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GEOLOGICAL O R I G I N  OF SOUTH AFRICAN COALS 

The c o a l  d e p o s i t s  of South  A f r i c a  were formed during t h e  Permian age j u s t  a f t e r  a 
retreat of g l a c i a t i o n .  This  makes i t  almost c e r t a i n  t h a t  t h e  c l imate  w a s  temperate 
r a t h e r  than s u b t r o p i c a l  and may expla in  t h e  d i f f e r e n c e s  between the  p l a n t  l i f e  i n  
South Afr ica  a t  t h a t  t i m e  and t h e  f l o r a  of t h e  North American carboniferous era. 
The predominance of t h e  i n e r t i n i t e  maceral group i n  South Afr ican  c o a l s  i s  i n d i -  
c a t i v e  of d r i e r  swamp c o n d i t i o n s  i n  which r o t t i n g  processes  as w e l l  as p e a t i f i c a t i o n  
played a more dominant r o l e  than  i n  t h e  formation of t h e  humic coa ls  of Europe ( I ) .  
South Afr ican c o a l s  were thought t o  be depos i ted  i n  d e l t a i c  o r  f l u v i a l  environments 
where f l u c t u a t i o n s  i n  water l e v e l  may have caused d e p o s i t i o n  of l a r g e  q u a n t i t i e s  
of  mineral  m a t t e r .  
rank although i n  Nata l  a n t h r a c i t e s  a r e  found. This  rank i n c r e a s e  seems to  be  due 
t o  metamorphism brought  about by d o l e r i t e  i n t r u s i o n s  r a t h e r  than by s t r a t i g r a p h i c  
depth. 

South  Afr ican  c o a l s  g e n e r a l l y  have not  reached a very h igh  

GEOGRAPHICAL LOCATION AND COAL RESERVES OF SOUTH AFRICA 

The main coal f i e l d s  l i e  i n  t h e  Highveld a r e a  of t h e  Orange Free  S t a t e ,  South- 
e a s t e r n  Transvaal  and Nata l .  Other coa l  f i e l d s  a r e  loca ted  i n  t h e  Northern 
p a r t  of the country,  t h e  Waterberg f i e l d  on t h e  Botswana border  and t h e  Limpopo 
and P a f u r i  f i e l d s  on t h e  borders  of Rhodesia and Mocambique. 

Table  1 shows t h e  raw bituminous coa l  r e s e r v e  f i g u r e s  a t , v a r i o u s  a s h  conten ts  ( 2 )  
The t o t a l  f i g u r e  of 81,274 m i l l i o n  tonnes i s  f o r  t o t a l  mineable c o a l  i n  s i t u  down 
t o  300 meters. About h a l f  of t h e  coa l  r e s e r v e s  contain'between 30 t o  35% minera l  
matter, thus by world s t a n d a r d s  South Afr ican  coa l  i s  of p o o r ' q u a l i t y .  

TABLE 1 :  SUMMARY OF COAL RESERVES : MILLIONS OF TONNES 

I 
ASH % I 5-10  I 10-15 I 15-20 I 20-25 I 25-30 I 30-35 i TOTAL I 
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LIQUEFACTION BEHAVIOUR OF A VARIETY OF SOUTH AFRICAN COALS 

Experimental : 

Two experimental  procedures were used i n  t h i s  pre l iminary  s tudy of t h e  l ique-  
f a c t i o n  behaviour  of South Afr ican  c o a l s .  These were: 

( i )  dry hydrogenation using the  hot-rod r e a c t o r  (3) .  
( i i )  s l u r r i e d  hydrogenat ion using a r o t a t i n g  au toc lave .  

( i )  Hot-Rod Method: 

This system was very s i m i l a r  t o  t h e  one used by Hiteshue a t  t h e  U.S.B.M. except  
t h a t  l a r g e r  q u a n t i t i e s  of c o a l  were used. I n  t h i s  method sand (0.42 - 0.15 mm) 
was mixed with t h e  coa l  i n  a 2:1 mass r a t i o .  It was found t h a t  t h e  a d d i t i o n  
of sand t o  the  coa l  helped t o  prevent  agglomeration (4)  thus  enhancing t h e  
d i f f u s i o n  of hydrogen through t h e  c o a l  and t h e  removal of t h e  l i q u e f a c t i o n  products  
from t h e  coal .  I n  experiments us ing  a c a t a l y s t  an aqueous s o l u t i o n  of s tannous 
ch lor ide  was added t o  t h e  c o a l ,  evaporated t o  dryness ,  and then mixed w i t h  t h e  
sand. The amount of c a t a l y s t  added on a t i n  b a s i s  w a s  1% of t h e  mass of  t h e  coa l .  
These mixtures  w e r e  p laced  i n  a hot-rod r e a c t o r ,  p ressur ized  wi th  hydrogen t o  
25 MPa and heated t o  5OO0C a t  a h e a t i n g  r a t e  of 2OO0C p e r  minute. 
t i m e  at temperature  was 15 minutes .  

