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I n t r o d u c t i o n  

One f a c t o r  governing t h e  s u c c e s s  o r  f a i l u r e  of  a coal l i q u e f a c t i o n  p r o c e s s  
i s  t h e  a b i l i t y  of t h e  p r o c e s s  t o  g e n e r a t e  and s u s t a i n  a n  adequa te  amount of a 
s u f f i c i e n t l y  high q u a l i t y  r e c y c l e  s o l v e n t  f o r  con t inuous  o p e r a t i o n .  To i n s u r e  
con t inued  o p e r a b i l i t y  of t h e  p l a n t  and t o  r e c o g n i z e  when s o l v e n t  q u a l i t y  i s  
d e c l i n i n g  i t  i s  u s e f u l  t o  have a q u a n t i t a t i v e  measure of t h e  solvent 's  a b i l i t y  
to l i q u e f y  some g iven  c o a l  under  a p r e s c r i b e d  set of o p e r a t i n g  c o n d i t i o n s ,  i . e .  
t h e  s o l v e n t  q u a l i t y .  I t  is obv ious  t h a t  t h e s o l v e n t  q u a l i t y  w i l l  depend t o  a 
h i g h  d e g r e e  o n  t h e  s o l v e n t  compos i t ion  - a s  determined by a v a r i e t y  of  tech-  
n i q u e s  - however, t h e  solvent ' s  performance w i l l  a l s o  v a r y  w i t h  c o a l  t y p e  and 
o p e r a t i n g  c o n d i t i o n s .  Tha t  is, t h e  b e s t  s o l v e n t  f o r  c o a l  A w i l l  n o t  n e c e s s a r i l y  
be  t h e  b e s t  s o l v e n t  f o r  c o a l  B. Ex tens ion  of t h i s  i d e a  t o  t empera tu re ,p re s su re ,  
r e s i d e n c e  t i m e ,  e t c .  is obv ious .  Thus, when speak ing  o f  s o l v e n t  q u a l i t y ,  one 
must ,  of n e c e s s i t y  r e f e r  t o  a p r e s c r i b e d  set of c o n d i t i o n s .  I n  g e n e r a l ,  however, 
t h e r e  w i l l  be  some f i n i t e  r ange  of  s o l v e n t  pa rame te r s  which are more b e n e f i c i a l  
f o r  c o a l  conversion f o r  a r a t h e r  wide v a r i e t y  of c o a l s  and p rocess ing  condi-  
t i o n s .  

The purpose of t h i s  s t u d y  i s  to  beg in  t o  d e f i n e  such  a range of s o l v e n t  
pa rame te r s .  While t h i s  set of  pa rame te r s  w i l l  n o t  a p p l y  t o  a l l  s i t u a t i o n s ,  it 
is  hoped t h a t  they w i l l  a l l o w  a d i s t i n c t i o n  t o  be  made between a t r u l y  poor 
s o l v e n t  and one  which i s  s a t i s f a c t o r y  f o r  coal  l i q u e f a c t i o n  o p e r a t i o n s  and per-  
haps  some i n c l i n a t i o n  a s  t o  t h e  e f f i c a c y  of a p a r t i c u l a r  s o l v e n t  under  c e r t a i n  
c o n d i t i o n s .  

Experimental  

Coal  D i s s o l u t i o n  

Coal d i s s o l u t i o n  r e a c t i o n s  were performed i n  a t u b i n g  bomb r e a c t o r  which 
has  p r e v i o u s l y  been d e s c r i b e d .  (1)  These r e a c t i o n s  used Western Kentucky 9/14 
and Amax c o a l s  under t h e  fo l lowing  c o n d i t i o n s :  t empera tu res  - 385OC, 41OoC 
and 45OoC; r e a c t i o n  t ime - t h i r t y  minu tes ;  a g i t a t i o n  ra te  - 1000 rpm; s o l v e n t  
t o  c o a l  r a t i o  - 2 to 1; and a n  a i r  atmosphere.  The conve r s ion  of t h e  c o a l  was 
determined by comparison of t h e  a s h  c o n t e n t  of t h e  c r e s o l  i n s o l u b l e  f i l t e r  c a k e  
w i t h  t h e  o r i g i n a l  a s h  c o n t e n t  of t h e  coa l .  

