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Seve ra l  b a t c h  a u t o c l a v e  expe r imen t s  were c a r r i e d  o u t  u s i n g  n a t u r a l  abundance 30.7 
MHz 2H NMR spec t roscopy  of p r o d u c t  f r a c t i o n s  t o  a s s e s s  H-donor a c t i v i t y  during 
l i g n i t e  l i q u e f a c t i o n .  2H NMR o b s e r v a t i o n s  o f  deu te r ium en r i chmen t s  and measurement 
of 'H NMR d i s t r i b u t i o n s  have been used t o  i n v e s t i g a t e  l i q u e f a c t i o n  r e a c t i o n s  (1-3) .  

The development of h i g h  f i e l d  supe rconduc t ing  magnets t h a t  o p e r a t e  i n  the  Four i e r  
t r ans fo rm mode w i t h  h i g h  s e n s i t i v i t y  p robes  has  made it p o s s i b l e  to-monitor~-l-ique- 
f a c t i o n  r e a c t i o n s  by n a t u r a l  abundance 2H NMR (0.0156% na tu ra l - abundance ) .  I t  i s ,  
t h e r e f o r e ,  no l o n g e r  n e c e s s a r y  .to Add- -large-amounts o f  d e u t e r a t e d  s o l v e n t s  O K  even 
l a r g e  amounts .of deu te - r> ted~H-donors  which swamp o u t  c r i t i c a l  a s p e c t s  o f  t h e  l i q u e -  

~ f a c t i o n  r e a c t i o n .  The u s e  of n a t u r a l  abundance 2H NMR a l lows  t h e  i n v e s t i g a t o r  t o  
examine t y p i c a l  l i q u e f a c t i o n  r e a c t i o n s  wi thou t  d i s t u r b i n g  t h e  system by t h e  a d d i t i o n  
o f  l a r g e  amounts o f  ex t r aneous  m a t e r i a l s .  

Mart in  et  a l .  demons t r a t ed  r e c e n t l y  t h a t  ve ry  impor t an t  and o f t e n  v e r y  s p e c t a c u l a r  
v a r i a t i o n s  may be found i n  t h e  i n t e r n a l  d i s t r i b u t i o n  o f  deu te r ium w i t h i n  molecules  
(4,  5 ) .  Measurement o f  t h e  n a t u r a l l y  abundant  'H NMR d i s t r i b u t i o n  may be used t o  
p rov ide  v a l u a b l e  i n f o r m a t i o n  on t h e  s e l e c t i v i t y  o f  'H r e p a r t i t i o n .  Mart in  e t  a l .  
a p p l i e d  measurements of t h i s  t y p e  t o  de t e rmine  t h e  o r i g i n  of n a t u r a l  p roduc t s  such 
a s  a l c o h o l s  i n  which samples  from v a r i o u s  s o u r c e s  w i t h  d i f f e r e n t  h i s t o r i e s  had 
d i f f e r e n t  2H NMR d i s t r i b u t i o n s  ( 4 ) .  

I t  may be i n f e r r e d  from t h e  work o f  Cronauer e t  a 1  (6) and o f  Brower (7), t h a t  t h e  
method of Mar t in  may be a p p l i e d  t o  t h e  i n v e s t i g a t i o n  of  t h e  r e a c t i o n s  o f  H-donors 
du r ing  c o a l  l i q u e f a c t i o n .  Brower (7)  r e p o r t e d  t h a t  t h e  H/D k i n e t i c  i s o t o p e  e f f e c t  
f o r  t h e  r e a c t i o n  o f  c o a l  w i t h  t e t r a l i n  c o n t a i n i n g  deu te r ium a t  t h e  a lpha  p o s i t i o n s  
i s  2.1 2 0.1  a t  335OC. The r e a c t i o n  mix tu re  was 1 g of  d e u t e r a t e d  O K  undeu te ra t ed  
t e t r a l i n  w i t h  1 g of  subbi tuminous c o a l  i n  g l a s s  ampules. Ra te s  o f  r e a c t i o n  were 
compared by mon i to r ing  t h e  n a p h t h a l e n e / t e t r a l i n  r a t i o s .  

