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What Are We Trying to Separate? 

A. C. COOK 

UNIVERSITY O F  WOLLONGONG 
NORTHFIELD AVE., WOLLONGONG 
N.S.W. 2500 AUSTRALIA 

ABSTRACT 

Heterogenei ty  both  i n v i t e s  and permi ts  s e p a r a t i o n  of components. 
Coal is heterogeneous a t  a number of l e v e l s .  A t  t h e  s i m p l e s t  level  
i t  i s  a mixture  of o r g a n i c  and inorganic  phases .  The t e x t u r e s  and 
t h e r e f o r e  t h e  l i b e r a t i o n  c h a r a c t e r i s t i c s  of t h e  inorganic  components 
are a response  t o  t h e  sedimentary and metamorphic processes  assoc-  
i a t e d  w i t h  c o a l  formation.  Mineral  matter occurrence  ranges  from 
c o a r s e  i n t e r b e d s  and v e i n s  t o  micron s i z e d  i n c l u s i o n s  and can  be 
s e l e c t i v e l y  a s s o c i a t e d  w i t h  s p e c i f i c  o r g a n i c  e n t i t i e s .  The o r g a n i c  
matter i n  c o a l  i s  i t s e l f  heterogeneous a t  two major l e v e l s .  A t  t h e  
s i m p l e s t  l e v e l ,  t h r e e  major groups of macera ls  are developed 
( l a r g e l y  a s  a r e s u l t  of processes  i n  t h e  pea t  s t a g e ) .  Each group 
o f  macera ls  is both chemica l ly  and p h y s i c a l l y  d i s t i n c t i v e  from t h e  
o t h e r  group and y e t  i s  a l s o  g r a d a t i o n a l  i n t o  t h e  ne ighbor ing  group. 
A t  t h e  f i n e s t  l e v e l  of h e t e r o g e n e i t y ,  each maceral  i s  i t s e l f  a 
complex mixture  of o r g a n i c  compounds. The o r g a n i c  material a l s o  
c o n t a i n s  o r g a n i c a l l y  bound elements ,  such as s u l f u r  and a l k a l i s ,  
which are g e n e r a l l y  d i f f i c u l t  t o  s e p a r a t e ,  bu t  can  be  h i g h l y  s i g n i -  
f i c a n t  i n  c o a l  u t i l i z a t i o n .  A f u r t h e r  l e v e l  of complexi ty  i s  
in t roduced  by t h e  v a r i a t i o n  i n  t h e  chemical  and p h y s i c a l  p r o p e r t i e s  
of a l l  of t h e  macera ls  (and t o  a lesser e x t e n t  t h e  minera ls )  as  a 
response t o  rank  change. 

Separa t ion  processes  have t o  t a k e  i n t o  account  t h e  l e v e l s  of 
h e t e r o g e n e i t y ,  and t o  be e f f e c t i v e  on a s p e c i f i c  c o a l  must be 
a p p r o p r i a t e  t o  t h e  v a r i a t i o n s  i n  p r o p e r t i e s  shown by t h a t  c o a l  f o r  
each t y p e  of he te rogenei ty .  F u l l  c h a r a c t e r i z a t i o n  of c o a l s  a t  t h e  
r e s e a r c h ,  e x p l o r a t i o n  and p i l o t  p l a n t  s t a g e s  i s  e s s e n t i a l  i f  
r e s u l t s  are t o  a p p l i e d  t o  commercial scale processes .  
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INTRODUCTION 

Coal l o s t  i t s  dominance a s  a f u e l  t o  c r u d e - o i l  sou rced  hydro- 

c a r b o n s  and n a t u r a l  g a s  b e c a u s e  o f  t h e  low l e v e l s  of  i m p u r i t i e s ,  low 

(lost o f  p r o d u c t i o n  and t h e  ease o f  h a n d l i n g  c r u d e  o i l ,  and n a t u r a l  

gab,. Recent (1973+) l a r g e  i n c r e a s e s  i n  t h e  c o s t  of c r u d e  o i l  have  

hrougtrt  about a b u r s t  of  in terest  i n  c o a l  a l t h o u g h  t h i s  h a s  n o t  y e t  

i-wm l u l l y  r e f l e c t e d  by i n c r e a s e d  p r o d u c t i o n  and u s e .  Coal  s u f f e r s  

a p r i c e  p e n a l t y  as  compared w i t h  o i l  and n a t u r a l  g a s  since it i s  a 

! ; o l i d ,  and t h e r e f o r e  i s  less e a s i l y  h a n d l e d .  G e n e r a l l y ,  c o a l  a l s o  

has  a h i g h e r  l e v e l  of  i m p u r i t i e s .  P r i c e  levels  f o r  c o a l  t end  t o  be 

s t r o n g l y  a f f e c t e d  by l o c a l  f a c t o r s  b u t  o v e r  t h e  p e r i o d  1978-1981 t h e  

premium commanded by o i l  o v e r  c o a l  i n  i n t e r n a t i o n a l  t r a d e  h a s  been  

a p p r o x i m a t e l y  a f a c t o r  of  two o r  t h r e e  on a n  ene rgy  e q u i v a l e n t  b a s i s .  