-. S o l v e n t s  and Solvent  P r e p a r a t i o n  

Four l i g h t  r e c y c l e  o i l s  (LRO) from t h e  SRC p r o c e s s i n g  of Ind iana  V ,  Monterey 
and Amax c o a l s  were ob ta ined  from t h e W i l s o n v i l l e  SRC P i l o t  P l a n t  and were used 
i n  t h i s  s t u d y .  Three d i s t i l l a t i o n  c u t s  were ob ta ined  from Western Kentucky LRO: 
<140°C, 140O-2OO0C, 20Oo-29O0C po t  t empera tu re  a t  1 to r r .  Creoso te  o i l  w a s  
s u c c e s s i v e l y  hydrogenated t o  hydrogen c o n t e n t s  between 7% and 10% i n  a commer- 
c i a l  300 c c  magnedrive a u t o c l a v e  (Autoclave Engineers)  u s i n g  a commercial 
Co-No-A1 c a t a l y s t  and hydrogen p r e s s u r e s  from 1000 t o  3500 p s i  f o r  p e r i o d s  
of t ime r ang ing  from 1 t o  13 hours .Al so ,one  s o l v e n t  w a s  prepared by dehydrogen- 
a t i o n  o f  c r e s o t e  o i l  unde r  n i t r o g e n  atmosphere.  
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Solvent  C h a r a c t e r i z a t i o n  

Carbon and hydrogen pe rcen tages  i n  each s o l v e n t  w e r e  de te rmined  us ing  a Perk in  
E l m e r  240 Elementa l  Analyzer .  The i n f r a r e d  s p e c t r a  of t h e  s o l v e n t s  were, 
ob ta ined  n e a t ,  i n  CCl4 and i n  CS2 us ing  a D i g i l a b  FTSlO F o u r i e r  Transform 
I n f r a r e d  Spec t romete r .  
IF! nmr spectrum of each  s o l v e n t  bo th  nea t  and i n  CC14. 

The s o l v e n t s  were c h a r a c t e r i z e d  us ing  s t anda rd  a n a l y t i c a l  t echniques .  

A Varian  EM390 NMR spec t romete r  w a s  used t o  o b t a i n  t h e  

R e s u l t s  and Di scuss ion  

D i s s o l u t i o n  Behavior of Western Kentucky Coal  

s o l v e n t s  l i s t e d  i n  Tab le  I .  The d i s s o l u t i o n  behavior  i n  each s o l v e n t  is repor t ed  
t o g e t h e r  w i t h  t h e  hydrogen c o n t e n t  of each  s o l v e n t .  
same f o r  a l l  r e a c t i o n s .  Both t h e  c r e o s o t e  o i l  s o l v e n t  series and t h e  l i g h t  
r e c y c l e  o i l s  a r e  l i s t e d  i n  o rde r  of i n c r e a s i n g  conve r s ion .  

The d i s s o l u t i o n  behavior  of Western Kentucky 9/14 c o a l  w a s  examined i n  t h e  

Other  c o n d i t i o n s  were t h e  

Solvent  Charac t e r  

by N?IR and by g a s  chromatographic  a n a l y s i s .  For each  s o l v e n t ,  t h e  i n f r a r e  
a romat ic  C-H s t r e t c h  a t  3 0 5 0 ~ m - ~ ,  methyl asymmetric C-H s t r e t c h  a t  2960cm-'. and 
methylene in-phase s t r e t c h  a t  2925cm-1 were measured. 
r a t i o s  of a r o m a t i c / a l i p h a t i c  (CH3) and a r o m a t i c / a l i p h a t i c  (CH2) were c a l c u l a t e d  
and a r e  g iven  in T a b l e  11. I n  eve  y s o l v e n t ,  excep t  t h e  90-weight petroleum o i l ,  
t h e  a romat ic  a b s o r p t i o n  a t  3050cm-' i s  p r e s e n t .  
is present  i n  both  t h e  c r e o s o t e  o i l  s o l v e n t  series and i n  t h e  l i g h t  r e c y c l e  o i l s .  
The methyl a b s o r p t i o n  a t  2 3 6 0 ~ m - ~  i s  p r e s e n t  i n  t h e  l i g h t  r e c y c l e  o i l s  and i n  t h e  
o r i g i n a l  c r e o s o t e  o i l ,  H C I ,  H C I I  and H C I I I ,  a l l  of which c o n t a i n  7 %  hydrogen or 
less. The methyl a b s o r p t i o n  i s  absen t  i n  t h e  n e a t  s p e c t r a  of t h e  more h i g h l y  
hydrogenated o i l s .  