When Cronauer (6)  c a r r i e d  o u t  l i q u e f a c t i o n  o f  Powhatan No. 5 c o a l  i n  100% 1 , 2 , 3 , 4 -  
d , - t e t r a l i n  s o l v e n t  and i n  100% d 1 2 - t e t r a l i n ,  he a l s o  showed c l e a r l y  t h a t  t h e  a b s t r a -  
c t i o n  of '€I from a hydroaromatic  Carbon having one  2H and one 'H s u b s t i t u t e n t  i s  
g r e a t l y  p r e f e r r e d .  S i n c e  t h e  n a t u r a l  abundance of 2H i s  o n l y  0.015%, t h e  p r o b a b i l i t y  
t h a t  a carbon would have two 2H s u b s t i t u e n t s  i s  v e r y ,  v e r y  s m a l l .  I t  i s  t h e r e f o r e  
p o s s i b l e  t o  use  t h e  n a t u r a l  system a s  an  i n  s i t u  p robe  f o r  comparing r e a c t i v i t i e s  of 
H-donors under  a c t u a l  l i q u e f a c t i o n  c o n d i t i o n s .  

If r e a c t i o n s  occur  which i n v o l v e  a hydroaromatic  ca rbon ,  and 'H i s  p r e f e r e n t i a l l y  
a b s t r a c t e d  each  t i m e ,  t h e  *H d i s t r i b u t i o n  w i l l  show an i n c r e a s e  i n  t h a t  s p e c t r a l  
r e g i o n .  I f  a l a r g e  amount of H-donor a c t i v i t y  i n  t h e  r eg ions  ci and e t o  a romat i c  
r i n g s  (He and H ) o c c u r s  d u r i n g  l i q u e f a c t i o n ,  t h e  2H d i s t r i b u t i o n  shou ld  r e f l e c t  
t h i s  by showing 4 cor re spond ing  i n c r e a s e  in t h e  5 . 0  - 1 . 8  ppm reg ion  o f  t h e  n a t u r a l  
abundance 2H NMR spectrum. 

S i n c e  t h e  n a t u r a l  abundance 2H NMR spectrum r e f l e c t s  t h e  r e a c t i v e  h i s t o r y  o f  t h e  
sample,  adequate  b l ank  expe r imen t s  must  be performed t o  de t e rmine  o r i g i n a l  O K  non- 
a f f e c t e d  *H d i s t r i b u t i o n s .  They always d i f f e r  from t h e  p r o t o n  NMR d i s t r i b u t i o n s  
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when t h e  sample has  r e a c t i v e  h i s t o r y  t h a t  involved  H - t r a n s f e r  r e a c t i o n s .  S i n c e  w e  
used a process  coa l -der ived  l i q u i d  a s  o u r  s o l v e n t ,  t h e  b l a n k  a u t o c l a v e  run was 
e s s e n t i a l .  

Another a s p e c t  of  l i q u e f a c t i o n  i n v o l v e s  t h e  i n t e r a c t i o n  of  p r o c e s s i n g  g a s e s  w i t h  t h e  
s o l v e n t  o r  d i r e c t l y  w i t h  t h e  c o a l  o r  c o a l  f ragments .  
ed by s e v e r a l  i n v e s t i g a t o r s  ( 1 ,  3 ,  8, 9 ,  10) .  The t y p e s  of molecules  t h a t  a r e  
a c t i v e  dur ing  l i q u e f a c t i o n  e i t h e r  through exchange r e a c t i o n s ,  t h r o u g h  hydrogenat ion ,  
hydrogen t r a n s f e r ,  o r  th rough d i r e c t  r e a c t i o n  w i t h  H2 g a s  may be i n f e r r e d  by s u b s t i -  
t u t i n g  deuterium gas  2H2 f o r  t h e  H2  i n  t h e  r e a c t i v e  gas m i x t u r e .  The r e a c t i v e  s i t e s  
a r e  t h e n  l o c a t e d  by 2H NMR o f  t h e  e n r i c h e d  r e a c t i o n  m i x t u r e .  

Experimenta 1 

Autoclave experiments were des igned  t o  s i m u l a t e  p r o c e s s i n g  c o n d i t i o n s  i n  ou r  c o n t i n -  
uous p r o c e s s  bottoms r e c y c l e  l i q u e f a c t i o n  u n i t .  

