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Laboratory Scale Separation of Coal Macerals 

GARY R. DYRKACZ, C .  A. A .  BLOOMQUIST, and E. PHILIP HORWITZ 

CHEMISTRY DIV.ISION, ARGONNE NATIONAL LABORATORY, 
9700 SOUTH CASS AVENUE, AKGONNE, ILLINOIS 60439 

ABSTRACT 

A l a b o r a t o r y  scale procedure f o r  s e p a r a t i o n  of t h e  maceral 
c o n s t i t u e n t s  of coa l  has  been developed. This procedure i s  a 
mod i f i ca t ion  and scale-up of our earlier d e n s i t y  g r a d i e n t  
c e n t r i f u g a t i o n  method. The technique enables  us  t o  s e p a r a t e  
l a r g e r  q u a n t i t i e s  and t o  o b t a i n  higher  d e n s i t y  r e s o l u t i o n s  of 
i n d i v i d u a l  c o a l  macerals than w a s  p rev ious ly  p o s s i b l e .  The 
procedure involves  an  i n i t i a l  s ink - f loa t  s e p a r a t i o n  on f i n e l y  
ground chemically demineralized c o a l  using a high speed c e n t r i -  
fuge t o  o b t a i n  l a r g e  q u a n t i t i e s  of s i n g l e  maceral  groups (i.e., 
e x i n i t e ,  v i t r i n i t e ,  o r  i n e r t i n i t e ) .  The maceral concentrate ,  
15-20 g i n  q u a n t i t y ,  r a t h e r  than t h e  e n t i r e  c o a l  s e rves  as  t h e  
f eed  f o r  t h e  DGC sepa ra t ion .  E f f o r t s  t o  apply continuous cen- 
t r i f u g a t i o n  techniques as an  a l t e r n a t i v e  t o  t h e  s ink - f loa t  sep- 
a r a t i o n  t o  concen t r a t e  maceral  groups were only p a r t i a l l y  suc- 
cessf  u l .  

INTRODUCTION 

The au tho r s  have r e c e n t l y  descr ibed a procedure f o r  

s epa ra t ing  small amounts of maceral  c o n s t i t u e n t s  from c o a l  (1,2). 

The procedure i s  based on dens i ty  g r a d i e n t  c e n t r i f u g a t i o n  (DGC) 

w i t h  commercially a v a i l a b l e  equipment. 

volume) o r  g r e a t e r  p u r i t y  were obtained i n  some f r a c t i o n s  with 

a s i n g l e  c e n t r i f u g a t i o n  run. I n  a d d i t i o n ,  information on t h e  

Macerals of 90% (by 
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maceral  d e n s i t y  and t h e  range  of d e n s i t i e s  of each maceral  type  

i s  ob ta ined .  The procedure can a l s o  produce a f a i r l y  r a p i d  

v i s u a l  r e p r e s e n t a t i o n  of t h e  p ropor t ion  of t h e  v a r i o u s  macerals 

wi t h i n  t h e  c o a l ,  

One of t h e  major l i m i t a t i o n s  of our maceral s e p a r a t i o n  

procedure i s  t h e  small amounts of mater ia l  t h a t  are obta ined  

i n  a s i n g l e  DGC run .  

a s  feed . )  An impor tan t  requirement i n  t h e  DGC procedure i s  

t h a t  t h e  c o a l  p a r t i c l e s  must be completely d i spe r sed  i n  t h e  

c e n t r i f u g e  r o t o r .  I f  t h e  concen t r a t ion  of c o a l  i n  t h e  r o t o r  

exceeds a c e r t a i n  l i m i t ,  t h e  c o a l  p a r t i c l e s  w i l l  aggrega te  

causing an  i n e f f i c i e n t  s e p a r a t i o n .  A p o s s i b l e  way t o  overcome 

t h i s  problem i s  t o  extend t h e  d e n s i t y  g r a d i e n t  over a much 

l a r g e r  volume s o  a sharp  peak such as v i t r i n i t e  may be spread 

over  a g r e a t e r  n e t  volume (3 ) .  Thus t h e  t o t a l  sample s i z e  

app l i ed  t o  t h e  c e n t r i f u g e  r o t o r  can be inc reased ,  and t h e  

procedure  should r e s u l t  i n  a more narrow d e n s i t y  range f o r  each 

f r a c t i o n .  However, under t h e s e  cond i t ions  t h e  f i x e d  c a p a c i t y  

of our r o t o r  ( 1 . 9  L)  i s  i n s u f f i c i e n t  t o  s e p a r a t e  a n  e n t i r e  c o a l  

i n t o  i t s  c o n s t i t u e n t  maceral  groups,  and t h e  c o a l  must there-  

i o r e  be 'p re -separa ted '  i n t o  s e v e r a l  d e n s i t y  r eg ions  which 

correspond t o  those  occupied by each maceral group. Thus t h r e e  

r eg ions  a r e  adequate  f o r  most c o a l s .  

