i v e  compounds 
p o s s i b l e .  

a re  a l s o  

On t h e  b a s i s  o f  t h e i r  r e s u l t s  f rom t h e  f l a s h  p y r o l y s i s  o f  1- and 
2 - t e t r a l y l  r a d i c a l  p r e c u r s o r s  i n  vacuum, t h e  above a u t h o r s  suggested  
t h a t  t h e  hyd roa romat i c  r a d i c a l  i n t e r m e d i a t e s  'may p r e f e r  d i s p r o p o r t i o -  
n a t i o n  ove r  comb ina t ion  pathways as tempera tu res  i n c r e a s e ' .  Wh i le  
t h i s  i s  t r u e  f o r  p y r o l y s i s  exper imen ts  a t  h i g h  tempera tu res  and s h o r t  
res idence  t i m e s ,  i t  can n o t  be g e n e r a l i z e d  f o r  coa l  l i q u e f a c t i o n  
exper iments  a t  i n t e r m e d i a t e  tempera tu res  (400-450oC) and c o n s i d e r a b l y  
l o n g  res idence  t imes  (ca .  30 m in . ) .  Our r e s u l t s  i n d i c a t e  t h a t  t h e  
d i m e r i z a t i o n  o f  s o l v e n t  r a d i c a l  i n t e r m e d i a t e s  o c c u r s  t o  a s i g n i f i c a n t  
e x t e n t  i n  a c o a l - t e t r a l i n  system and t h a t  t h e  c o n c e n t r a t i o n  o f  t he  
r e s u l t i n g  a r t i f a c t s  seems t o  be a f f e c t e d  by t h e  coa l  c h a r a c t e r i s t i c s .  

A r e p r e s e n t a t i v e  HPLC s e p a r a t i o n  o f  an o i l  p r o d u c t  i s  shown i n  
F i g u r e  1. F i g u r e  2 shows t h e  r e c o n s t r u c t e d  T o t a l  I o n  Chromatogram 
(T IC)  o f  t h e  a r o m a t i c  f r a c t i o n  o f  t h e  o i l  f r om PSOC-739. The l a r g e  
peaks a t  scan numbers 370 t o  410 i n  t h e  T I C  i n  f i g u r e  2 a r e  due t o  
b i n a p h t h y l s  and r e l a t e d  compunds, wh ich  e v i d e n t l y  make up an i m p o r t a n t  
f r a c t i o n  by we igh t  o f  t h e  who le  a r o m a t i c  f r a c t i o n .  S i m i l a r  r e s u l t s  
were ob ta ined  w i t h  o t h e r  c o a l s .  F i g u r e  3 shows t h e  S p e c i f i c  I o n  
Chromatograms (SIC) f o r  m/e va lues  o f  254, 258 and 262 c o r r e s p o n d i n g  
t o  the  m o l e c u l a r  i o n s  o f  b i n a p h t h y l  and i t s  t e t r a h y d r o  and oc tahyd ro  
d e r i v a t i v e s .  The peaks a re  numbered and i d e n t i f i e d  by number i n  T a b l e  
2. I t  w i l l  be seen t h a t ,  i n  peaks h e i g h t ,  2 ,2 ' -b inaph thy l  and i t s  
d e r i v a t i v e s  predominate ,  i n d i c a t i n g  t h e  h i g h e r  r e a c t i v i t y  o f  t h e  
2 - p o s i t i o n  compared t o  t h a t  o f  t h e  1 - p o s i t i o n .  
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When a l l  t h e  peaks a re  examined a t  t h e  same a t t e n u a t i o n ,  it i s  
seen t h a t  b i n a p h t h y l s  and hydrogenated  d e r i v a t i v e s  accoun t  f o r  ove r  
70% o f  t h e  d i m e r i c  a r t i f a c t s  fo rmed i n  the  hyd rogena t ion  o f  a l l  c o a l s  
b u t  t h a t  o f  h i g h e s t  rank ,  PSOC-801 ( S t i g l e r  seam, Oklahoma). Hav ing  
r e g a r d  t o  t h e  smal l  s i z e  o f  o t h e r  peaks i n  t h e  TIC, it i s  u n l i k e l y  
t h a t  b i n a p h t h y l s  genera ted  f rom t h e  Coa ls  account  f o r  much o f  t h e  peak 
h e i g h t s  observed.  P h i l i p  e t  a l .  r e p o r t e d  t h e  presence o f  tvro i somers  
o f  o c t a h y d r o b i n a p h t h y l s  i n  a sample f rom t h e  l i q u e f a c t i o n  o f  a Texas 
l i g n i t e  u s i n g  t e t r a l i n  as t h e  hydrogen-donor  s o l v e n t  (16 ) .  The a c t u a l  
amount o f  t hese  and o t h e r  p r o d u c t s ,  however,  was n o t  s p e c i f i e d .  
S c h u l t z  e t  a l .  i d e n t i f i e d  2 , 2 ' - b i n a p h t h y l  ( o n l y )  among t h e  a romat i c  
hydrocarbons  i n  a SRC p i l o t  p l a n t  p r o d u c t  w i t h  a m i x t u r e  o f  Kentucky  
Nos. 9 and 14 c o a l s  as feeds tock ,  b u t  o n l y  i n  t r a c e  amount ( 6 ) .  Thus 
t h e  b i n a p h t h y l s  found i n  o u r  work a r e  i ndeed  v e r y  l a r g e l y  a r t i f a c t s  o f  
t h e  s o l v e n t .  I n  what f o l l o w s ,  a l l  of  t he  compounds named a re  assumed 
t o  be d e r i v e d  e n t i r e l y  f rom t h e  s o l v e n t .  