The s o l v e n t s  u sed  in t h i s  s tudy  were c h a r a c t e r i z e d  by  i n f r a r e d  a n a l y s i s ,  

The i n f r a r e d  absorbance  

The methylene  a b s o r p t i o n  a t  2925cm-1 

The hydrogen d i s t r i b u t i o n  of each s o l v e n t  i s  g i v e n  i n  Table  111. The hydro- 
gen d i s t r i b u t i o n s  r a n g e  from be ing  predominate ly  a romat i c  a s  i n  t h e  c r e o s o t e  o i l  
and H C I  s o l v e n t  t o  be ing  n e a r l y  t o t a l l y  a l i p h a t i c  as  i n  t h e  90-weight petroleum 
o i l .  Average hydrogen v a l u e s  f o r  t h r e e  r a n g e s  of convers ion ,  32.8% t o  48.1% 
(low), 64.2% t o  70.0% (medium) and 79.7% t o  84 .5% (h igh)  a r e  shown i n  Table  I V .  
A t  low convers ion  l e v e l s ,  t h e  a romat i c  hydrogen i s  t h e  g r e a t e s t  compared t o  o t h e r  
convers ion  l e v e l s .  The a and B hydrogens i n c r e a s e  s u b s t a n t i a l l y  from low conver- 
s i o n  t o  h igh  conve r s ion  l e v e l s ;  a s i g n i f i c a n t  i n c r e a s e  is a l s o  seen  f o r  t h e  Y 
hydrogens. C a l c u l a t i o n  of  t h e  ave rage  chemica l  s h i f t  from t h e  i n t e g r a t e d  hydrogen 
d i s t r i b u t i o n  p rov ides  a means for determining  t h e  e f f e c t  of t h e  t o t a l  hydrogen 
d i s t r i b u t i o n  on conve r s ion  as shown i n  F igu re  1. A roughly  normal shaped d i s t r i -  
bu t ion  i s  observed f o r  t h e  hydrogenated c r e o s o t e  s o l v e n t  s e r i e s .  A s  t h e  hydrogen 
d i s t r i b u t i o n  becomes predominate ly  a l i p h a t i c  (low ppm) or a romat i c  (h igh  ppm) coa l  
convers ion  i s  a d v e r s e l y  a f f e c t e d .  

The we igh t  p e r c e n t s  of naphtha lene ,  hydrogenated naph tha lenes  and d e c a l i n ,  
i n  s e l e c t e d  s o l v e n t s  were determined by g a s  chromatographic  a n a l y s i s .  Th i s  com- 
pound s e r i e s  was chosen  t o  provide  a n  i n d i c a t i o n  of t h e  e f f e c t  of deg ree  of 
hydrogenat ion  on  a n  a romat i c  s p e c i e s  t h a t  r e a d i l y  a c c e p t s  hydrogen t o  form 
hydroaromatic and a l i c y c l i c  compounds. I n  t h e  o i l s  s t u d i e d ,  t h e  naphtha lene  
appeared to  produce t h r e e  r e a c t i o n  p roduc t s  

The weight p e r c e n t s  of t h e s e  compounds i n  t h e  s e l e c t e d  o i l s  a r e  shown i n  Table  V .  
The o r i g i n a l  c r e o s o t e  o i l  c o n t a i n s  l l % n a p h t h a l e n e w i t h  no t e t r a l i n  p r e s e n t .  As 

"Retent ion behav io r  s i m u l a r  t o  d ihydronaphtha lene .  Fu r the r  i d e n t i f i c a t i o n  work 
planned. 
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\ t h e  c r e o s o t e  o i l  becomes i n c r e a s i n g l y  hydrogenated ,  t e t r a l i n ,  d e c a l i n  and a com- 
’ pound w i t h  r e t e n t i o n  behavior  s i m i l a r  t o  d ihydronaphtha lene  i s  formed. ( F u r t h e r  

work i s  be ing  conducted t o  i d e n t i f y  t h i s  compound.) The most hydrogenated o i l s ,  
H C I V  and HCIYconta in  a s i g n i f i c a n t  p e r c e n t a g e  of d e c a l i n ,  7 . 6 %  and 5 .7%,  respec-  
t i v e l y .  