(Two grams of deminera l ized  c o a l  are used 

The purpose of t h i s  work was two-fold: 1. To i n v e s t i g a t e  

a s i n k - f l o a t  t ype  procedure t o  s e p a r a t e  t h e  macerals i n t o  t h r e e  

f r a c t i o n s  us ing  a continuous flow system which is  made f o r  our 

s p e c i f i c  equipment. 2 .  To use  d e n s i t y  g r a d i e n t  c e n t r i f u g a t i o n  

(DGC) t o  op t ima l ly  s e p a r a t e  t h e  macera ls  from one ano the r  i n  

l a r g e r  y i e l d s  than  w a s  p rev ious ly  done. 

Continuous f low techniques  have t h e  advantage of a l lowing  

much l a r g e r  amounts of material t o  be processed r e l a t i v e  t o  

t h e  t r a d i t i o n a l  s i n k - f l o a t  method which u t i l i z e s  s imple  c e n t r i -  

fuge tubes .  Continuous f low c e n t r i f u g a t i o n  has been used be fo re  
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SEPARATION OF COAL MACERALS 1573 

t o  s e p a r a t e  t h e  maceral  groups,  but  u t i l i z e d  q u i t e  d i f f e r e n t  

equipment than w a s  a v a i l a b l e  t o  us  (4) .  We wished t o  u t i l i z e  

our  a v a i l a b l e  equipment, even though t h i s  equipment is no t  

s t r i c t l y  designed f o r  continuous flow sepa ra t ions  of h igh ly  

concentrated p a r t i c u l a t e  s l u r r i e s .  

EXPERIMENTAL 

Coal - 

The c o a l  used i n  t h i s  work w a s  a h igh -vo la t i l e  B bituminous 

c o a l  obtained from Pennsylvania S t a t e  Un ive r s i ty  (PSOC-106). 

It  w a s  found t o  have a maceral composition c o n s i s t i n g  of 20.1% 

e x i n i t e ,  35.2% v i t r i n i t e ,  and 45.3% i n e r t i n i t e .  U l t i m a t e  

a n a l y s i s  (da f ) :  C, 79.09; H, 4.16 ;  N, 120; S ,  1.06; 0 ( d i f f . )  

13.4; a s h ,  14.6.  

A s  descr ibed i n  ( 2 ) ,  t h e  c o a l  was prepared by f i n e  g r ind ing  

i n  a f l u i d  energy m i l l  (FEM), followed by HF/HC1 demineraliza- 

t i on .  F i n a l  p a r t i c l e  s ize  averaged 3 microns. 

Densi ty  g r a d i e n t  s epa ra t ions ,  both on an a n a l y t i c a l  and 

a p r e p a r a t i v e  scale, were performed as descr ibed i n  ( 2 ) .  For 

a n a l y t i c a l  d e n s i t y  g r a d i e n t  runs ,  2-5 mg of sample from a sep- 

a r a t i o n  were app l i ed  t o  a 42 m l  d e n s i t y  g r a d i e n t  (1.0-1.5 g / cc )  

formed i n  a 50 m l  c e n t r i f u g e  tube.  The absorbances f o r  each 

run were normalized t o  t h e  h i g h e s t  peak w i t h i n  t h a t  run.  

technique allowed u s  t o  examine t h e  e f f e c t i v e n e s s  of a p a r t i c u l a r  

s epa ra t ion  wi th in  a r e l a t i v e l y  s h o r t  per iod ( ~ 3  h r ) .  For pre- 

p a r a t i v e  experiments t h e  s tandard JCF-Z zonal r o t o r  with a zonal 

core  w a s  used wi th  preformed non-linear g rad ien t s .  Af t e r  sep- 

a r a t i o n  of t h e  macerals t h e  g r a d i e n t  w a s  f r a c t i o n a t e d  i n t o  ~ ~ 3 0  m l  

f r a c t i o n s .  

This  

Continuous Flow Procedure 

The f i r s t  approach t o  achievement of scaled-up maceral 

sepa ra t ions  was t o  use  t h e  Beckman model JCF-2 r o t o r  with t h e  
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1574 DYRKACZ, BLOOMQUIST, AND HORWITZ 

s t anda rd  c a p a c i t y  con t inous  f low (CF) c o r e  ( ; . e . ,  w i t h  660 m l  

of u s a b l e  l i q u i d  volume remaining i n  t h e  r o t o r  a f t e r  co re  

i n s t a l l a t i o n ) .  C e n t r i f u g a t i o n  w a s  performed i n  a Beckman model 

J-21C h igh  speed c e n t r i f u g e .  