That  f a c t o r  forms a marg in  which i s  i n  p a r t  t h e  c o s t  o f  t o l e r a t i n g  

t h e  e x t r a  c o s t s  o f  u s i n g  c o a l  b u t  also r e p r e s e n t s  a zone o f  p o t e n t i a l  

clawhack of a t  l e a s t  some of t h e  c o s t s  a s s o c i a t e d  w i t h  c o a l  p r e p a r a -  

t . i o n  to enhance i ts  p r o p e r t i e s .  

I t  i s  p r o b a b l e  t h a t  c o a l  c l e a n i n g  w i l l  i n c r e a s e  i n  r e l a t i v e  

importance as coal i s  s u b s t i t u t e d  f o r  o i l .  F i g u r e  1 shows how 

"wzshed c o a l "  r o s e  s h a r p l y  and t h e n  p l a t e a u e d  a s  a p e r c e n t a g e  o f  

t h e  c.nal mined i n  N . S . W .  o v e r  the  nineteen y e a r s  1960-1979. During 

t h a t  p e r i o d  t h e  t o t a l  t onnage  mined h a s  i n c r e a s e d  by 274% w i t h  t h e  

i n c r e a s e  g o i n g  l a r g e l y  t o  t h e  growing m a r k e t s  of e x p o r t  c o k i n g  and 

steaming c o a l ,  and d o m e s t i c  s t eaming  c o a l .  The tonnage  of c o a l  

washcd r o s e  s t e a d i l y  t h r o u g h o u t  t h e  p e r i o d  as d i d  t h e  t o t a l  amount 

a n d  t h e  p e r c e n t a g e  o f  r e f u s e  produced. S i m i l a r  p a t t e r n s  of change 
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w *  :* 
k ?  
~a 

1960 19'65 1970 1975 1979 

Figure 1 .  WASHED COAL DATA FOR N.S.W. 1960-1979 

FIGURE 1. Changes i n  washed c o a l  as a percentage  of r a w  c o a l  from 
N.S .W. ,  1975-79. (From d a t a  i n  Edwards, 1981) .  

seem l i k e l y  t o  hold worldwide wi th  t h e  l a r g e  tonnages of washery 

waste  g e n e r a t i n g  a need f o r  g r e a t e r  use  and s a f e  d i s p o s a l  of t h e s e  

wastes .  

The ashforming c o n s t i t u e n t s  t o g e t h e r  w i t h  m o s t  of t h e  o t h e r  

u n d e s i r a b l e  components are  n o t  d i s t r i b u t e d  homogeneously through t h e  

c o a l  nor  i s  t h e  carbonaceous material  i t s e l f  homogeneous. This  l a c k  

of homogeneity a l lows  s e p a r a t i o n  processes  t o  be used t o  remove a t  

least  some i m p u r i t i e s  and,  i n  some cases, s e l e c t i v i t y  t o  remove some 

carbonaceous material  and improve t h e  in-use behavior  of c o a l  beyond 

t h e  changes e f f e c t e d  simply by t h e  removal of i m p u r i t i e s .  The n a t u r e  

of t h e  inhomogeneity of c o a l s  v a r i e s  g r e a t l y  from one c o a l f i e l d  t o  

a n o t h e r ,  and w i t h i n  one c o a l f i e l d ,  from one s e a m  t o  a n o t h e r .  Some 

g e n e r a l  f e a t u r e s  hold  f o r  a l l  c o a l s  and t h e  purpose of t h i s  paper i s  
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t o  p rov ide  a s y s t e m a t i c  b a s i s  f o r  c o n s i d e r i n g  t h e  "as mined" product  

i n  t h e  c o n t e x t  of  c o a l  s e p a r a t i o n  p r o c e s s e s .  

COAL TYPE AND RANK 

Coal i s  formed when p l a n t - d e r i v e d  m a t e r i a l ,  u s u a l l y  w i t h  some 

m i n e r a l  matter, accumula t e s  t o  form a p e a t  and t h e  p e a t  i s  t h e n  

covered and compacted by a cove r  of younger sed imen ta ry  r o c k s .  The 

r ange  of p l a n t  components p re se rved  i n  t h e  p e a t  and t h e  e x t e n t  o f  

a l t e r a t i o n  of t h e s e  components i n  t h e  p e a t  de t e rmine  c o a l  t y p e  

(White,  1909) .  

on t h e  r e c o g n i t i o n  o f  t h r e e  mace ra l  groups (Table  1) f o l l o w i n g  

S topes  (1935) .  Maceral  and m i n e r a l  a s s o c i a t i o n s  can  be expres sed  i n  

terms of m i c r o l i t h o t y p e  a n a l y s e s  ( s e e  S t a c h  e t  a l . ,  1975) and a t  t h e  

The most common methods of  e x p r e s s i n g  type  a r e  based 

TABLE 1. Maracel Groups* 

- l_l_ 

Group O r i g i n  Summary of  P r o p e r t i e s  
-.II_ 

E x i n i t e  

V i t  r i n i  t e 

T n e r t i n i t e  

L i p i d  wax o r  r e s i n  
r i c h  t i s s u e  

Humified wood o r  
l e a f  t i s s u e  

Oxidized v i t r i n i t e  
p r e c u r s o r s  

High hydrogen c o n t e n t ,  
tough 

High a r o m a t i c i t y ,  
b r i t t l e  i f  mass ive  

High oxygen c o n t e n t .  
F u s i n i t e  i s  b r i t t l e ,  
o t h e r  v a r i t i e s  r e l a -  
t i v e l y  tough 