Solvent  C h a r a c t e r  and Coal  D i s s o l u t i o n  

Coal  d i s s o l u t i o n  behavior  is a f u n c t i o n  of t h e  c h a r a c t e r  of t h e  s o l v e n t .  
The s o l v e n t s  used i n  t h i s  s t u d y ,  c h a r a c t e r i z e d  by the methods d e s c r i b e d ,  p r o v i d e  
some i n d i c a t i o n  as t o  the t y p e  of s o l v e n t  n e c e s s a r y  f o r  e f f e c t i v e  c o a l  d i s s o l u t i o n .  

The i n f r a r e d  r a t i o s  of t h e  hydrogenated c r e o s o t e  o i l  series o b t a i n e d  from 
s o l u t i o n  s p e c t r a  show t h a t  s o l v e n t s  which produce  c o n v e r s i o n s  in t h e  80% C C 1  

r a n g e  have  I R  a r o m a t i c  t o  a l i p h a t i c  methylene r a t i o s  r a n g i n g  0.42  t o  0.27. 
S o l v e n t s  w i t h  i n f r a r e d  r a t i o s  e i t h e r  g r e a t e r  or less t h a n  t h e s e  v a l u e s  show 
poorer  c o a l  convers ion .  In g e n e r a l ,  t h e  l i g h t  r e c y c l e  o i l s  show lower c o n v e r s i o n s  
t h a n  d o  t h e  hydrogenated c r e o s o t e  o i l s  and have  i n f r a r e d  r a t i o s  o b t a i n e d  from CC14 
s o l u t i o n  s p e c t r a  ranging  from 0.15 ( Indiana  V) t o  0.50 (Western Kentucky 11). 

4 

Through t h e  hydrogen d i s t r i b u t i o n  of t h e  s o l v e n t s ,  t h e  a r o m a t i c  and a l i p h a t i c  
n a t u r e  of t h e  o i l s  can  b e  examined. From F i g u r e  1, i t  i s  a p p a r e n t  t h a t  a n  optimum 
combina t ion  of a r o m a t i c  and a l i p h a t i c  hydrogens e x i s t s  t o  d i s s o l v e  QO% of t h e  ’ Western Kentucky c o a l .  

Brown  and Ladner (2)  determined t h a t  a q u a n t i t a t i v e  r e l a t i o n s h i p  between t h e  
hydrogen d i s t r i b u t i o n s  o b t a i n e d  through NEE and t h e  i n f r a r e d  r a t i o s  s u p p o r t s  t h e  
v a l u e  of 0 .5  which they  adopted f o r  t h e  r a t i o  of t h e  e x t i n c t i o n  c o e f f i c i e n t  of 
t h e  a r o m a t i c  C-H s t r e t c h  t o  t h e  a l i p h a t i c  C-H s t r e t c h .  We performed a similar 
c a l c u l a t i o n  u s i n g  I R  absorbance  r a t i o s  o b t a i n e d  from n e a t  s p e c t r a :  

(C-HAR) EAR HAR - - - - 
~ _ _ ~  _ _ _ _ _  

AAR 

ACH2 ‘CH2 (C-HCH2) ‘CH2 H a +  B 
A l l  of t h e  l i g h t  r e c y c l e  o i l s  have e x t i n c t i o n  c o e f f i c i e n t  r a t i o s  ranging  between 
0 . 5 9  and 0.44. Ind iana  V LRO h a s  a h i g h e r  r a t i o  v a l u e  of  0.77. 

