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I N TROD UCT I ON 

I n  Australia,  coal represents,  in  energy terms, over 97% of the country's 
non-renewable f o s s i l  fuel based energy resources, yet  indigenous o i l  which barely 
represents 1% of these resources, together with imported o i l ,  supply over 50% of 
the energy demand with much of t h i s  from the transport  sector.  This s i tuat ion,  
catalyzed by the OPEC o i l  embargo in 1973, has lead t o  strong and sustained 
interest  in the prospects for  producing l iquid fue l s  from the abundant coal 
resources. 
of energy demand i n  Australia ( 2 )  a r e  shown in more de t a i l  in  Tables 1 and 2, 
res pec t ivel  y . 
LOCATION, GEOLOGY AND GENERAL CHARACTERISTICS OF AUSTRALIAN COALS 

Fig. 1. {ew S o u t h  Wales and Queensland possess large reserves of black coals 
in the Sydney and Bowen Basins, respectively,  adjacent to  the eastern seaboard. 
Significant deposits of bituminous coals a r e  a lso known to  occur in remote areas 
in South  Australia a t  Lake Phillipson in the Arckaringa Basin and a t  currently 
inaccessible depths (2000-3000 m )  in the Cooper Basin (3 ,4 ) .  
million tonnes in the l a t t e r ] .  

The reserves of recoverable fos s i l  fue l s  (1) and the present pattern 

The eographical d i s t r ibu t ion  of Austral ia 's  coal resources i s  shown in 

[An estimated 3.6 x IO6 

Large reserves of brown coals occur in Victoria with smaller deposits in 

Whereas the majority of the black coals in  the northern hemisphere, including 

New S o u t h  Wales and South Australia.  

the USA and Europe, were formed during the Carboniferous age, the black coals of 
Australia are ,  i n  the main, Permian. The l a t t e r  include the coals from the two 
major basins - the Sydney and the Bowen - and a l so  large deposits in the Galilee 
Basin (Queensland), a t  Oaklands (N.S.W.), Lake Phill ipson ( S o u t h  Australia) and 
Collie (West Austral ia)  as  well as the deep coal i n  the Cooper Basin (South 
Austral ia) .  
Af r i ca ,  Antarctica and South America, a r e  referred t o  as  Gondwana coals a f t e r  the 
hypothetical super-continent which subsequently broke up  into the continents and 
sub-continents mentioned above (5) .  

these Gondwana coa ls  were d i f f e ren t  from those fo r  the carboniferous coals of 
North America and  Europe. As a r e su l t  of a cooler climate with al ternat ing dry  
and wet periods, and of the consequent difference in  the original plant materials,  
the conditions of accumulation, and the slower r a t e ,  and prolonged duration of 
sinking, the Australian (and  other Gondwana) Permian coals d i f f e r  in many respects 
from the Carboniferous coals of the northern hemisphere. Thus fo r  the former coals,  
seam thickness tends t o  be greater ,  v i t r i n i t e  content lower, semi-fusinite content 
higher, mineral matter content high and sulphur content generally low; the ash 
derived from the mineral matter i s  usually re f rac tory  with high fusion temperatures. 
These coals occur i n  seams near the surface,  and a t  depth. 

T h e  Australian Permian coals vary widely i n  rank (maturity) and type ( v i t r i n i t e  
content) from the Oaklands (N.S.W.) coal a t  72% (dry ash-free basis)  carbon, a hard 
brown coal (61, a t  one extreme - though high v o l a t i l e  bituminous coals such as 
Galilee (Queensland) coal a t  77% carbon, 16% v i t r i n i t e ;  Blair  Athol (Queensland) 
coal a t  82% C ,  28% v i t r i n i t e ;  Liddell (N.S.W.) coal a t  82% C,  and >70% v i t r i n i t e ,  - 
t o  low vo la t i l e  bituminous such as Peak Downs (Queensland) a t  89% C ,  71% v i t r i n i t e ,  

These Permian coals,  together with counterparts in India, South  

T h e  climatic conditions prevailing i n  the Permian during the formation of 
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and Bulli seam (N.S.W.) 89% C ,  45% v i t r i n i t e .  