( i i )  Rotat ing Autoclave Method: 

The r e a c t o r  was a 1 l i t e r  s t a i n l e s s  steel r o t a t i n g  au toc lave .  I n  t h e  experiments  
using anthracene o i l ,  t h e  r a t i o  of o i l  t o  coa l  was 2:1, and t h e  f i n a l  r e a c t i o n  
temperature  was 43OoC. 
room temperature .  
The products  a f t e r  l i q u e f a c t i o n  were f i l t e r e d  whi le  h o t ,  and t h e  r e s i d u e  was 
soxhle t  e x t r a c t e d  wi th  to luene  f o r  24 hours .  

The o v e r a l l  conversion of c o a l  t o  l i q u i d  and gaseous products  was obta ined  from 
t h e  formula: 

React ion 

The au toc lave  w a s  p r e s s u r i z e d  wi th  hydrogen t o  IO MPa a t  
F i n a l  p r e s s u r e  a t  r e a c t i o n  temperature  was approximately 25 ma. 

Organic m a t e r i a l  i n  t h e  r e s i d u e  
( I  - Organic material i n  t h e  coa l  1 Percentage conversion = 100 

The o i l  i s  t h e  n-hexane s o l u b l e  p o r t i o n  of t h e  product ,  and t h e  asphal tene  i s  t h e  
toluene s o l u b l e  n-hexane i n s o l u b l e  p o r t i o n .  

Analyses of Coals Studied:  

The c o a l s  used i n  t h e s e  experiments  were from Landau, Sigma, Spi tzkop,  K r i e l ,  
Matla, New Wakefield and Waterberg c o l l i e r i e s .  Table  2 shows t h e i r  proximate 
and u l t i m a t e  analyses .  

The pe t rographic  ana lyses  of the  c o a l s  a r e  shown i n  Table  3. 
semi-fusini te ,  t h e  l a r g e s t  component of t h e  i n e r t i n i t e  i n  Sigma c o a l ,  i s  considered 
r e a c t i v e  and i s  included i n  t h e  t o t a l  r e a c t i v e  maceral conten t .  

One-third of  the 
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TABLE 2 :  PROXIMATE AND ULTIMATE ANALYSES OF COALS USED I N  THE LIQUEFACTION 

EXPERIMENTS 

PROXIMATE ANALYSES 
(AIR DRIED BASIS)  COAL 

% % % %  
VOL. F I X .  

H20 ASH MAT. CARB. 

MATLA 6.0 10 .9  35.3 47.8 

WATERBERG 3.4 12.7 34 .8  49.1 

NEW WAKEFIELD 4.9  14.9 32.8 47.4 

KRIEL 3.8 20 .2  30 .3  45.7 

SPITZKOP 3.2 12.7 32.7 51.4 

SIGMA 6.6 29.6 21 .9  41.9 

LANDAU 2.5  14 .3  23.3 59.9 

ULTIMATE ANALYSES 
(D.A.F. BASIS) % 

% % % %  % VOL. 
MAT. 

C H N S 0 (DAF) 

78.84 5.48 2.03 0 .53  13.12 42.5 

80 .68  5.47 1.47 1.04 11.34 41.5 

79.15 5.41 2.11 2.28 11.05 40.9 

79.13 5.28 2.04 2.88 10.67 39.9 

81.68 5.33 2.07 1 .31  9.61 38.9 

76.71 4.42 1.55 1.08 16.24 34.3 

84.10 4.41 1.91 0.64 8.941 28.0 

TABLE 3 :  PETROGRAPHIC ANALYSES OF COALS USED I N  THE LIQUEFACTION EXPERIMENTS 

1 COAL 

WATERBERG 

NEW WAKEFIELD 

SPITZKOP 

SIGMA 
LANDAU 

MACERAL ANALYSES 

% % % % 
V I S I B L E  

VITRINITE EXINITE INERTINITE MINERALS 

75.9  6 . 2  15.6 1 .o 
83.2 4.2 5.7 6.9 

72.2 5 . 0  13.2 9.6 

50.8 12.1 21.5 15.6 

55.0 6 . 3  35.9 2.8 

27.9 3.1 58.9 10.1 

57.2 6 . 0  28.4 8.4 

Results of the Preliminary Investigation: 

