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Coal i s  a sedimentary rock accumulated as peat and composed p r i n c i p  1ly 
o f  macerals, subord ina te ly  o f  minerals,  and c o n t a i n i n g  water  and gases i n  submicro- 
scopic pores. Macerals (mas' e r  - a l s )  are o rgan ic  substances d e r i v e d  from p l a n t  
t i s s u e s  and exudates t h a t  have been v a r i a b l y  subjected t o  decay, incorpora ted  i n t o  
sedimentary s t r a t a ,  and then compacted, hardened, and chemica l l y  a l t e r e d  by  n a t u r a l  
( g e o l o g i c a l )  processes. 

Coal i s  no t  a un i fo rm m i x t u r e  o f  carbon, hydrogen, oxygen, s u l f u r ,  and 
minor p r o p o r t i o n s  o f  o t h e r  elements; nor i s  it, as i s  o f t e n  impl ied,  s imp ly  a u n i -  
form, polyaromat ic,  "polymeric"  substance. Rather, i t  i s  an aggregate o f  micro- 
scop ica l  l y  d is t ingu ishab le ,  p h y s i c a l l y  d i s t i n c t i v e ,  and chemica l l y  d i f f e r e n t  macerals 
and minerals.  

Coa l  i s  ana logous t o  a f r u i t c a k e ,  fo rmed i n i t i a l l y  as a m i x t u r e  o f  
d i v e r s e  i n g r e d i e n t s ,  t h e n  "baked" t o  a p r o d u c t  t h a t  i s  v i s i b l y  he terogeneous.  
The heterogeneous na ture  o f  coa l  i s  ev ident  i n  F i g u r e  1, a photomicrograph o f  a 
p o l i s h e d  s u r f a c e  o f  a p i e c e  o f  t y p i c a l  c o a l .  The  d i f f e r e n t  macera l s  r e f l e c t  
d i f f e r e n t  p ropor t ions  o f  i n c i d e n t  l i g h t  and are t h e r e f o r e  d i s t i n g u i s h e d  as d i s c r e t e  
areas e x h i b i t i n g  d i f f e r e n t  shades o f  gray. I t  should be ev ident  t h a t  any at tempt 
t o  c h a r a c t e r i z e  the  chemical s t r u c t u r e  o f  t h i s  coa l  w i t h o u t  recogn iz ing  t h e  organ i -  
z a t i o n  o f  t h e  elements and molecules i n t o  d i s c r e t e  substances would be l i k e  t r y i n g  
t o  descr ibe  t h e  essence o f  a f r u i t c a k e  by  g r i n d i n g  i t  up and ana lyz ing  i t s  elemen- 
t a l  composition. 

The he terogene i ty  o f  coal ,  e x e m p l i f i e d  by F i g u r e  1, i s  i n h e r i t e d  f rom t h e  
d i v e r s i t y  of source m a t e r i a l s  which accumulated i n  a peat swamp. Coals may be 
compared, cont ras ted  and c l a s s i f i e d  on t h e  b a s i s  o f  v a r i a t i o n s  i n  t h e  p r o p o r t i o n s  
o f  t h e s e  m i c r o s c o p i c a l l y  i d e n t i f i a b l e  components. Such a c l a s s i f i c a t i o n  i s  
r e f e r r e d  t o  as a c l a s s i f i c a t i o n  according t o  type. Coals may a l s o  be c l a s s i f i e d  
according t o  how severe ly  geo log ica l  a l t e r a t i o n  processes, r e f e r r e d  t o  c o l l e c t i v e l y  
as metamorphism, have a f f e c t e d  t h e i r  p r o p e r t i e s .  T h i s  i s  c l a s s i f i c a t i o n  according 
t o  rank. These two c l a s s i f i c a t i o n  methods are independent and orthogonal ;  t h e r e -  
fo re ,  w i t h i n  c e r t a i n  l i m i t s ,  any type  o f  coa l  can be found a t  any rank. 

