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Introduction 

Structural  character izat ion using high resolut ion nuclear magnetic 
resonance, N M R ,  and  elemental analysis  was f i r s t  applied t o  coal pyrolysis 
products by Brown and Ladnerl. 
s tudies  t o  coal hydrogenation products and coal ex t rac ts .  Parameters such 
as  the fract ion aromatici ty ,  f a ,  the degree of subs t i tu t ion  on aromatic r ings ,  
0 ,  the hydroqen t o  carbon r a t i o  in  a hypothetical unsubstituted aromatic ring 
system, Hau/Ca, the ring index, Ra, the length of alkyl subs t i tuents  on 
aromatic r ings,  Ho/Ha + 1 ,  and the molecular weight o f  the u n i t  s t r u c t u r e ,  
Mus, can a l l  be calculated.  In t h i s  s tudy,  heavy o i l s  from coal hydrogenation 
using ZnC12 c a t a l y s t  have been characterized by s t ruc tura l  analysis  techniques. 

Other inves t iga tors  2-5 have extended these . 

Experimental 

Hiawatha, Utah coal (45% V M ,  d . a . f . b . )  was hydrogenated a t  950°F and 
1800 psi H2 pressure. 
1.5, 3.0 and 6.0 percent zinc as zinc chlor ide were hydrogenated. The 
heavy o i l s  were extracted with NaOH and H2S04 t o  produce neutral o i l s .  
The neutral o i l s  were separated in to  a hexane-soluble f rac t ion  and an 
asphaltene f rac t ion  by ex t rac t ion  and the  hexane-soluble o i l  was separated 
into saturated and aromatic o i l s  by l iquid chromatography using a s i l i c a  gel 
column. The asphaltene 
and aromatic o i l  f rac t ions  were fur ther  separated by gel permeation chroma- 
tography, GPC. 

Molecular weights were determined by vapor pressure osmometry and elemental 
composition by C ,  H and  N analysis .  

Results and Discussion 

Three ( 3 )  samples with c a t a l y s t  concentrations of 

Yields of various products a re  shown in Table 1 .  

GPC e lu t ion  curves are  shown in Figure 1 .  
Proton NMR spectra  were measured f o r  each GPC f rac t ion  a t  100 M Hz. 

The GPC e lu t ion  curves shown in Figure 1 show a s h i f t  t o  smaller 
molecules as the c a t a l y s t  concentration increases .  
f i r s t  in  G P C ) .  
a re  eluted f i r s t  i n  a l l  cases. 

with elut ion volume. 
tene samples have a la rge  f rac t ion  of the hydrogens bound t o  a l i p h a t i c  carbons 
6 or fur ther  from aromatic r ings ,  Ho. 
bound t o  aromatic carbons, Ha, and hydrogens bound t o  carbons a t o  aromatic 
r ings ,  Ha, increase.  

(Larger molecules e l u t e  
Molecular weight measurements ver i fy  t h a t  the  la rger  molecules 

The N M R  spectra  show a continuous s h i f t  in the propert ies  of the  molecules 
The la rger  molecules f o r  both the aromatic o i l  and  asphal- 

As the  e lu t ion  volume increases ,  hydrogens 

Structural  analysis  was performed using the equation of 
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Brown and Ladner l - * .  
2-4. 

Resu l t s  o f  these c a l c u l a t i o n s  a r e  shown i n  F igures 
Molecular weights  a re  a l s o  shown i n  F igu re  4. 

The a romat i c  o i l  f r a c t i o n s  show a l a r g e  change i n  the  carbon a r o m a t i c i t y  
and i n  the l e n g t h  o f  a l k y l  s u b s t i t u e n t s  on t h e  aromat ic  r i n g .  The degree o f  
s u b t i t u t i o n  o f  r i n g  carbons v a r i e s  f rom 0 .5  t o  0.2. The average number o f  
aromatic r i n g s  i n  t h e  u n i t  s t r u c t u r e  i s  1.5 t o  3. The molecular  weights  c a l -  
c u l a t e d  f o r  t h e  u n i t  s t r u c t u r e  agrees w i t h  t h e  measured values. The l a r g e r  
molecules, e l u t e d  a t  l ow  e l u t i o n  volumes, appear t o  be composed o f  small  r i n g  
systems w i t h  l ong  a l i p h a t i c  s u b s t i t u e n t s .  
a l k y l  side-groups become s h o r t e r  r e s u l t i n g  i n  l a r g e 7  values o f  f a  and lower  
molecular  weights .  