The effect of the following parameters was studied in relation to liquid 
and conversions during coal liquefaction: 

1 )  volatile matter content 
2) HIC atomic ratio 
3 )  reactive maceral content 
4 )  mineral matter constituents 
5 )  process parameters 

ields 

Emphasis in this paper is placed on the coal parameters 1 - 4 ,  and only brief 
mention is made concerning the process parameters. 
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Figures  1 and 2 show t h e  percentage conversion (d .a . f .  b a s i s )  of t h e  c o a l s  
p l o t t e d  a g a i n s t  the  H/C r a t i o ,  t h e  v o l a t i l e  m a t t e r  and t h e  r e a c t i v e  maceral  
conten t  f o r  t h e  anthracene o i l  runs.  
F igures  3 and 4 show t h e  percentage conversion and the  o i l  y i e l d  p l o t t e d  a g a i n s t  
t h e  H/C r a t i o ,  v o l a t i l e  matter and r e a c t i v e  macerals .  These r e s u l t s  were ob- 
ta ined  from dry hydrogenat ion runs  us ing  the  hot-rod r e a c t o r .  
F igures  5 and 6 show t h e  t o t a l  l i q u i d  product  obtained ( o i l  p l u s  asphal tene)  
p l o t t e d  a g a i n s t  the  H/C r a t i o ,  v o l a t i l e  matter and r e a c t i v e  maceral conten t  of 
t h e  coa ls .  

The e f f e c t  of t h e  inorganic  c o n s t i t u e n t s  i n  t h e  coa l  w a s  s t u d i e d  i n  two ways. 
F i r s t l y ,  a sample of c o a l  from Kriel  c o l l i e r y  was subjec ted  t o  a f l o a t  and s i n k  
separa t ion .  The ana lyses  of t h e  f l o a t  and s i n k  f r a c t i o n s  i s  shown i n  Table  4 .  

TABLE 4 :  ANALYSES OF FLOAT/SINK FRACTIONS 

V i t r i n i t e  E x i n i t e  R e l a t i v e  
Densi ty  Ash V i s i b l e  I n e r t i n i t e  Minerals 

5.4 

9.7 

1.4 f l o a t  80.6 

9 .  I 
1.65 s i n k  66.6 33 .4  

NUMBER 

555 0 

524 K 
651 J 
553 H 

524 B 

554 C 

555 A 

Figure  7 shows t h e  product  d i s t r i b u t i o n  obta ined  from d r y  hydrogenat ion of  t h e s e  
f l o a t / s i n k  f r a c t i o n s .  

The second procedure s tud ied  t h e  p a r t i c u l a r  e f f e c t s  of t h e  p y r i t e  c o n t e n t  of t h e  
c o a l s  dur ing  hydrogenation. Unwashed c o a l s  w e r e  s e l e c t e d  so t h a t  t h e  only para-  
meter t o  show s i g n i f i c a n t  v a r i a t i o n  was t h e  t o t a l  s u l f u r  conten t .  O f  t h i s  t o t a l  
s u l f u r ,  approximately I %  was organic ,  and t h e  rest was p y r i t i c .  Since t o t a l  
mineral  matter w a s  a l s o  known t o  a f f e c t  conversion,  i t  was k e p t  a s  c o n s t a n t  a s  
poss ib le .  
Table  5 shows t h e  ana lyses  of t h e  c o a l s  used t o  s tudy t h e  e f f e c t  of p y r i t e .  