I n  a d d i t i o n  t o  t h e  b i n a p h t h y l s  d i scussed ,  a number o f  pheny l  
naphtha lene were i d e n t i f i e d :  CI-, C2- and Cq-phenyl  naphtha lenes ,  and 
a pheny l  t e t r a l i n .  On ly  t h e  sum of t hese  compounds a r e  shown i n  
Tab le  3 ,  under  t h e  head ing  C+v. Fur the rmore ,  a number o f  a l k y l  naph- 
tha lenes  and e i t h e r  a l k y l  i n d a n s  o r  a l k y l  t e t r a l i n s  ( o r  a m i x t u r e )  
were found  (Ci-Cq).  Again,  o n l y  t h e  sum o f  t h e  c o n c e n t r a i t o n s  o f  
these compounds i s  shown i n  T a b l e  3, under  t h e  head ing  E C,-v . The 
p a r t  o f  t h e  HPLC f r a c t i o n  2 ( a r o m a t i c s )  accoun ted  f o r  by s o l v e n t  a r t i -  
f a c t s  i s  shown as a pe rcen tage  i n  t h e  f i n a l  column o f  T a b l e  3. 

There  i s  a f a i r l y  c l e a r  tendency  f o r  t h e  c o n c e n t r a t i o n  o f  b i n a -  
p h t h y l s  and d e r i v a t i v e s  t o  decrease w i t h  i n c r e a s i n g  rank. The concen- 
t r a t i o n  o f  pheny l  naph tha lenes ,  whose f o r m a t i o n  i n v o l v e s  r i n g -  
s p l i t t i n g ,  t ends  t o  i n c r e a s e  w i t h  rank ,  as does t h e  c o n c e n t r a t i o n  o f  
a l k y l  nap tha lene / indan  d e r i v a t i v e s ,  whose f o r m a t i o n  i n v o l v e s  i s o m e r i -  
za t i on .  As ment ioned  b e f o r e ,  t h e  i s o m e r i z a t i o n  o f  t e t r a l i n  t o  methy l  
indans  i s  c a t a l y z e d  by  p y r i t e  (13 ) ;  y e t  t h e r e  i s  no c o r r e l a t i o n  
between t h e  c o n c e n t r a t i o n  o f  t h e s e  d e r i v a t i v e s  and p y r i t e  c o n t e n t .  I n  
fac t ,  it i s  reasonab le  t o  suppose t h a t  many f a c t o r s  de te rm ine  t h e  
y i e l d s  o f  t h e  v a r i o u s  k i n d s  o f  a r t i f a c t s .  T h i s  i s  s u b s t a n t i a t e d  by  an 
equa t ion  deve loped b y  s t e p w i s e  m u l t i p l e  r e g r e s s i o n :  

