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Density-based processes a re  commonly used i n  coal  p repara t ion .  The amount o f  
p y r i t e  and o the r  s u l f i d e s  removed f r o u  mined coal  v a r i e s  cons iderab ly  from one 
depos i t  t o  another. Some v a r i a t i o n  i s  due t o  t h e  des ign and ope ra t i on  o f  t h e  
p repa ra t i on  p l a n L  bu t  s o w  i s  due t o  t h e  phys ica l  p r o p e r t i e s  o f  t h e  coa l  
m a t e r i a l  . The i n f l  uence o f  t h e  phys ica l  p r o p e r t i e s  ( p r i m a r i l y  t h e  s i  ze and 
maceral a s s o c i a t i o n  o f  t h e  p y r i t e  g ra i ns )  has no t  been s u f f i c i e n t l y  
eval uated, The o b j e c t i v e s  o f  t h i s  p r o j e c t  were t o  develop a  mic roscop ic  
procedure f o r  assessing these p r o p e r t i e s ,  and t o  compare t h e  r e s u l t s  w i t  
f l o a t - s i n k  t e s t s  f o r  a  few samples. 

F?i c rosc rop i  c  measures were made on pol i shed specimens o f  sarnpl es crushed 
l e s s  than  840 micrometers (m) i n  s ize.  The apparent d iameter  o f  p y r i t e  
g r a i n s  was measured along a l i n e  superposed on the  t he  g r a i n  so as t o  b i s e c t  
t h e  g r a i n  ( M a r t i n ' s  S t a t i  s t i c a l  Diameter) .  P rec i s i on  t e s t s  i n d i c a t e d  t h a t  a t  
l e a s t  1000 g ra ins  se lec ted  a t  random must be measured t o  o b t a i n  a r ep roduc ib l e  
mean d iameter  c h a r a c t e r i  s t i c  o f  t h e  sample. The macera l -minera l  assoc ia t i on  
o f  each measured g r a i n  was c l a s s i f i e d  as one o f  seven d i f f e r e n t  types 
(mod i f i ed  rn i c ro l i t ho t ypes ) .  

The procedure was used t o  study t h r e e  feed samples and s i x  t o  seven f l o a t - s i n k  
f r a c t i o n s  from each. The mean d iameter  o f  a l l  p y r i t e  g r a i n s  o f  t h e  specimens 
ranges from 6 t o  30 im.  P y r i t e  g ra i ns  i n  low d e n s i t y  f r a c t i o n s  a re  almost 
e n t i r e l y  assoc ia ted w i t h  maceral r i c h  p a r t i c l e s ,  which average 6 t o  10 vn i n  
d iameter .  The l argest  enclosed g ra ins  a re  assoc ia ted w i t h  o t h e r  p y r i t e  g r a i n s  
w i t h i n  p y r i t i c  coal  p a r t i c l e s ,  

The c h a r a c t e r i s t i c  found most use fu l  f o r  eval u a t i  ng t h e  f l  oa t - s i  nk behav io r  o f  
coal  was t h e  percentage o f  t h e  g r a i n  diameters w i t h i n  t h e  var ious  maceral 
assoc ia t ions ,  P y r i t e  g ra i ns  judged easy t o  remove a re  f r e e  g r a i n s  and g r a i n s  
encl  osed i n  carhomi n e r i t e  o r  p y r i t i c  coal  p a r t i c l e s ;  p y r i t e  g r a i n s  judged hard 
t o  remove a re  those enclosed i n  v i t r i t e ,  i n e r t i t e ,  l i p t i t e ,  and b i -  and 
t r i m a c e r i t e s .  The r a t i o  o f  t h e  summed diameters w i t h i n  these two groups o f  
maceral assoc ia t i ons  g ives  a  va l  ue we have de f i ned  as t h e  p y r i t e  c l e a n a b i l  i t y  
index ( P C I ) .  P C I  c o r r e l a t e s  very  c l o s e l y  w i t h  p y r i t i c  s u l f u r  con ten t ,  
measured chemica l ly ,  and may p rov ide  a  usefu l  means t o  eva luate t h e  cleana- 
b i l i t y  o f  feed coa l s  and compare t h e  e f f i c i e n c y  o f  va r i ous  c l ean ing  methods. 

Densi ty-based c l  eani  ng processes e f f i c i e n t 1  y  remove a  h i  g h  percentage o f  t h e  
p y r i t e s  and o t h e r  su l  f i d e  i m p u r i t i e s  f o r  some coa ls ,  b u t  f o r  o the rs  these 
processes a re  r a t h e r  i n e f f i c i e n t ,  These d i f f e r e n c e s  a re  i l l u s t r a t e d  by t h e  
w a s h a b i l i t y  curves o f  p y r i t i c  s u l f u r  i n  two coa l s  (F ig .  1). A coa l  t h a t  can 
be cleaned e f f i c i e n t l y  w i l l  f o l l o w  a path s i m i l a r  t o  curve  l a  i n  t h e  f i g u r e  
f o r  which t h e  p y r i t i c  s u l f u r  con ten t  o f  t h e  f l o a t  coal  w i l l  d rop  r a p i d l y  w i t h  
o n l y  a small r educ t i on  o f  recovery f rom t h e  100 percent  l e v e l .  A coal  t h a t  
can no t  be cleaned e f f i c i e n t l y  w i l l  f o l l o w  a  path s i m i l a r  t o  curve l b .  These 
d i f f e r e n c e s  have been observed f o r  many years,  bu t  t h e  f a c t o r s  respons ih l  e f o r  
them have no t  been thorough ly  i nves t i ga ted ,  



recovery (%) ISGS 1984 

Figure 1 Washability curves o f  py r i t i c  sulfur f o r  t w o  types o f  coals: curve a, f o r  a coal t ha t  can b e  cleaned eff ic ient ly, drops 
rap id ly  between 90 and  100 percent recovery; curve b, f o r  a coal that  cannot be cleaned eff ic ient ly, drops s lowly  in this recovery 
range. 