Coals i n  Australia.  Mesozoic coals occur i n  small basins i n  South Australia,  
Tasmania, New South Wales and Queensland and vary i n  rank from brown to bituminous. 
Perhaps the most notable occurrences i n  the present context a r e  the  Walloon coals 
in the Clarence-Morton basin in Queensland, e.g. Millmerran sub-bituminous coal 
(78% carbon, v i t r i n i t e  plus ex in i t e  -90%). 

The  most s ign i f i can t  Ter t ia ry  coals a r e  represented by the vas t  brown coal 
deposits in Victoria,  par t icu lar ly  in the Latrobe Valley. These brown coals w i t h  
68-70% carbon, occur i n  very thick seams ( u p  to  200 meters) under shallow cover 
( 4 0  meters).  
America in tha t  they have a much lower ash yield and s ign i f i can t  amounts of the 
ash-forming inorganic cons t i tuents  a r e  present as cations o n  the carboxylic acid 
groups which a r e  a cha rac t e r i s t i c  of low rank coa ls .  

COAL CHARACTERISTICS AND T H E I R  EFFECTS IN LIQUEFACTION PROCESS 

In addition to  the Permian coals there a re  occurrences of Mesozoic and Ter t ia ry  

These coals d i f f e r  from the Ter t ia ry  brown coals of North 

The wide var ia t ion  i n  Australian coals in rank, type and inorganic impurit ies 
and the s ign i f icant  differences between these coals and those from the USA and 
elsewhere, emphasize the need f o r  detailed understanding of how spec i f ic  coal 
charac te r i s t ics  influence l iquefaction reactions and the properties of the l iqu id  
product. The heterogeneity and va r i ab i l i t y  of coals make them a complex feedstock 
on the one hand and presents major challenges to e f f o r t s  to  ident i fy  and quantify 
those parameters of most significance.  However, u n t i l  t h i s  i s  achieved the  
application of a process developed and optimized on a coal,  or s imi la r  coa ls ,  from 
one region to  coals in another region i s  fraught with danger. 
this, research i s  i n  progress in a number of laboratories i n  Australia to  e luc ida te  
the chemistry of Australian coals in r e l a t ion  t o  t h e i r  l iquefaction. 
compasses both black and brown coals and l iquefaction via pyrolysis, non-catalytic 
hydrogenation ( so lvent  re f in ing)  and ca t a ly t i c  hydrogenation. The r e s u l t s  obtained 
i n  these s tud ies  a r e  informative b u t  some give r i s e  t o  more questions than answers. 
In the remainder of th i s  paper selected highlights from these Australian s tudies  
will be presented and discussed. 

EFFECTS OF PETROGRAPHIC COMPOSITION AND RANK 

In recognition of 

T h i s  en- 

I t  i s  possible t o  produce some l iqu id  hydrocarbons from most coals during con- 
version (pyrolysis and hydrogenation, ca t a ly t i c  and via solvent re f in ing)  the y i e ld  
and hydrogen consumption required to  achieve this  yield can vary widely from coal 
to  coal.  The weight of data i n  the l i t e r a t u r e  indicate t h a t  the l iqu id  hydrocarbons 
a r e  derived from the so-called ' reac t ive '  macerals, i .e. the v i t r i n i t e s  and ex in i tes  
present (7,8,19). 
conversion would be expected t o  vary w i t h  the v i t r i n i t e  p l u s  ex in i t e  contents. 
T h i s  leads to  the general question of e f f e c t  of rank on the response of a v i t r i n i t e  
and on the yield of l iqu id  products; and, i n  the context of Australian bituminous 
coals,  where semi-fusinite i s  usually abundant, o f  the ro le  of this  maceral in 
conversion. 

Thus ,  fo r  coals of the same rank the  y ie ld  of l iqu ids  during 

A number of research pro jec ts  i n  Australia a r e  being addressed t o  these 
questions. 
approaching the question t h r o u g h  a study of the conversion behaviour of a selected 
range of Australian bituminous coals under non-catelytic solvent refining con- 
d i t ions  (9,lO). 
(CSIRO) i s  considering the question with regard t o  pyrolysis (11) and c a t a l y t i c  
hydrogenation ( 1 2 )  of bituminous and brown coals,  w i t h  support from s tudies  of the  
behaviour of individual maceral types during conversion w i t h  the a id  of petrographic 
techniques ( 1 2 ) .  