*For a f u l l  l i s t  of m a r a c e l s ,  s e e  I.C.C.P. (1963, 1 9 7 1 ,  1975)  and 
S t a c h  e t  a l .  (1975).  

scale of v i s u a l  o b s e r v a t i o n  i n  t e rms  of t h e  l i t h o t y p e s  d e s c r i b e d  by 

S topes  i n  1919. 

employ b r i g h t n e s s  logg ing  r a t h e r  t h a n  l i t h o t y p e s  b u t  t h e  concep t  i s  

Measurements of b o r e  c o r e  o r  mine s e c t i o n s  normally 
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WHAT ARE WE TRYING TO SEPARATE? 1549 

s imi l a r .  The s c a l e  r e l a t i o n s h i p s  of v a r i o u s  l e v e l s  of type  d i f f e r e n -  

t i a t i o n  are i l l u s r a t e d  schemat ica l ly  i n  Table  2.  

The changes which occur  i n  p e a t  due t o  b u r i a l  p r e s s u r e  and t h e  

e l e v a t e d  tempera tures  due t o  b u r i a l  a c t i n g  over  t i m e ,  are e s s e n t i a l l y  

metamorphic i n  c h a r a c t e r .  The e x t e n t  of t h e s e  changes i n  t h e  o r g a n i c  

material  i s  a measure of c o a l  rank.  

p r o p e r t i e s  of t h e  maceral  v i t r i n i t e ,  such as r e f l e c t a n c e  o r  carbon 

c o n t e n t .  For i n d u s t r i a l  p r a c t i c e ,  rank  i s  commonly (and less 

p r e c i s e l y )  a s s e s s e d  u s i n g  whole-coal ana lyses .  Major changes i n  

both  t h e  p h y s i c a l  and chemical  p r o p e r t i e s  of t h e  macerals occur  over  

t h e  r u l l  rank  range.  

Rank i s  b e s t  assessed  us ing  

Coal t y p e  and rank  are independent v a r i a b l e s .  The p r o p e r t i e s  

of any g iven  c o a l  depend upon both  i t s  t y p e  and i t s  rank.  Thus 

macera ls  d i f f e r  from each o t h e r  i n  composi t ion and p h y s i c a l  p r o p e r t i e s  

a t  any one rank and each maceral's p r o p e r t i e s  v a r y  s y s t e m a t i c a l l y  

w i t h  rank  (F igure  2 ) .  

IMPURITIES I N  COAL 

D e l e t e r i o u s  c o n s t i t u e n t s  i n  c o a l  range i n  n a t u r e  from s t r o n g l y  

chemica l ly  bonded components such as some s u l f u r  and n i t r o g e n  through 

t o  a d v e n t i t i o u s  minera l  m a t t e r .  The commonly used t e r m  i n h e r e n t  

minera l  matter i s  r a t h e r  mis leading  s i n c e  it i s  g e n e r a l l y  def ined  i n  

t e r m s  of ( u s u a l l y  i n e f f i c i e n t )  s e p a r a t i v e  p r o c e s s e s  r a t h e r  than  i n  

any g e n e t i c  sense.  The m a j o r i t y  of t h e  ash-forming c o n s t i t u e n t s  i n  

wood are almost  c e r t a i n l y  leached  o u t  dur ing  c o a l i f i c a t i o n  and t h e  

m a j o r i t y  non-carbonaceous material i s  almost  c e r t a i n l y  of secondary 

o r i g i n  and i s  n o t  t h e r e f o r e  i n h e r e n t .  Three m a i n  groups of i m p u r i t i e s  

can be d i s t i n g u i s h e d .  
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1552 COOK 

- S t r o n g l y  Chemically-bonded Elements 

The most i m p o r t a n t  o f  t h e s e  a re  o r g a n i c a l l y  bound s u l f u r  and 

n i t r o g e n  compounds which are p r e s e n t  w i t h i n  t h e  macerals. The 

n i t r o g e n  i s  dominan t ly  o f  p r imary  o r i g i n .  Some o f  the s u l f u r  i s  

a l s o  p r imary  i n  o r i g i n  b u t  t h e  m a j o r i t y  i s  c l e a r l y  a r e s u l t  of 

r e a c t i o n  between t h e  p e a t  and s u l f a t e - b e a r i n g  vadose  (mob i l e )  water .  

V a r i a t i o n s  between macerals i n  t h e  amounts of s t r o n g l y  bonded 

e l e m e n t s  are  r e l a t i v e l y  p o o r l y  known and u n d e r s t o o d .  Removal of 

t h e s e  e l e m e n t s  can o n l y  b e  a c h i e v e d  i f  a ma jo r  chemica l  

r e s t r u c t u r i n g  o f  t h e  c o a l  ( s u c h  as g a s i f i c a t i o n  o r  s o l v e n t  e x t r a c t i o n )  

i s  unde r t aken .  G .  C.  Smith ( p e r s .  comm.) s u g g e s t s  t h a t  r e l a t i v e l y  

l i t t l e  d i f f e r e n t i a t i o n  i s  p r e s e n t  i n  brown c o a l s  so t h a t  t h e  i m p u r i t y  

l e v e l s  of  t h e  macerals a re  s i m i l a r .  He s u g g e s t s  t h a t  m o b i l i z a t i o n  

and d i f f e r e n t i a t i o n  p robab ly  t a k e s  p l a c e  b e f o r e  t h e  h a r d  brown c o a l  

s t a g e  w i t h  f o r m a t i o n  of some of  t h e  m i n e r a l s  which are  n o r m a l l y  

c o n s i d e r e d  t o  b e  s y n g e n e t i c  (formed a t  t h e  same t i m e  as t h e  p e a t ) .  