The experiments were c a r r i e d  o u t  i n  a I - l i t e r  hot-charged a u t o c l a v e  (11) .  The c o a l  
(65 g, maf) s o l v e n t  (120 g) s l u r r y  was hot-charged i n t o  t h e  p r e h e a t e d  a u t o c l a v e ,  
reaching  t h e  o p e r a t i n g  t e m p e r a t u r e  of  45OoC in less t h a n  t w o  m i n u t e s .  The r e a c t a n t  
gas  (40 g, unlabe led)  was 5 0 / 5 0  H 2 / C 0  o r  2H, /C0 a t  a p r e s s u r e  of  3700 p s i g  under  
r e a c t i o n  c o n d i t i o n s .  Residence t ime was 20 minutes a f t e r  which t h e  e n t i r e  c o n t e n t s  
of  t h e  a u t o c l a v e  were t r a n s f e r r e d  i n t o  a quench v e s s e l ,  cooled  and d e p r e s s u r i z e d  a t  
room tempera ture .  Gases were ana lyzed  and t h e  p r o d u c t  s l u r r y  was d i s t i l l e d  (ASTM 
D-1160). The t r a p  c o n t e n t s  (mainly w a t e r ) ,  t h e  ASTM D-1160 d i s t i l l a t e ,  and vacuum 
bottoms were s u b j e c t e d  t o  s e p a r a t i o n s  and NMR a n a l y s e s .  

Mass b a l a n c e s  were o b t a i n e d  u s i n g  a d i f f e r e n t  p o r t i o n  o f  t h e  s l u r r y  and a n a l y z i n g  it 
f o r  w a t e r ,  a s h ,  t e t r a h y d r o f u r a n  (THF) s o l u b i l i t y ,  and vacuum d i s t i l l a t e  a t  5 t o r r .  
The a d d i t i v e ,  when u s e d ,  was 1,2,3,4-tetrahydrophenanthrene (THPhen) ( 0 . 3 3  9). The 
run m a t r i x  i s  shown i n  T a b l e  I .  

T h i s  q u e s t i o n  has  been a d d r e s s -  

TABLE I 

AUTOCLAVE TESTS WITH B I G  BROWN LIGNITE, RECYCLE 
SLURRY DISTILLATE, 450OC and 3400-3700 PSI TOTAL PRESSURE 

Run No. 

3 
4 
5 

P r o c e s s i n g  Gas 

H2/CO 
H2/CO 
2H2/C0 

A d d i t i v e  

None 
THPhen 
THPhen 

The c o a l  and s o l v e n t  chosen f o r  t h e s e  t e s t s  were a Texas l i g n i t e  from t h e  Big Brown 
mine and a r e c y c l e  s l u r r y  ASTM D-1160 d i s t i l l a t e  from a c o n t i n u o u s  p r o c e s s i n g  u n i t  
(CPU) run c a r r i e d  o u t  a t  UNDERC u s i n g  t h e  same c o a l .  The s o l v e n t  was d i s t i l l e d  from 
s l u r r y  c o l l e c t e d  on t h e  t h i r t e e n t h  bottoms r e c y c l e  p a s s .  A c o l d  t r a p  was used 
d u r i n g  d i s t i l l a t i o n  t o  a s s u r e  t h e  c o l l e c t i o n  of a l l  v o l a t i l e  o i l s  and w a t e r .  

The ASTM D-1160 d i s t i l l a t e  of  t h e  a u t o c l a v e  p r o d u c t  was f u r t h e r  s e p a r a t e d  i n t o  
a l k a n e s ,  a r o m a t i c s ,  and p o l a r s  by open column chromatography on n e u t r a l  s i l i c a  g e l  
with  p e n t a n e ,  methylene c h l o r i d e ,  and methanol a s  e l u t i o n  s o l v e n t s .  The f r a c t i o n s  
were c l e a n l y  s e p a r a t e d  a s  shown by examinat ion  of  t h e i r  200 MHz l H  NMR s p e c t r a .  The 
vacuum bottoms (10 g) were S o x h l e t  e x t r a c t e d  w i t h  r e f l u x i n g  CHC1, (500 ml) f o r  20 
hours ,  fo l lowed by THF (500 ml) f o r  20 h o u r s .  The r e s i d u e  c o n s i s t i n g  of  i n o r g a n i c  
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m a t e r i a l ,  i n s o l u b l e  o r g a n i c  m a t t e r  and un reac ted  c o a l  amounted t o  65-70% o f  t h e  
vacuum bot toms.  Chloroform e x t r a c t e d  25-30% whi l e  t h e  remainder of 3 4 %  was extcac-  
t e d  w i t h  THT. 

