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I .  INTRODUCTION 

We reported e a r l i e r  on a deuterium t racer  method fo r  investigating the mecha- 
nism of coal l iquefaction.(l-3) The res r c  involved the use of deuterium 
gas ,? l )  or deuterium gas and tetralin-d12fBy3! for  hydrogenation, and the use of 
the deuterium as an isotopic t racer  to  follow the incorporation of hydrogen into 
the coal. 
were analyzed fo r  deuterium incorporation in to  d i f fe ren t  structural  posit ions.  I t  
was found t h a t  when deuterium alone was used (without donor solvent) for  liquefac- 
t i on ,  the deuterium content of the  products increased i n  the following order:  o i l  
<aspha1 tene< preasphal tene< residue. 
the deuterium contents of the product f rac t ions  were about the same. In both 
types o f  experiments, preferential  incorporation of deuterium was found in the 
benzylic structural  posit ions of each f rac t ion .  Similarly,  preferential incor- 
poration of pro t ium was observed i n  the benzylic position of the recovered 
t e t r a l  i n - d l 2 .  

A number of related investigations have been reported on the use of deuterium 
as  a t racer  in coal hydrogenation research. Schweighardt, e t  a l . (42  examined a cen- 
tr ifuged l iquid product r m a Synthoil r u n  a f t e r  heating i t  to 450 C w i t h  deuterium 
gas; Kershaw and Barrassl5P reported on the examination o f  product 
reaction o f  coal with deuterium gas using SnC12 as  ca t a lys t ;  Franzf6f  investigated 
theoproducts porn the reaction of a subbituminous coal with tetralin-l , l-dZ a t  
427 C and 500 C ;  Cronauer, e t  a1.(7) reported on the in t e r  c ion of deuterium- 
labeled t e t r a l in  with coal model compounds; King and Stockf8f: investigated the 
influence of coal and coal -related compounds on the exchange reaction between 
diphenylmethane and perdeuteriotetralin.  

This paper presents the resu l t s  of experiments which were conducted to inves- 
t i g a t e  the respective roles of gas-phase and donor-solvent hydrogen i n  coal hydro- 
1 iquefaction. 
and 1Hz/tetral in-dl2 mixtures and t e t r a l  in-dlz under N2 pressure to  study the 
mechanisms that a re  i n  operation. 

After separation of the l iquefaction products, the product fractions 

When deuterium and te t ra l in-d l2  were used, 

rom the 

Coal hydrogenation experiments were carried out w i t h  2HZ/tetralin-h12 

11. EXPERIMENTAL 

A. MATERIALS 

A high-volatile A bituminous coal (80.1% C ,  5.1% H, 1.6% N ,  3.6% S, 9.6% 0 ,  
by weight, daf bas i s ,  7.7% ash) from the Loveridge Mine, Pittsburgh Seam was used. 
. ..- ---. ..-6 -"", C" ",,"\;, ,,, * , Y y s , , ,  y 'YU"" cv -Lvv 1 1 1 5 5 1 1 ,  Ull" "I 1su 1 1 1  "UbYV I U I  

4 hr a t  115 C before use in each experiment. 
atom % deuterium, typical HD:0.5%) and high-purity n ' t  ogen were u t i l i zed .  
of the  te t ra l in-d]?  was prepared i n  our laboratoriesl3y, and some was purchased 
from the Aldrich Chemical Co., Inc. 
'99 atom % deuterium. 
proton-NMR using p-dioxane a s  an internal reference. 
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Technical-grade deuterium b 9 8  
Some 

The isotopic purity of b o t h  materials was 
The isotopic purity of te t ra l in-d l2  was determined by 