C l a s s i f i c a t i o n  according t o  type  i n v o l v e s  t h e  r e l a t i v e  p r o p o r t i o n s  o f  b o t h  
t h e  inorgan ic  substances and t h e  d i f f e r e n t  organic substances. Because o n l y  t h e  
o r g a n i c  m a t e r i a l  i s  a l t e r e d  b y  metamorph ic  p rocesses ,  r a n k  c l a s s i f i c a t i o n  i s  
independent o f  inorgan ic  content.  I n o r g a n i c  m a t e r i a l  i s  s i g n i f i c a n t  i n  commer- 
c i a l  uses o f  coal ,  and i t s  presence must be accounted f o r  i n  s c i e n t i f i c  s tdd ies .  
The present  discussion, however, concentrates on t h e  p r o p e r t i e s  o f  t h e  o r g a n i c  
substances, because o n l y  t h e  organic macerals make coa l  t h e  va luab le  m a t e r i a l  t h a t  
i t  i s .  

I n  F i g u r e  1, s e l e c t e d  areas  a r e  i d e n t i f i e d  as v i t r i n i t e ,  l i p t i n i t e ,  
and i n e r t i n i t e .  These terms r e f e r  t o  t h e  t h r e e  major c lasses  o f  macerals recog- 
n i z a b l e  i n  a l l  ranks o f  coa l  except those of t h e  h i g h e s t  ranks. A few o f  t h e  more 
s i g n i f i c a n t  fea tures  o f  these major c lasses  o f  macerals and o f  t h e i r  more impor tan t  
subc lasses  a r e  summarized i n  F i g u r e  2. I t  can  be seen f r o m  F i g u r e  2 t h a t  t h e  
d i f f e r e n t i a t i o n  o f  c o a l s  a c c o r d i n g  t o  t ype ,  v i z .  a c c o r d i n g  t o  t h e  c o n t e n t  o f  
m a t e r i a l s  assignable t o  each o f  t h e  maceral classes, i s  r e a l l y  a d i f f e r e n t i a t i o n  
according t o  t h e  i n g r e d i e n t s  which i n i t i a l l y  accumulated as peat t o  fo rm t h a t  c o a l .  
A l t h o u g h  t h e  r a n k  s c a l e  a c c o r d i n g  t o  ASTM has been a r b i t r a r i l y  d i v i d e d ,  and 
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s p e c i f i c  segments .have been i d e n t i f i e d  b y  an e p i t h e t  (i.e., l i g n i t i c ,  bituminous, 
a n t h r a c i t i c  coals) ,  t h e r e  are no such wel l - recognized c lasses o f  coal types. 

I n  t h i s  sense, t h e r e  i s  e s s e n t i a l l y  a c o n t i n u o u s  s e r i e s  o f  c o a l s  o f  
d i f f e r e n t  types, de f i ned  b y  microscopic  q u a n t i f i c a t i o n  o f  t h e i r  maceral (and m ine ra l )  
contents. P a r t i c l e s  o f  crushed coa l ,  when cemented toge the r  as a s o l i d  b lock w i t h  a 
c a t a l y t i c a l l y  s o l i d i f i e d  r e s i n  o r  p l a s t i c ,  can be po l i shed  and examined microscop- 
i c a l l y .  I n d i v i d u a l  p a r t i c l e s  d e r i v e d  f rom d i f f e r e n t  l aye rs  o f  a coal  seam, may 
d i f f e r  s i g n i f i c a n t l y  i n  maceral and m ine ra l  contents. Recogni t ion o f  t h i s  f e a t u r e  
has l e d  t o  t h e  concept of t h e  m i c r o l i t h o t y p e ,  wherein each p a r t i c l e  can be c l a s s i f i e d  
according t o  i t s  maceral content .  I n  t h i s  procedure, a r b i t r a r y  c lasses o f  p a r t i c l e s  
a r e  recognized accord ing t o  s p e c i f i c  maceral p ropor t i ons  as shown i n  Table 1. I t  i s  
i m p o r t a n t  t h a t  t h e  s c i e n t i s t  o r  t e c h n o l o g i s t  r e c o g n i z e  t h a t  p a r t i c l e s  o f  t h e  
d i f f e r e n t  m i c r o l i t h o t y p e s  a re  l i k e l y  t o  pe r fo rm q u i t e  d i s s i m i l a r l y  when analyzed o r  
processed; the re fo re ,  coa ls  must be sampled c a r e f u l l y  t o  prevent  the  s e l e c t i o n  
o f  non-representat ive p a r t i c l e s .  