V+E TOTAL ASH % MOISTURE % SULFUR % VM 

8 3 . 0  24 2 .4  6 .5  31 .9  

83 .8  . 22 3.0 5.7 29.1 

83.7 26 2.3 5 . 0  32 .2  

82.0 22 2.8 4 .  I 32.5 

82.0 22 2.7 2.2 32.1 

83.2 24 2.5 1 .9  30.2 

80.0 22 2 .4  1 . 3  32.5 

TABLE 5 :  ANALYSES OF UNWASHED COALS USED TO DETERMINE THE EFFECT OF PYRITES 
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React ion  condi t ions  used i n  t h e  hot-rod r e a c t o r  f o r  t h e  p y r i t e  experiments  were 
25 MPa, 45OoC and a 2:1 sand:coal  r a t i o .  
A process  temperature  s t u d y  was conducted us ing  Waterberg, New Wakefield, Sigma 
and Landau c o a l s ,  and a t  65OoC t h e  conversions f o r  t h e s e  c o a l s  were 89 ,  87, 90 
and 88% r e s p e c t i v e l y .  
t o  t h e  same v a l u e  r e g a r d l e s s  of t h e  c h a r a c t e r i s t i c s  of t h e  i n d i v i d u a l  c o a l s .  The 
product  d i s t r i b u t i o n  of  o i l  and gas ,  however, was d i f f e r e n t ,  t h e  h igher  temperature  
r e s u l t i n g  i n  h igher  g a s  make and lower o i l  y i e l d .  I f ,  however, t h e  vapor  res idence  
t imes a r e  shor tened  it may be  p o s s i b l e  t o  quench t h e  vapors  b e f o r e  e x t e n s i v e  
c racking  to gas  occurs .  

Within experimental  e r r o r  t h e  conversions had a l l  converged 

Rela t ionships  Between L i q u e f a c t i o n  Behaviour and t h e  Coal Composition 

Organic coal p r o p e r t i e s  

The r e s u l t s  of l i q u e f a c t i o n  us ing  anthracene o i l  shown i n  f i g u r e s  I and 2 i n d i c a t e  
a good c o r r e l a t i o n  between conversion and t h e  H/C atomic r a t i o ,  v o l a t i l e  mat te r  and 
r e a c t i v e  maceral c o n t e n t  of t h e  c o a l s .  Comparison of t h e s e  an thracene  o i l  r e s u l t s  
w i t h  results from dry hydrogenat ion i n  t h e  absence of an thracene  o i l  ( f i g u r e s  3 
and 4)  shows t h a t  the  s l o p e s  of t h e  l i n e a r  c o r r e l a t i o n s  a r e  very  s i m i l a r .  I n  t h e  
c a s e  of conversion a g a i n s t  v o l a t i l e  m a t t e r ,  t h e  s l o p e s  a r e  i d e n t i c a l .  The s i g n i f i -  
cance of t h i s  i s  not  c l e a r  a s  a d i f f e r e n t  mechanism i s  probably o p e r a t i v e  i n  t h e  
two techniques. The an thracene  o i l  most c e r t a i n l y  a c t s  a s  a hydrogen donor s o l v e n t ,  
and the  molecular  hydrogen rehydrogenates  t h e  s o l v e n t .  
gena t ion  r a d i c a l  s t a b i l i z a t i o n  occurs  d i r e c t l y  by r e a c t i o n  w i t h  molecular  hydrogen. 

No o i l  y i e l d  d a t a  a r e  a v a i l a b l e  from t h e  an thracene  o i l  experiments because of the  
complicat ions i n  s e p a r a t i n g  product  o i l ,  which r e s u l t s  from c o a l  l i q u e f a c t i o n ,  and 
anthracene o i l .  I n  t h e  c a s e  of dry hydrogenat ion t h i s  complicat ion does not  e x i s t ,  
and very  r e l i a b l e  o i l  and o i l  p l u s  asphal tene  y i e l d  d a t a  a r e  a v a i l a b l e .  Exce l len t  
c o r r e l a t i o n s  a r e  obta ined  by p l o t t i n g  o i l  p l u s  asphal tene  y i e l d  a g a i n s t  H/C r a t i o  
and v o l a t i l e  m a t t e r  c o n t e n t  of t h e  c o a l s  wi th  c o r r e l a t i o n  c o e f f i c i e n t s  of 0.96 and 
0.95, r e s p e c t i v e l y  ( F i g u r e  5) .  

It must be s t r e s s e d  t h a t  t h e r e  i s  an i n t e r c o r r e l a t i o n  between t h e  coa l  p r o p e r t i e s  
themselves. The c o r r e l a t i o n  between t h e  v o l a t i l e  m a t t e r  and t h e  H/C r a t i o  f o r  
t h e  South A f r i c a n  c o a l s  s tud ied  i s  extremely h igh ,  t h e  c o r r e l a t i o n  c o e f f i c i e n t  
being 0.99. 
obviously i m p l i e s  a s i m i l a r l y  good c o r r e l a t i o n  w i t h  t h e  o t h e r .  
c o r r e l a t i o n s  between the v o l a t i l e  mat te r  and t h e  r e a c t i v e  maceral  conten t  and 
between the  r e a c t i v e  macera l  conten t  and t h e  H/C r a t i o  were n o t  s t a t i s t i c a l l y  
s i g n i f i c a n t  f o r  t h e  c o a l s  s t u d i e d .  