B. EXPERIMENTAL AND ANALYTICAL PROCEDURES 

A schematic o u t l i n e  o f  t h e  experimental and a n a l y t i c a l  procedures i s  shown i n  
F igure 1. 
Engineer 's  autoc lave equipped w i t h  a coal i n j e c t i o n  system. I n  a t y p i c a l  exper i -  
ment, t he  autoc lave was charged w i t h  25 g o f  t e t r a l i n ,  heated, and 25 g of coal  
was i n j e c t e d  a t  temperature w i t h  t h e  approp r ia te  cover gas. A f t e r  t he  scheduled 
reac t i on  t ime  had elapsed, t h e  furnace was lowered from the  autoc lave,  and t h e  
ex te rna l  sur face was a i r -cooled.  Also, water was c i r c u l a t e d  through the  auto-  
c lave ' s  i n t e r n a l  c o o l i n g  c o i l s .  A f t e r  t he  autoc lave had cooled t o  ambient tem- 
perature, t h e  gas volume was measured us ing  a wet t e s t  meter, and product  gas 
samples were analyzed by GC-MS. The so l ven t  was d i s t i l l e d  from the  product  
m ix tu re  and analyzed by NMR and GC-MS. 
f rac t i ona ted  i n t o  o i l  (hexane so lub le,  benzene so lub le ) ,  asphaltene (hexane i n -  
so lub le,  benzene s o l u b l e ) ,  preasphaltene (THF solub le,  benzene i n s o l u b l e ) ,  and 
res idue (THF i n s o l u b l e )  f r a c t i o n s .  
i t s  prot ium/deuter ium r a t i o  was determined by MS a n a l y s i s  o f  the r e s u l t i n g  water .  
Each f r a c t i o n  was analyzed t o  determine i t s  elemental composit ion. The f r a c t i o n s  
a l so  were analyzed by p ro ton  and deuteron NMR spectrometry. 

so l ven t  mixkures were obta ined by us ing  a JEOL FX6OQ FT NMR spectrometer. 
angle o f  45 was used which corresponds t o  14 ps f o r  1H and 75 f i s  f o r  2H. 
pulse r e p e t i t i o n  t imes were 6.0 and 9.0 s, respec t i ve l y .  
the 1H NMR so l ven t ,  and ch lo ro fo rm was used as the  2H NMR so lvent .  I n t e g r a t i o n s  
were ob ta ined  us ing  sof tware supp l i ed  by JEOL, Inc .  The GC-MS analyses were 
conducted by Shrader A n a l y t i c a l  Laborator ies,  I nc . ,  us ing  a Pye-Unicam Model 105 
chromatograph i n t e r f a c e d  t o  an A E I  Model MS-30 mass spectrometer. 

Batch experiments were performed us ing  a 1 - l i t e r  s t i r r e d  Autoclave 

The s o l i d  and l i q u i d  products  were so l ven t  

A p o r t i o n  o f  each f r a c t i o n  was combusted and 

Proton NMR and deuteron NMR, spect ra o f  s o l u b l e  f r a c t i o n s ,  and recovered 
A f l i p  
The 

Chloroform-d was used as 

111. RESULTS AND DISCUSSION 

Three experiments were conducted t o  exp lo re  t h e  r o l e s  o f  gas-phase and 
donor-so lvent  hydrogen on coal l i q u e f a c t i o n .  T e t r a l i n - h i p ,  t e t r a l i n - d  2 under *H2 
o r  1H2, o r  N2 pressure were used, as shown i n  the  experimental m a t r i x  ITab le  1 ) .  
I n  each experiment, t he re  was o n l y  one source o f  deuter ium atoms: deuterium gas 
i n  Experiment 120 and t e t r a l i n - d l 2  i n  Experiments 121 and 122. I n  Experiment 122, 
n i t r o g e n  cover  gas was used t o  e l i m i n a t e  those r e a c t i o n  pathways which i n v o l v e  
gas -phase hydrogen. 