The asphal tene f r a c t i o n s  show a s i m i l a r  t r e n d  as t h e  aromat ic  o i l s  
except t h a t  t h e  a l i p h a t i c  branches a r e  much s h o r t e r  and Ra and f a  a r e  h ighe r .  
The molecular  weight  o f  t h e  u n i t  s t r u c t u r e  i s  s i g n i f i c a n t l y  l e s s  than  t h e  
measured molecular  we igh t ,  i n d i c a t i n g  t h a t  t h e  a c t u a l  molecules a re  dimers 
o r  t r imers  o f  t h e  u n i t  s t r u c t u r e s  determined by s t r u c t u r a l  ana lys i s .  

i s  t o  decrease t h e  y i e l d s  o f  asohaltene and benzene- insolub le heavy o i l  w i t h  
a corresponding i nc rease  i n  t h e  y i e l d s  o f  hexane-soluble o i l .  
molecular  we igh t  o f  asphal tene and aromat ic  o i l s  i s  a l s o  decreased. 
no o t h e r  ma jo r  s t r u c t u r a l  change i n  t h e  heavy o i l  product  o f  coal hydrogena- 
t i o n .  
independent o f  t h e  c a t a l y s t  concen t ra t i ons  used t o  produce t h e  o i l s .  

As t h e  e l u t i o n  volume increases,  t h e  

The e f f e c t  o f  i n c r e a s i n g  t h e  concen t ra t i on  o f  t h e  z inc  c h l o r i d e  c a t a l y s t  

There i s  
The average 

F rac t i ons  e l u t e d  a t  t h e  same e l u t i o n  volume show t h e  same p r o p e r t i e s  

References 

1. J .  K.  Brown and W .  R. Ladner, Fuel, 3, 87 (1960). 
.. 

L. 3 .  iukuyama, N. v u n i s n i ,  and ti. Takeya, J .  Fuel SOC. Japan, 52, 906 
(1 973). 

3. Y .  Maekawa, S. Ueda, Y .  Hasepawa, Y. Nakata, S .  Yokoyama and Y. Yoshida, 
P r e p r i n t s  Fuel D iv .  Am. Chem. Sod. ,  20 ( 3 ) ,  1 (1975). 

4. G. Takeya, Gakujustu Geppo, 3, 719 (1973). 

5. T. Katoh, H. I t o h ,  K. Ouchi and J. Sohma, J. Fuel SOC. Japan, 54, (12) ,  
11 (1976). 

Acknowledgement 

Th is  work was suppor ted by t h e  Un i ted  S ta tes  Energy Research and Develop- 
ment A d m i n i s t r a t i o n  under Contract  No. E (49-18) - 1200. 

H 

m 

1 

rn 



Table 1 

Products from Extraction of Heavy Oil 

Percent Yield 
Sample 0.015 Sample 0.03 Sample 0.06 

Heavy Oil (% o f  coa l )  

Asphaltene (% of heavy o i l  

O i  1 
Saturates 
Aromatic 

Acidic ( X  of heavy o i l )  

Basic (% of heavy o i l )  

Residue ( %  of heavy o i l )  

L O S S  

79 

25.6 

17.3 

34.0 
8.9 

91.1 

9.5 

1.5 

28.4 

9.3 

31.8 

6.6 

63.6 
11.9 
88.1 , 

17.4 

1 .8  

5.3 

5.3 

31.3 

6.0 

62.2 
6.9 

93.1 

12.9 

2.2 

3.3 

12.9 



Aromatic Oil . . .  .. Zn/Coal : 0.015 
Zn/Coal : 0.03 
Zn/Coal : 0.06 
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Fiiure  1. GPC Chron’atoqrams 
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Figure 2 .  Carbon aromatici ty  vs. e lu t ion  volume f o r  
o i l s  and asphal tenes. 
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Figure 3 .  The average length o f  a l ipha t i c  carbon 
chain v s .  elution volume f o r  o i l s  and  
asphal tenes. 
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Figure 4 .  Experimental and calculated molecular we igh ts  .i v s .  elut ion volume. 
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