Experimental data published recently by Cudmore (10) f o r  eight Australian 
bituminous coals,  reproduced i n  F i g .  2 ,  show a good d i r e c t  l i nea r  cor re la t ion  
between conversion ( t o  gas + l i qu ids ) ,  under non-catalytic hydrogenation conditions 

The Australian Coal Industry Research Laboratories ( A C I R L )  have been 
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u s i n g  t e t r a l i n  a s  vehicle,  and the  v i t r i n i t e  p l u s  ex in i te  contents over the range 
40 t o  80% f o r  coa ls  i n  the rank range where the mean maximum ref lec tance  ( R o  max.) 
of the v i t r i n i t e  var ies  from 0.43% t o  0.68%, i . e .  fo r  carbon content over the range 
of about 75% (dry ash- f ree)  t o  about 82%. This encompasses the sub-bituminous 
coals and high v o l a t i l e  bituminous coals.  However, f o r  coals where max. i s  
greater than 1.47% the yield was markedly lower than might otherwise have been 
expected from the v i t r i n i t e  plus ex in i t e  contents ( r e f e r  Fig. 2 ) .  The information 
i n  F i g .  2 would fu r the r  suggest t h a t  the  rank e f f ec t  i n  decreasing conversion yield 
increases rap id ly  with increase in rank from Ro max. 1.47% t o  2.64%, i . e .  carbon 
(dry ash-free bas i s )  88% t o  >go%. T h i s ,  of course, leaves open the question of 
where the  decrease in  the conversion of the v i t r i n i t e  (+ ex in i t e )  s t a r t s  i n  the 
rank range 83 t o  88% carbon. 

An implication of Cudmore's data (10) for  the sub-bituminous and h i g h  vo la t i l e  
bituminous coals i s  t h a t  the semi-fusinite appears to contribute l i t t l e  to  the con- 
version products, otherwise the apparent dependence of yield on the v i t r i n i t e  
(+ exin i te )  content would not be so l inear .  

the a t ten t ion  of Shibaoka and his associates i n  the CSIRO (12) .  Although the 
project i s  s t i l l  a t  an ear ly  stage,  d i r e c t  observations o n  the changes occurring 
i n  semifusinite-rich coal grains during conversion under a wide var ie ty  of con- 
d i t ions  suggest t h a t  the possible contributions of this maceral i n  conversion 
cannot be ignored although fur ther  work i s  required t o  define the nature and 
magnitude of such contributions.  

Studies i n i t i a t e d  by the author while s t i l l  w i t h  CSIRO (13) seek to  throw 
l i g h t  on the r o l e  of the various macerals by studying the conversion, under 
ca t a ly t i c  hydrogenation conditions, i n  t e t r a l i n  a s  vehicle, of maceral concentrates 
from a h i g h  v o l a t i l e  bituminous coal.  
show conversions a s  almost complete f o r  the hand picked v i t r a in  (>go% v i t r i n i t e )  
from a h i g h  v o l a t i l e  bituminous coal (Liddell seam N.S.W., 83.6% carbon and 43% 
vo la t i l e  matter both o n  a dry ash-free basis) .  However, i t  is evident t h a t  the 
conversion of the 'whole' coal increases rap id ly  w i t h  increase i n  hydrogen 
pressure (under otherwise s imi la r  conditions - batch autoclave, 4h. @ 400OC). 
This could suggest e i t h e r  t h a t  conversion of t he  v i t r i n i t e  i s  suppressed by other 
components i n  the coa l ,  par t icu lar ly  a t  the lower pressures, o r  more l i ke ly ,  t h a t  
other macerals a r e  par t ic ipa t ing  to an increasing extent a s  the hydrogen pressure 
increases. 

discussed above, emphasise the need f o r  caution when generalising on the influence 
of coal cha rac t e r i s t i c s  on conversion. Indeed, i t  would appear t h a t  the absolute 
and r e l a t ive  contribution of t he  various petrographic components i s  dependent on 
the process conditions which include, i n t e r  a1 i a ,  the hydrogen poten t ia l .  