Experiment* 

D/P 
P/D 
N/ D 

I 

Gas Sol vent 

Prot ium Deuterium N i t rogen  Tetra1 in-h12 Tetra l in-d12 

X X 
X X 

X X 

TABLE 1 
EXPERIMENTAL MATRIX FOR DONOR SOLVENT HYDROGENATION EXPERIMENTS 

Coal + 



A. PRODUCT YIELDS AND COMPOSITIONS 

The produc t  y i e l d s  a r e  shown i n  Table 2.  I t  should be no ted  t h a i  t h e  asphal-  
t e n e  and preasphal tene y i e l d s  a re  lower than would be expected a t  425 C and 
15 MPa, p a r t i c u l a r l y  f o r  t he  experiment i n  which n i t r o g e n  was t h e  cover gas. We 
b e l i e v e  t h a t  t h i s  r e s u l t e d  f r o m  us ing  un favorab ly  small amounts o f  r e a c t a n t s  f o r  
t h e  1 - l i t e r  au toc lave  t o  min imize  the  use o f  x ens ive  t e t r a l i n - d l 2 .  
l ess ,  p rev ious  coa l  hydrogenat ion experimentsy2P conducted w i t h  deuter ium gas and 
t e t r a l i n - d l 2  i n  a 1 - l i t e r  and i n  a 250-ml au toc lave  showed t h a t  wh i l e  h i g h e r  
s o l u b l e  p roduc t  y i e l d s  were ob ta ined i n  t h e  smal le r  autoclave, t h e  i s o t o p i c  i n c o r -  
po ra t i on  p a t t e r n s  were s i m i l a r  i n  bo th  experiments. 

Neverthe- 

TABLE 2 

PRODUCT YIELDS FROM DONOR SOLVENT 
HYDROGENATION EXPERIMENTS 

( w t  %)  

Product 

Gas 
O i l  

Asphal tenes 
Preasphal tenes 
Residue 

Experiment 

51 63 

9 
16 

1 
3 

71 

The deuter ium conten ts  o f  t h e  produc t  f r a c t i o n s  a re  shown i n  Table 3. The 
deuterium c o n t e n t  o f  t h e  heav ie r  f r a c t i o n s  (asphal tenes, preasphaltenes, and 
res idue)  depend p r i n c i p a l l y  on the  i s o t o p i c  composi t ion o f  the  gas pha e. 
f r a c t i o n s  have h i g h  atom % deuter ium conten t  i n  Experiment D/P, where $H gas and 
t e t r a l i n - h  were used, and low atom % deuter ium conten t  i n  Experiment PfD,  where 
1H2 gas a n i ' t e t r a l i n - d  2 were used. The atom % deuter ium conten t  o f  t h e  heavy 
f r a c t i o n s  i s  between t h e s e  two extreme values i n  Experiment N/D where t e t r a l i n - d l p  
was used under N2 pressure.  Th is  i nd i ca tes  t h a t  t he  use o f  the  i n e r t  gas, which 
precludes r e a c t i o n s  w i t h  mo lecu la r  hydrogen, a l l o w s  pathways which a re  o therw ise  
l e s s  s i g n i f i c a n t  t o  become more impor tan t  i n  the  r e a c t i o n  sequence. 
t r e n d  regard ing  t h e  deuter ium conten t  was observed f o r  t he  gas and o i l  f r a c t i o n s .  

B. PRODUCT GAS COMPOSITIONS 

These 

No obvious 

The gas composi t ions,  determined by gas chromatographic ana lys is ,  a r e  shown 
i n  Table 4. 
GC-MS ana lys i s .  
shown i n  Tab le  5. The main r e s u l t s  a re  summarized below: 

The i s o t o p i c  composi t ions of t he  produc t  gases were determined by 
The i s o t o p i c  composi t ions o f  methane, ethane, and propane are  

The concent ra t ions  o f  t h e  Do species can be c o r r e l a t e d  w i t h  the  

from t h e  corresponding r a d i c a l s  by p ro t ium a b s t r a c t i o n  f r o m  the  
coa l  i n  any experiment, f rom t h e  pro t ium gas (Run P/D),  o r  from 
t e t r a l i n - h l 2  (Run D/P) .  
same r a d i c a l  