We p o s t u l a t e  t h a t  coa l s  w i t h  l a r g e  and abundant s u l f i d e  g r a i n s  more o r  l e s s  
f r e e  o f  macerals would r e a d i l y  s i n k  i n  washing processes and y i e l d  a  r a p i d l y  
decreas ing p y r i t i c  sul  fu r - recovery  curve ( f i g .  l a )  and t h a t  coal  s  w i t h  small 
and abundant s u l f i d e  g r a i n s  enclosed w i t h i n  macerals would tend  t.o f l o a t  and 
y i e l d  a  curve  such as l b .  Because these phys ica l  c h a r a c t e r i s t i c s  a r e  bes t  
determined by mic roscop ic  methods, a  m ic roscop ic  procedure t o  c h a r a c t e r i  ze t h e  
s i  ze and maceral assoc ia t i on  o f  su l  f i d e  g ra ins  i n  coal  s  needed t o  be developed 
and a p p l i e d  t o  a  s e r i e s  o f  f l o a t - s i n k  t e s t s .  The r e s u l t s  o f  such a  s tudy  
migh t  p rov ide  a  q u a n t i t a t i v e  measure o f  t h e  c l ean ing  p o t e n t i a l  f o r  coal  s 
t e s t e d  and thereby  a s s i s t  i n  t h e  des ign  o f  improved washing processes. 

S 
The problem o f  s u l f u r  i m p u r i t i e s  i n  I 1  1 i n o i s  coa l s  i s  f a r  from a  new issue.  
Analyses o f  s u l f u r  i n  coa l s  were inc luded  i n  r e p o r t s  dated as e a r l y  as 1894, 
as we1 1 as i n  t h e  f i r s t  r e p o r t  on I 1  1  i n o i s  coal  pub1 ished by t h e  i l n i v e r s i t y  o f  
I 1  1  i n o i s  Experimental  S t a t i o n  (Breckenridge, Parr,  and D i rks ,  1906). By 1919 
t h e  sub jec t  warranted a  spec ia l  study on t h e  methods t o  determine t h e  var ious  
forms o f  s u l f u r  i n  coal  (Powell and Parr, 1919). S h o r t l y  t h e r e a f t e r ,  t h e  U.S. 
Bureau o f  Mines i n i t i a t e d  an i n v e s t i g a t i o n  o f  t h e  d i s t r i b u t i o n  o f  s u l f u r  i n  
coa l  seams and was t h e  f i r s t  t o  r e p o r t  t h e  inhomogenei t y  o f  p y r i t e s  i n  
I 1  1  i n o i s  coa l s  (Yaney and Fraser ,  1921). !lore r e c e n t l y  t h e  t o p i c  was reviewed 
and a d d i t i o n a l  geologic  and a n a l y t i c a l  data were presented by Glus- 
k o t e r  and Simon (1968). Chemical i n v e s t i g a t i o n s  of t he  p a r t i t i o n i n g  o f  
p y r i t e s  and o t h e r  ash forming m ine ra l s  i n  c leaned and re fuse  f r a c t i o n s  o f  
c o a l s  l e d  t o  many improvements i n  coal  p repa ra t i on  i n  recen t  years (Saltsman, 
1970; Deurbrouck, 1972; M i l l e r ,  1977; and L iu ,  1982). 

P!icroscopic and chemical c h a r a c t e r i z a t i o n s  o f  f i v e  h igh-su l  f u r  coal  s, made i n  
con junc t i on  w i t h  s e l e c t i v e  pu l  v e r i  z a t i o n  c a r r i e d  o u t  by Glenn and Ha r r i  s  
(1961) showed t h a t  p y r i t e s  tended t o  concentrate i n  t h e  -200 mesh f r a c t i o n s  o f  
crushed coal  s. They measured t h e  chord l eng ths  across g r a i n s  encountered 
a long a r e g u l a r  s e r i e s  o f  t r ave rses  over a  po l i shed  p e l l e t  o f  -1/2 i n c h  coal  
mixed w i t h  carnauba wax as a  b i nde r ,  and repo r ted  t h e  average volume and 



percentage o f  g r a i n s  occu r r i ng  i n  seven d i f f e r e n t  s i z e  ranges, The i r  t e s t s  o f  
a sample from I1  1  i n o i  s  i n d i c a t e d  t h a t  p y r i t e  g r a i n s  w i t h  d iameters  o f  -20 INI 
represented on1 y  1.6 percent  o f  t h e  t o t a l  weight o f  p y r i t e ,  bu t  90.3 percen t  
o f  t h e  p y r i t e  g r a i n s  (by  number) i n  t h e  sample. Glenn and H a r r i s  (1961) 
f u r t h e r  observed abundant p y r i t e  g ra i ns  a long bedding planes w i t h i n  t h e  coal  
p a r t i c l e s  and suggested t h a t  a  new des ign f o r  g r i n d i n g  machines migh t  inc rease  
t h e  l i b e r a t i o n  o f  p y r i t e .  

I n  a r e p o r t  on t h e  pe t rograph ic  and chemical forms o f  s u l f u r  i n  samples from 
t h e  P i t t s b u r g h  seam, Gray, Schapiro, and Coe (1963) found t h a t  t h e  p a r t i c l e s  
o f  coal  o f  i n t e rmed ia te  d e n s i t y  conta ined t h e  g rea tes t  abundance o f  
un l  i b e r a t e d  p y r i t e .  They a1 so observed t h a t ,  on a  d r y  and ash- f ree  bas is ,  t h e  
o rgan ic  s u l f u r  c o r r e l  ated l i n e a r l y  w i t h  increases i n  t h e  1  i p t i n i t e  maceral 
con ten t  i n  a l l  s i z e  and d e n s i t y  f r a c t i o n s  o f  t h e  coal .  Bomberger and Deul 
(1964) used a motor ized stage t o  t rans1  a te  a po l i shed  epoxy p e l l e t  o f  crushed 
coal  under a  microscope equi  pped t o  con t i nuous l y  measure r e f 1  ectance. The 
apparatus scanned the  p e l l e t  and recorded t h e  chord l e n g t h  o f  exposed g r a i n s  
o f  h i g h  re f l ec tance ,  