Through t h e  s t u d y  of t h e  naphtha lene  * t e t r a l i n  hydrogen donor system, t h e  
e f f e c t  of t h e  l e v e l  of hydrogen donor w i t h i n  one such  s e r i e s  on c o a l  d i s s o l u t i o n  
c a n  b e  examined. The n a p h t h a l e n e - t e t r a l i n  compound s e r i e s  i s  a dynamic system 
w i t h i n  t h e  hydrogenated c r e o s o t e  o i l s  i n  t h a t  t h e  t o t a l  weight  p e r c e n t  of t h e s e  
compounds changes w i t h d e g r e e o f  hydrogenat ion .  The t o t a l  amount p r e s e n t  i n  t h e  
o r i g i n a l  c r e o s o t e  o i l  is 11.3% w h i l e  i n  o i l s  H C I V ,  and H C I X  t h e  t o t a l  w e i g h t  
p r e c e n t  i s  19.78 and 14.95, r e s p e c t i v e l y .  S o l v e n t s  w i t h  h igh  hydrogen c o n t e n t s  
l i k e  HCIV and H C I X  a r e  l i k e l y  forming naphtha lene  from h i g h e r  molecular  weight  
compounds. The hydrogenated c r e o s o t e  o i l s  which showed c o a l  d i s s o l u t i o n  of 
‘1.80% have  a l a r g e r  p o r t i o n  of hydrogen donors  i n  t h e  two r i n g  s e r i e s  than  d o  
t h e  less e f f e c t i v e  s o l v e n t s .  

A p l o t  of c o a l  convers ion  vs. H c o n t e n t  i s  p r e s e n t e d  i n  F i g u r e  2 .  For t h e  
c r e o s o t e  o i l  s e r i e s  t h e r e  i s  a n  optimum i n  t h e  d e g r e e  of hydrogenat ion ,  probably  
c o r r e s p o n d i n g  t o  maximum H-donor c o n t e n t .  Fo r  t h e  LRO s o l v e n t s ,  t h e r e  is no  
c l e a r  optimum and a l l  c o n v e r s i o n s  l i e  below t h o s e  of t h e  hydrogenated c r e o s o t e  
o i l s .  The i m p l i c a t i o n s  of  t h e  optimum range of s o l v e n t  hydrogenat ion  i n  p l a n t  
o p e r a t i o n s  a r e  obvious .  A b a l a n c e  between aromat ic  and a l i p h a t i c  c h a r a c t e r  must 
be  main ta ined  f o r  a c c e p t a b l e  s o l v e n t  q u a l i t y .  
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E f f e c t  of Coal Type and Temperature on Coal D i s s o l u t i o n  Behavior  

th rough a comparison of t h e  d i s s o l u t i o n  behavior  of a slow d i s s o l v i n g  c o a l ,  
h a x ,  and a f a s t e r  d i s s o l v i n g  c o a l ,  Western Kentucky (3 ) .  For t h e  c r e o s o t e  o i l  
s o l v e n t  series, t h e  conve r s ion  of Western Kentucky c o a l  i s  c o n s i s t e n t l y  h ighe r  
t han  f o r  t h e  Amax coal as shown i n  F igu re  2. I n  a d d i t i o n ,  two l i g h t  r e c y c l e  o i l s ,  
Ind iana  V and  Amax, were a l s o  t e s t e d  wi th  t h e  two c o a l s .  Ind iana  V shows essen-  
t i a l l y  t h e  same d i s s o l u t i o n  f o r  b o t h  c o a l s  54.3% f o r  Amax and 53.1% f o r  Western 
Kentucky. Amax LRO, however, w a s  a b e t t e r  so lven t  f o r  Amax c o a l  (44.5% conver- 
s i o n )  than  f o r  Western Kentucky (38.4% conver s ion ) .  

The e f f e c t  of c o a l  t ype  on t h e  d i s s o l u t i o n  behavior  of c o a l  was s tud ied  