_- Ad sorbed and Weakly Bonded Groups 

Some coals e s p e c i a l l y  t h o s e  of l o w  r a n k  c o n t a i n  ash-forming 

components i n  p o r e  water, adso rbed  on t h e  s u r f a c e  of t h e  c o a l  o r  

wenkly honded i o n s .  I n  rare cases, such as t h e  Morwell seam i n  

V i c t o r i a ,  sa l t s  i n  s o l u t i o n  form t h e  m a j o r i t y  o f  t h e  ash-forming 

c o n s t i t u e n t s  w i t h  t h e  SiO p e r c e n t a g e  i n  t h e  a s h  b e i n g  t y p i c a l l y  less  

tiian 5% ( t o t a l  a s h  y i e l d  abou t  4% on a d r y  b a s i s ) .  A s  w i t h  c h e m i c a l l y  

m n d e d  i m p u r i t i e s ,  t h e  o p p o r t u n i t i e s  f o r  removal  of t h e  s o l u t i o n ,  

. x Iwrhed  and weakly bonded e l e m e n t s  are l i m i t e d .  
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WHAT ARE WE TRYING TO SEPARATE? 1553 

Mineral  Matter  

Mineral  matter has  t h r e e  ch ief  modes of o r i g i n :  

1. E p i c l a s t i c  m i n e r a l s  (minera ls  der ived  from o u t s i d e  t h e - p s  

swamp) 

These c o n s i s t  of c h i e f l y  c l a y  and quar tz  washed o r  blown i n t o  

t h e  pea t  swamp dur ing  i t s  formation.  

from c l a y  s i z e  ( i n  some c a s e s  as small as 0.001 mm) t o  cobble  s i z e  

(up t o  0 . 1  m) but  t h e  m a j o r i t y  l i e  w i t h i n  t h e  s i l t  s i z e  range.  

The m i n e r a l s  range i n  g r a i n  s i z e  

The 

m i n e r a l s  may be d i s p e r s e d  through o r  between macerals o r  be c o n c e n t r a t e  

i n t o  beds ( d i r t  bands) .  

2 .  Syngenet ic  and pene-syngenetic m i n e r a l s  

Minera ls  form w i t h i n  t h e  p e a t  dur ing  and immediately a f t e r  i ts  

d e p o s i t i o n  from s o l u t i o n s  of inorganic  components moving through t h e  

p e a t .  Depos i t ion  occurs  i n  response t o  changes i n  pH, Eh (redox 

p o t e n t i a l )  c o n d i t i o n s  of t h e  system. Some of t h e  most important  

m i n e r a l s  formed a t  t h i s  s t a g e  are p y r i t e  and s i d e r i t e  b u t ,  i n  some 

c o a l s ,  s i g n i f i c a n t  amounts of o t h e r  m i n e r a l s  such as c l a y ,  

cha lcedonic  quar tz  and a p a t i t e  o r i g i n a t e  i n  t h i s  manner. Most 

syngenet ic  m i n e r a l s  a r e  i n t i m a t e l y  intergrown w i t h  t h e  c o a l  macerals 

and i n  many c a s e s  p a r t l y  r e p l a c e  t h e  organic  matter. 

p y r i t e  o c c u r s  as s m a l l  specks,  framboids and more r a r e l y  as massive 

nodules  which are dominantly r e p l a c i v e  a f t e r  v i t r i n i t e  (F igure  3 )  

b u t  may a l s o  occur  w i t h i n  t h e  lumens of i n e r t i n i t e  o r  as p y r i t e  

p e t r i f a c t i o n s  r e p l a c i n g  t h e  c o a l  maceral  (F igure  4 ) .  Only t h e  

massive occurrences  (Figure 5)  of t h e s e  rn in te ra l s  ( t y p i c a l l y  nodules)  

a r e  amenable t o  normal s e p a r a t i v e  processes .  Indeed examination of 

For example, 
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! LGIIRI; 3 .  Framboidal p y r i t e  a s s o c i a t e d  w i t h  v i t r i n i t e  i n  a C h e r o k e e  
c o a l ,  Kansas, U . S . A .  R e f l e c t e d  l i g h t ,  o i l  i m m e r s i o n ,  f i e l d  w i d t h  
ii .  7 mi. 
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WHAT ARE WE.TRYING TO SEPARATE? 1555 

F I G U R E  4 .  P y r i t e  o c c u r r i n g  w i t h i n  c e l l  lumens i n  f u s i n i t e  in t h e  
s a m e  c o a l  as t h a t  shown i n  F i g u r e  3. R e f l e c t e d  l i g h t ,  o i l  immersion,  
f i e l d  w i d t h  0 .5  nun. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
4
5
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



FI
GU

RE
 5

. 
P

yr
it

e 
re

p
la

ci
n

g 
si

d
er

it
e 

n
od

u
le

 w
hi

ch
 i

s 
in

 t
u

rn
 r

ep
la

ci
n

g 
th

e 
co

al
 m

ic
ro

li
th

ot
yp

e 
v

it
ri

n
er

ti
te

 I
. 