I )  
?e.tcr;.m s!?.rr_e .sed ;n tho OY:!+m:nt. Thc E; -,pcc;:r. cs:: f c -  

The amount o f  Do species i s  reduced i f  t h e  
a b s t r a c t  deuter ium from t h e  t e t r a l i n - d l 2  (Runs P/D 

and N/D) o r  5 H2 gas (Run D/P) .  It appears t h a t  2H2 gas reac ts  more 

116 



TABLE 3 
DEUTERIUM CONTENTS OF PRODUCTS 

(Atom % o f  Tota l  Hydrogen) 

Experiment 

D/P I P/D 1 N/D 
Product 

, 

Gas 
O i l  
Asphal tenes 

Preasphaltenes 

~~~ - 

29 
12 

21 31 

15 28 

29 
26 
42 

34 
Res i due 

Tota l  Product 

TABLE 4 

PRODUCT GAS COMPOSITIONS 
(Weight i n  Grams*) 

Component 

CH4 

'ZH4 

C2H6 
C3H6 
C3H8 
i-C4H10 

n-C4H10 
i -C5H12 

n-C5H 12 
co 
co2 

H2S 
Tota l  

1.10 
0.01 
0.58 

0.01 
0.35 
0.01 
0.08 
0.02 

0.02 
0.09 

0.10 
0.01 

, 2.38 
- 

Experiment 

P/D 

1.36 

0.01 
0.63 

0.01 

0.35 
0.03 
0.10 

0.01 
0.02 
0.09 

0.10 
0.08 
2.79 

N/D 

0.94 

0.01 
0.43 

0.01 
0.24 
0.05 

0.08 
- 

0.02 
0.05 

0.22 
0.07 

2.12 

*Weights ca lcu lated on an a l l - p ro t i um basis 
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TABLE 5 
ISOTOPIC COMPOSITIONS OF THE PRODUCT GASES 

( % I  

Component 
(Experiment) '0 

3 
D/P 28 
P/D 36 
N / D  40 

5% 
D/ P 8 
P/ D 23 
N/D 

o /p  27 
p / o  35 
N/D 36 

* 

g353 

- 
Dl - 
29 
25 
24 

31 
1 7  
* 

24 
31 
27 - 

- 
D 2  - 
30 
13 
14 

32 
19 
* 

17 
16 
14 

13 
14 
11 

19 
15 
11 

10 
7 
9 - 

0 
12 
11 

10 
10 

9 

10 
3 
3 - 

- 
D5 - 

0 
10 
1 2  

6 
2 
4 

D6 D7 

0 -  
6 -  

13 - 

4 2  
3 2  
5 2  

*Interference from other species causes uncertainty in these values. 

0 
1 
2 

e f fec t ive ly  w i t h  the rad ica ls  than te t ra l in-d l2  does.* Th's ten ta-  
t i ve  conclusion i s  supported by previous experimental datal31 
obtained on the hydrogenation of coal w i t h  deuterium gas a t  380°C 
w i t h o u t  added donor solvent. 
were fo r  CH4:3%, f o r  C2H6:0%, and fo r  C3H8:12%, which shows tha t  
the 2H2 gas i s  a more e f fec t ive  deuterium source for the conversion 
of methyl, e thy l ,  and propyl rad ica ls  t o  the corresponding deuterated 
hydrocarbons than i s  te t ra l in-d l2 .  Hydrogen exchange with the 
solvent probably contributes to  a l e s se r  extent to  the formation of 
these species, because even by the end of the experiment no more 
than one-third o f  the solvent hydrogen i n  any position has been 
exchanged. 
gas molecules to  the pore structure of the coal compared w i t h  t h a t  
of the solvent molecules. 
Only minor differences were observed between the isotopic compo- 
s i t ions  of the gas products o f  the te t ra l in-d l2  run made w i t h  N2 
cover gas i n  one case ( R u n  N/O) and under 1H2 pressure i n  the other 
( R u n  P / D ) .  
takes place i n  t he  gas phase between hydrogen and hydrocarbons. 
Fully deuterated methane and ethane were detected only in those 
experiments i n  which t e t r a l in -d lp  was used. 
found in  Experiment D P ,  where te t ra l in-h l2  was used, and the 

species were formed from the te t ra l in-d l2  only. 