The petrography o f  brown coals d i f f e r s  from tha t  of black coals and i s  l e s s  
well developed. However, evidence i s  mounting tha t  brown coals can vary s ign i f i -  
cantly, even within the same seam, and t h a t  these variations may e f f e c t  t he i r  
conversion behaviour. The Victorian Brown Coal Development Commission has 
in i t i a t ed  s tudies  i n  this area (with advice from the German Democratic Republic). 
No resu l t s  a r e  ava i l ab le  a s  ye t .  

THE EFFECT OF ELEMENTAL COMPOSITION 

I t  i s  well established t h a t  f o r  any coal the so-called reac t ive  macerals, 
vitrinite and ex in i t e ,  a r e  r icher  i n  hydrogen than the inert macerals. Therefore, 
since the conversion of coals t o  l iqu id  fue ls  involves the production of lower 
molecular weight products having atomic hydrogen t o  carbon r a t i o s  in the range 
1.7 t o  2 compared w i t h  4 fo r  most coals,  i t  i s  of i n t e re s t  t o  consider the  e f fec t  
of the hydrogen content,  or a l t e rna t ive ly  the hydrogen/carbon r a t i o  on the con- 
version of coals t o  l iqu id  and gaseous fue l s  under a wide range of conditions. 

The whole question re la t ing  to  the possible ro le  of semi-fusinite is receiving 

Some preliminary r e su l t s ,  given i n  Fig. 3, 

Consideration of the l a t t e r  results i n  r e l a t ion  t o  those of Cudmore ( l o ) ,  
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Pyr o 1 y s i s 

I n  t h i s  c o n t e x t  i t  i s  r e l e v a n t  t o  consider  i n i t i a l l y  t h e  e f f e c t  o f  hydrogen 
contents  on t a r  y i e l d s  du r ing  p y r o l y s i s  ( ca rbon iza t i on ) .  
since, i n  a l l  coa l  convers ion processes l i t t l e  happens u n t i l  the coa l  i s  a t  a 
temperature above t h a t  where a c t i v e  thermal decomposit ion no rma l l y  se ts  in .  I n  
o t h e r  words, a l l  coal  convers ion processes may be regarded as p y r o l y s i s  under a 
v a r i e t y  of c o n d i t i o n s  which determine the na tu re  o f  t h e  pr imary decomposi t ion and 
the  r e a c t i o n s  which f o l l o w .  

by the  former C S I R O  D i v i s i o n  o f  Coal Research f o r  a wide v a r i e t y  o f  A u s t r a l i a n  
coa ls  du r ing  low temperature (600OC) Gray-King c a r b o n i z a t i o n  assays (14) over  
severa l  years. 
organic  i m p u r i t i e s ,  t h e r e  i s  a s i g n i f i c a n t  1 i nea r  c o r r e l a t i o n  between the  t a r  y i e l d  
and t h e  atomic H/C r a t i o .  A v a r i e t y  o f  f a c t o r s  may account  f o r  t h e  s c a t t e r  - t h e  
emp i r i ca l  na tu re  o f  t he  assay, wide v a r i a t i o n s  i n  the ash y i e l d  and n a t u r e  of t h e  
ash (see below), weathering o f  the coa l ,  t h e  m u l t i t u d e  o f  analyses i nvo l ved  and t h e  
long t ime span over  which t h e  r e s u l t s  were accumulated. 

The s teep dependence o n  hydrogen c o n t e n t  o f  t h e  t a r  y i e l d s  obta ined du r ing  
the  low temperature (500OC) f l u i d i z e d  bed ca rbon iza t i on  o f  14 A u s t r a l i a n  coals ,  
ranging i n  rank  from 72% t o  -89% ( d r y  ash- f ree bas i s )  carbon content ,  i s  c l e a r l y  
demonstrated i n  F ig .  5 (15,16). 