The s t anda rd  Beckman CF c o r e  i s  des igned  t o  f a c i l i t a t e  

Large-scale s e p a r a t i o n s  by p e l l e t i n g  o u t  t h e  heavy m a t e r i a l  

(sink) a g a i n s t  t h e  r o t o r  w a l l ,  w h i l e  t h e  remaining material 

conta ined  i n  t h e  s u p e r n a t a n t  i s  pumped o u t  of t h e  r o t o r  and 

c o l l e c t e d  e x t e r n a l l y  ( f l o a t ) .  Four r a d i a l  channels  have been 

cut a c r o s s  t h e  top f l a n g e  of t h e  c o r e  (annular  o r  edge passage) 

f o r  e f f l u e n t  f low,  and openings e x i s t  a t  the c o r e  bottom which 

l ead  i n t e r n a l l y  d i a g o n a l l y  back t o  t h e  c e n t r a l  passageway ( f o r  

i n p u t  f low) .  A s  recommended, t h e  f low of l i q u i d  through t h e  

r o t o r  was through the c e n t e r  passage  t o  t h e  bottom of t h e  c o r e ,  

up t h e  c o r e  s i d e ,  and o u t  through t h e  annu la r  o r  edge passage  

a c c r o s s  t h e  upper f l a n g e  ( 3 ) .  I n  the c a s e  of the s e p a r a t i o n  of 

e x j n i t e  t h e  sample w a s  run  through t h e  r o t o r  a t  such a f low r a t e  

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

d e p o s i t  on t h e  r o t o r  w a l l  du r ing  t h e  t i m e  r e q u i r e d  f o r  t h e  f eed  

mixture  t o  move from t h e  bottom of t h e  c o r e  t o  t h e  edge passage. 

The e x i n i t e  supe rna tan t  should  t h e n  f low up t o  t h e  f l a n g e  and 

e x i t  t he  r o t o r  through t h e  edge o r  annu la r  passageway. 

The r o t o r  was loaded w i t h  s o l u t i o n ,  a t  a n  i n p u t  rate of 

20 ml/min whi le  sp inn ing  a t  2000 rpm (2K)  w i t h  t h e  vacuum and 

r e f r i g e r a t i o n  bo th  on. The c e n t r i f u g e  w a s  t hen  a c c e l e r a t e d  t o  

5K r p m  a t  t h e  same f low r a t e ,  and t h e  evacuated r o t o r  chamber 

was brought t o  a tmospher ic  p r e s s u r e .  Once a l l  of t h e  c o a l  f eed  

s o l u t i o n  had been pumped through, t h e  appa ra tus  w a s  allowed t o  

come t o  a complete s t o p  wi thou t  brak ing ,  t h e  r o t o r  l i d  was 

c a r e f u l l y  opened, and t h e  r o t o r  supe rna tan t  w a s  siphoned o f f  so 

as n o t  t o  d i s t u r b  t h e  r o t o r  w a l l  d e p o s i t .  The s o l i d  d e p o s i t  

on the r o t o r  c o r e  w a s  c o l l e c t e d ,  as w a s  the r o t o r  w a l l  s o l i d  

d e p o s i t .  Sample s i z e s  ranged from 20-90 g coa l  i n  0.5-1.0 L 

volumes of f eed  mixture .  
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Modified Zonal Core 

A second approach t o  t h e  CF s e p a r a t i o n  technique w a s  

t r i e d  using a modified zonal core.  The vanes of t h i s  c o r e  

were c u t  t o  ha l f  t h e  s t anda rd  l e n g t h .  Thus t h e  new inpu t  ho le s  

on t h e  vanes were pos i t i oned  up approximately one-half t h e  d i s -  

tance from t h e  f l o o r  of t h e  r o t o r  t o  t h e  l i d  su r face .  Plumbing 

connect ions f o r  t h i s  mod i f i ca t ion  were connected as f o r  zonal 

runs ( 5 ) ,  and t h e  same procedure w a s  used as w i t h  t h e  CF co re .  

The l i q u i d  flow w i t h  t h i s  conf igu ra t ion  w a s  i n t o  t h e  middle of 

t h e  r o t o r  through t h e  four  co re  vane passages and o u t  through 

t h e  cen te r  ho le s  a t  t h e  top of t h e  co re .  

The t o t a l  r o t o r  volume wi th  t h e  modified zonal co re  used 

i n  t h e  CF mode w a s  1.9 L (6) .  The feed s o l u t i o n s  cons i s t ed  of 

mixtures of 20-66 g c o a l  i n  0.5-1.0 L C s C l  s o l u t i o n s  of d e n s i t y  

1 .27  g/cc having Brij-3$ s u r f a c t a n t  concen t r a t ions  of 8 g/L. 

The r o t o r  w a s  p r e f i l l e d  ( a t  2K rpm wi th  r o t o r  chamber vacuum 

and r e f r i g e r a t i o n  turned on) a t  a n  inpu t  flow rate of approxi- 

mately 50 ml/min. The r o t o r  speed w a s  then increased t o  5 K  rpm 

and t h e  s l u r r y  pumped i n t o  t h e  middle of the r o t o r  a t  20 ml/min 

f low rate .  

i n t o  t h e  r o t o r  a t  20 ml/min u n l e s s  t h e  vacuum w a s  turned o f f .  