T
on

ga
rr

a 
Se
am
, 

H
u

n
tl

ey
 

C
o

ll
ie

ry
, 
N.
S.
W.
 

R
ef

le
ct

ed
 l

ig
h

t,
 o

il
 i

m
m

er
si

on
, 

fi
e

ld
 w

id
th

 0
.5

 m
m.

 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
4
5
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



WHAT ARE WE TRYING TO SEPARATE? 1557 

r e s i d u e s  from t h e  l a b o r a t o r y  de te rmina t ion  of p y r i t i c  s u l f u r  commonly 

shows t h e  presence  of a t  l e a s t  some disseminated p y r i t e  ( t h i s  i s  

of c o u r s e  then  e r roneous ly  recorded as o r g a n i c  s u l f u r ) .  Thus even 

on a l a b o r a t o r y  s c a l e  and u s i n g  r e a g e n t s  which cannot  be used i n  

p l a n t  p r a c t i c e ,  complete removal of a r e a c t i v e  phase such as p y r i t e  

i s  seldom p o s s i b l e .  The f i n e  specks of cha lcedonic  q u a r t z  shown i n  

F igure  6 p r e s e n t  a much g r e a t e r  c l e a n i n g  problem. 

are widely d i s p e r s e d  through most seams b u t  tend t o  show s i g n i f i c a n t  

s y s t e m a t i c  v a r i a t i o n s  such t h a t  some s e p a r a t i o n  can b e  a t tempted .  

Syngenet ic  m i n e r a l s  

3 .  Epigenet ic  minerals 

These m i n e r a l s  depos i ted  w i t h i n  a c o a l  a f t e r  s i g n i f i c a n t  b u r i a l  

of t h e  p e a t .  Most of t h e  m i n e r a l i z a t i o n  i s  of v e i n  type  but  t h e  

v e i n s  may be  complex and i n  p a r t  r e p l a c i v e .  

minerals are p y r i t e  and c a l c i t e  bu t  a wide v a r i e t y  of rare m i n e r a l s  

i n c l u d i n g  s p h a l e r i t e ,  m i l l e r i t e ,  d o u r a n i t e  and l a u m o s i t i t e  has  been 

The major e p i g e n e t i c  

r e p o r t e d .  Epigenet ic  m i n e r a l s  are r e l a t i v e l y  amenable t o  s e p a r a t i o n .  

They are t y p i c a l l y  concent ra ted  near  t h e  roof of t h e  seam ( l e s s  

commonly t h e  f l o o r ) ,  and occur  a long  c l e a t s ,  t h u s  being p r e f e r e n t i a l l y  

exposed dur ing  breakage of t h e  c o a l .  M i n e r a l i z a t i o n  tends  t o  b e  

concent ra ted  l a t e r a l l y  as w e l l  as v e r t i c a l l y  f u r t h e r  a i d i n g  s e p a r a t i o n .  

P h y s i c a l  methods of b e n e f i c i a t i o n  are almost  e n t i r e l y  r e s t r i c t e d  

t o  t h e  removal of minera l  matter, wi th  t h e  e f f i c i e n c y  being s t r o n g l y  

dependent upon t h e  mode of o r i g i n .  

are, i n  g e n e r a l ,  t h e  easiest t o  s e p a r a t e .  Syngenet ic  minera ls  pose 

g r e a t e r  problems. The s e p a r a t i o n  of any of t h e  occurrences  of 

minera l  matter is dependent upon t h e r e  be ing  a l a c k  of uni formi ty  of 

E p i c l a s t i c  and e p i g e n e t i c  m i n e r a l s  
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WHAT ARE WE TRYING TO SEPARATE? 1559 

d i s t r i b u t i o n .  The next  s e c t i o n  examines t h e  l e v e l s  of t h i s  

h e t e r o g e n e i t y  and t h e  ways i n  which advantage can be taken  of t h e  

h e t e r o g e n e i t y  w i t h i n  c o a l s .  Attempts t o  go beyond t h e  c l a s s i c a l  

g r a v i t y ,  f l o t a t i o n  and screening  methods of s e p a r a t i o n  are  even more 

dependent upon t h i s  kind of knowledge. 

LEVELS OF HETEROGENEITY 

Some of t h e  levels of h e t e r o g e n e i t y  are set out  i n  Table  2 w i t h  

an estimate of t h e  s c a l e  r e l a t i o n s  of t h e s e  l e v e l s  expressed i n  

terms of t h i c k n e s s .  Thickness i s  used because t h e  bedded n a t u r e  of 

c o a l s  means t h a t  each u n i t  has  a l a t e ra l  e x t e n t  which i s  normally 

g r e a t l y  i n  excess  of i t s  v e r t i c a l  e x t e n t .  Heterogenei ty  p e r s i s t s  

down below t h e  maceral level s i n c e  each of t h e  macerals  r e p r e s e n t s  a 

complex mixture  of dominantly polymeric compounds. 

fundamental levels of h e t e r o g e n e i t y  a r e  normally of s i g n i f i c a n c e  i n  

r e l a t i o n  t o  processes  such as c a r b o n i z a t i o n ,  l i q u e f a c t i o n  o r  g a s i f i c a -  

t i o n  but  could become of g r e a t e r  importance i n  more g e n e r a l  separa-  

t i o n  processes .  C e r t a i n l y  i t  i s  e s s e n t i a l  t o  recognize  t h a t  even 

t h e  macerals are not  uniform chemical  compounds but  are themselves  

complex inhomogeneous mixtures .  