I n  c u r r e n t  C S I R O  i n v e s t i g a t i o n s  i n t o  the  p roduc t i on  o f  l i q u i d  f u e l s  v i a  t h e  
f l a s h  p y r o l y s i s  o f  se lec ted  A u s t r a l i a n  c o a l s  (11)  t h e  importance o f  t he  hydrogen 
content ,  o r  more p r e c i s e l y  the atomic H/C r a t i o  o f  t h e  coa l  
t o t a l  y i e l d  o f  v o l a t i l e  ma t te r  and tar, has been demonstrated a l s o .  Th is  i s  shown 
i n  F i g .  6 (20) together  w i t h  t h e  rep roduc t i on  o f  t h e  c o r r e l a t i o n  l i n e  f o r  t h e  low 
temperature Gray-King Carbonizat ion assay t r a n s f e r r e d  from F ig .  4. A l so  i n c l u d e d  
a r e  data obta ined f o r  one USA bituminous coa l  ( P i t t s b u r g h  No. 8) and one l i g n i t e  
(Montana). The former coal p l o t s  c o n s i s t e n t l y  w i t h  t h e  A u s t r a l i a n  b i tuminous c o a l s  
f o r  bo th  t h e  v o l a t i l e  m a t t e r  and t a r  y i e l d ;  b u t  whereas t h e  raw Montana l i g n i t e ,  
together  wi th  the raw A u s t r a l i a n  brown coal ,  a r e  c o n s i s t e n t  w i t h  the  b i tuminous 
c o a l s  f o r  t o t a l  v o l a t i l e  ma t te r  y i e l d ,  the t a r  y i e l d s  from the  l i g n i t e  and brown 
coa l  f a l l  s i g n i f i c a n t l y  below those t o  be expected from F ig .  4 f o r  b i tuminous 
coa l  w i t h  s i m i l a r  atomic H/C r a t i o s  w i t h  one excep t ion  - a l ow  ash sample of  Loy 
Yang brown coa l .  The reason f o r  t he  ' d e v i a t i o n '  i s  cons idered i n  t h e  n e x t  s e c t i o n  
o f  t h e  paper. 

Hydrogenation 

r e f i n i n g )  o f  s i x  A u s t r a l i a n  coa ls  has i n d i c a t e d  t h a t  t h e  convers ion s y s t e m a t i c a l l y  
increases as the atomic H/C r a t i o  o f  t h e  coa l  increases ove r  t h e  range 0.60 t o  
0.85. This  i s  shown i n  F ig .  7 (10) which a l s o  i nc ludes  da ta  f o r  t h e  c a t a l y t i c  
hydrogenation o f  s i x  Canadian coa ls  (17).  These r e s u l t s ,  together ,  i n d i c a t e  t h e  
importance o f  t h e  hydrogen contents  o f  coa l  i n  genera l  f o r  both n o n - c a t a l y t i c  and 
c a b 1  y t i c  hydrogenation. 

Wi th  rega rd  t o  the  i m p l i c a t i o n s  o f  t h e  elemental composi t ion ( u l t i m a t e  
a n a l y s i s )  o f  A u s t r a l i a n  coals ,  brown c o a l s  ( l i g n i t e s )  c a l l  f o r  spec ia l  a t t e n t i o n  
by v i r t u e  o f  t h e i r  h igh  oxygen contents  (as h igh  as 30%). Dur ing hydrogenat ion 
of brown coa ls  i t  i s  u s u a l l y  considered t h a t  s i g n i f i c a n t  amounts o f  hydrogen a r e  
consumed i n  the  e l i m i n a t i o n  of oxygen as water and t h a t  t h i s  places these c o a l s  
a t  a disadvantage because t h e  c o s t  o f  hydrogen i s  a s i g n i f i c a n t  f a c t o r  i n  the  
economics o f  conversion. White has r e c e n t l y  considered oxygen balances i n  the  
c a t a l y t i c  hydrogenation o f  some A u s t r a l i a n  brown c o a l s  (18) .  Th i s  s tudy i n d i c a t e s  
tha t ,  whereas the o v e r a l l  conversion, under comparable cond i t i ons ,  i s  h ighe r  f o r  
brown coa ls  than f o r  b i tuminous coals  s tud ied,  t he  y i e l d  o f  hydrocarbon l i q u i d s  i s  
h igher  fo r  t h e  l a t t e r ;  but, s u r p r i s i n g l y ,  t he  hydrogen consumption i n  the p r imary  
convers ion i s  a c t u a l l y  lower  f o r  the brown c o a l s  than f o r  any o f  t he  b i tuminous 