The method used by EkCartney, O'Donnell,  and Ergun (1969) was s i m i l a r  t o  t h a t  
o f  'Glenn and H a r r i s  (1961). Samples o f  -14 mesh coa l ,  p e l l e t i z e d  w i t h  a  
p l a s t i c  b i nde r  and pol ished, were examined a t  375 m a g n i f i c a t i o n  along 80 
t raverses .  They recorded t h e  d iameter  o f  a l l  p y r i t e  g r a i n s  encountered, 
approx imate ly  3,000. They assessed t h e  p r e c i s i o n  o f  t h e i r  method i n  terms o f  
t h e  c o e f f i c i e n t  of  v a r i a t i o n ,  which f o r  t h e i r  t e s t s  ranged hetween 3.5 t o  7 
percent .  Th is  was deemed s a t i s f a c t o r y  i n  v iew o f  t h e  inhomogeneity o f  p y r i t e  
d i  s t r i b u t i o n  i n  coa ls .  McCartney, 0 '  Donne11 , and Ergun (1969) repor ted  t h e  
mean s i ze  o f  p y r i t e  g ra i ns  i n  61 coals ,  i n c l u d i n g  e i g h t  from I l l i n o i s .  The 
mean s i ze  i n  t h e  I l l i n o i s  samples ranged from 27 t o  90 m, w h i l e  t h e  mean i n  
a1 1  o the r  sampl es ranged from 20 t o  400 pm. 

K n e l l e r  and Flaxwell (1983) s tud ied  t h e  s ize ,  shape, and d i s t r i b u t i o n  o f  
microscopic  p y r i t e  i n  some Ohio coals .  They d i s t i n g u i s h e d  e i g h t  d i f f e r e n t  
t ypes  o f  p y r i t e :  f ramboidal  , euhedral , f r a c t u r e  f i l l  i ng ,  layered ,  d e n d r i t i c ,  
c e l l  f i  11 i ng , b l  eb, and submicron, Thei r observat ions on pol  i shed specimens 
o f  crushed samples, mounted i n  epoxy, revealed a  marked enr ichment o f  p y r i t e  
w i t h i n  t h e  40- t o  32--urn s i  ze range i n  most o f  t h e i r  samples. Cec i l  , Stanton, 
and Dulong (1981) examined t h e  l o c a t i o n ,  t ype ,  and s i z e  o f  p y r i t e s  i n  t h e  
lower  F reepor t  Coal o f  West V i r g i n i a .  They repor ted  data on g r a i n  s i ze  us ing  
standard coal  p e l l e t s  and normal ized t h e i r  m ic roscop ic  da ta  on each sample by  
use o f  i t s  p y r i t i c  s u l f u r  content  as determined by chemical methods. 

Lebiedz i  k and Dutcher (1977) pioneered i n  t h e  appl i c a t i o n  o f  computer con- 
t r o l l  ed image ana lys i  s  o f  coal  f o r  s i ze  measurements o f  p y r i t e s ,  Robinson and 
S ta rk  (1983) s tud ied  t h e  s i z e  o f  p y r i t e  g r a i n s  i n  I l l i n o i s  coa l s  us ing  an 
automated image anal y s i  s  system based on t he  scanning e l  e c t r o n  microscope. 
Pol ished sur faces  o f  pe l1  e t s  were scanned under an e l e c t r o n  beam and t h e  
system a u t o m a t i c a l l y  i d e n t i f i e d  p y r i t e  by i t s  ve ry  b r i g h t  back sca t t e red  
e l e c t r o n  image, r e l a t i v e  t o  o the r  coal  cons t i t uen t s .  They expressed t h e i  r 
data i n  terms o f  t h e  sur face  area o f  p y r i t e  g r a i n s  per u n i t  volume o f  coa l .  
O f  t h e  s i x  p o t e n t i a l  sources o f  e r r o r  i n v e s t i g a t e d  by Robinson and Starks 
(1984), on l y  t h e  e r r o r  due t o  t he  inhomogeneity o f  p y r i t e  g r a i n s  from area t o  
area on t h e  po l i shed  pel  l e t  was judged t o  be a  s i g n i f i c a n t  source o f  
v a r i a t i o n .  



CRUSH (-314 inch) 
ROLL M I L L  (-318 inch) 

WASHABILITY (FLOAT-SINK) I SET OF 6 FRACTIONS 1-d 

*SIZE FRACTIONS TESTED 

-318 inch x 30M (mesh) 
-20M x 30M 
-30M x 200M 

RIFFLE F-l 

POLISHED SECTION 
OF EPOXY-MOUNTED SPECIMEN 

FOR MICROSCOPIC ANALYSIS 

Figure 2 Sample preparation. 

Table 1 Project samples. 

FOR 
CHEMICAL 
ANALYSES 

Sampl e 
Loca t ion  

i n  I l l i n o i s  Seam Samp1.e type 
P a r t i c l e  Sample 

s i ze* number ( s )  

Southern H e r r i n  Run o f  mine 
(No. 6) Coal 6 f l o a t - s i n k  f r a c t i o n s  

o f  C22169 

Southern S p r i n g f i e l d  channel 
(No. 5) Coal 6 f l o a t - s i n k  f r a c t i o n s  

o f  C22173 

Cent ra l  S p r i  n g f  i e l  d channel 
(No. 5) Coal coarse f r a c t i o n  of C22419 

7 f l o a t - s i n k  f r a c t i o n s  

f i n e  f r a c t i o n  o f  C22419 
7 f l o a t - s i n k  f r a c t i o n s  

Run o f  wash p l a n t  

-2 i n c h  C22169 
20M x 30M C22232 t o  

C22237 

-2 i n c h  C22173 
20M x 30M C22238 t o  

C22243 

-2 i n c h  C22419 
3/8" x 30M C22458 
3/8" x 30M C22422 t o  

C22428 

-1 i n c h  C2242Q 

*M: mesh; 20M = 841 pm, 30Y = 600 urn, 200M = 75 ~ r n  
fTomposi t e  of b lock  samples taken from each l a y e r  o f  t he  seam. 