NMR s p e c t r a  were o b t a i n e d  a t  200 MHz i n  CDzC1, f o r  p r o t o n s  and a t  5 0 . 3  MHz i n  CDCl ,  
f o r  13C u s i n g  p u l s i n g  c o n d i t i o n s  a p p r o p r i a t e  t o  t h e  sample. 2H NMR s p e c t r a  were 
pu l sed  a t  30.7 MHz 1-30,000 t i m e s  depending on t h e  sample. A 45O f l i p  a n g l e  was 
used w i t h  an  a c q u i s i t i o n  t i m e  of 4 seconds and a d e l a y  of 4 seconds.  The so lven t  , 
used was methylene c h l o r i d e ,  CHzC12. 

,H en r i chmen t s  of t h e  f r a c t i o n s  from Experiment 5 were determined by s t a n d a r d  addi-  
t i o n  of CD,ClZ t o  a preweighed o i l  sample. The s t a n d a r d  a d d i t i o n  l i n e  gave a l i n e a r  
r e g r e s s i o n  v a l u e  o f  r = 0 .993 .  The sample was weighed t i g h t l y  covered and d i l u t e d  
immediately wi th  C H 2 C 1 2 .  The enrichment  of t h e  wa te r  samples from t h e  d i s t i l l a t i o n  
t r a p  was determined d i r e c t l y  a g a i n s t  a s t a n d a r d  D,O i n  H,O curve whose l i n e a r  regres-  
s i o n  v a l u e  o f  r was 0.9999. 

RESULTS AND DISCUSSION ~- -- 
E f f e c t  of Added H-Donor 

Tes t  nunibers 3 and 4 were i d e n t i c a l  e x c e p t  t h a t  a s m a l l  amount of an  H-donor, THPhen, ' 
was added t o  Tes t  4 (Table  I ) .  T o t a l  p e r c e n t  conve r s ion  was e s s e n t i a l l y  t h e  same , 
f o r  Runs 3 and 4 (72%, 70%). Conversions t o  THF s o l u b l e s  were 56% and 60%, r e spec -  
t i v e l y .  r 

The 50 MHz 13C s p e c t r a  f o r  t h e  l i g h t  o i l s ,  t h e  d i s t i l l a b l e  o i l s ,  and t h e i r  f r a c t i o n s  
and the  CHC1, s o l u b l e  vacuum bot toms were v e r y  s i m i l a r  f o r  Runs 3 and 4 .  The 200 MHz 
'H NMR s p e c t r a  of t h e  p r o d u c t s  were l i k e w i s e  i n d i s t i n g u i s h a b l e  from run t o  run wi th  
corresponding f r a c t i o n s  showing t h e  same s p e c t r a l  f e a t u r e s .  

, 

The n a t u r a l  abundance 30.7 MHz 2H NMR d i s t r i b u t i o n s  a r e ,  however, q u i t e  d i f f e r e n t  
from each o t h e r  f o r  t h e  a u t o c l a v e  tes ts  w i t h  and wi thou t  t h e  a d d i t i o n  o f  sma l l  
amounts o f  t h e  H-donor, THPhen (Tab le  1 1 ) .  These d i f f e r e n c e s  a r e  mainly seen  i n  t h e  
a lpha  + b e t a  and i n  t h e  a r o m a t i c  r e g i o n s  of t h e  spectrum (F igure  1). The change i n  
t h e  a lpha  + b e t a  r eg ion  gave a r u n  4/run 3 r a t i o  of 1 . 2 5 ,  c l e a r l y  i n d i c a t i n g  i n c r e a s -  
ed  H- t r ans fe r  a c t i v i t y  d u r i n g  Run 4 .  