These most 

Coal and Non-coal Strata 

Coals range  from having sharp  upper and lower c o n t a c t s  t o  having 

t r a n s i t i o n a l  c o n t a c t s .  Sharp c o n t a c t s  a r e  d e s i r a b l e  i n  o r d e r  t o  

minimize q u a l i t y  and q u a l i t y  c o n t r o l  problems and,  i n  t h e  c a s e  of 

underground mining,  a sharp  roof c o n t a c t  g e n e r a l l y  eases t h e  problem 

of contaminat ion by roof rocks.  Some contaminat ion w i t h  a d j a c e n t  
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1 5 6 0  COOK 

s t r a t a  w i l l  a lways  o c c u r  due  t o  unexpec ted  g e o l o g i c a l  phenomena such 

a', f l o o r  r o l l s ,  washou t s  o r  c l a s t i c  d y k e s ,  a c c i d e n t a l  min ing  of  t h e  

fdocrr o r  roof and roo f  f a l l s .  F i g u r e  7 shows t y p i c a l  ove rburden  

5 t r a t a  at  a mine i n  N . S . W .  High w a l l  s t a b i l i t y  i s  good and t h e  

i n m e d i a t e  roo f  h a s  a s h a r p  boundary w i t h  t h e  c o a l .  

P l i e s  
___I 

P l i e s  w i t h i n  a seam may he s e p a r a t e d  by a d i r t  hand o r  d e f i n e d  

bv ;i change i n  c o a l  t ype .  Smith and Cook (1976)  have p o i n t e d  o u t  t h e  

g e n c r a l  t endency  f o r  v i t r i n i t e  c o n t e n t  t o  d e c r e a s e  up s e c t i o n  w i t h i n  

coa.t seams and have obse rved  t h a t  a s imi la r  t endency  o c c u r s  w i t h  most 

a l t l iougl i  n o t  a l l  p l i e s .  S e p a r a t i o n  a l o n g  p l y  b o u n d a r i e s  is g e n e r a l l y  

e a s : ~  so t h a t  s e l e c t i v e  p r e p a r a t i o n  i s  g e n e r a l l y  p o s s i b l e  i f  t h e  

g r i n d a b i l i t y  of t h e  v a r i o u s  p l i e s  d i f f e r s  ( B u r s t l e i n ,  1 9 5 4 ) .  Separa-  

t i o n  oE d i r t  bands ( F i g u r e  8 )  i s  c l o s e  t o  t h e  lower  s i z e  l i m i t  a t  

w h i c h  v e r y  l i m i t e d  amounts of c o a l y  mater ia l  are a s s o c i a t e d  w i t h  t h e  

p o t c m t i a i  re jec t  mater ia l .  Below t h i s  l e v e l  p o t e n t i a l  re jec ts  

g c n e r a l l y  compr i se  a m i x t u r e  of f r e e  m i n e r a l  mat te r  and coa l /mine ra l .  

mntI.cr compos i t e s  ( m i d d l i n g s ) .  F i g u r e  9 shows t h e  p l y  sequence in 

a r i s l a t i v e l y  massive Low v i t r i n i t c  coal. of T r i a s s i c  a g e  from C a l l i d e  

i.n Queensland. 

L L t t i O t y p  ___ __ 

A t  t h e  l i t h o t y p e  l e v e l  c o n s i d e r a b l e  v a r i a t i o n s  i n  b o t h  

p e t r o g r a p h i c  t y p e  and m i n e r a l  c o n t e n t  art, p r e s e n t  ( F i g u r e  1 0 ) .  

C r i n d a h i l i t y  i s  a l s o  v a r i a b l e  b u t  u n f o r t u n a t e l y  m i n e r a l  m a t t e r  h a s  

a t  ].east two main modes of  o c c u r r e n c e ;  one  w i t h  t h e  r e l a t i v e l y  f r i a b l e  
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WHAT ARE WE TRYING TO SEPARATE? 1561 

FIGURE 7 .  Overburden strata a t  t h e  C o s t a i n  Opencut,  L i d d e l l ,  N .S .W.  
P a r t  of t h e  seam (approx.  3 m) i s  exposed a t  t h e  b a s e  of t h e  h igh  
w a l l  ( 4 0  m i n  h e i g h t ) .  

v i t r i n i t e  r i c h  c o a l ,  and a second w i t h  t h e  toughe r  i n e r t i n i t e  r i c h  

c o a l .  The ba lance  between t h e s e  modes i s  h i g h l y  v a r i a b l e ,  and w i t h  

some c o a l s  p o t e n t i a l  e x i s t s  f o r  improving c o a l  c l e a n i n g  o p e r a t i o n s  

a t  r e l a t i v e l y  low c o s t  by examining c a r e f u l l y  t h e  c h a r a c t e r i s t i c s  o 

t h e  v a r i o u s  s i z e  f r a c t i o n s  and d e s i g n i n g  t h e  p l a n t  t o  match t h e s e  

c h a r a c t e r i s t i c s .  F i g u r e  8 shows a number of l i t h o t y p e s  which c o n t a i n  

v a r y i n g  amounts of a number of d i f f e r e n t  m i n e r a l s .  