Each o f  t he  m a t e r i a l s  recognized as belonging t o  a s p e c i f i c  maceral c l a s s  
(acco rd ing  t o  t h e  c r i t e r i a  shown i n  F i g u r e  2 )  has phys i ca l  and chemical p r o p e r t i e s  
t h a t  depend upon i t s  composit ion i n  t h e  peat-swamp and t h e  e f f e c t s  o f  subsequent 
metamorphic a l t e r a t i o n .  Thus, f o r  instance,  i n  a l l  c o a l s  t h e r e  i s  m a t e r i a l  de r i ved  
f r o m  t h e  s t r u c t u r a l  t i s s u e s  ("wood") o f  p lan ts .  These "woody" substances ( l i g n i n ,  
c e l l u l o s e )  a r e  t h e  dominan t  components o f  p l a n t s ,  and hence t h e i r  d e r i v a t i v e s  
dominate i n  t y p i c a l  coals. I n  t h e  peat swamp, some o f  the woody t i s s u e s  may have 
been pyro lyzed b y  f i r e ,  f o rm ing  a carbon r i c h  char recognized as f u s i n i t e  i n  t h e  
coal .  I n  some coa l  layers,  t h i s  may be t h e  dominant maceral, and such layers would 
be r e f e r r e d  t o  as f u s i n i t e - r i c h  t ypes  o f  coal .  

Much more commonly, though, t h e  woody t i s s u e s  accumulated below a water 
cove r ing  where imper fec t l y  understood, l a r g e l y  m i c r o b i o l o g i c a l  processes converted 
them t o  humic substances o f  somewhat v a r i a b l e  composition. These humic substances 
were subsequently a l t e r e d  b y  metamorphic processes (heat, pressure) i n t o  substances 
c l a s s i f i a b l e  as one of t h e  v i t r i n i t e  macerals. Therefore, t h e  phys i ca l  and chemical 
p r o p e r t i e s  o f  t h e  v i t r i n i t i c  m a t e r i a l s  i n  a s p e c i f i c  coa l  were l a r g e l y  cond i t i oned  by 
t h e  magnitude o f  temperature and pressure t o  which they  were subjected a f t e r  b u r i a l .  
Thus, one could say t h a t  t h e  p r o p e r t i e s  o f  t h e  macerals i n  a g i ven  coal  r e f l e c t  t h e  
r a n k  o f  t h e  c o a l ;  o r  more c o r r e c t l y ,  one s h o u l d  say t h a t  t h e  r a n k  o f  t h e  c o a l  
r e f l e c t s  t h e  p r o p e r t i e s  o f  macerals as cond i t i oned  by t h e  s e v e r i t y  o f  t h e  metamorphic 
processes t o  which t h e  coa l  was subjected. 

One o f  t h e  p r o p e r t i e s  o f  macerals t h a t  changes p rog ress i ve l y  w i t h  metamor- 
p h i c  s e v e r i t y  i s  t he  m i c r o s c o p i c a l l y  measurable r e f l e c t a n c e  o f  po l i shed  surfaces. 
Using a s e n s i t i v e  p h o t o m u l t i p l i e r  c e l l  mounted on a microscope, it i s  p o s s i b l e  t o  
measure o b j e c t i v e l y  t h e  absolute percentage o f  i n c i d e n t  l i g h t  r e f l e c t e d  from very 
smal l  areas ( 5pm diameter)  o f  p o l i s h e d  coa l  surfaces. I n  F igu re  3 i s  shown a se r ies  
o f  r e f l e c t a n c e  d i s t r i b u t i o n s ,  each rep resen t ing  a sampling o f  t h e  m a t e r i a l  i n  a coal  
o f  t h e  rank ind icated.  These d i s t r i b u t i o n s  a re  a r b i t r a r i l y  const ructed t o  show what 
would happen t o  a g i ven  peat  i f  i t  were t o  be subjected t o  i n c r e a s i n g l y  more severe 
metamorphism. Recognize, o f  course, t h a t  these are " s l i c e s "  through a continuum, and 
t h a t  no jump from rank t o  rank i s  implied. P roper t i es  such as carbon content, 
oxygen content ,  degree o f  a r o m a t i c i t y ,  and many others, could be s u b s t i t u t e d  f o r  t h e  
r e f l e c t a n c e  scale and a s i m i l a r  s o r t  o f  p i c t u r e  would emerge. I n  Table 2, some 
t y p i c a l  va lues a re  shown f o r  s e l e c t e d  p r o p e r t i e s  o f  v i t r i n i t e  macerals i n  d i f f e r e n t  
rank coals. In  -Table 3, a number o f  t h e  p r o p e r t i e s  o f  n o n - v i t r i n i t e  macerals are 
compared t o  those o f  v i t r i n i t e  f rom coal  o f  t h e  same rank. 