Th is  i s  p a r t i c u l a r l y  so, 

F ig .  4 represents  a p l o t  o f  t he  atomic H/C r a t i o  versus t a r  y i e l d s  ob ta ined  

Th is  f i g u r e  shows tha t ,  d e s p i t e  a wide v a r i a t i o n  i n  rank  and i n -  

w i t h  rega rd  t o  the  

Cudmore (13) i n  h i s  s t u d i e s  o f  t h e  n o n - c a t a l y t i c  hydrogenat ion ( s o l v e n t  
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the nature and amount of the cations can exer t  marked ef fec ts  on the behaviour of 
t he  coal during thermal decomposition (pyro lys i s ) .  In par t icu lar ,  Schafer (24) I 
has shown t h a t  the presence of cations f a c i l i t a t e  the elimination of the oxygen 
during pyrolysis i n  a manner t h a t  i s  s t i l l  not understood. This could have 
in te res t ing  and prac t ica l  implications f o r  hydrogenation which remain to be 
investigated.  
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In the USA, observations with North Dakota l i gn i t e s  have suggested t h a t  sodium 
associated with the carboxyl groups have a beneficial ca t a ly t i c  e f f e c t  w i t h  regard 
t o  the quali ty of the l iqu id  product (8).  
over hydrogen i n  the 'non-catalytic '  hydrogenation of l i g n i t e  has been a t t r ibu ted  
again t o  the ca t a ly t i c  e f f ec t s  of a lka l i  and a lka l ine  earth metals present on the 
coal (25) which a r e  known t o  be e f f ec t ive  ca ta lys t s  i n  the carbon-steam and carbon 
monoxide-steam reactions.  
ingly in-situ i s  more e f f ec t ive  since i t  probably passes t rans ien t ly  through the 
reac t ive  'nascent'  hydrogen-form and avoids the  need t o  d issoc ia te  the  strong bond 
i n  molecular hydrogen. 

has led t o  i n t e re s t  i n to  the effectiveness of t r ans i t i on  metals exchanged onto the 
carboxyl groups a s  ca t a lys t s .  
colleagues i n  Nor th  Dakota with negative r e s u l t s  ( 2 7 ) .  However, the matter i s  now 
being re-examined in Australia i n  the context of Victorian brown coals.  Careful 
studies i n  t h i s  area could well help contribute to  the be t te r  understanding of the 
ro le  of the ca ta lys t  i n  coal hydrogenation, e.g. does i t  f a c i l i t a t e  the d i r e c t  
t ransfer  of hydrogen from molecular hydrogen in ' t he  gas phase, or i n  solution, t o  
the fragments derived from the thermally decomposing coal? o r  does i t  simply 
f a c i l i t a t e  i n  the regeneration of the hydrogen donor capacity of the ' so lven t ' ?  

I t  i s  appropriate t o  conclude th i s  section by reference t o  one aspect of the  
CSIRO f lash  pyrolysis project involving, again, brown coals.  Here, i t  has been 
shown (28) t h a t  the presence of cations on the carboxyl groups strongly supresses 
the t a r  yield obtained during rapid pyrolysis,  although the to ta l  conversion t o  
vo la t i l e  products appears t o  be unaffected. 
(Victoria) brown coal having a 7 .2% (dry bas is )  ash y ie ld ,  yielded 12% (dry ash- 
f r e e  bas i s )  of t a r  during f l a sh  pyrolysis but, when t h i s  coal was acid washed 0.7% 
(dry bas is )  ash y ie ld ,  the t a r  yield increased t o  20% (dry ash-free bas i s ) .  
Further reference t o  Fig. 6 shows tha t  the l a t t e r  t a r  yield now p lo ts  with the 
bituminous coals with reference t o  the e f f ec t  of the atomic H/C r a t io .  
a second brown coal sample (Loy Yang) which, a s  recovered from the seam, has a very 
low ash yield )0.4% dry ash-free bas i s ) ,  and most of the carboxyl groups i n  the 
acid form, plots w i t h  the bituminous coals in F i g .  3; however, when the sodium-salt 
i s  produced from this coal before f lash  pyrolysis the t a r  yield i s  almost com- 
p le te ly  supressed. 