Hower (1984) analysed samples from t h e  Her r in ,  S p r i n g f i e l d ,  and 
o the r  seams, most i n  Kentucky, f o r  t h e  s i  ze, t ype ,  and micro1 i t h o t y p e  
d i s t r i b u t i o n  o f  t h e i r  p y r i t e  cons t i t uen t s .  

c t i  
o b j e c t i v e s  o f  t h i  s  p r o j e c t  a re  t o :  ( 1 )  develop a  method f o r  de te rmin ing  

t h e  s i  ze d i s t r i b u t i o n  o f  s u l f i d e  g r a i n s  ( p y r i t e s * )  and t h e i r  maceral 
assoc ia t i ons  i n  coal ;  ( 2 )  cha rac te r i ze  t h e  diameter o f  s u l f i d e  g r a i n s  and 

1  assoc ia t i on  i n  se lec ted  samples o f  I l l i n o i s  coa l s ;  and ( 3 )  seek 
1  a t i o n s  between these p r o p e r t i e s  and t h e  p y r i t i c  con ten ts  o f  

va r i ous  d e n s i t y  ( w a s h a b i l i t y )  f r a c t i o n s  o f  t h e  coa ls .  

kn 
Several s t a f f  members o f  t h e  I l l i n o i s  S ta te  Geological  Survey c o n t r i b u t e d  t o  
t h i s  work. R, HQ Sh i l ey  c o l l e c t e d  two o f  t h e  samples s tud ied ;  L. Camp and D. 
Lowry prepared t h e  samples: L. Kohlenberger supervised t he  chemical analyses; 
L. Khan and J. Buckent in  supervised t h e  f l o a t - s i n k  t e s t i n g ;  J. Kaczanowski 
designed and cons t ruc ted  needed e l  e c t r i c a l  components. The p r o j e c t  was 
supported by  t h e  I l l i n o i s  Coal Research Board through t h e  Center f o r  Research 
on Sul f u r  i n  Coal . D r .  Paul D. Robinson, Geology Department, Southern 
I 1  1  i no i  s  U n i v e r s i t y  , reviewed t h e  manuscri p t  . 

Samples were c o l l e c t e d  from t h r e e  mines: one, a  mine run ( t i p p l e )  sample from 
t h e  H e r r i n  (No, 6 )  Coal seam i n  southern I 1  1  i no i s ,  and two channel samples 
from t h e  S p r i n g f i e l d  (No. 5 )  Coal ( t a b l e  1 ) .  

Samples were prepared f o r  analyses as shown i n  f i g .  2. Representat ive s p l i t s  
o f  t h e  samples were crushed t o  840 urn o r  l e s s  (-20 mesh), mounted i n  epoxy, 
and po l  i shed t o  expose c ross-sec t ions  through severa l  thousand p a r t i c l e s  o f  
coal  f o r  microscopic  study, Two epoxy mounted specimens were prepared and 
s tud ied  f o r  most sampl es. These procedures f o l  lowed those descr ibed  i n  
standard I32747 o f  American Society  f o r  Test ing and M a t e r i a l s  (1983). Other 
sp l  i t s  were prepared and sub jec ted  t o  sequent i  a1 d e n s i t y  separa t ions  by f l o a t -  
s i  nk (washabi l i t y )  methods, f o l  1  owi ng procedures descr ibed by He1 f i n s t i  ne e t  
a l .  (1974).  Other s p l i t s  o f  t h e  samples, i n c l u d i n g  f l o a t - s i n k  f r a c t i o n s ,  were 
crushed t o  250 o r  l e s s  ( -60 mesh) and chemica l l y  analyzed f o r  t h e i r  
mo is tu re ,  v o l a t i l e  ma t te r ,  f i x e d  carbon, ash, v a r i e t i e s  o f  s u l f u r ,  and t o t a l  
su l  f u r  con ten t .  

ne s 
P y r i t e  g r a i n s  e x h i b i t  a wide d i v e r s i t y  o f  s i z e  and shape i n  coal  s. The task  
o f  measuring t h e i r  s i z e  i s  a  complex one; nonetheless, i f  c o n s i s t e n t  m i c r o -  
scopic procedures a re  fo l lowed,  t h e  measurements can be used t o  determine 
d i  f f e rences  between samples t h a t  n i l  1  be meaningful  f o r  coal  p repara t ion .  I n  
a d d i t i o n ,  microscopy perrni t s  t h e  sirnul taneous de te rm ina t i on  o f  t h e  g r a i n ' s  
assoc ia t i on  w i t h  o t h e r  m inera l  and maceral c o n s t i t u e n t s  i n  t h e  coal  . 

*The term pyrites refers to  grains ~f iron sulfide, of which pyrite is the most abundant and marcasite is a trace component in Illinois coals. 



There a re  some i nhe ren t  d i f f i c u l t i e s  i n  t he  mic roscop ic  measure o f  s i ze .  
Carefu l  procedures a re  requ i red  d u r i n g  sample p repa ra t i on  t o  ensure t h a t  a 
r e p r e s e n t a t i v e  sampl e i s  examined under t he  microscope. I n  t h i  s  connect ion, 
p l u c k i n g  o f  g r a i n s  wh i l e  p o l i s h i n g  i s  a  p o t e n t i a l  problem, as i s  enr ichment o f  
heavy minera l  s  on t he  bottom o f  t h e  epoxy mounted specimen, Therefore we 
prepared, mounted, ground and po l i shed  each sample i n  a  c o n s i s t e n t  manner, 
us ing  a  minimum amount o f  epoxy t o  prevent  segregat ion and a  minimum amount o f  
p o l i s h i n g  t o  reduce p luck ing ,  These procedures can t h e r e f o r e  be used t o  
measure s i  zct c h a r a c t e r i s t i c s  t h a t  enable comparisons t o  he made between 
sampl es , 

Another i nhe ren t  d i  f f i c u l  t y  concerns t h e  f a c t  t h a t  randoq c ross-sec t ions  o f  
g r a i n s  r a r e l y  pass through t h e  maximum diameter o f  three-d imensional  g ra i ns ,  
As our p r imary  use o f  g ra i n - s i ze  data i s  t o  make comparisons between samples, 
t h i s  d i f f i c u l t y  i s  o f  secondary importance. We assume t h i s  sec t i ona l  e f f e c t  
i s  e s s e n t i a l l y  t h e  same f o r  one sample as another,  Given t h i s  assumption, and 
random sec t i on ing ,  a sample con ta in i ng  1  arge g ra ins  should y i e l d  a  mean s i z e  
t h a t  i s  p r o p o r t i o n a t e l y  1  a q e r  than another sampl e  w i t h  small e r  g ra i ns  . 