R e f r i g e r a t i o n  under these  cond i t ions  w a s  a t  b e s t  only p a r t l y  

e f f e c t i v e .  A t  completion of s l u r r y  inpu t  approximately 0.5 L 
of d e n s i t y  1 . 2 7  g / cc  C s C l  + Brij-35 

through t h e  appa ra tus  and c o l l e c t e d  with t h e  combined e f f l u e n t .  

The c e n t r i f u g e  was braked t o  2K rpm, and f i n a l l y  allowed t o  

come t o  rest without f u r t h e r  braking. A s  be fo re ,  the r o t o r  l i d  

w a s  removed, t h e  supernatant  siphoned ou t ,  and t h e  two d e p o s i t s  

removed. 

The f eed  s l u r r y  could no t  be success fu l ly  pumpesl 

@3 
r i n s e  s o l u t i o n  w a s  pumped 

Sink-Float Procedures:  Pre-separat ion of Macerals 

W e  used a B e c h a n  model JA-10 f ixed  angle  r o t o r ,  having a 

6 x 500 m l  c apac i ty ,  f o r  a l l  s ink - f loa t  experiments. 

f l o a t  s e p a r a t i o n  of e x i n i t e  from v i t r i n i t e  p l u s  i n e r t i n i t e  w a s  

A s ink-  
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157% DYRKACZ, BLOOMQUIST, AND HORWITZ 

performed us ing  a f eed  c o n s i s t i n g  of 20 g/L of c o a l  suspended 

i n  3 x 400 m l  p o r t i o n s  of CsCl/Brij-35 s o l u t i o n .  D i spe r s ion  

of t h e  c o a l  i n  t h i s  mix tu re  w a s  a s su red  by u l t r a s o n i c  p r e t r e a t -  

ment as d e s c r i b e d  i n  ( 2 ) .  The s l u r r y  w a s  then  c e n t r i f u g e d  f o r  

45 min a t  8 K  rpm and t h e  top  300 ml of f l o a t  supe rna tan t  from 

each b o t t l e  was  c a r e f u l l y  suc t ioned  o f f ,  l eav ing  t h e  s i n k  

mater ia l  depos i t ed  on t h e  p o l y c a r b o m t e  c e n t r i f u g e  b o t t l e  w a l l s  

and bottom. Both f l o a t  and s i n k  f r a c t i o n s  w e r e  i s o l a t e d  by 

f i l t r a t i o n  through 0.8 micron Nuclepore polycarbonate  membranes. 

8 

8 

A f i n a l  SF s e p a r a t i o n  was performed on t h e  combined 

v i t r i n i t e  and i n e r t i n i t e  s i n k  f r a c t i o n .  The s i n k  f r a c t i o n  

was r e d i s p e r s e d  i n  a CsCl/Brij-35 

1.35 g / c c  and the SF procedure  r epea ted .  

8 
s o l u t i o n  having a d e n s i t y  of 

RESULTS AND DISCUSSION 

Coal 

The c o a l  used  f o r  t h i s  s tudy  (PSOC-106) w a s  chosen because 

of a n e a r l y  equa l  c o n t e n t  of each of t h e  t h r e e  major macera l  

groups (F ig .  1). 

.- Continuous Flow Experiments 

I n i t i a l l y  w e  a t tempted  t o  u s e  t h e  s t anda rd  cont inuous  f low 

c o r e  supp l i ed  by Beckman Ins t rumen t s  f o r  t he  model JCF-2 zonal  

r o t o r .  T h i s  r o t o r  is  t h e  h e a r t  of our  s e p a r a t i o n  system, and 

h a s  several types  of c o r e s  (among which are t h e  cont inuous  

f low and t h e  zonal  co res )  which can be  used f o r  d i f f e r e n t  t ypes  

of s e p a r a t i o n s .  I n  a l l  c a s e s  our  a d a p t a t i o n s  of t h i s  r o t o r  

involved  t h e  u s e  of a s i n g l e  d e n s i t y  medium. For example, i n  

the c a s e  of the e x i n i t e  enrichment t h e  i n t e n t  w a s  t o  p e l l e t  

the combined v i t r i n i t e  and i ne r t in i t e  f r a c t i o n s  a g a i n s t  the 

r o t o r  w a l l ,  w i t h  t h e  e x i n i t e  f r a c t i o n  e x i t i n g  t h e  r o t o r  i n  the  

supe rna tan t .  
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10 1 1  12 13 14 
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1577 

5 

FIGURE 1. P r e p a r a t i v e  sepa ra t ion  of PSOC-106 using a l i n e a r  
g rad ien t .  Maceral comparison by % by volume. A l l  d e n s i t i e s  
are a t  25’C. 
material a t  a p a r t i c u l a r  d e n s i t y  (1) .  