T y p i c a l  U . S .  c o a l s  a r e  r e l a t i v e l y  v i t r i n i t e - r i c h ,  t h e r e f o r e  a n a l y s e s  
o f  whole coals, when a p p r o p r i a t e l y  co r rec ted  f o r  i no rgan ic  content, r e f l e c t ,  t o  a 
f i r s t  approximation, t he  composi t ion and p r o p e r t i e s  o f  t h e  i nc luded  v i t r i n i t e .  For 
t h i s  reason, t h e  parameters employed t o  c l a s s i f y  coa ls  according t o  rank, r e f l e c t  t h e  
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rank (stage o f  metamorphic development) o f  t h e  v i t r i n i t e .  C a l o r i f i c  values o r  
f i x e d  carbon y i e l d s  a re  ca l cu la ted  t o  a so -ca l l ed  m ine ra l -ma t te r - f ree  bas i s  f o r  
use i n  t h e  ASTM c l a s s i f i c a t i o n  o f  coa ls  accord ing t o  rank (1). I t  i s  e s s e n t i a l l y  
impossible t o  o b t a i n  i no rgan ic - f ree  samples; t he re fo re ,  t o  rep resen t  organic  ma t te r  
accu ra te l y  i n  comparative s tud ies o f  any o f  t h e  organic  p r o p e r t i e s  o f  coal ,  ana ly t -  
i c a l  data must be converted t o  an i n o r g a n i c - f r e e  basis. Commonly, a dry, ash-free 
(DAF*) bas i s  i s  employed. I t i s  p re fe rab le ,  however, t o  conver t  t o  a dry, m ine ra l -  
m a t t e r - f r e e  (DMMF) b a s i s ,  as d i s c u s s e d  b y  G i v e n  and Yarzab  ( 2 ) .  I n  f a c t ,  t h e  
most meaningful assessment o f  coa l  rank o r  o f  t h e  p r o p e r t i e s  o f  coa ls  o f  d i f f e r e n t  
ranks should be done w i t h  samples o f  concentrated v i t r i n i t e  o r  on samples where t h e  
v i t r i n i t e  comprises more t h a t  about 80% o f  t h e  o rgan ic  f r a c t i o n .  Because r e f l e c t a n c e  
i s  c l o s e l y  c o r r e l a t i v e  w i t h  many r a n k - s e n s i t i v e  p r o p e r t i e s  and i t s  determinat ion can 
be made on v i t r i n i t e  alone, .it has become a w i d e l y  accepted parameter t o  des ignate 
t h e  rank o f  a coal  (see F igu re  4 ) .  Unfo r tuna te l y ,  even when a r e f l e c t a n c e  value i s  
ava i l ab le ,  i t  may not be repo r ted  i n  s c i e n t i f i c  pub l i ca t i ons .  I s t r o n g l y  recommend 
t h a t  pe t rog raph ic  analyses and v i t r i n i t e  r e f l e c t a n c e  be r e p o r t e d  f o r  samples on which 
s t r u c t u r a l  s tud ies  are conducted. 

A l t h o u g h  many p r o p e r t i e s  o f  v i t r i n i t e s  appear t o  change i n  a more o r  
l e s s  p a r a l l e l  f ash ion  as a r e s u l t  o f  metamorphism, t h e r e  i s  cons iderable s c a t t e r  i n  
t h e i r  c o r r e l a t i o n .  F igu re  5 i s  o f f e r e d  as evidence o f  t h i s  content ion.  The da ta  
p l o t t e d  i n  F igu re  5 are f rom coa ls  c o n t a i n i n g  more than  80% v i t r i n i t e  on a DMMF bas is  
( 3 ) .  It i s  obvious t h a t  t h e  p rog ress ion  f rom h i g h  t o  low H/C and O / C  va lues r e f l e c t s  
t h e  i n f l u e n c e  o f  more severe metamorphic a l t e r a t i o n ;  i n  o the r  words coa ls  toward t h e  
lower H/C and O/C end o f  t h e  band are a re  h ighe r  rank. However, the f a c t  t h a t  t h e  
da ta  do fo rm a band, r a t h e r  t h a n  a l i n e a r  progress ion,  i m p l i e s  t h a t  t h e r e  i s  not  a 
simple sca le  which de f i nes  t h e  rank progress ion.  As Given and h i s  co-workers have so 
e l o q u e n t l y  shown, the  geologica l /geographica l  d i s p o s i t i o n  of U.S. coals  appears t o  
e x e r t  some, as y e t  undefined, i n f l u e n c e  on t h e  i n t e r c o r r e l a t i o n s  o f  coa l  p r o p e r t i e s  