TABLE I1 

'H NMR AREA DISTRIBUTIONS FOR AUTOCLAVE TEST 
WITH B I G  BROWN TEXAS LIGNITE, H,/CO, 45OoC, MPa (3700 PSI)  

Aromatic (9.6 - 5 . 8  ppm) 
Alpha + Beta (5 -1 .8  ppm) 
Other  (1 .8-0.1 ppm) 

39.7 
28.6 
31.6 

1 .16  
1 .25  
0 .61  

Run 3 Run 4 Run 413 i 

(Area %) (Area %) (Area %) 

45.9 
35.7 
19.4 

To t es t  the  e f f e c t  o f  H-donor a d d i t i o n  wi thou t  l i q u e f a c t i o n  r e a c t i o n ,  two p o r t i o n s  
of l i q u e f a c t i o n  r e c y c l e  s o l v e n t  d i s t i l l a t e  were e q u i l i b r a t e d  f o r  t h r e e  weeks a t  room 
t empera tu re  wi th  and w i t h o u t  t h e  a d d i t i o n  of t h e  same amount o f  H-donor. When 
compared by 2H NMR s p e c t r o s c o p y ,  t h e r e  was no change i n  ,H d i s t r i b u t i o n .  
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The change i n  t h e  2H d i s t r i b u t i o n  under l i q u e f a c t i o n  c o n d i t i o n s  t h e r e f o r e  may b e  
a t t r i b u t e d  t o  an i n c r e a s e d  cumula t ive  i s o t o p e  e f f e c t  d u r i n g  l i q u e f a c t i o n  w i t h  s m a l l  
amounts of added H-donor. The small i n c r e a s e  i n  THF s o l u b l e  p r o d u c t ,  60% a s  compared 
wi th  56% may be r e l a t e d  t o  t h e  H-donor a c t i v i t y  i n c r e a s e  b u t  i s  n o t  a s  n o t a b l e  
dur ing  a u t o c l a v e  t e s t i n g  a s  it would be i n  CPU r e c y c l e  o p e r a t i o n .  

Process ing  wi th  2 H 9 / C 0  

Autoclave T e s t  5 was conducted w i t h  deuter ium-labe led  5 0 / 5 0  2 H 2 / C 0  and added THPhen. 
A deuter ium-enr iched  product  was o b t a i n e d .  T o t a l  convers ion  was 67% and c o n v e r s i o n  
t o  THF s o l u b l e s  was 50%. The 50% convers ion  o f  l i g n i t e  t o  THF s o l u b l e s  i n  Run 5 
processed  w i t h  2H2/C0 i s  s i g n i f i c a n t l y  lower t h a n  t h e  60% convers ion  i n  Run 4 pro-  
c e s s e d  wi th  'H2/C0.  The deuter ium i s o t o p e  e f f e c t  r e s u l t i n g  from t h e  u s e  of  2H2 
r a t h e r  t h a n  'H,, i n  t h e  gas  m i x t u r e  would be expec ted  t o  lower  t h e  y i e l d  o f  TKF 
s o l u b l e s  s i n c e  t h e  r a t e  o f  r e a c t i o n  o f  2H2  i s  expec ted  t o  be s lower  t h a n  t h e  r a t e  o f  
r e a c t i o n  of 'H, ( 7 ) .  

Examination of  t h e  product  by 2H NMR u s i n g  t h e  methods d e s c r i b e d  i n  t h e  Exper imenta l  
s e c t i o n  showed t h a t  2H e n t e r e d  e v e r y  f r a c t i o n  o f  t h e  p r o d u c t ,  i n c l u d i n g  t h e  H20,  t h e  
ASTM d i s t i l l a t e ,  and t h e  s o l u b l e  vacuum bottoms (Table 111) .  The w a t e r  was t h e  most 
h i g h l y  enr iched  f r a c t i o n ,  probably  due t o  t h e  e a s y  exchange o f  water  hydrogens w i t h  
t h e  2H2 g a s .  Other  hydrogens expec ted  t o  exchange r a p i d l y  w i t h  2H2 gas  a r e  t h o s e  
o r t h o  and para t o  p h e n o l i c  OH groups and methylene hydrogens alpha and beta t o  
a r o m a t i c  r i n g s .  The f r a c t i o n s  ( p o l a r s ,  a r o m a t i c s ,  ASTM D-1160 d i s t . )  c o n t a i n i n g  
t h e s e  t y p e s  of  bonds show a p p r e c i a b l e  enrichment (Table 111). I n  t h e  c a s e  of  t h e  
a r o m a t i c  f r a c t i o n  ( F i g u r e  2 ) ,  it i s  even p o s s i b l e  t o  a s s i g n  some o f  t h e  most exchange- 
a b l e  hydrogens t o  s p e c i f i c  compounds. For  example, t h e  peaks a t  3 .9  ppm and 3 . 6  ppm 
i n  t h e  p r o t o n  NMR spectrum (Figure  2 ,  t o p )  can  be p l a i n l y  s e e n  a s  e n r i c h e d  peaks  i n  
t h e  deuterium NMR spectrum (bottom). These peaks a r e  a s s i g n e d  t o  t h e  methylene 
hydrogens of f l u o r e n e  and acenaphthene r e s p e c t i v e l y .  I t  i s  n o t a b l e  t h a t  v e r y  l i t t l e  
enrichment o r  exchange occurs  on t e r m i n a l  methyl carbons  of  a l k y l  c h a i n s  (0 .9  ppm); 
however, t h e  methylene r e g i o n  (21 .2  ppm) i s  e n r i c h e d .  