The c o r r e l a t i o n  a g a i n s t  t h e  c o n c e n t r a t i o n  of r e a c t i v e  macerals  p r e s e n t  (F igure  6 )  
i s  not  a s  good as f o r  t h e  H/C r a t i o  and the  v o l a t i l e  matter. A p a r t i a l  expla- 
n a t i o n  of t h i s  may be t h a t  f o r  South Afr ican  c o a l s ,  p o r t i o n s  of t h e  i n e r t i n i t e  
conten t  seem t o  b e  d e f i n i t e l y  r e a c t i v e  t o  l i q u e f a c t i o n .  The semi- fus in i te ,  
o f t e n  very h igh  i n  t h e s e  c o a l s ,  i s  p a r t i c u l a r l y  r e a c t i v e  t o  hydrogenat ion,  and 
a l s o  o ther  maceral  c o n s t i t u e n t s  of the  i n e r t i n i t e  group show some r e a c t i v i t y  
i n  t h i s  regard. 

The c o r r e l a t i o n  of convers ion  a g a i n s t  t h e  c o a l  parameters  i s  c o n s i s t e n t l y  not  a s  
good a s  with t h e  o i l  and o i l  p l u s  asphal tene  d a t a .  This  may b e  explained by t h e  
v e r y  high minera l  matter c o n t e n t s  of South A f r i c a n  c o a l s .  
t h e  chemical composi t ion of t h i s  mineral  mat te r  may undergo cons iderable  change. 
For  example, decarboxyla t ion  of carbonates  and dehydroxylat ion of c l a y  minera ls  

I n  the  c a s e  of dry  hydro- 

Thus a good c o r r e l a t i o n  of y i e l d  w i t h  one of t h e s e  p r o p e r t i e s  
However, t h e  

A t  convers ion  condi t ions ,  
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could occur, resulting in a higher measured weight loss of the coal. 
lating conversions, the mineral matter is considered to be unchanged after the 
hydrogenation reaction, but this is not necessarily the case. 

Conversion data from South African coals were compared to data from a selection 
of Australian coals, also of Gondwanaland origin. 
in the presence of a tar derived solvent at 4OO0C, 1 1  - 20 MPa and in a ratio 
5:1 oil : coal (5). This selection of coals used by the A.C.I.R.L. included 
three non-Australian coals, and these were omitted in the correlations reported 
here. An excellent correlation was found between the conversion and the reactive 
maceral content of the coals. In addition a correlation existed between the 
conversion and the HI atomic ratio. 

Table 6 shows the linear regression analyses and the correlation coefficients 
for the conversion data from South African and Australian coals. 

TABLE 6 : 

When calcu- 

These coals were hydrogenated 

C 

REGRESSION EQUATIONS FOR SOUTH AFRICAN AND AUSTRALIAN COALS 

COUNTRY 

SOUTH AFRICA 

AUSTRALIA 

REGRESSION EQUATION CORRELATION COEF. CONDITIONS 

C = 0.56 R + 39.0 0.63 DRY (Sn) 
C = 1.4 (VM) + 25.0 0.63 DRY (Sn) 
C = 91.8 CH/Cj + 7.2 0.61 DRY (Sn) 
C = 0.47 R + 48.0 0.92 ANTHRACENE OIL 
c = 1.4 (VM) + 40.0 0.89 ANTHRACENE OIL 
C = l06.6CH/Cj + 1.0 0.96 ANTHRACENE OIL 

C = 0.65 R + 26.0 0.92 TAR OIL 
C = 83.5 EH’C9 + 1.6 0.70 TAR OIL 

C = CONVERSION, R = REACTIVE MACERALS, VM = (D.A.F.) VOLATILE MATTER 

Inorganic Coal Properties: 

There is positive evidence that mineral matter behaves beneficially during coal 
conversion. It has been demonstrated that certain coal minerals, particularly 
iron compounds, catalyze the hydrogenation of coal-derived solvents (6). 
Mukherjee et a1 (7) hydrogenated float/sink fractions of an Indian coal and found 
that the conversion increased continuously with the amount of mineral matter 
present in the fraction. 
matter in the coal on liquefaction. 
coal, the petrographic constitution of the coal fractions usually changes signifi- 
cantly with more inertinite being found in the higher density fractions. 
the mineral matter distribution changes from fraction to fraction, and the 
physical distribution of the mineral phases causes considerable variation in the 
surface areas available for possible catalysis. In addition, the combination 
of the effects of increased mineral matter and decreased reactive maceral content 
in increasing density fractions decreases the tendency of the coal to agglomerate. 
This allows more effective diffusion in the system (4). 