C l e a r l y ,  n e i t h e r  g e o l o g y  n o r  geography  a re  c o a l  p r o p e r t i e s  and hence 
cannot be "measured". D i f f e r e n t  source ma te r ia l s ,  d e p o s i t i o n a l  c o n d i t i o n s  ( i n c l u d i n g  
e s p e c i a l l y  s u l f u r  a v a i l a b i l i t y ) ,  and time/temperature/pressure c o n d i t i o n s  du r ing  
metamorphism, i n t e r a c t e d  so as t o  p r o v i d e  a m u l t i t u d e  o f  p o t e n t i a l  paths which 
d i f f e r e n t  coa ls  ( o r  even v i t r i n i t e s  i n  d i f f e r e n t  coa ls )  f o l l owed  t o  t h e i r  present  
cond i t i on .  I n  o the r  words, t h e  concept o f  a s i n g l e  rank progress ion i s  more f a l l a c y  
than  f a c t .  

As un i f y ing ,  under l y ing  concepts, t y p e  and rank c e r t a i n l y  can be v a l i d l y  
employed t o  env i s ion  why coa ls  have t h e  p r o p e r t i e s  t h a t  t h e y  do. However, it i s  t ime 
f o r  a re -eva lua t i on  o f  coal  c l a s s i f i c a t i o n  concepts. How can we measure rank when we 
analyze c o a l s  o f  d i f f e r e n t  types and when t h e r e  i s  no simple rank progress ion even 
when v i t r i n i t e  o r  v i t r i n i t e - r i c h  coa ls  are compared? And how can we assess t ype  when 
m a c e r a l  i d e n t i f i c a t i o n  c r i t e r i a  a r e  h i g h l y  s u b j e c t i v e ,  e x c e p t  f o r  r e f l e c t a n c e  
measurements t h a t  r o u t i n e l y  are no t  even app l i ed  t o  t h e  l i p t i n i t e  and h i g h l y  v a r i a b l e  
i n e r t i n i t e  macerals? And, f i n a l l y ,  how can coa ls  be c l a s s i f i e d  s c i e n t i f i c a l l y  when 
e m p i r i c a l  and der ived p r o p e r t i e s  l i k e  c a l o r i f i c  va lue and f i x e d  carbon y i e l d  are 
employed as c l a s s i f y i n g  parameters? 

A s c i e n t i f i c  c l a s s i f i c a t i o n  s h o u l d  be based f i r s t  on t h e  fundamenta l  
p r o p e r t i e s  of t h e  v i t r i n i t e  i n  coals. T h i s  means, at t h e  ve ry  l e a s t  t h a t  element 
c o n c e n t r a t i o n s  and m o l e c u l a r  s t r u c t u r e  c o n f  i g u a t i o n s  must  be assessed. The 
s t r u c t u r a l  p r o p e r t i e s  o f  most importance t o  c l a s s i f i c a t i o n  and process responses 

I 

( 4 ) .  