I t  i s  interesting t o  speculate on the significance these observed e f f ec t s  of 
the presence of ca t ions  on the carboxylic acid groups i n  brown coals.  I t  would 
appear t ha t  the cations e i the r  i nh ib i t  the t a r  forming reactions in some way or 
e l se  cause the t a r s ,  once formed, to  break down to  more vo la t i l e  components with 
no so l id  residue since the to ta l  vo la t i l e  matter yield i s  independent of whether 
the carboxyl groups a re  in the s a l t -  or acid-form. 
t o  be more plausible which, in t u r n ,  implies t h a t  the t a r s  a re  formed from lower 
molecular weight precursors by reactions which a re  blocked by the presence of a 
cation, or cations,  on the carboxyl groups. 
perhaps resides w i t h  the observations, already mentioned, of Schafer ( 2 4 )  on the 
e f fec ts  of cations associated w i t h  carboxyl groups on the oxygen elimination r e -  
actions during the thermal decanposition of brown coa ls .  

chemistry involved. 
experiments w i t h  acid-form and sa l  t-form brown coals o f f e r  promise of resolving 
the precise ro le  of pyrolysis i n  the hydrogenation of these coals and of how the 
ash-forming cations par t ic ipa te  i n  the hydrogenation reactions.  
does the  presence of the  ca t ions  e f f e c t  the hydrogen consumption? A question tha t  
needs a l s o  t o  be considered i n  the context of the observations of White (18). 

CONCLUDING REMARKS 

Further, the super ior i ty  of CO-steam 

I t  has been suggested t h a t  the hydrogen generated accord- 

The a b i l i t y  t o  exchange cations on the carboxylic acid groups i n  brown coal (26) 

This aspect was f i r s t  looked a t  by Severson and his 

For example, a sample of raw Gelliondale 

S imi la r ly  

The former poss ib i l i t y  appears 

The c lue  to  the detailed explanation 

Further detailed s tudies  i n  this area a r e  obviously needed t o  resolve the  
Such pyrolysis s tud ies  supplemented by hydrogenation 

For example, how 

The f i r s t  par t  of this paper has shown t h a t  Australian black and brown coals 
d i f f e r  s ign i f icant ly  i n  a number of respects from coals of similar ranks from North 
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America and elsewhere in the  northern hemisphere. The rest of the paper then pro- 
ceeded to indicate the  progress being made t o  determine how the charac te r i s t ics  of 
Australian coals influence the i r  conversion t o  v o l a t i l e  and l iquid products during 
pyrol ys i s and hydrogenation . 

Australian black coals indicate strongly tha t ,  over a rank range u p  t o  about 83% 
(dry ash-free) carbon, the v i t r i n i t e  and ex in i t e  contents and overa l l ,  the atomic 
hydrogen-to-carbon r a t i o  a r e  the important parameters w i t h  regard to  to ta l  vo la t i l e  
and liquid y ie lds  d u r i n g  pyrolysis and hydrogenation of such coals.  
respects there appears to  be no major differences r e l a t ive  t o  northern hemisphere 
coa ls .  
subleties of var ia t ion  in chemical composition o r  s t ruc ture  with change i n  rank 
a r e  of secondary importance. Also the near l inear  dependence of conversion yields 
on the atomic H/C r a t i o  fur ther  suggest t h a t  the e f f ec t s  of the mineral matter i n  
the Australian black coals may be secondary. 

The r e su l t s  mentioned f o r  Australian brown coals r a i s e  many in te res t ing  
questions concerning the e f f e c t  of coal charac te r i s t ics  on conversion during 
pyrolysis and hydrogenation. 
the acid-form brown coals w i t h  the black coals i n  terms of the e f f ec t  of the atomic 
H/C r a t io  on conversion during pyrolysis;  the suppression of the t a r  y ie ld  when the 
carboxyl groups a r e  i n  the salt-form; and the  elimination of oxygen during the 
primary hydrogenation without the involvement of hydrogen. 
l imi ta t ions  of the investigations mentioned, there i s  no reason to believe t h a t  the 
e f fec ts  observed should be u n i q u e  t o  Australian brown coals.  