Absorbance is  roughly p ropor t iona l  t o  mass of 

F igu re  2a and  Table  1 show a n a l y t i c a l  s c a l e  d e n s i t y  g r a d i e n t  

c e n t r i f u g a t i o n  r e s u l t s  obtained from samples of e f f l u e n t ,  c o r e  

s o l i d ,  and r o t o r  con ten t s  obtained from t h e  b e s t  s epa ra t ions  of 

e x i n i t e  from v i t r i n i t e  and i n e t t i n i t e  using t h e  continuous flow 

(CF) core.  

f r a c t i o n s  obtained f o r  t he  follow-up v i t r i n i t e  from i n e r t i n i t e  

s epa ra t ion .  From t h e  d a t a  i t  w a s  clear t h a t  a problem e x i s t e d  

w i t h  t h e  core .  The s e p a r a t i o n  is not  as e f f e c t i v e  as w e  had 

F i g u r e  2b shows t h e  d a t a  f o r  t h e  corresponding 
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DYRKACZ, BLOOMQUIST, AND HORWITZ 

1.0 1.1 1.2 1.3 1.4 1.5 

DENS I TY ( g / c c )  

FIGURE 2. Continuous f low c o r e  experiment:  Ana ly t i ca l  dens i ty  
g r a d i e n t  of f r a c t i o n s .  
mass of material a t  a p a r t i c u l a r  dens i ty .  
e x i n i t e s  from v i t r i n i t e  and i n e r t i n i t e  a t  1 . 2 6  g /cc :  
0 ;  c o a l  on co re ,  0; r o t o r  w a l l  d e p o s i t ,  A .  
v i t r i n i t e s  from i n e r t i n i t e s  a t  1 .35  g / cc :  
cDre, /c?; r o t o r  w a l l  d e p o s i t ,  A;  [Brij-3@] = 8 g/L. 

Absorbance is  roughly p ropor t iona l  t o  
a )  Sepa ra t ion  of 

e f f l u e n t ,  
b) Sepa ra t ion  of 

e f f l u e n t ,  0 ,  c o a l  on 

hoped. 

reached w i t h  r ega rd  t o  CF c e n t r i f u g a t i o n  w a s  t h a t  t h e  exper i -  

mental  c o n f i g u r a t i o n  w e  used d i d  no t  work. 

l i m i t a t i o n s  imposed on u s  wi th  our p a r t i c u l a r  problem. 

could no t  o p e r a t e  a t  h igh  enough c e n t r i f u g a l  speeds t o  c l ean ly  

A f t e r  s e v e r a l  a t t empt s ,  t h e  o v e r a l l  conc lus ion  we 

We found s e v e r a l  

We 
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SEPARATION OF COAL MACERALS 1579 

TABLE 1. 
a Continuous Flow Sepa ra t ions  wi th  Standard Continuous Flow Core 

Maceral Anal. (X by Vol) 

Yield (8) E x i n i t e  V i t r i n i t e  I n e r t i n i t e  

1.26 glcc:  

b F l o a t  4.0 

1.35 g/cc:  

F l o a t  14.5 

60.0 40.0 

3.0 75.0 22.0 

Sinke 25.0 2.0 8.0 90.0 

a I n i t i a l  c o a l  concen t r a t ion  w a s  45 g i n  2 L of C s C l  w i t h  
8 g/L B r i j - 3 9 .  

bThe f l o a t  c o n s i s t s  of t h e  c o a l  that was pumped ou t  of t h e  r o t o r  
as feed w a s  pumped i n  p lus  material scraped o f f  t h e  continuous 
flow core.  

The s i n k  f r a c t i o n  c o n s i s t s  of t h e  material found on t h e  r o t o r  
w a l l  and t h e  s l u r r y  (660 ml) f i l l i n g  t h e  r o t o r .  

e 

s e p a r a t e  s i n k s  from f l o a t s .  

operated i n  an evacuated chamber t o  prevent t h e  t i t an ium r o t o r  

l i d  t h reads  from se i z ing  t o  t h e  r o t o r  body threads,  bu t  i f  w e  

evacuated t h e  c e n t r i f u g e  r o t o r  chamber, t h e  s p e c i a l  seal  which 

s e p a r a t e s  t h e  r o t a t i n g  and non-rotating p a r t s  of t h e  r o t o r ,  as 

w e l l  as t h e  inpu t  and exi t  f l u i d  flow rou te s ,  would i n v a r i a b l y  

f a i l  causing cross-contamination of flows and e j e c t i o n  of m a t -  

e r ia l  i n t o  t h e  c e n t r i f u g e  chamber. This is  not  a f a u l t  of t h e  

r o t o r  s i n c e  i t  i s  no t  p r imar i ly  designed f o r  h igh ly  loaded 

s l u r r i e s .  However, s i n c e  w e  had l i t t l e  t roub le  with d e n s i t y  

g r a d i e n t  experiments, w e  f e l t  w e  may have been a b l e  t o  overcome 