*Not 'MAF', which i s  o f t e n  u n f o r t u n a t e l y  used as an abbrev ia t i on  f o r  moisture-and- 
ash- free. 
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appear t o  be: ( 1 )  t h e  na tu re  o f  hydrogen bonding and phys i ca l  entanglement t h a t  
cohere molecular  moiet ies,  ( 2 )  t h e  na tu re  o f  c y c l i c a l  s t r u c t u r e s  (e.g., r i n g  con- 
densation index, a romat i c i t y ,  heteroatoms ), ( 3 )  amount and d i s t r i b u t i o n  o f  hydro- 
aromatic hydro en, ( 4 )  s c i  s s l e  b r i d g i n g  s t r u c t u r e  (e.g., e ther ,  su l f i des ,  po l y -  
me thy lenes ) ,  q 5 )  f u n c t i o n a l  g r o u p  c h a r a c t e r i s t i c s  (esp. oxygen - and s u l f ? r r -  
con ta in ing ) ,  and (6 )  o rgan ic / i no rgan ic  i n t e r a c t i o n s .  To develop t h e  bas i s  of a 
s c i e n t i f i c  c l a s s i f i c a t i o n ,  t hese  de te rm ina t ions  need t o  be made on a l a rge  number 
o f  v i t r i n i t e - r i c h  coa l  samples spanning a wide range o f  rank. Because coals  a re  
s e n s i t i v e  t o  o x i d a t i o n  and mo is tu re  changes du r ing  handl ing,  these sanples must be 
c a r e f u l l y  co l l ec ted ,  prepared and preserved. 

I t  i s  f a i r l y  e v i d e n t  t h a t  because o f  t h e  complex i n t e r a c t i o n s  o f  
d e p o s i t i o n a l l y - i n f  luenced and me tamorph ica l l y - i n f l uenced  p roper t i es ,  t h e  fundamental 
chemica l / s t ruc tu ra l  p r o p e r t i e s  w i l l  need t o  be r e l a t e d  t o  each o the r  i n  a complex 
s t a t i s t i c a l  fash ion.  A m u l t i v a r i a t e  c o r r e l a t i o n  m a t r i x  such as t h a t  pioneered b y  
Waddell (5) appears t o  be an abso lu te  requirement. However, c h a r a c t e r i z a t i o n  para- 
meters f a r  more soph is t i ca ted  than  those employed by Waddell a re  requi red.  One 
can  hope t h a t ,  as c o r r e l a t i o n s  between p a r a m e t e r s  become e v i d e n t ,  c e r t a i n  k e y  
p r o p e r t i e s  w i l l  be d iscovered which w i l l  a l l o w  coa l  s c i e n t i s t s  and techno log is t s  t o  
i d e n t i f y  and t o  c l a s s i f y  v i t r i n i t e s  uniquely. C e r t a i n  o p t i c a l  p r o p e r t i e s  might  prove 
va luable i n  t h i s  respect .  I t  would then  no t  be necessary f o r  every l abo ra to ry  t o  
have super-sophis t icated a n a l y t i c a l  equipment a t  i t s  d isposal  i n  order  t o  c l a s s i f y  a 
coa l  proper ly .  By ‘p roper l y  i d e n t i f y i n g l c l a s s i f y i n g  t h e  v i t r i n i t e  i n  a coal, one 
cou ld  then  est imate a c c u r a t e l y  the  many o the r  v i t r i n i t e  p r o p e r t i e s  a v a i l a b l e  i n  t h e  
mu It i v a r i  a t  e c o r r e l a t i o n  m a t r i x  . 

O f  cou rse ,  e l u c i d a t i o n  o f  v i t r i n i t e  p r o p e r t i e s  and e s t a b l i s h m e n t  o f  
unique v i t r i n i t e  c l a s s  i d e n t i f i e r s  would n o t  so l ve  a l l  o f  t h e  problems o f  coa l  
c l a s s i f i c a t i o n .  F u r t h e r  work needs t o  be  done t o  c h a r a c t e r i z e  t h e  i n o r g a n i c  
m a t e r i a l s  i n  coa ls ,  e s p e c i a l l y  d e v e l o p i n g  s i m p l e  t e s t s  f o r  q u a n t i f i c a t i o n  o f  
inorganic  speci es . 

Once v i t r i n i t e s  c o u l d  b e  p r o p e r l y  i d e n t i f i e d  and c l a s s i f i e d ,  t h e n  i t  
would be necessary t o  c h a r a c t e r i z e  and t o  i d e n t i f y  un ique ly  t h e  members of t h e  
o the r  maceral classes. I t i s  probable t h a t  l i p t i n i t e  p r o p e r t i e s  change i n  some 
fashion c o r r e l a t i v e  wi th  t h e  changes wrought b y  metamorphism on v i t r i n i t e .  There- 
fore,  c l a s s i f i c a t i o n  o f  v i t r i n i t e  would a u t o m a t i c a l l y  c l a s s i f y  l i p t i n i t e .  Whether 
i n e r t i n i t e  changes w i t h  rank i s  uncer ta in ;  b u t  it i s  c e r t a i n  t h a t  f a r  b e t t e r  d i f -  
f e r e n t i a t i o n  o f  . f u s i n i t e s  needs t o  be employed f o r  i t  i s  ev iden t  t h a t  f u s i n i t e  
r e f l e c t a n c e  va lues span wide ranges i n  a g iven coal. 