To try to overcome these difficulties, a series of unwashed coals was chosen so 
that the only parameter to change significantly was the total sulfur content. 
Table 5 shows the analysis of the coals, and Figure 8 clearly shows the effect 

It is difficult to assess the effect of the mineral 
When using float/sink fractions of the same 

Also 
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of  p y r i t e  conten t  o f  t h e  coa l  on  conversions and l i q u i d  product  y i e l d s  dur ing  
l i q u e f a c t i o n .  Conversions increased  from about  50 t o  70% us ing  t h e  hot-rod 
r e a c t o r  wi th  no added c a t a l y s t .  
c a t a l y t i c a l l y  i n  the dry hydrogenat ion r e a c t i o n  a s  w e l l  as in s l u r r i e d  reac t ions .  

The r e s u l t s  from t h e  f l o a t / s i n k  f r a c t i o n s  (F igure  7) a r e  more d i f f i c u l t  t o  
i n t e r p r e t  because of t h e  simultaneous v a r i a t i o n  of minera l  mat te r  and 
petrography ( s e e  Table  4) .  
w i t h  the h igher  mineral matter f r a c t i o n s  is due t o  t h e  i n c r e a s e  i n  s u l f u r  t h a t  
v a r i e s  from 0.5% i n  the  1.4 f l o a t  t o  9% i n  t h e  1.65 s i n k  f r a c t i o n .  The 
s i g n i f i c a n c e  a s  f a r  a s  South Afr ican  c o a l s  are concerned i s  t h a t  minera l  mat te r  
does not n e c e s s a r i l y  mean poor performance dur ing  coa l  l i q u e f a c t i o n .  
so f a r  sugges ts  t h a t  the  minera l  mat te r  can be  b e n e f i c i a l  i n  i n c r e a s i n g  
conversion and l i q u i d  product  y i e l d s .  
matter c a n  create o t h e r  problems, and a t r a d e  o f f  between p o s s i b l e  c a t a l y t i c  
b e n e f i t s  and engineer ing  process  d i f f i c u l t i e s  must be a r r i v e d  a t .  

Thus i t  would appear t h a t  p y r i t e  can act 

It could be  t h a t  t h e  i n c r e a s e  i n  o i l  y i e l d  obtained 

Evidence 

From a processing viewpoint ,  h igh  mineral  

SUMMARY: 

For the South A f r i c a n  bi tuminous coa ls  s tud ied  so f a r  t h e  fo l lowing  conclus ions  
can  be made: 

( i )  Conversion d a t a  obta ined  from c o a l  l i q u e f a c t i o n  under dry  hydrogenat ion 
c o n d i t i o n  and i n  t h e  presence of an thracene  o i l  show good c o r r e l a t i o n s  
wi th  t h e  "C r a t i o ,  the  v o l a t i l e  mat te r  and t h e  r e a c t i v e  maceral  conten t  
of the c o a l s .  

( i i )  For  d r y  hydrogenat ion,  e x c e l l e n t  c o r r e  t i o n s  a r e  obta ined  between t o t a l  
l i q u i d  product  and o i l  y i e l d  w i t h  t h e  "C r a t i o  and t h e  v o l a t i l e  matter 
of t h e  c o a l s .  The c o r r e l a t i o n  of  l i q u i d  product  y i e l d  w i t h  r e a c t i v e  
maceral  conten t  is not as good, but l i q u i d  product  i n c r e a s e s  wi th  an 
i n c r e a s e  i n  r e a c t i v e  maceral  conten t .  
The p y r i t e  i n  t h e  coa l ,  as est imated from t h e  t o t a l  s u l f u r ,  appears  t o  
a c t  c a t a l y t i c a l l y  i n  t h e  dry  hydrogenat ion r e a c t i o n  and enhances t h e  
o v e r a l l  l i q u i d  y i e l d .  

( i v )  It appears  t h a t  as t h e  s e v e r i t y  of process ing  i s  increased ,  t h e  importance 
of t h e  coa l  c h a r a c t e r i s t i c s  themselves become less s i g n i f i c a n t  when 
c o n s i d e r i n g  o v e r a l l  conversion,  

( i i i )  
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