Three s o l v e n t s ,  c r e o s o t e  o i l ,  HCIV and H C I X ,  w e r e  used  t o  examine t h e  e f f e c t  
of r e a c t i o n  t empera tu re  on t h e  conve r s ion  behavior  of Amax and Western Kentucky 
c o a l .  F i g u r e  3 shows t h a t  t h e  d i s s o l u t i o n  f o r  bo th  c o a l s  was minimal i n  t h e  
c r e o s o t e  o i l  w i th  maximum conver s ion  o c c u r r i n g  a t  410OC. 
inc reased  w i t h  i n c r e a s i n g  t empera tu res  f o r  bo th  H C I V  and H C I X .  I n  c o n t r a s t ,  
i n  t h e  H C I V  s o l v e n t  Western Kentucky c o a l  shows lower conve r s ion  a t  450OC than  
a t  41OoC. I n  H C I X ,  t h e  conve r s ion  of  Western Kentucky a p p e a r s  t o  l e v e l  ou t  
between 41OoC and 450%. 
t h e  conve r s ion  of b o t h  Amax and Western Kentucky is lower i n  H C I V  a t  t h e  t h r e e  
d i f f e r e n t  t empera tu res  than  HCIX.  The s o l v e n t  c h a r a c t e r  of H C I V  i s  somewhat 
more a l i p h a t i c  t h a n  H C I X  acco rd ing  t o  Tab le  V and f a l l s  o u t s i d e  t h e  optimum 
r a n g e  of a romat i c  and  a l i p h a t i c  hydrogen combina t ions  ( F i g u r e l ) .  

The conve r s ion  of Amax 

Even though HCIV and H V I X  d i f f e r  by o n l y  0 .5% hydrogen, 

Conclus ions  

From t h e  r e s u l t s  p re sen ted  above i t  is  seen  t h a t  so lven t  q u a l i t y  can  be adve r se ly  
a f f e c t e d  by l i m i t e d  o r  excess  hydrogenat ion ,  f o r  example, H C I  v s .  H C I V .  I n  t h e  
hydrogenated c r e o s o t e  o i l  series t h e  d e c a l i n  c o n t e n t  p rov ides  a f a i r l y  good i n d i -  
c a t i o n  of t h e  d e g r e e  of s o l v e n t  hydrogenat ion .  However, t h i s  i s  not a g e n e r a l  
r e s u l t  s i n c e  the  m o s t  hydrogenated l i g h t  r e c y c l e  o i l ,  Ind iana  V ,  c o n t a i n s  no d e c a l i n  
and v i r t u a l l y  none of t h e  two r i n g  sys tem,  i n  c o n t r a s t  t o  t he  o t h e r  l i g h t  r e c y c l e  
o i l s  s tud ied .  S i n c e  Ind iana  V i s  t h e  b e s t  LRO s o l v e n t  f o r  wes te rn  Kentucky c o a l ,  
t h e  absence  of  t h e  two r i n g  system s t r o n g l y  i n d i c a t e s  t h e  probable  p re sence  of 
add it i o n a l  donor s p e c i e s .  

Examination of t h e  v a r i o u s  s o l v e n t  parameters :  hydrogen c o n t e n t ,  i n f r a r e d  
absorbance  r a t i o ,  ave rage  p ro ton  chemica l  s h i f t ,  and p ro ton  d i s t r i b u t i o n  shows 
an  optimum range for maximal conve r s ion  and a r e  g iven  i n  Table  V I .  I t  i s  hoped 
t h a t  t h e s e  ranges  w i l l  p rovide  a means f o r  e v a l u a t i n z  s o l v e n t s  f o r  e f f e c t i v e  coal 
d i s s o l u t i o n .  
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Tab le  I 

Hydrogenated Creoso te  O i l  and L igh t  Recycle  O i l  
D i s s o l u t i o n  Behavior of Western Kentucky Coal i n  Creoso te  O i l ,  

Experimental  Cond i t ions :  Temperature  = 410° Reac t ion  Time = 1 5  minu tes  

Creoso te  O i l  and 
Hydrogenated Creoso te  Oil 

Creoso te  O i l  
HC I a 
HC I1 
H C  111 
HC I V  
HC V 
HC V I  
HC VI?. 
HC VI11 
HC I X  
H C  X 

Hydrogen Content 
of Solven t  

H %  

6.24 0.13 
6.98 5 0.22 
7.20 0.30 

7.78 2 0.07 
8.14 5 0.22 
9.41 5 0.21 
8.34 f. 0.19 

8.00 2 0.22 

6 -14  f. 0.26 

10.00 5 0.22 

9.54 5 0.09 

L i g h t  Recycle  O i l  

Amax 7.97 5 0.10 
Monterey 7.26 & 0.49 
Western Kentucky I 8.74 2 0.09 
Western Kentucky I1 8.31 2 0.40 
I n d i a n a  V 9.72 2 0.26 