A t  h igh speeds the  r o t o r  must be 
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1580 DYRKACZ, BLOOMQUIST, AND HORWITZ 

these  problems. The only way w e  could avoid seal f a i l u r e  w a s  t o  

ope ra t e  a t  lower speeds under atmospheric p re s su re .  Increasing 

t h e  s p r i n g  t e n s i o n  on t h e  g r a p h i t e  seal d i d  no t  help.  

less, under these  non-optimum cond i t ions  w e  s t i l l  had d i f f i c u l -  

t i e s  because c o a l  en te red  t h e  r o t o r  chamber a t  t h e  r o t o r  f l o o r .  

The f i n e  c o a l  had a tendency t o  s t i c k  t o  t h e  t i t an ium r o t o r  

bottom i n s t e a d  of e i t h e r  going t o  t h e  r o t o r  w a l l  o r  being 

en t r a ined  i n  the  e f f l u e n t .  Thus most coa l  p a r t i c l e s  remained 

near t h e  i n p u t  passage ho le s  and al though some sepa ra t ion  w a s  

e f f e c t e d  (Fig. 2), most of t h e  f l o a t  material remained i n  t h e  

r o t o r  e i t h e r  i n  t h e  d e p o s i t  a t  t h e  bottom o r  on t h e  co re  i t s e l f .  

In  an at tempt  t o  overcome t h e  r e t e n t i o n  of coa l  on t h e  bottom 

of t he  r o t o r  we modified a s tandard zonal co re ,  normally used 

f o r  d e n s i t y  g r a d i e n t s ,  by trimming t h e  vanes t o  ha l f  t h e i r  

o r i g i n a l  length.  

the bottom o u t s i d e  w a l l  of t h e  r o t o r ,  w e  w e r e  a b l e  t o  pump our 

coal s l u r r y  i n t o  t h e  middle of t h e  r o t o r  assembly (both c e n t e r  

t o  w a l l  and top t o  bottom). This mod i f i ca t ion  el iminated the  

problem of c o a l  adhering a t  t h e  s i te  of e n t r y  i n t o  t h e  r o t o r  

cav i ty ,  but  w e  had t h e  same problem with t h e  r o t o r  seal and 

thus lower than optimum c e n t r i f u g i n g  speeds and atmospheric 

pressure w e r e  aga in  necessary.  Figure 3 and Table 2 presen t  

t he  d a t a  f o r  t h e  b e s t  run. The e f f i c i e n c y  of t h e  s e p a r a t i o n  

is low and, t he re fo re ,  we have abandoned t h i s  technique with 

our p re sen t  equipment. 

Neverthe- 

Since t h e  vanes are bored t o  permit f low t o  

Sink-Float Separat ion 

Current ly  our b e s t  op t ion  f o r  scale-up of maceral  separa- 

t i o n s  i s  t h e  s ink - f loa t  (SF) technique followed by DGC, even 

though t h e  CF method has  t h e  p o t e n t i a l  f o r  handling much l a r g e r  

sample s i z e s .  

Data from SF runs  done on a 400 m l  scale, a t  8 K  rpm, 

using PSOC-106 are given i n  Table 2 .  The presence of t h e  
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SEPARATION OF COAL MACERALS 1581 

10 1.1 12 13 14 I f  

DENSITY(g/cc) 

FIGURE 3. Modified zonal co re  f o r  continuous flow: Ana ly t i ca l  
d e n s i t y  g r a d i e n t s  of va r ious  f r a c t i o n s .  Supernatant-mater ia l  
found i n  1.9 L t h a t  occupies  r o t o r ,  n; y i e l d  16.2 g c o a l ;  
e f f l u e n t ,  0, y i e l d  3.1 g ;  c o a l  on r o t o r  w a l l ,  A, y i e l d  2.4 g ;  
c o a l  on co re ,  % y i e l d  1 . 6  g;  [Brij-35@] = 8 g/L. 

Brij-35@ s u r f a c t a n t  i n  t h e  CsCl - c o a l  mixture  and t h e  a b i l i t y  

t o  u t i l i z e  high c e n t r i f u g e  speeds are both important keys t o  

t h e  e f f i c i e n t  s epa ra t ions  obtained.  

Figure 4 and Table 3 g i v e  r e s u l t s  of a n a l y t i c a l  DGC sep- 

a r a t i o n s  done on f r a c t i o n s  obtained from two t y p i c a l  SF runs.  