At tempts were f i r s t  made t o  adapt a  motor ized scanning stage t h a t  was 
a v a i l a b l e  i n  t h e  l abo ra to r y .  With t h i s  stage t h e  specimen cou ld  be scanned 
a1 ong a  t r a v e r s e  whi 1 e  a photometer recorded t h e  r e f 1  ectance a t  regul  ar1 y 
spaced p o i n t s  (3-m diameter)  along t h e  t raverse .  S u l f i d e  g ra ins ,  be ing  very  
h i g h l y  r e f l e c t i v e ,  would appear on t he  record  as h i gh  peaks. The w id th  o f  t h e  
peak would be p ropo r t i ona l  t o  t h e  d iameter  o f  t h e  g ra in .  The e l e c t r o n i c  
s i g n a l s  t o  t h e  motor i zed  stage were mod i f i ed  w i t h  t h i s  goal i n  mind t o  make 
t h e  scan v e l o c i t y  as cons tan t  as poss ib l e  and t o  i n t e r f a c e  t h e  c o n t r o l  u n i t  
w i t h  our microcomputer, Computer programs were w r i t t e n  t o  s t o r e  and t o  
eva lua te  t h e  re f l ec tance  record. Several t e s t  scans were r u n  on a  specimen; 
however, t h e  scanning v e l o c i t y  cou ld  no t  be mainta ined p e r f e c t l y  constant ,  and 
t o o  many t r ave rses  were requ i red  on each specimen t o  o b t a i n  da ta  on enough 
g ra ins .  The motor i zed  stage was no t  designed f o r  scanning back and f o r t h  and 
so t h e  ana l ys t  had t o  manual ly  se t  up each t r a v e r s e  across t h e  specimen. Th is  
procedure a1 so y i e l d e d  r a t h e r  inaccura te  d iameter  va l  ues i n s o f a r  as t h e  
t r ave rses  passed a long randomly o r i e n t e d  chords through t h e  g r a i n s ,  r a r e l y  
a long t h e  apparent diameter,  The r e s u l t i n g  record d i d  no t  p rov ide  a  
c o n s i s t e n t  measure o f  t h e  g ra ins .  Because o f  these disadvantages we stopped 
f u r t h e r  work on t h i s  method, 

The r i bbon  method was chosen as a  means t o  
randomly s e l e c t  g r a i n s  f o r  manual measurement (Van Der Plas,  1962).  The 
specimen p e l l e t  was manual ly  t raversed  across t h e  stage o f  t h e  microscope w i t h  
a  mechanical dev ice,  l e f t  t o  r i g h t ,  and each s u l f i d e  g r a i n  o r  c l u s t e r  o f  
c o n t a c t i n g  agglomerated g r a i n s  observed t o  occur  w i t h  a  240-rn wide r i bbon  
centered on t he  l i n e  o f  t r a v e r s e  was measured. Some 10 such r ibbons,  spaced 
2- t o  4-mn apa r t  were t r ave rsed  so as t o  cover about 80 percent  o f  t h e  p e l l e t  
sur face.  Measurements were made i n  se ts  o f  500 g ra ins  f o r  each sa~rp le .  
D e t a i l s  o f  t h e  m ic roscop ia l  procedure a re  g iven  i n  s e c t i o n  I o f  f i g .  3. 



Microscopic Procedures For 
Pyrite Characterization in Particulate Coal Samples 

I .  Grai n Size Determi nation 

1. A polished sample pellet i s  scanned along a 240 w-n wide ribbon, 
l e f t  to right. This width corresponds to the length of the 
micrometer graticul e on the pel 1 e t  . 

2. The diameter recorded i s  the length of the graticule line super- 
posed on the grain when the grain i s  positioned so that the 1 ine 
bisects i t .  With the l ine of the micrometer graticule set  vertically 
in the microscope f ield of view, record the diameter in whole units 
of micrometer divisions of each grain that occurs along the scan. 
Do not count grains of less than ha1 f a division. Measure only 
the f i r s t  5 grains encountered in a single particle of coal. 

An irregular shaped grain (or cluster of contacting grains) i s  
positioned so that approximately equal mass of the grain occurs 
on both sides of the line of measure. Clusters or dendritic forms 
are measured as a single mass excluding intervening pores of coaly 
matter. One exception i s  permitted for very large rectangular 
grains larger than the graticule (240 urn). The length and width 
of such a grain are measured, and the diameter ( in  divisions) of 
a circle of equal area i s  computed and recorded. Return to the 
original scanning track after  making these measurements. 

4. Approximately 10 parallel scans are made across the pellet,  spaced 
a t  least  2 mm apart so as to cover more than 80 percent of the 
pellet surface. A t  least  1000 grains must be measured. 

11. Grain Association 

The association of pyrite grains i s  classified simultaneously with the 
size measurement according to the following sequence of questions: 

1. Is  the grain free or enclosed? If i t  i s  free of macerals or the 
particle contains less than 5 percent maceral matter, record 
i t  as "F" and go to the next grain. Otherwise i t  i s  one of the 
following types of enclosed grains: 

2 .  Is the enclosed pyrite grain in a particle that exceeds 20 percent 
in total pyrite by surface area? If yes, record "P" for pyritic 
coal and go to next grain; otherwise go to question 3. 

3 .  Is the enclosed pyrite grain in a particle that contains from 20 
to 60 percent mineral matter, or has from 5 to 20 percent pyrite? 
If yes, record "C" for carbomineri t e  and go to the next grain; 
otherwise go to question 4. 

4. Is the enclosed pyrite grain in a particle that i s  either 95 percent 
or more v i t r in i te ,  or l ip t in i te ,  or inert ini te  and less than 20 
percent mineral matter or less than 5 percent p-te? If yes, 
record " V "  of "L" or "I"  respectively and go to the next grain; 
otherwise record "T" for trimacerite or bimacerite. The particle 
should then contain more than 5% of a mixture of v i t r in i te  and/or 
l ip t in i te  or inert ini te  and less than 20% mineral matter (or  less 
than 5% pyrite) . 

Figure 3 Microscopic procedures. 