tha t  a t  l ea s t  some of the CO4 and C2D6 were formed from the solvent 
prior to  the injection of the coal. Additional investigations are 
in progress t o  c l a r i f y  t h i s  point. 

The Do components i n  t ha t  experiment 

This may be due to the greater access of the hydrogen 

These r e su l t s  show tha t  very l i t t l e  isotopic exchange 

No such species were 

deuterium source was h H7. This indicates t ha t  the CD4 and C2D6 
I t  a l so  appears 

*Alternately, isotopic exchange reactions may occur w i t h  the radical precursors. 
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i 

Experiment 

D/ P 
P/D 
N/D 

C. COMPOSITION OF THE RECOVERED SOLVENT 

1. GC-MS Analyses 

Experiment D/P, t e t r a l i n - h l 2  was used and t h e  source o f  deuter ium was 2H2 gas. 
The i s o t o p i c  d i s t r i b u t i o n s  i n  t h e  recovered t e t r a l i n  and naphthalene a re  v e r y  
s i m i l a r .  I n  bo th  compounds, D 1  and 02 species predominate, b u t  s i z a b l e  concen- 
t r a t i o n s  o f  D3 and D4 species a re  a l s o  present.  The predominance o f  t h e  D and 
D2 species, coupled w i t h  i n f o r m a t i o n  f rom the  NMR a n a l y s i s  o f  t h e  s o l v e n t  ITab le  71, 
which show t h a t  76% o f  t h e  i n c o r p o r a t e d  deuter ium i s  i n  the  a - a l i p h a t i c  p o s i t i o n ,  
i nd i ca tes  t h a t  t h e  a - t e t r a l i n y l  r a d i c a l  has a s i g n i f i c a n t  r o l e  i n  t h e  t r a n s f e r  of 
deuter ium from t h e  gas phase i n t o  t h e  coal .  

The GC-MS analyses o f  t he  recovered so lvents  a re  shown i n  Table 6 I n  

Incorpora ted  
I so tope 

2H 
l H  
l H  

Component 
(Experiment) 

Te t ra1  i n  

D/ P 
P/D 
N/D 
Naphtha1 ene 

D/P 

P/D 
N/D 

13.5 
23.4 
18.6 

I 

10 76 14 
8 75 17 
9 74 17 

TABLE 6 

ISOTOPIC DISTRIBUTIONS I N  TETRALIN AND NAPHTHALENE 
I N  THE RECOVERED SOLVENTS 

( % I  - 
D3 - 
11 
3 

3 

10 

11 
7 - 

- 
D4 - 
5 

4 
3 

4 
14 
11 - 

- 
D1O 

0 
21 

23 

TABLE 7 

ISOTOPIC COMPOSITION OF THE RECOVERED TETRALIN 

Iso tope D i s t r i b u t i o n  
Atom % 

The da ta  f rom Experiment D/P a l s o  i n d i c a t e  t h a t  there  i s  d i r e c t  i n c o r p o r a t i o n  
A t  t h e  end o f  Experiment D/P there  was o n l y  13.5% of  deuterium gas i n t o  t h e  coa l .  

deuter ium i n  the  t e t r a l i n .  
deuter ium (13.5 x 0.76 x 3) a t  t h e  end o f  t h e  experiment. 
t h e  coal  p roduc ts  (asphaltene, preasphaltene, and res idue) ,  which formed throughout 

The a - a l i p h a t i c  p o s i t i o n  o f  t e t r a l i n  conta ined 31% 
Nevertheless,  some o f  

119 



t h e  du ra t i on  o f  t h e  r e a c t i o n ,  contained cons iderab ly  more deuterium. Th is  l a r g e  
amount of deuter ium i n c o r p o r a t i o n  i n t o  t h e  coal products s t r o n g l y  i nd i ca tes  t h a t  
t h e r e  i s  a l s o  a d i r e c t  r o u t e  f o r  deuter ium i n c o r p o r a t i o n  i n t o  the  coal  w i t h o u t  t he  