Western Kentucky D i s t i l l a t i o n  Cuts  
I. < 140° 8.76 2 0.09 
11. 140° - 200' 8 .08 0.14 
111. 200' - 290' 8.17 2 0.27 

D i s s o l u t i o n  Behavior 
of So lven t  

% Conversion 
32.8 2 2-37  
36.9 5 0.24 
48.1 ? 0 - 9 3  
64.2 5 1 - 8 2  
66.3 2 l-11 
70.0 5 1-11 

81.5 f. 0.94 
82.3 5 0 - 6 1  
82.4 5 0 .63  
84.5 t 0 - 0 6  

79.7 2 0.15 

38.4 2 1.4 
40.0 5 0.55 
44.2 2 0.61 
46.0 2 1.24 
53 .1  5 0.14 

41.0 rf: 0.34 
57.9 f. 0.58 
59.1 t 3.1 

90 - Weight Petroleum O i l  12.47 0.10 28.8 5 1.4 

a) r e a c t e d  under  N 2  a tmosphere b )  po t  t empera tu re ,  1 mm of Hg 
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Tab le  I1 
I n f r a r e d  Absorbance R a t i o s  of t h e  Hydrogenated Creoso te  S o l v e n t s  and the  

L i g h t  Recyc le  S o l v e n t s  i n  o r d e r  of I n c r e a s i n g  D i s s o l u t i o n  

So lven t :  
Aromatic C-H 

Creoso te  Oil and A l i p h a t i c  CH3 
Hydrogenated Creoso te  O i l s e  3050/2960 

C r e o s o t e  Oil 
HC I a 
HC I1 
HC I11 
HC I V  
HC V 
HC V I  
HC V I 1  
HC V I 1 1  
HC I X  
HC X 

f 
L i g h t  Recycle  O i l s  3050/2960 

Amax 0.70 
Mont e r e y  0.59 
Western Kentucky I 0.55 
Western Kentucky I1 0.67 
I n d i a n a  0.38 

D i s t i l l a t i o n  C u t s  
<140° C I 0.56 

140° - 200' C I1 0.52 
200 - 290° c I11 0.43 

90 Weight Petroleum O i l  - 

a) r e a c t e d  under  N atmosphere 

b )  

c) 2960 cm-l is absen t  

d )  

e )  s o l u t i o n  s p e c t r a  i n  C C 1  

f) n e a t  s p e c t r a  

d 

2 

2960 cm-l peak i s  a s h o u l d e r  

3050 c m - I  peak i s  a b s e n t  

4 

I R  Absorbance R a t i o s e  
 ti^ C-H A l i p h a t i c  CH3 
A l i p h a t i c '  CH A l i p h a t i c  CH 

305012925 2960/2925 

1.54 
1.70 
1.24  
0.76 
0.18 
0.62  
0.42 
0.27 
0.36 
0.27 
0.32 

3050/2925 

0.62 
0.54 
0.48 
0.59 
0 .34  

0.51 
0.45 
0.34 

d __ 

0 -68 
0.74 
0.66 

C -- 
-- 
-- 
-- 
-- 
-- 
-- 

0 . 2 4  

296012925 

0.89 
0.90 
0.88 
0.88 
0.88 

0.90 
0.87 
0.79 

0.76 
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Table  I11 
Hydrogen D i s t r i b u t i o n  (% H) of Hydrogenated 

Creosote  S o l v e n t s  and Light  Recycle S o l v e n t s  

Solvent  X Conversion Hvdroaen D i s t r i b u t i o n  
Creosote  O i l  

Hydrogenated Creosote  O i l s  

Creosote  O i l  
HC I 
HC I1 
HC I11 
HC I V  
HC V 
HC V I  
HC V I 1  
HC V I 1 1  
HC I X  
HC X 

Light  Recycle  O i l s  

Amax 
Monterey 
Western Kentucky I 
Western Kentucky I1 
Indiana  

32.8 
36.9 
48.1 
64.2 
66.3 
70 .O 
79.7 
81.5 
82.3 
82.4 
84.5 

38.4 
40.0 
44.2 
46 -0 
53.1 

- -  
Actua l  Hydrogen Content  i n  Each F r a c t i o n  

Hm 
5.0 
4.7 
5.0 
4.5 
2.3 
4.7 
4.3 
2.9 
4.2 
2.6 
3.8 

3.7 
3.6 
3.4 
4.3 
2.4 

Western Kentucky D i s t i l l a t i o n  Cuts  
I 41.0 3.7 
I1 57.9 3.2 
111 59.1 2.5 