The g r a i n  s i  ze c h a r a c t e r i  s t i c  measured was t h e  M a r t i n ?  s t a t i s t i c a l  d iameter  
( H a r t i n ,  1928), t h e  l e n g t h  o f  a  l i n e  t h a t  b i sec ted  t h e  g r a i n  seen under the  
microscope ( f i g .  4 ) .  The mean va lue  o f  M a r t i n E  s  d iameter  o f  sand g ra ins  was 
found by Heywood (1947) t o  g i v e  s u b s t a n t i a l l y  t h e  same va lue as t h a t  obta ined 
from more t ed ious  measurements o f  t h e  p ro jec ted  area o f  t h e  g ra ins .  For t h e  
few espec ia l  l y  1  arge, rectangul  a r  g r a i n s  ( g r e a t e r  than 240 PITI across) ,  which 
occurred i n  many samples as c l e a t - f i l l  p y r i t e ,  we measured t h e i r  l e n g t h  and 
w i d t h  and recorded t h e  diameter o f  a  c i r c l  e  o f  equal area. Because a  few coal  
p a r t i c l e s  c o n t a i n  numerous g ra ins ,  we measured on1 y t h e  f i r s t  f i v e  g r a i n s  
encountered i n  a  s i n g l e  p a r t i c l e  t o  ensure t h a t  a  l a r g e  and rep resen ta t i ve  
number o f  p a r t i c l e s  was examined. Grains o r  c l u s t e r s  o f  c o n t a c t i n g  g r a i n s  
( f rambo ids )  occu r r i ng  as p o l y c r y s t a l l i n e  and porous masses were measured as 
i f  they  were a  s i n g l e  g ra in .  Likewise, d e n d r i t i c  groupings o f  c r y s t a l s  were 
t r e a t e d  as a  s i n g l e  mass; t h e  i n t e r v e n i n g  coa ly  m a t r i x  (see f i g .  8) was 
v i  sua l  l y  exc l  uded . 
The d iameter  recorded was t h a t  o f  t h e  g r a i n  measured t o  t he  nearest  d i v i s i o n  
on t h e  g r a t i c u l a r  l i n e ,  superposed on t h e  image o f  t h e  g ra in .  Given t h e  
m a g n i f i c a t i o n  used ( 5 0 0 ~ ) ~  each micrometer d i v i s i o n  was 2.41 lan on t he  sur face  
of  t h e  g ra in .  Th is  f a c t o r  was used t o  conver t  t h e  recorded va lues t o  t r u e  
l e n g t h  i n  micrometer ( m )  u n i t s .  Grains l e s s  than h a l f  o f  a  d i v i s i o n  i n  s i z e  
(<1.2 m) were no t  counted; t h i s  i s  j u s t i f i e d  because t h e  w e i g h t - e f f e c t  o f  
such u l t r a f i n e  g r a i n s  o f  p y r i t e  on w a s h a b i l i t y  o f  t h e  coal  i s  cons idered 
n e g l i g i b l e .  

. To document t he  assoc ia t i ons  o f  t h e  s u l f i d e  g ra ins ,  a  
scheme t o  c l a s s i f y  t h e  assoc ia t i ons  was developed ( t a b l e  2) .  Th is  
c l  ass i  f i c a t i o n  was adapted f ran t h e  micro1 i tho type  c l  ass i  f i c a t  i o n  o f  coal  
descr ibed  by Mackowsky i n  Stach e t  a1 . (1982). S u l f i d e  g r a i n s  occu r r i ng  f r e e  
o f  macerals were recorded as a  f r e e  assoc ia t i on ,  and g r a i n s  enclosed w i t h i n  o r  
a t tached t o  maceral s  were recorded as one o f  s i x  possi b l  e m i  c  r o l  i tho type  
assoc ia t i ons  ( t a b l e  2) .  I n  c o n t r a s t  t o  t h e  usual m i c r o l i t h o t y p e  procedure, 
which uses a  20-point  g r a t i c u l e  t o  q u a n t i t a t i v e l y  determine t h e  maceral and 
minera l  percentages w i t h i n  a 50-un square area, we v i s u a l l y  est imated t h e  
percentages w i t h i n  t h e  e n t i  r e  p a r t i c l e  o f  coal  con ta in i ng  the  g ra in .  The 
sequent ia l  manner i n  which we determined t h e  assoc ia tes  o f  each g r a i n  measured 
i s  descr ibed  i n  f i g u r e  3. 

Figure 4 Martin's Statistical Diameter (M)  measured on the same grain in different orientations (after Heywood, 1946). 



s. Three computer programs were w r i t t e n  t o  process t h e  data 
(see  appendix). The programs were r ~ r i t t e n  i n  M i c r o s o f t  Basic t o  run on a  CP/M 
2.2 ope ra t i ng  system, w i t h  64K by tes  o f  memory, Our microcomputer i s  one o f  
t h e  e a r l i e s t  made, a  MITS model A l t a i r  8800b equipped w i t h  an I P l S A I  dual d i s k  
d r i v e s .  

The program t o  en te r  and s t o r e  t h e  data,  PSTORE, prompts t h e  m ic roscop i s t  f o r  
t h e  sample number, date,  number o f  g r a i n s  measured and t h e  m a g n i f i c a t i o n  
f a c t o r .  The number o f  micrometer d i v i s i o n s  corresponding t o  t h e  M a r t i n ' s  
d iameter  o f  each measured g r a i n  i s  entered and s to red  along w i t h  one o f  t h e  
codes corresponding t o  i t s  maceral assoc ia t ion .  PSTORE a l lows  changes t o  be 
made f o r  e r roneous ly  entered data.  

The program PCHAR r e c a l l s  data from a  f i l e  c rea ted  by PSTORE, conver ts  t h e  
d i  ameter i n  d i v i  s i o n  ( g r a t i c u l e )  u n i t s  t o  micrometers,  computes s t a t i  s t i c a l  
values, and p r i n t s  t h e  r e s u l t s  i n  a  r e p o r t  e n t i t l e d ,  " P y r i t e  Charac te r i -  
z a t i o n  ." Subtota l  s , percentages, means and standard d e v i a t i o n s  are computed 
f o r  a l l  p y r i t e s  measured and f o r  each o f  t h e  var ious  types  o f  p y r i t e s .  I n  
a d d i t i o n ,  t he  program computes s t a t i  s t i c a l  va l  ues expressed as g r a i n  number, 
g r a i n  diameter,  g r a i n  area (assuming c i  r c u l  a r  g r a i  ns)  , and g r a i  n  vo l  ume 
(assuming sphe r i ca l  g r a i n s ) .  These values, along w i t h  t h e  t y p e  o f  maceral 
assoc ia t i on ,  a re  p r i n t e d  on t h e  r e p o r t  ( f i g .  9 ) .  