p a r t i c i p a t i o n  o f  t e t r a 1  i n .  

t i o n s  can be made r e g a r d i n g  these experiments: 
I n  Experiments P/D and N/D, t e t r a l i n - d  2 was used. The f o l l o w i n g  observa- 

I n  these experiments, the  D11 and Dl0 ( t h a t  i s ,  H i  and H2) species 
predominate i n  the  recovered t e t r a l i n .  T h i s  i s  s i m i l a r  t o  Exper i -  
ment D/P, i n  which t h e  D 1  and D2 species predominate. The p re -  
dominance o f  t he  D11 and D10 species, together  wi th the  NMR a n a l y s i s  
o f  t he  s o l v e n t  i n d i c a t i n g  t h a t  74-75% o f  t h e  incorpora ted  pro t ium 
i s  i n  the  a - p o s i t i o n  (Table 7),  i nd i ca tes  t h a t  t h e  a - t e t r a l i n y l  
r a d i c a l  has an impor tan t  r o l e  i n  t h e  hydrogen t r a n s f e r .  
t r u e  f o r  hydrogen t r a n s f e r  f rom t h e  gas phase i n t o  the  coa l  (Exper i -  
ment P/D) as we l l  as f o r  hydrogen t r a n s f e r  f r o m  one s i t e  i n  t h e  
coa l  s t r u c t u r e  t o  another (Experiment N/D) .  
I n  c o n t r a s t  t o  Experiment D/P, where no species c o n t a i n i n g  more 
t h a n  s i x  deuter ium atoms were detected, species w i t h  f u l l y  exchanged 
hydrogen (DO) were found i n  each experiment. The e x t e n t  o f  i s o t o p i c  
exchange was g r e a t e r  i n  these experiments because i n  c o n t r a s t  t o  
Experiment D/P, i s o t o p i c  exchange between the  coal  and t h e  donor 
s o l v e n t  c o u l d  take  place. 
There i s  o n l y  a smal l  d i f f e r e n c e  between t h e  i s o t o p i c  d i s t r i b u t i o n  
o f  t h e  recovered t e t r a l i n  ob ta ined i n  Run P/D on t h e  one hand, and 
Run N/D on the  o the r .  T h i s  i nd i ca tes  t h a t  the  e x t e n t  o f  i s o t o p i c  
exchange between t h e  coal  and the  s o l v e n t  i s  g r e a t e r  than i t  i s  
between t h e  hydrogen gas and t h e  so lvent .  Th is  same r e s u l t  i s  
f u r t h e r  s u b s t a n t i a t e d  by t h e  data shown i n  Table 7 .  
The i s o t o p i c  d i s t r i b u t i o n  found i n  the  naphthalene i s  s i m i l a r  t o  
t h a t  observed i n  t h e  t e t r a l i n  i n  Experiment N/D i n  t h a t  t h e  l e a s t  
exchanged species (Dq-Da) a r e  predominant. The i s o t o p i c  d i s t r i -  
b u t i o n  o f  t h e  recovered naphthalene f r o m  Experiment P/D shows 
r e l a t i v e l y  l a r g e  values f o r  each o f  the  species o f  low d e u t e r a t i o n  
(Do through Da),  which i n d i c a t e s  t h a t  a s i g n i f i c a n t  amount o f  t h e  
gas-phase p r o t i u m  exchanged w i t h  t h e  naphthalene. 

Th is  i s  

2. NMR Analyses 

The recovered s o l v e n t s  were analyzed by p r o t o n  and deuteron NMR spectroscopy. 
As an example, t h e  deuteron NMR spectrum o f  t h e  recovered s o l v e n t  from Exper i -  
ment D/P i s  shown i n  F i g u r e  2. 
t i o n s  are shown a t  1.8 ppm and 2.8 ppm, and t h e  aromat ic absorp t ion  o f  t e t r a l i n  a t  