C o n c e n t r a t i o n  o f  a r t i f a c t s  (%) = 0.919 MM t 14.5 Spyr - 9.81 fa  t 38.2 

The v a r i a b l e s  p r o v i d e d  f o r  t h e  r e g r e s s i o n  were :  c o n t e n t s  o f  C, 0, Sp, 
Stat and MM, and t h e  a r o m a t i c i t y ,  fa. The f r a c t i o n  o f  v a r i a n c e  
e x p l a i n e d  by  t h i s  r e g r e s s i o n ,  R2, i s  0.851. The e q u a t i o n  suggests  
t h a t  b o t h  c l a y  m i n e r a l s  and p y r i t e  i n d e p e n d e n t l y  c a t a l y z e  one o r  more 
of t h e  t y p e s  o f  a r t i f a c t  f o rma t ion .  Abde l -Baset  (13 )  found t h a t  c l a y  
m i n e r a l s  c a t a l y z e  t r a n s f e r  o f  hydrogen f rom hyd roa romat i cs  t o  aroma- 
t i c s .  Thus t h e  s i g n i f i c a n c e  o f  f a  i n  t h e  e q u a t i o n  may l i e  i n  t h e  f a c t  
t h a t  i t  i n d i c a t e s  t h e  number o f  C atoms a v a i l a b l e  f o r  a c c e p t i n g  H 
atoms and hence (p resumab ly )  f o r  g e n e r a t i n g  f r e e  r a d i c a l s  i n  t h e  
s o l v e n t  ( a d m i t t e d l y  t h i s  t e r m  may be n o t  v e r y  s i g n i f i c a n t  s i n c e  t h e  
range o f  v a l u e s  o f  fa  i s  s m a l l ) .  
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I n  compar ing  t h e  y i e l d s  and c o m p o s i t i o n  o f  t h e  p r o d u c t s  o f  l i q u e -  
f a c t i o n  exper imen ts ,  i t  m i g h t  be c o n s i d e r e d  d e s i r a b l e  t o  s u b t r a c t  o u t  
t h e  components d e r i v e d  f rom t h e  s o l v e n t .  The a r o m a t i c  f r a c t i o n  o f  t h e  
O i l  (HPLC f r a c t i o n  2) can be c o r r e c t e d  as f o l l o w s :  

100 - % a r t i f a c t s  % a r o m a t i c s  ( c o r r . )  = % a r o m a t i c s  (HPLC) x 

Consequent ia l  changes a r e  needed i n  o t h e r  f i g u r e s  c h a r a c t e r i z i n g  t h e  
P roduc t  d i s t r i b u t i o n .  Thus: 

% hexane-so l .  o i l  ( c o r r )  = % s a t .  t % arom. ( c o r r . )  + % p o l a r s  
% benzene-so l .  t o t a l  l i q u i d s  ( c o r r . )  = % o i l  ( c o r r . )  + I asph. 
% gases ( c o r r . )  = % c o n v e r s i o n  - X t o t a l  l i q u i d s  ( c o r r . )  

The c o r r e c t e d  and u n c o r r e c t e d  y i e l d s  o f  v a r i o u s  f r a c t i o n s  o b t a i n e d  
from the  l i q u e f a c t i o n  o f  c o a l s  l i s t e d  i n  Tab le  1 a r e  shown i n  Tab le  
4. From t h e  t a b l e ,  it i s  c l e a r  t h a t  t h e  ad jus tmen t  o f  t h e  f i g u r e s  f o r  
hexane-so lub le  o i l s  and f o r  t h e  a r o m a t i c  HPLC f r a c t i o n  makes a q u i t e  
a p p r e c i a b l e  d i f f e r e n c e  t o  t h e  d a t a  and ought  t o  be de te rm ined  b e f o r e  
p roduc t  d i s t r i b u t i o n s  f o r  any b a t c h  system a re  e v a l u a t e d .  