90 Weight Petroleum Oil 28.8 0.87 

H B  = 1.0 to 2.0 ppm 

H y =  0.5 to 1.0 ppm 

Hm = 6.0 t o  9.2 ppm 

H = 2.0 to 3.3 ppm 
a 

H a  

0.74 
0.75 
1 .o 
1.2 
2.0 
1.5 
1.6 
2.1 
1.6 
2.3 
1.8 

1.4 
1.3 
1.7 
1.5 
2.4 

1.8 
1.8 
2.2 

0.5 

H B  
0.74 
0.75 
0.70 
1.1 
4.0 
1.2 
1.6 
3.1 
1.8 
3.5 
1.8 

1.8 
1.6 
2.4 
1.8 
3.5 

2.2 
2.5 
2.5 

5.4 

HY 
0.22 
0.13 
0.26 
0.43 
1.6 
0.39 
0.55 
1.2 
0.72 
1.2 
0.59 

0.96 
0.73 
1.1 
0.66 
1.7 

1.1 
0.5 
1.1 

3.6 

Table  I V  
Average Hydrogen D i s t r i b u t i o n s  for  

t h e  Three Conversion Ranges 

Conversion Range Average Hydrogen D i s t r i b u t i o n s  

HAR Ha "B Hv % Conversion 

32.8 t o  48.1 4.9 0.83 0.69 0.20 

64.2 to 70.0 3.8 1.3 1.8 0.81 

79.7 t o  84.5 3.5 1.9 2.4 0.85 
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Table V 
Weight Pe rcen t  of  D e c a l i n ,  T e t r a l i n ,  Naphthalene and a 

Hydrogenerated Naphthalene i n  Creoso te  O i l s  and L igh t  Recycle  O i l s  

C reoso te  O i l  
So lven t  S e r i e s  % Conversion 
C r e s o t e  O i l  32.8 
HC I 36.9 
HC I1 48.0 
HC I11 64.2 
HC I V  66.3 
HC V 70.0 
HC V I 1  81.5 
HC IX 82.4 
HC X 84.5 

Hydrogenated 
Naphthalene Naphthalene 

11.2 0 
10.2 0 

5.7 0.45 
8.4 0.25 
2.4 2.66 
6.9 0.99 
1.92 1.87 
0.082 4.05 
2.67 1 . 4 0  

T e t r a l i n  
0 
0 
0 
1.7 
7.14 
3.2 
7.64 
8.88 
4.01 

Deca l in  
0.11 
0 
0 
0.085 
7.58 
0.093 
5.70 
1.20 
1.40 

Light  Recycle  O i l  

Amax 38.4 18.1 0.438 4.4 0.77 
Monterey 40.0 1 4 . 5  0.43 5.62 1.71 
Western Kentucky I 44.2 12.3 4.8 6.03 0.61 
Western Kentucky I1 46.0 15.8 0.55 5.50 0.83 
I n d i a n a  53 .1  2.81 0 0.093 0 

Tab le  V I  

Optimum Parameter  Ranges f o r  E f f e c t i v e  D i s s o l u t i o n  (Conversions > 80%) 

f o r  t h e  Hydrogenated Creoso te  O i l  So lven t  S e r i e s  

Parameter  

Hydrogen Content  (H%) 

Aromatic Hydrogen (HAR%) 

Alpha Hydrogen (Ha%) 

Beta Hydrogen (H@%) 

Gamma Hydrogen (%%) 
Average Chemical S h i f t  (Hppm) 

I R  Absorbance R a t i o s  ( i n  CC14) 

Range 

8 .00  t o  9 .60 

2.75 t o  4 .3  

h i g h e r  1 . 7  

1 . 6  t o  3.55 

0 .6  t o  1 .25 

3.15 t o  4.55 

0.27 t o  0 .36 
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