The program SIZEFREQ uses t h e  raw da ta  from PSTORE and conver ts  t h e  g r a i n ' s  
s i z e  i n  d i v i s i o n  u n i t s  t o  @ u n i t s  (Krumbein, 1934), where @ i s  t h e  -log2D and 
D i s  t h e  g r a i n  d iameter  i n  mm. Each o f  these va lues i s  grouped i n t o  one o f  
severa l  9 c lass  i n t e r v a l s ,  conver ted t o  percentage u n i t s ,  and l i s t e d  i n  a  
t a b l e ,  These r e s u l t s  can be r e a d i l y  p l o t t e d  as a  h is togram o r  a cumula t i ve  
d i s t r i b u t i o n  curve  o f  g r a i n  s izes  from which t h e  median d iameter  can be 
i n t e r p r e t e d  ( f i g .  10) .  

Table 2 Classification of pyrite grain associations. 

Association Maceral -mineral composi tion of coal part icl  e 

1. Free grains 

2. Enclosed grains 

2a. Vi t r i te  

2b. Lipti t e  

26. Inert ini  t e  

2d. Trimaceri t e  

2e. Carbominerite 

4% maceral s attached 

>95% vi t r i  ni t e  maceral s encl oses pyrites 

>95% 1 i pt i  t e  maceral s encl oses pyri tes  

>95% of i nert i  ni t e  maceral s encl oses pyrites 

>95% mixtures of maceral s .  This category 
i ncl udes bimaceri tes .  

macerals ~ l u s :  5 to  20% pyri te,  or 20 to 
60% clay, quartz or ca lc i t e  

2f. Pyri t ic  coal >20% pyri te 



a' 
The weight y i e l d  f o r  t h e  var ious  f l o a t - s i n k  f r a c t i o n s  o f  t h e  mine run and 
channel samples and t h e i r  chemical analyses are g iven  i n  t a b l e  3, and 
washabil i t y  curves de r i ved  from these data on t y p i c a l  samples a re  shown i n  
f i g u r e  5. The p o i n t s  a long t h e  curves were computed as descr ibed by 
H e l f i n s t i n e  e t  a l .  (1974).  The raw da ta  f o r  p y r i t i c  s u l f u r  i n  each f l o a t - s i n k  
f r a c t i o n ,  s t a r t i n g  w i t h  t h e  l i g h t e s t  f r a c t i o n ,  i s  m u l t i p l i e d  by t h e  y i e l d  o f  
t h a t  f r a c t i o n  and cumula t i ve  percentages o f  t h e  products  a r e  p l o t t e d  aga ins t  
t h e  cumula t i ve  y i e l d .  F i gu re  5a represen ts  t h e  -20 x 30 mesh f r a c t i o n s  o f  two 
samples. Note t h a t  t h e  low-recovery end o f  t h e  curve  f o r  t he  H e r r i n  sample 

Table 3 Weight yield and selected chemical and maceral analyses of float-sink tests? 

Sample Feed and H-T S u l f a t e  P y r i t i c  Organic Tota l  
No. dens i t y  Yield ASH Su l fu r  Sul fur  , Sulfur  Su l fu r  V i t r i n i t e  L i p t i n i t e  I n e r t i n i t e  

HERRIN (NO. 6) COAL - SOUTHERN IL 

C22169 mine run -- 14.5 
232 1.25F 9.85 3.1 
233 1.30FS 28.79 3.2 
234 1.35FS 20.41 4.6 

1.40FS 12.46 8.1 
235 236 1.60FS 19.07 15.3 
237 1.60s 9.41 67.7 

SPRINGFIELD (NO. 5 )  COAL - SOUTHERN IL 

C22 173 channe 1 -- 10.8 
238 1.25F 12.'28 3.0 
239 1 .30FS 15.35 5.2 
240 1.35FS 7.57 6.7 
24 1 1.4OFS 47.48 8.7 
242 1.60FS 11.16 15.6 
24 3 1.60s 6.16 46.0 

SPRINGFIELD (NO. 5 )  COAL - CENTRAL IL 

channe 1 
3/8 x 30M 

1.25F 
l .3lFS 
1.35FS 
l.4OFS 
1.60FS 
l.8OFS 
1.80s 

459 -200M 1.00 18.3 

420 wash p l a n t  -- 12.4 

"Abbreviations: F- f loa t ,  S-sink, FS-float  sample of  t h e  s i nk  from t h e  next  l i g h t e r  f r a c t i o n ,  M-mesh s i z e .  s i z e .  
+The 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  r e s u l t s  a r e  based on po in t  counts o f  468 t o  1055 macerals  pe r  sample and 

repor ted  on a volume percent ,  mineral-free b a s i s ;  a l l  o t he r  r e s u l t s  a r e  on a weight percent ,  d ry  ba s i s .  



n e a r l y  l e v e l  s o f f  wh i l e  t he  curve cont inues t o  drop f o r  t h e  S p r i n g f i e l d  
sample. These curves a re  d i f f e r e n t  f o r  t h e  two samples. Nonetheless, bo th  o f  
these sampl es 1  o s t  cons iderab ly  more p y r i t i c  sul  f u r  above 80 percent  recovery 
t han  d i d  bo th  t h e  f i n e  and coarse f r a c t i o n s  o f  t h e  o t h e r  S p r i n g f i e l d  sample 
( f i g .  5b). 