CONCLUSION 

An i m p o r t a n t  f r a c t i o n  by  we igh t  o f  t h e  whole a ro ina t i c  f r a c t i o n  o f  
t h e  o i l s  o b t a i n e d  f rom t h e  l i q u e f a c t i o n  o f  coa l  u s i n g  t e t r a l i n  as t h e  
hydrogen-donor s o l v e n t  was made up o f  b i n a p h t h y l  s and r e l a t e d  
compounds. The c o n c e n t r a t i o n s  o f  t h e s e  a r t i f a c t s  were a f f e c t e d  by t h e  
c o a l  c h a r a c t e r i s t i c s .  Both  c l a y  m i n e r a l s  and p y r i t e  seem t o  indepen-  
d e n t l y  c a t a l y z e  one o r  inore o f  t h e  t ypes  o f  a r t i f a c t  f o r m a t i o n f r o m  
t e t r a l i n .  T h i s  i s  a somewhat unexpected  e f f e c t  o f  c o a l  c h a r a c t e r i s -  
t i c s  on t h e  c o m p o s i t i o n  o f  l i q u e f a c t i o n  p r o d u c t s .  Other  donor  s o l -  
v e n t s ,  such as p a r t i a l l y  hydrogenated  phenanthrene o r  a commercial  r e -  
c y c l e  o i l ,  a r e  o b v i o u s l y  l i k e l y  a l s o  t o  undergo changes d u r i n g  p r o -  
cess ing ,  whose magn i tude and n a t u r e  w i l l  va ry  w i t h  t h e  feeds tock ,  and 
whose e f f e c t s  on p r o d u c t  c o m p o s i t i o n  w i l l  be a p p r e c i a b l e .  
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Tab le  1 

S e l e c t e d  C h a r a c t e r i s t i c s  o f  Coa ls  Used 

PSOC ASTM % c x s x M M , ~  fa 
d r Y  - P r o v i n c e *  Rank dmmf d r y  -__ No. 

833 
791 
785 
240A4 
240A1 
866 
548 
680 
854 
739 
773 
808 
821 
801 

F o r t  Un ion  Bed, Mont. 
A P i t ,  Texas 
Lower W i  l c o x ,  Texas 
B i g  Dirty, Wash. 
B i g  Dirty, Wash. 
G Seam, Colo.  
Wol f  Creek, Co lo .  
I nd iana  No. 6, I nd .  
J u n i a t a  C, Co lo .  
Kentucky No.12, Ky. 
Ohio No.6, Ohio 
Croweburg, Okla.  
P i t t s b u r g h ,  W. Va. 
S t i g l e r ,  Okla.  

3 
6 
6 
5 
5 
4 
4 
2 
4 
2 
1 
2 
1 
2 

L i g  
L I 9  
s bb 
sbb 
s bb 
HVC 
HVC 
HVC 
HVR 
HVB 
HVB 
HVA 
HVA 
MV 

70.43 
72.13 
73.21 
74.34 
75.11 
76.97 
78.98 
80.61 
81.64 
83.29 
83.29 
84.71 
84.92 
88.35 

0.55 
0.81 
1.06 
0.39 
3.36 
0.50 
0.52 
3.58 
0.40 
2.72 
2.83 
3.20 
2.56 
4.65 

16.26 
20.75 
14.29 
17.82 
33.93 
22.22 
13.11 
14.23 
6.71 

15.05 
9.30 
6.57 
6.00 

13.83 

0.68 
0.55 
0.54 _ _  
--  

0.64 
0.64 

0.63 
0.70 
0.75 
0.73 
0.70 
0.79 

-- 

- - _ _ _ _ ~ - _ _ ~  -_ - * Key t o  p r o v i n c e  numbers: 1, Eas te rn  o r  Appa lach ian ;  2, I n t e r i o r :  3. 
N o r t h  Great  P l a i n s ;  4, Rocky Mounta in ;  5, P a c i f i c ;  6, G u l f .  