The i n i t i a l  e x i n i t e  from v i t r i n i t e  and i n e r t i n i t e  s e p a r a t i o n  

w a s  c a r r i e d  o u t  a t  d e n s i t y  1 .28  g /cc  and consequently d i d  con- 

t a i n  a p o r t i o n  of t h e  low d e n s i t y  v i t r i n i t e  f r a c t i o n .  

s epa ra t ion  would have been obtained a t  d e n s i t y  1.27 g/cc.  

l i t t l e  e x i n i t e  w a s  c a r r i e d  down i n  t h e  s i n k  p o r t i o n  of t h e  

heav ie r  macerals. The f i n a l  v i t r i n i t e  from i n e r t i n i t e  s e p a r a t i o n  

A b e t t e r  

Very 
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158 2 DYRKACZ, BLOOMQUIST, AND HORWITZ 

TABLE 2. 
a 

Maceral Anal. (% by Vol) 

Continuous Flow Separat ions wi th  Modified Zonal Core 

Yield (g)  E x i n i t e  V i  t r i n i t e  I n e r t i n i  t e  
-.__I 

Supernatant 16.2 18.0 45.0 37.0 

1 . 6  57.0 20.0 23.0 Core 

3.1 39.0 35.0 26.0 Ef f luen t  

Walle 2.4 1.0 38.0 61.0 

c 

d 

--_ 
0 I n i t i a l  s l u r r y  concen t r a t ion  w a s  %25 g i n  0 .5  L. 

"Coal found i n  t h e  1 . 9  L t h a t  occupies t h e  r o t o r  a t  any t i m e .  

C' 0 

dCoal found i n  the  e f f l u e n t  as  t h e  c o a l  s l u r r y  was  pumped i n .  

Coal scraped o f f  t h e  Noryl r o t o r  core  i t s e l f .  

e Coal found adhering to t h e  r o t o r  w a l l .  

TABLE 3. 
a 

I__ Sink-Float Separat ion 

Maceral Anal. (% by V o l )  

Yield (g)  Ex in i t e  V i t r i n i t e  Ine r  t i n i  t e  

1 . 2 8  glcc:  

F loa t  3 .1  68.0 19.0 13.0 

1..35 g/cc:  

F l o a t  5.8 6 .0  79.0 15.0 

S>ink 6.6 0 .5  4.0 95.5 

c: @ I n i t i a l  c o a l  concen t r a t ion  w a s  13 .4  g/L with 8 g / L  Brij-35 . 
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10 

0 8  

0 6  

0 4  

0 2  

0 0  

1.0 

0.8 

0 6  

0.4 

0.2 

0.0 
1.0 1.1 12  13 1 4  15 

DENS I TY ( g / c c )  

FIGURE 4 .  Sink-f loat  s epa ra t ions :  Ana ly t i ca l  d e n s i t y  g r a d i e n t s  
of f r a c t i o n s .  Separat ion of e x i n i t e s  from v i t r i n i t e s  and 
i n e r t i n i t e s  a t  1 . 2 8  g/cc:  F l o a t s ,  0, s i n k s ,  0. Separa t ion  of 
i n e r t i n i t e s  from v i t r i n i t e s  a t  1.35 g/cc: 
0 ;  [Brij-35@] = 8 g/L. 

F l o a t s ,  0; s i n k s ,  

w a s  done a t  d e n s i t y  1.35 g / cc  and yielded an  e f f i c i e n t  s p l i t  

between t h e  two macerals r i g h t  a t  t h e  d e n s i t y  chosen. Table 

3 p r e s e n t s  a summary of t h e  microscopic ana lyses  of t h e  t h r e e  

major maceral f r a c t i o n s  obtained from t hese  two SF sepa ra t ions .  

A comparison of Table 3 with Table 2 reemphasizes t h e  s u p e r i o r i t y  

of t h e  SF approach ve r sus  t h e  CF method under our p re sen t  experi-  

mental  environment. However, sample amounts t h a t  can be sepa- 
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1584 DYRKACZ, BLOOMQUIST, AND HORWITZ 

r a t e d  by SF a t  any one t ime a r e  l i m i t e d ,  a p o i n t  i n  f avor  of t h e  

cont inuous  f low method. 

Large-Scale DG S e p a r a t i o n s  of t h e  E x i n i t e ,  V i t r i n i t e ,  and 
I n e r t i n i t e  Main Elaceral Groups 

Maceral  f r a c t i o n s  ob ta ined  from f i r s t  s t a g e  s e p a r a t i o n s  

us ing  t h e  s t anda rd  CF c o r e  were f u r t h e r  p u r i f i e d  us ing  a mod- 

i f i e d  v e r s i o n  of t h e  d e n s i t y  g r a d i e n t  c e n t r i f u g a t i o n  (DGC) tech- 

n ique  desc r ibed  i n  ( 2 ) .  

on d e n s i t y  g r a d i e n t s  t h a t  were l i n e a r  wi th  r e s p e c t  t o  volume. 