M i c r o l i t h o t y p e  

S i m i l a r  c o n s i d e r a t i o n s  a p p l y  a t  t h e  m i c r o l i t h o t y p e  l e v e l ,  b u t  

most m i c r o l i t h o t y p e s  are o n l y  l i b e r a t e d  i n  t h e  f i n e r  s i z e s  of a normal 
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‘Chick, compos i t e  d i r t  band i n  t h e  L i d d e l l  Seam, N.S .W.  
banding can  be s e e n  i n  t h e  c o a l  p l i e s  above and below t h e  
. T h e  lens c a p  i s  65 mm i n  d i a m e t e r .  

5:r;nd o r  i f  v e r y  f i n e  g r i n d i n g  of t h e  whole coal i s  u n d e r t a k e n .  

1 i ;nre\  3 t o  h i l l u s t r a t e  some a s s o c i a t i o n s  of m i n e r a l  mat te r  w i t h  

, I  I dnge of micro]  i t h o t y p e s .  

!@c e r a l s  

.It t h e  l e v e l  of macerals, F i g u r e s  3 ,  4 and 6 i n d i c a t e  t h a t  

I o r  k ing  of m i n e r a l  matter w i t h i n  i n d i v i d u a l  o c c u r r e n c e s  o f  macerals 
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FIGURE 9.  P ly  sequence i n  t h e  Main Seam, C a l l i d e ,  Old. The 
s e c t i o n  i s  1 7  m i n  t h i c k n e s s  and averages  o n l y  30% v i t r i n i t e  on 
a m i n e r a l  f r e e  b a s i s .  Few d i r t  bands are p r e s e n t  and the l e v e l  
of composi t ional  v a r i a t i o n  i s  low. 

i s  a common phenomenon. F igure  11 shows an occurrence  of c a l c i t e  of 

e p i g e n e t i c  o r i g i n .  Some in te rgrowth  of t h e  c a l c i t e  wi th  t h e  

v i t r i n i t e  i s  ev ident .  

Current  commercial p l a n t  p r a c t i c e  g e n e r a l l y  does not  e f f e c t  

s e p a r a t i o n  a t  e i t h e r  t h e  m i c r o l i t h o t y p e  o r  t h e  maceral  l e v e l .  Unless 

such a s e p a r a t i o n  i s  made, s i g n i f i c a n t  amounts of c o a l  w i l l  be 
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F I i , \ ' R E  L O .  A r a n g e  o f  l i t h o t y p e s  contain: ,  e l o n g a t e  l e n s  of  c l a y  
and o v a l  s i d e r i t e  n o d u l e s .  B u l l i  Seam, N . S . W .  The i n c i p i e n t  f r a c t u r e  
pdttclrn i n d i c a t e s  t h e  p r o b a b l e  b reakage  b e h a v i o u r  of t h e  c o a l  w i t h  t l ie  
v i t r i n i t e  r i c h  c o a l  ( d a r k  and mass ive  l a y e r s )  b e i n g  more p rone  t o  
brc~alcagc. P o l i s h e d  b l o c k ,  f i e l d  h e i g h t s  approx .  80 nun. 
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FIGURE 11. Calcite of e p i g e n e t i c  o r i g i n  o c c u r r i n g  as v e i n s  w i t h i n  
v i t r i n i t e .  Coal from S i n g l e t o n  Coal Measures, Goulburn Cal ley  No. 1 
borehold,  N.S.W. Ref lec ted  l i g h t ,  o i l  immersion, f i e l d  width 0.5 mm. 
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r e j e c t e d  and s i g n i f i c a n t  amounts  o f  m i n e r a l  matter w i l l  r e p o r t  i n  

t h e  produc t  c o a l .  Nor shou ld  t h e  problem o f  a c h i e v i n g  e f f e c t i v e  

s e p a r a t i o n  a t  a n  economic c o s t  be u n d e r e s t i m a t e d .  One s teel  p l a n t  

i n  Aus t ra l ia  had so much t r o u b l e  w i t h  i t s  f i n e  c o a l  washery t h a t  

i t  e l e c t e d  t o  s h u t  i t  down and " t r a n s f e r  t h a t  p a r t  of t h e  washery 

c i r c u i t  t o  t h e  b l a s t  f u r n a c e . "  

ASSOCIATION OF MINERALS AND MACERALS 

Whilst r e l a t i v e l y  l i t t l e  i s  known o f  t h e  maceral a s s o c i a t i o n  of 

i m p u r i t i e s  o t h e r  t h a n  mineral matter,  a g r e a t  d e a l  o f  p o t e n t i a l l y  

useiiil i n f o r m a t  i o n  exis ts  on  mineral/maceral a s s o c i a t i o n .  