To conclude, i t  i s  emphasised t h a t  many of the r e su l t s  discussed r e l a t e  t o  on- 
going investigations and need confirmation on other coals.  
mentioned r e l a t e  t o  the overall  conversion. In coming t o  gr ips  w i t h  the e f fec ts  of 
coal charac te r i s t ics ,  a t t en t ion  must be given t o  the qua l i ty  as well a s  the quantity 
of liquid products obtained during conversion; a s  well a s  to  the r a t e  a t  which the 
conversion occurs under various conditions. These aspects,  which have not been con- 
sidered i n  t h i s  presentation, c a l l  fo r  careful experimentation where the emphasis i s  
not on maximising conversion but on careful control of experimental conditions with 
termination of experiments a t  only par t ia l  conversion. 
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TABLE 1: AUSTRALIA'S FOSSIL FUEL E N E R G Y  RESOURCES (1) 

Resource 

Black Coal* 
I n  S i t u  
Recoverable 

Brown Coal 
I n  S i t u  
Recoverable 

Crude Oil and Condensate 
I n  S i t u  
Recoverable 

Natural Gas + L P G  
I n  S i t u  
Recoverable 

Total 
I n  S i t u  
Recoverable 

Quanti t.y 
(Demonstrated) 

36.30 x lo9  t 1040 69.8 
20.26 x 109 t 580 58.9 

40.93 x lo9  t 400 26.8 
39.00 x l o 9  t 380 38.6 

49.00 x l o 9  bbl 29.7 1.99 
20.70 x l o 9  bbl 12.4 1.26 

545 x 109 m3 21.0 1.40 
327 x l o 9  m3 12.6 1.28 

1,685.7 100 
1,145.0 100 

*Daonstrated + Inferred i n  s i t u  black coal resources a r e  estimated t o  be 
5600 x 10l8J w i t h  55% recoverable - inferred resources of crude o i l  and 
natural gas a re  r e l a t ive ly  minor representing only 1% and 8%, respectively, 
o f  the demonstrated resources. 

TABLE 2: PATTERN OF AUSTRALIAN USE OF FOSSIL FUELS 1974-75 ( 2 )  

Total primar energy demand 2512 x 1015J consisting of:  
coal 1035 x 10r5J; o i l  1318 x 10i5J; natural gas 159 x 10i5J 

% Total Primary 
% o f  Fuel Type Energy 

Coal 

26 
E lec t r i c i ty  generation 61 
I r o n  and s tee l  25 10 ) 42 
Other 14 6 )  

O i  1 
Transport* 
Fuel o i l  
Other 

32 1 61 
15 8 ) 5 2  
24 12 

Natural Gas 
E lec t r i c i ty  generation 20 
Other 80  

1 
5 )  

~~~ ~ 

*Includes fue l  o i l  fo r  bunkering 
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Fig.2. Non c a t a l y t i c  hydrogenation - Product y i e l d s  versus  
v i t r i n i t e  + e x i n i t e  content .  Curve (a)  to ta l  conversion 
(XI  (b) e x t r a c t  ( 0 )  (11) 
Note: Lines (a )  & (b) r e l a t e  t o  rank range Q max. 0.43 - 

0.68%. Values i n  parenthes is  r e f e r  m a x .  f o r  higher  
rank coals .  
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AT~IC'HIC RATIO 

F I G ,  6, DEPENDENCE OF MAXIMUM TAR Y I E L D S  AND CORRESPONDING 
T O T A L  V O L A T I L E  MATTER Y I E L D S  D U R I N G  F L A S H  P Y R O L Y S I S  

AND USA COALS (11,271 
ON A T O M I C  HYDROGEN-TO-CARBON R A T I O  FOR SOME A U S T R A L I A N  
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a b  

ATOMIC H/C RATIO 

Fig.  7. Dependence of y ie lds  of hydrogenation products  on the 
atomic hydrogen-to-carbon r a t i o .  
(a) Aus t ra l ian  c o a l s  - non c a t a l y t i c  condi t ions  (10) 
(b) Canadian c o a l s  - c a t a l y t i c  condi t ions  (17) 
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