U n i v e r s i t y  o f  Iowa, now p u b l i s h e d  by him (10) .  

t C a l c u l a t e d  by a m o d i f i c a t i o n  o f  t h e  P a r r  f o rmu la  (G iven  and Yarzab, 1 7 ) .  

** Data f rom 1% nmr, k i n d l y  p r o v i d e d  b y  P r o f e s s o r  B. G e r s t e i n ,  
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Table 2 

Identification o f  Peaks in Specific Ion Chromatograms 
o f  Figure 3 

Figure 3(a): 1. 1,l'-hinaphthyl 
2. 1,2'-binaphthyl 
3. 2,2'-binaphthyl 

Figure 3(bj: i. i,2,3,4-tetrahydro-l,l'-binaphthyl 
2. 1,2,1',2'-tetrahydro-Z,Z'-binaphthyl 
3. 1,2,3,4-tetrahydro-2,2'-binaphthyl 
4. 1,2,3,4-tetrahydro-Z,l'-binaphthyl 

(three other unidentified peaks)  

Figure 3(c): 1. 1,2,3,4,1',2',3',4'-octahydrohinaphthyl 
2. 1,2,3,4,1',2',3',4'-octahydro-l,2'-binaphthyl 
3. 1,2,3,4,1'.2',3',4'-octahydro-2,2'-binaphthyl 
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Tab le  3 

C o n c e n t r a t i o n s  o f  S o l v e n t  A r t i f a c t s  i n  t h e  
A romat i c  HPLC F r a c t i o n  o f  Some Coa ls  

p e r c e n t  o f  t o t a l  f r a c t i o n  

PSOC 
No. C B i n a p h t h y l s  

a33 15.6 
791 17.7 
785 10.3 
240A4 14.0 
240A1 19.1 
866 16.0 

680 6.1 
a54 12.6 
739 7.1 

548 8.7 

773 7.1 
aoa 3.9 
821 5.7 
801 4.9 

Te t  rahyd ro -  
b i n a p h t h y l s  

Octahydro-  
b i n a p h t h y l  s 

B i  naph t  hyl 
d e r i v a t i v e s  

( t o t a l )  

7.6 
13.3 
12.4 
20.2 
22.4 
12.5 
9.7 
7.9 

12.7 
6.7 
9.4 
4.5 
6.9 
6.2 

15.8 
13.4 
15.6 

16.7 
15.1 
10.4 
9.5 
9.7 
7.7 

8.4 

7.1 
5.9 

10.6 
5.7 

38.9 
44.4 
38.3 
42.5 

43.6 

23.5 

58.2 

28.8 

35.4 
21.6 
23.5 
14.3 
23.2 
16.8 

* 
Z&v c c,-v 
_ _ _ _ _  

1.9 5.5 

0.7 5.4 
1.5 3.5 
1.2 4.4 
1.8 6.7 
2.2 15.5 
3.9 11.1 
3.5 4.2 

3.9 9.3 
3.3 15.5 
3.4 5.5 

0.7 7.8 

2.8 11.1 

4.1 38.2 

T o t a l  
a r t i f a c t s  

46.3 
52.9 
44.4 
47.5 
63.8 
52.0 
46.6 

42.7 
35.5 
36.8 
33.0 
32.0 
59.0 

38.5 

* T o t a l  pheny l  naphtha lenes .  

** T o t a l  a l k y l - t e t r a l i n s  and naphtha lenes .  
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