TABLE I11 

PRODUCTS FROM AUTOCLAVE TEST 5 ( B I G  BROWN TEXAS LIGNITE, 
2 H 2 / C 0 ,  450°C, 3400 PSIG), DETERMINED BY 2H NMR 

Product  

Water 
ASTM D-1160 

D i s t i l l a t e  

F r a c t i o n  of  
D i s t i l l a t e :  

Alkanes 

Aromatics 
P o l a r s  

ASTM D-1160 CHC13 
S o l u b l e  Bottoms 

No. Grams 
i n  Product  

2 9 . 3 1  
109 .4  

11.4 

4 4 . 9  
30 .9  

25 .74  

W t  % 211 

2 .62  
0 . 6 0 6  

0 . 5 8  (by 
d i f f . )  

0 .542  
0.967 

0.605 

W t  % H 
i n  Sample 

11.11 
7.17 

1 4 . 8 8  

7 . 2 0  
7 . 8 1  

5 . 8 4  

"Enrichment 
F a c t o r  

760 
270 

120 

240 
400 

330 

atom % 2~ 
0.0156% (Natura l  Abundance) 
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Figure  3 shows t h e  comparison o f  t h e  ASTM D-1160 d i s t i l l a t e  p o l a r  f r a c t i o n  200 MHz 
‘H NMR spec t rum ( t o p )  and t h e  30.7 MHz 2H NMR spectrum (bottom). The a romat ic  
region of t h e  2H spectrum was more e n r i c h e d  t h a n  t h e  r e s t  of t h e  spectrum. 

Since c o n s i d e r a b l e  amounts o f  2H (about  35 w t .  % of t h e  2H2 added) e n t e r e d  t h e  
p r o d u c t ,  it i s  imposs ib le  t o  a s s i g n  any of  t h e  i n c o r p o r a t e d  2H t o  r e a c t i o n  product 
r a t h e r  t h a n  exchange p r o d u c t .  However, it i s  p o s s i b l e  t o  n o t e  t h a t  some p o r t i o n s  of 
t h e  p r o d u c t  t h a t  were e n r i c h e d  a r e  m a t e r i a l s  t h a t  do n o t  undergo exchange e a s i l y .  
The 2H NIB spectrum of  t h e  a l k a n e s  s e p a r a t e d  from t h e  ASTM D-1160 d i s t i l l a t e  shows 
i n c o r p o r a t i o n  o f  deuter ium i n t o  b o t h  methylene and methyl r e g i o n s  of t h e  spectrum 
and t h e  o v e r a l l  enr ichment  o f  t h e  a l k a n e  f r a c t i o n  i s  1.120 x n a t u r a l  abundance. 

The most a c t i v e l y  e n r i c h e d  p o r t i o n s  o f  t h e  a l k a n e s ,  a r o m a t i c s ,  and p o l a r s  may be 
seen  by comparing Autoc lave  Run 4 (H2/CO) w i t h  Run 5 (2H2/CO), Table  I V  and t o  
compare ASTM D-1160 d i s t i l l a t e  o i l s ,  Table  V .  

Summary 

1. D i f f e r e n c e s  i n  n a t u r a l  abundance 2H NMR d i s t r i b u t i o n s  r e s u l t e d  from d i f f e r e n c e s  
i n  t h e  p r o c e s s i n g  h i s t o r y  o f  t h e  samples .  _. -- -- 

2 .  The a d d i t i o n  o f  smal l  amounts o f  H-donor t o  a l i q u e f a c t i o n  r e a c t i o n  changed t h e  
n a t u r a l  abundance 2H NMR d i s t r i b u t i o n  w i t h  r e s p e c t  t o  an i d e n t i c a l  r u n  wi thout  
added donor .  Changes 
were probably  t h e  r e s u l t  o f  i n c r e a s e d  hydrogen t r a n s f e r  a c t i v i t y  and t h e  cumula- 
t i v e  deuter ium i s o t o p e  e f f e c t s .  