A s  s t a t e d  b e f o r e ,  t o  i n c r e a s e  t h e  y i e l d  i t  i s  necessary  t o  have 

a very  sha l low d e n s i t y  g r a d i e n t  s o  t h a t  a sample can be spread  

over  many more f r a c t i o n s  than  i s  t h e  case wi th  t h e  conventional. 

g r a d i e n t .  F i g u r e  5 i s  a p l o t  of t h e  t h r e e  d e n s i t y  g r a d i e n t s  

The r e s u l t s  shown i n  F i g .  1 are  based 

0 0 In 0 ;20 0 30 0 40 0 50 0 t 

E’RACTI OY NO. 

FIGURE 5. Dens i ty  g r a d i e n t  shapes  used t o  s e p a r a t e  t h e  t h r e e  
maceral  c o n c e n t r a t e s .  Each f r a c t i o n  i s  30-31 m l .  All d e n s i t i e s  
are c o r r e c t e d  t o  25’C. 
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SEPARATION OF COAL MACERALS 1585 

0 E X I N I T E  

0 V J T R I N I T F :  

DENS I ‘ry ( g / c c s )  

FIGURE 6. 
maceral a n a l y s i s  of s e l e c t e d  f r a c t i o n s  (% by volume). All 
d e n s i t i e s  are co r rec t ed  t o  25OC. 

Separat ion of e x i n i t e  concentrat ion and corresponding 

[Brij-35@] = 8 g/L,  

generated during t h e  t h r e e  s e p a r a t e  p u r i f i c a t i o n  runs f o r  each 

maceral concentrate .  Using t h e s e  g r a d i e n t s  i t  w a s  p o s s i b l e  w i t h  

t h e  v i t r i n i t e  f r a c t i o n ,  f o r  example, t o  spread ou t  t h e  dens i ty  

range of i n t e r e s t  i n  ~ 8 0 %  of t h e  r o t o r  volume as compared t o  ~ 2 0 %  

wi th  a simple l i n e a r  g r a d i e n t  (Fig.  1). Thus, a much l a r g e r  

t o t a l  weight of a given maceral  could be kept  dispersed without 

causing aggregat ion.  I n  t h e  v i t r i n i t e  case t h e  i n i t i a l  10% of 

t h e  r o t o r  volume holds  mainly e x i n i t e  material and t h e  las t  10% 

holds  p r imar i ly  t h e  i n e r t i n i t e .  With t h i s  g r a d i e n t  des ign  we 
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1586 DYRKACZ, BLOOMQUIST, AND HORWITZ 

FICIJRE 7 
macera l  a n a l y s i s  of r e l a t e d  f r a c t i o n s .  
6 -  

Separa t ion  of v i t r i n i t e  c o n c e n t r a t e  and cor responding  
Condi t ions  as i n  F i g u r e  

do riot exceed t h e  a b i l i t y  of t h e  s u r f a c t a n t  t o  d i s p e r s e  t h e  coa l  

i n  t h e  l a t t e r  r eg ions .  I f  agg rega t ion  occur s ,  t he  r o t o r  passages  

could b e  clogged. 

DGi: t e chn ique  were 3.9 g e x i n i t e ,  14.3 g v i t r i n i t e ,  and 24.5  g 

i n e r t i n i t e .  

s e p i r a t i o n  r u n s  done on t h e  c rude  major maceral f r a c t i o n s .  

a l t - r e d  g r a d i e n t  (F ig .  5) d i d  r e s u l t  i n  a wide spread  of t he  

maj 3r maceral  d e n s i t i e s  and a corresponding s i g n i f i c a n c e  im-  

provement i n  amounts of  macera l  s epa ra t ed  i n  a pure  s t a t e .  

Sample s i z e s  sepa ra t ed  us ing  t h e  modified 

F i g u r e s  6,  7 ,  and 8 p r e s e n t  r e s u l t s  of t h e  t h r e e  

The 
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FIGURE 8. 
sponding macera l  a n a l y s i s  of r e l a t e d  f r a c t i o n s .  
i n  F i g u r e  6 .  

Sepa ra t ion  of i n e r t i n i t e  c o n c e n t r a t i o n  and co r re -  
Condi t ions  as 

CONCLUSIONS 

With our  p r e s e n t  equipment w e  w e r e  unable  t o  u t i l i z e  t h e  

cont inuous  f low system designed f o r  our  p a r t i c u l a r  c e n t r i f u g e .  

However, t h e  s i n k - f l o a t  technique  p r e s e n t s  no problems, and 

w i t h  t h e  a d d i t i o n  of t h e  s u r f a c t a n t  can  r e s u l t  i n  q u i t e  pu re  

d e n s i t y  c u t s .  

W e  have a l s o  been a b l e  t o  s u b s t a n t i a l l y  i n c r e a s e  the amount 

of c o a l  t h a t  can  be  a p p l i e d  t o  a d e n s i t y  g r a d i e n t .  Approximately 
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15-20 g of  a n  i n i t i a l  maceral concen t r a t e  can  now b e  sepa ra t ed  

i n t o  f r a c t i o n s  which have a 0.006 g / c c  d e n s i t y  range .  
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