7 .1  ppm. The aromat ic  absorp t ions  a t  7.4 and 7.8 ppm correspond t o  t h e  p- and a- 
p o s i t i o n s  i n  naphthalene. 
0.9, 1.3, 2.3, and 6.9 ppm) corresponding t o  deuterated alkylbenzenes, indan, 
methyl indan, and c i s -  and trans-decal ins,  which form i n  small amounts d u r i n g  the  
reac t ions .  

ana lys is ,  a re  shown i n  Tab le  7. 
gas were used, 13.5 atom % deuter ium was found i n  the  recovered t e t r a l i n .  
o t h e r  experiments, where f u l l y  deuterated t e t r a l i n  was used, the  pro t ium i n c o r -  
p o r a t i o n  ranged f r o m  18.6% t o  23.4%. 
t h e  experiment w i t h  the  p r o t i u m  atmosphere (P/D)  than from the  exper iment w i t h  the  
n i t rogen  atmosphere (N/D)--23.4 versus 18.6 atom % l H .  

The t e t r a l i n  a - a l i p h a t i c  and p - a l i p h a t i c  absorp- 

There are  a d d i t i o n a l  absorp t ions  i n  t h e  spectrum ( a t  

The i s o t o p i c  composi t ion data of t h e  recovered t e t r a l i n ,  as determined by  NMR 
I n  Experiment D/P where t e t r a l i n - h l 2  and deuter ium 

I n  the  

The amount was l a r g e r  i n  t h e  t e t r a l i n  f rom 
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The d is t r ibu t ion  of the incorporated isotope among the three s t ruc tu ra l ly  
d i f fe ren t  s i t e s  i n  the solvent was nearly identical  i n  each experiment. Approxi- 
mately 75% was incorporated i n  the a -a l ipha t ic  posit ion,  16% i n  the @-aliphatic,  
and 9% i n  the aromatic position. These proportions did not change s igni f icant ly  
regardless of whether the reaction was conducted under  protium or nitrogen pres- 
sure. system was also tested using reaction times of 1/4 and 1/2 hour.  

w i t h  time; however, the  r a t io  of exchanged hydrogen i n  the three d i f fe ren t  struc- 
tural  positions of the  solvent remains constant w i t h i n  this reaction time range 
(1/4 t o  1 h o u r ) .  

(1) the 
re la t ive  r eac t i a i t i e s  of he a-aliphatic,  @-aliphatic,  and aromatic C-H bonds of 

75:16:9; ( 2 )  these r a t io s  do not change s igni f icant ly  regardless of whether N2 or 
1H2 cover gas o r  whether te t ra1  in-dlz/lHZ o r  tetralin-h12/2H2 reactant combina- 
t ions a re  used. 

The N/ I t  was found( B tha t  the extent of isotopic exchange w i t h  the solvent increases 

t e t r a l i n  a t  425 C f o r  l H -  8 H isotopic exchange between t e t r a l in  and coal a r e :  
The following conclusions have been drawn from these measurements: 
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GAS ANALYSIS AUTOCLAVE EXPERIMENT 
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Figure 1. Experimental Procedure 

I I 1 I I I I I I I I 

- TETRALIN a i 
-NAPHTHALENE p 

AROMATIC 

I I I I I I I I I I I 
I .3 2.0 c.c E "  "." n n  "." .nn . -." 

9271-15 CHEMICALSHIFT (pprn) 

Figure 2. Deuteron NMR Spectrum of Recovered 
Solvent from Experiment D/P 
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