- ~~ 

The ‘H d i s t r i b u t i o n  and I 3 C  d i s t r i b u t i o n  were unchanged. 

3 .  Tests made u s i n g  ‘H2/C0 showed p r o d u c t  i n c o r p o r a t i o n  of 2H t o  >270 t imes  t h e  
The *H d i s t r i h u -  n a t u r a l  abundance a s  de te rmined  by s t a n d a r d  a d d i t i o n  2H NMR. 

t i o n  was n o t  t h e  same a s  i n  t h e  u n l a b e l e d  t e s t .  

4 .  2H e n t e r e d  a l l  f r a c t i o n s  of t h e  p r o d u c t  d u r i n g  t h e  t e s t  wi th  2H2/C0, i n c l u d i n g  
ASTM d i s t i l l a t e  a l k a n e s ,  p h e n o l s  and p o l a r s ,  H20 and s o l u b l e  vacuum bottoms. 
P o l a r s  and H2O were t h e  most e n r i c h e d  f r a c t i o n s ,  p robably  due t o  easy  H-exchange. 

5 .  P r o c e s s i n g  w i t h  2H2/C0 r e s u l t e d  i n  decreased  convers ion  t o  THF s o l u b l e s  when 
compared w i t h  an i d e n t i c a l  r u n  w i t h  l H 2 / C 0 .  
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TABLE I V  

2H NMR AREA PERCENTAGES OF SEPARATED FRACTIONS 
OF RUN 4 AND RUN 5 PRODUCT ASTM-1160 DISTILLATE 

I n t e g r a t e d  Area %, Column F r a c t i o n s ,  ASTM D i s t i l l a t e  

a 
100.0 100 .0  

'HO 

50 .0  35.8 2Ha r 
2 H  39.3 51 .1  

10.7 13 .1  
2 H 0  

33.8 43.2 2Har 
2H 50 .2  42.9 

16.0 13.9 2 H 0  

Alkanes 

Aromatics  

a+$ 

P o l a r s  

a+$ 

Run 5 / 4  

N / A  

0.72 

1 . 3 1  

1 .19  

1.28 

0.85 

0.87 

TABLE V 

COMPARISON OF RESULTS WITH LABELED AND UNLABELED SYNGAS 
(CO/'Hz), (CO/H2), 'H NMR AREA PERCENTAGES, 'H NMR AREA PERCENTAGES 

I n t e g r a t e d  Area,  
% ASTM 0-1160 

D i s t i l l a t e  

l H a r  

IHO 

'H 
a+$ 

Run 4 
(un labe led )  

3 7 . 1  

3 1 . 4  

30.9 

4 5 . 9  

35.7 

1 9 . 4  

Run 5 
( l a b e l e d )  

35.0 

34.3 

29.9 

4 3 . 1  

43 .1  . 

13.2 

Run 5/Run 4 

0.93 

1 . 0 9  

0.97 

0 .95  

1 . 2 1  

0 . 6 8  
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FIGURE 2. '11 NNR spectrum (top) and *H NNR spectrum of the aromatic fraction of 
autoclave Test 5 with Big Brown Texas lignite and zHz/CO. 

! 

10 Q 2 0 
e J . w m  

FIGURE 1 .  2H NMR spectra of (top) Run 4 (with added THPhen) and (bottom) Run 3 
(without THPen). The peak at 5.2 ppm is the NNR solvent, CHZClZ 
(top) and CH2Clp with added CH2C12-d2 (bottom). The aromatic region 
is designated as 9 .6 -5 .8  ppm, the a and p region as 5.0 to 1.8 ppm 
and other region as  1.8 to 0.1 ppm. 

151 



I 

I # 
10 8 6 4 2 0 

J 9 PPm 

FIGURE 3. 'H NMR spectrum (top) and 2H NMR spectrum (bottom) of the polar fraction 
of autoclave Test 5 with Big Brown Texas lignite and 2H2/C0. 
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