A m u l t i v a r i a t e  v i t r i n i t e  c l a s s i f i c a t i o n ,  supplemented b y  i n f o r m a t i o n  
about t h e  i no rgan ic  ma t te r  and t h e  p r o p o r t i o n s  and p r o p e r t i e s  o f  assoc iated macerals, 
would be of l i t t l e  va lue i f  i t  cou ld  no t  be used t o  p r e d i c t  t h e  response o f  a g i ven  
coa l  i n  a process ing system and the reby  p r o v i d e  an es t ima te  of t h e  va lue o f  t h a t  
coal .  Consequently, i t  w i l l  be  necessary t o  r e l a t e  t h e  s c i e n t i f i c  c l a s s i f i c a t i o n  t o  
t h e  responses o f  coals  i n  such processes as p y r o l y s i s ,  l i q u e f a c t i o n ,  g a s i f i c a t i o n ,  
combustion, and coke-making. Th is  can o n l y  be done by r e l a t i n g  t h e  fundmenta l ,  
c l a s s i f y i n g  p r o p e r t i e s  t o  e m p i r i c a l l y  determined process ing responses on a substan- 
t i a l  number of samples. Again, t h e y  should be v i t r i n i t e - r i c h  and cover  a broad range 
o f  ranks. 

O n l y  t h r o u g h  t h e  c o n d u c t  o f  an i n t e g r a t e d  p rog ram more o r  l e s s  a long  
t h e  l i n e s  t h a t  I have o u t l i n e d  i s  Coa l  S c i e n c e  e v e r  g o i n g  t o  move o u t  o f  t h e  
e r a  of t h e  1 9 5 0 ’ s  where i t  i s  now m i r e d .  The s c a t t e r e d  p r o b e s  o f  c o a l  s t r u c -  
t u r a l  p r o p e r t i e s  on a b e w i l d e r i n g  r a n g e  o f  p o o r l y  s e l e c t e d ,  p o o r l y  c o l l e c t e d ,  
p o o r l y  p repared ,  p o o r l y  p r e s e r v e d  and p o o r l y  c h a r a c t e r i z e d  c o a l  samples w i l l  ~- 
lead us o n l y  i n t o  f u r t h e r  confus ion.  Progress i n  Coal Science can o n l y  be made 
when s c i e n t i f i c  and techno log ica l  i n v e s t i g a t i o n s  on coal  r e s u l t  i n  a comprehensive 
i n t e g r a t i o n  and s y n t h e s i s  o f  d a t a  and i n f o r m a t i o n .  The essence o f  s c i e n c e  i s  
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, " t h e  r e d u c t i o n  o f  t h e  b e w i l d e r i n g  d i v e r s i t y  o f  u n i q u e  e v e n t s  t o  manageable 
u n i f o r m i t y  w i t h i n  one of a number o f  symbol systems" (6). Present i n v e s t i g a t i o n s  
o f  coal  s t r u c t u r e  h a r d l y  conform t o  t h a t  d e f i n i t i o n  today, and t h e r e f o r e  h a r d l y  
deserve t h e  e p i t h e t  o f  Coal Science. 
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TABLE 1. CLASSIFICATION OF MICROLITHOTYPES 

M i  c r o l i  thotype 

V i t r i t e  
L i p t  i t e  
I n e r t i  t e  

Monomce ra  1 i c i 
i C1 a r i  t e  

V i t r i n e r t i  t e  
Dur i  t e  

Bimaceral i c  

Mace r a  1 

V i t r i n i t e  (V) 
L i p t i n i t e  (L) 
I n e r t i n i t e  ( I  

V + L  
v +  I 
I + L  

V + I + L  
V + I + L  
V + I + L  

Volume Percent 

> 95% 
> 95% 
> 95% 

> 95% 
> 95% 
> 95% 

, . v > ( I  + L)  
I > (L + V) 
L > ( I  + v )  