A t t r i t a l  maceral a s semblages  g e n e r a l l y  have a r e l a t i v e l y  h i g h  

co i l t en t  of e p i c l a s t i c  minerals. (Some c o a l s  of  T e r t i a r y  a g e  a r e  

u s u a l l y  i n  th i s  r e s p e c t  i n  t h a t  t h e y  c o n t a i n  v e r y  l i t t l e  m i n e r a l  

m a t t c ' r .  For example,  a one metre s e c t i o n  i n  t h e  midd le  p a r t  of  t h e  

sedm a t  S t o c k t o n  i n  New Zealand t y p i c a l l y  h a s  an a s h  y i e l d  w e l l  below 

0 . 5 Y . )  T h u s ,  t h e  i n e r t i n i t e  r i c h  l i t h o t y p e s  found e s p e c i a l l y  i n  t h e  

uppe r  p a r t s  o f  seams t e n d  t o  have  r e l a t i v e l y  h i g h  amounts  o f  m i n e r a l  

matter i n t i m a t e l y  a s s o c i a t e d  w i t h  t h e  c o a l  macerals. Cook and Johnson 

( 1 4 7 5 )  have s u g g e s t e d  t h a t  t h i s  may b e  t h e  r e s u l t  of p e a t  a b l a t i o n  i n  

r e l a t ive ly  o x i d i z i n g  env i ronmen t s  g i v i n g  a n  u n f a v o u r a b l e  b a l a n c e  

between t h e  ra te  of accumula t ion  of  o r g a n i c  material  and of  m i n e r a l  

mat t e r . 
V i t r i n i t e  r i c h  c o a l  i n  some cases h a s  a v e r y  low c o n t e n t  of 

m i n e r s 1  matter. A number o f  a u t h o r s  i n c l u d i n g  Cook (1975) and 

Shibaoka and Smyth (1975)  have n o t e d  t h a t  many seams d e p o s i t e d  i n  

area5 of r a p i d  s u b s i d e n c e  have b o t h  a h i g h  v i t r i n i t e  c o n t e n t  and a 
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WHAT ARE WE TRYING TO SEPARATE? 1567 

high minera l  matter c o n t e n t  p r e s e n t  as d i s c r e t e  d i r t  bands. V i t r i n i t z  

i s  a l s o  t h e  maceral  which i s  most s u s c e p t i b l e  t o  replacement .  Thus 

p y r i t e  and s i d e r i t e  show a p r e f e r e n t i a l  a s s o c i a t i o n  w i t h  v i t r i n i t e  

a l though both minera ls  w i l l  a l s o  form i n  t h e  lumens of f u s i n i t e  and 

s e m i f u s i n i t e .  Chalcedonic q u a r t z ,  c l a y  and o p a t i t e  are o t h e r  m i n e r a l s  

which can occur  r e p l a c i n g  v i t r i n i t e .  L i b e r a t i o n  of minera l  m a t t e r  

which i s  p r e s e n t  as a r e p l a c i n g  phase i s  g e n e r a l l y  d i f f i c u l t  t o  

achieve .  

d e t a i l e d  c h a r a c t e r i z a t i o n  i s  r e q u i r e d  f o r  each seam. 

S i g n i f i c a n t  bu t  v a r i a b l e  a s s o c i a t i o n s  occur  and c o n s i d e r a b l e  

SUMMARY 

The need f o r  c o a l  c l e a n i n g  processes  w i l l  i n c r e a s e  markedly a s  

a t t e m p t s  are  made t o  s u b s t i t u t e  c o a l  f o r  o i l  and n a t u r a l  gas .  A 

high  l e v e l  of e f f i c i e n c y  i s  d e s i r a b l e  both t o  achieve  t h i s  aim and 

t o  improve r e s o u r c e  u t i l i z a t i o n .  Separa t ion  processes  a r e  p o s s i b l e  

because c o a l  i s  inhomogeneous. The h e t e r o g e n e i t y  i s  s t r u c t u r e d  and 

processes  which t a k e  t h i s  s t r u c t u r e  i n t o  account  can achieve  h igher  

e f f i c i e n c i e s  a t  lower c o s t s .  The ease of  l i b e r a t i o n  of minera l  

matter depends upon i t s  mode of occur rence ,  which is s t r o n g l y  

inf luenced  by t h e  mode of o r i g i n .  Considerable  p o t e n t i a l  e x i s t s  f o r  

improving c o a l  c l e a n i n g  p l a n t s  by ensur ing  t h a t  they  t a k e  maximum 

advantage of t h e  s e g r e g a t i o n  which occurs  dur ing  breakage. Together 

wi th  t h e  sys temat ic  c h a r a c t e r i s t i c s  i n  d i s t r i b u t i o n  and a s s o c i a t i o n  

of i m p u r i t i e s  i n  c o a l ,  a high l e v e l  of v a r i a b i l i t y  e x i s t s  between 

seams. Thus, t h e  improvement i n  t h e  genera l  knowledge of what i s  t o  

be separa ted  must be complemented by a d e t a i l e d  knowledge of t h e  

s p e c i f i c  c h a r a c t e r i s t i c s  of each seam which i s  t o  be t h e  s u b j e c t  
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of a s e p a r a t i o n  p r o c e s s .  S i n c e  within-seam v a r i a t i o n  i s  a l s o  

i m p o r t a n t ,  a t  l eas t  t h e  ma jo r  c h a r a c t e r i s t i c s  shou ld  b e  mapped p r i o r  

t o  mining.  Advances beyond t h e  c lass ical  s e p a r a t i o n  t e c h n i q u e s  i n  

cammercial  u s e  w i l l  r e q u i r e  a much g r e a t e r  knowledge of  t h e  d i s t r i b u -  

t i o n  and a s s o c i a t i o n  o f  i m p u r i t i e s  a t  t h e  maceral l e v e l  t h a n  i s  

g e n e r a l l y  a v a i l a b l e  a t  p r e s e n t .  
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