Carbomineri t e  V, L,  I and MM > 20%, < 60% 
Hineral  Matter (MM) 

TABLE 2. SELECTED PROPERTIES OF VITRINITES I N  
COALS OF DIFFERENT RANKS 

Moisture Capacity, W t . %  

Carbon, W t . %  DMMF 
Hydrogen, W t . %  DW4F 

Oxygen, W t . %  DMKF 
Vol. Mat., W t . %  DNMF 
Aromatic C/Total C 

Density (He, g/cc) 
Grindabi l  i t y  (tlardgrove) 
Btu/ l  b, DMMF 

B i t .  L ig.  Sub-Bit. 

4: 0 
69 

5.0 

24 

53 
0.7 
1.43 

48 
11,600 

25 
74.6 

5.1 
18.5 
48 
0.78 
1.. 39 

51 
12,700 

10 
83 

5.5 
10 
38 

0.84 
1.30 

61 
14,700 

Anth. 

< 5  
94 

3.0 

2.5 
6 

1 .o 
1.5 
40 

15,200 

DMMF = Dry, Mineral-matter- f ree basis. 
values f o r  rank c l a s s i f i c a t i o n .  
rank-independent and no t  shown. 

These are  t y p i c a l  
Su l fu r  and n i t rogen are  
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TABLE 3. PROPERTIES OF MACERALS COHPARED TO VITPINITE I N  SAME COAL 
(Subbituminous and H igh-Vo la t i le  Bituminous Only) 
Magnitude o f  property greater than (>), l e s s  than ( < I ,  o r  

equal t o  (=) t h a t  o f  associated v i t r i n i t e .  
I n e r t i n i  t e  

Semi - 
Fus in i t e  Fus in i t e  H i c r i n i t e  - -  

Optical  Propert ies 

Reflectance > > >  > 

F1 uorescence 

Chemical Structure 

Basic carbon s t ruc tu re  
Molecular weight 
H/C r a t i o  < 

H h l  iphat ic/H t o t a l  ;-CH2; 
hydroa roma t i c i  t y  
Fract ion aromatic C; r i ngs /un i t  

oxygenOH/oXygenTotal 

Unpaired spins by ESR 

Unpaired spins o f  f u s i n i t e  
w i th  same carbon as v i t r i n i t e  

React iv i t y  

Methane sorpt ion 
Decomposition temperature 
Oxidi  zabi 1 i t y  
Reduction w i th  L i  i n  E tDA 

< <  - 

> > 

< 

> 

> 

> 

< 

E x i n i t e  

< 

> 

- 
> 

> 

> 

< 

< 

< 
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FIGURE 2. PRINCIPAL MACERAL CLASSES 

SOURCE FAT1 I N  METAMORPHIC MACERAL MACERAL MICROSCOPIC IDENT. 
MATERIAL PEAT SWAMP EFFECTS SUBCLASS CLASS C R l l t R I A  IPOLISHEDI - -  - _ _ _  

Protein- Decomposes 
IContribules NI 

Deoxygenated 

Aromalized 
4 Vitr ini te ~ Vi tr ini te - Dominates. gray-while 

Angular. cel lular, bright 

-Fine grained. bright 

Ce,lulore, Charred - ? - Fusinile 

" W d "  
I Lignin, 

Decomposed- ? 

- Liptinile - Thin slr ipr. dark' 

e 
Lxiner -------c Incorporaled--c 

Resins-Incorporated ___) ? ___) Resinile - Spherical, dark' 

* In  Low-VoI Bituminous and Anthracites. Liptinile lndist inguirhable lrom Vitr ini te 

FIGURE 3. REFLECTANCE DISTRIBUTION OF MACERALS I N  TYPICAL COALS 

s 
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FIGURE 4. CORRELATION OF REFLECTANCE OF VlTRlNlTE 
AND CARBON CONTENT OF COALS. DATA FROM REF. 3 

CARBON, WT. PCT. , DRY, MINERAL-FREE 

FIGURE 5. CORRELATION OF ATOMIC H I C  AND O I C  FOR 
COALS OF DIFFERENT RANKS. DATA FROM REF. 3 
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