The f l o a t - s i n k  curves f o r  t h e  coarse and f i n e  f r a c t i o n s  o f  sample C22419 ( f i g .  
5b) r e f l e c t  t h e  d i f f i c u l t y  i n  c lean ing  t h i s  coa l .  Our sample was se lec ted  i n  
t h e  mine so as t o  exc l  ude c l a y  d i k e  m a t e r i a l  ( l o c a l l y  a  m in ing  problem), 
thereby  enab l i ng  t h e  s u l f u r  c l ean ing  problem t o  be s tud ied  more d i r e c t l y .  The 
whole sample (C22419) was crushed and spl i t  i n t o  a  f i n e  (30 X 200 mesh) and a 
coarse (3/8 i n c h  X 30 mesh) f r a c t i o n  : 89 percent  was coarse and 11 percent  
was f i n e ,  D i  f f e rences  i n  t h e  curves f o r  t he  two subsampl es a re  l a r g e l y  
exp la ined  by t h i s  p a r t i c l e  s i z e  d i f f e r e n t i a t i o n .  The c l e a t - f i l l  and o t h e r  
negascopic sul  f i d e s  were p r e f e r e n t i  a1 l y f reed  and concentrated i n  t h e  f i n e  
f r a c t i o n ,  which had a  h i ghe r  con ten t  o f  p y r i t i c  s u l f u r  (1.39%) and a s teeper  
s l  ope f o r  t he  washabil i t y  cu rve  between 80 and I00 percen t  recovery.  Roth t h e  
coarse and f i n e  f r a c t i o n s  re ta i ned  some o f  t h e  coarser  su l  f i d e  ma te r i  a1 s  and 
had a  s i m i l a r  amount o f  f i n e l y  d ispersed p y r i t e  w i t h i n  coal  p a r t i c l e s .  As a  
r e s u l t  , t h e  two curves converge toward t h e  1  ow-recovery s ide.  
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Figure 5 Washability curves for  pyr i t ic  sulfur in: (a) channel samples of  20x30 mesh: C22173 (Springfield Coal), C22169 (Herrin 
Coal); (b) coarse (C22458) and f ine (622457) fractions o f  channel C22419 (Springfield Coal). 
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Figure 6 Washability curves for the three group macerals: (a) channel C22173; (b) coarse fraction (C22458) of  channel C22419; 
(c) fine fraction ((222457) of  channel C22419. 



i 
r a  c e r a l  d i s b r i h u t i o n s  i n  t h e  f l o a t - s i n k  t e s t s  ( t a b l e  3 )  

a re  as f o l l ows :  

V i t r i n i t e  i s  p rog ress i ve l y  enr iched i n  t h e  l i g h t e r  f r a c t i o n s  and 
conversel 'y i s  dep le ted  i n  t h e  eav i  e r  f r a c t i o n s .  

@ L i p t i n i t e  tends t o  be s l i g h t l y  l e s s  abundant i n  bo th  t h e  l i g h t  and 
heavy f r a c t i o n s  and enr iched  i n  t h e  1.40 t o  1.60 d e n s i t y  range. 

@ I n e r t i n i t e  i s  p rog ress i ve l y  dep le ted  i n  t h e  l i g h t e r  f r a c t i o n s  and 
enr iched i n  t h e  heav ie r  f r a c t i o n .  

nepar tures from these t rends  a re  due p r i m a r i l y  t o  d i f f e r e n c e s  i n  t h e  d e n s i t y  
o f  i n d i v i d u a l  macerals,  h u t  a1 so t o  t y p i c a l  maceral asoc ia t i ons ,  and t o  t h e  
degree o f  m i n e r a l i z a t i o n  o f  t h e  i n e r t i n i t e  components. Even though l i p t i n i t e  
has t h e  lowes t  d e n s i t y  t h e  p a r t i c l e s  t h a t  a re  m o s t l y  pure v i t r i n i t e  
concen t ra te  i n  t h e  l i g h t e s t  f r a c t i o n s ,  because 1 i p t i  n i  t e  i s  most o f t e n  
assoc ia ted  w i t h  f i n e l y  disseminated c lays.  I n e r t i n i t e  ( p r i m a r i l y  f u s i n i t e  and 
s e m i f u s i n i t e )  occurs i n  p a r t i c l e s  having a broad d e n s i t y  range because o f  
t h e i r  s u s c e p t i b i l  i t y  t o  m i n e r a l i  z a t i o n  d u r i n g  a 1  a t e  stage o f  coal  i f i c a t i o n .  
IJnrnineral i z e d  f u s i n i t e  and s e m i f u s i n i t e  have d e n s i t i e s  s l  i y h t l y  h i ghe r  than 
t h a t  o f  v i  t r i n i t e ,  and many o f  these maceral s  occur as small e r  i n c l  us ions i n  
t h e  medi urn-to-1 i g h t  d e n s i t y  f r a c t i o n s .  The coarse and f i n e  f r d c t i o n s  o f  
C22419 behaved somewhat d i f f e r e n t l y ,  The i fferences are shown by t h e  
i n e r t i n i t e  con ten t  which i n  t he  l i g h t e r  f r a c t i o n ( s )  o f  t h e  coarse sample was 
more enr i ched  (15  t o  16 %)  wh i l e  t h e  f i n e  sample was most dep le ted  ( t a b l e  3 ) .  

The washabil i t y  curves f o r  t he  rnaceral s  ( f i g .  6 )  were determined by t h e  same 
mathematical  procedures t h a t  were used f o r  t h e  p y r i t i c  s u l f u r ;  however, t h e  
maceral data a re  i n  u n i t s  o f  volume percent  r a t h e r  than weight percent.  The 
curves ill u s t r a t e  many o f  t h e  same t r ends  as d i  scussed p rev ious l y .  The 
w a s h a b i l i t y  behavior  o f  t h e  macerals i n  t h e  30 X 20 mesh f r a c t i o n  o f  t h e  
southern S p r i n g f i e l d  channel shows rather smooth curves ( f i g .  6a).  On t h e  
o t h e r  hand, t h e  behav io r  o f  maceral s  i n  t h e  coarse ( f i g ,  6b) and f i n e  ( f i g .  
6c) f r a c t i o n s  o f  sample C22419 i s d i  f f e r e n t .  I n e r t  i n 1  t e - r i c h  p a r t i c l e s  were 
p r e f e r e n t i a l l y  concentrated i n  t h e  f i n e  f r a c t i o n  (30 X 200 mesh). These types 
o f  p a r t i c l e s  were p r e f e r e n t i  a l  l y  re leased d u r i n g  c r ~ l s h i n g  because f u s i n i t e  and 
s e m i f u s i n i t e  types o f  i n e r t i n i t e  occur i n  t h e  coal  a l i gned  mos t l y  p a r a l l e l  t o  
bedding. Thi s  causes p r e f e r e n t i a l  breakage along t h e i r  boundaries,  and such 
p a r t i c l e s  tended t o  concentrate i n  the  medium t o  1 i g h t  f l  oa t - s i nk  f r a c t i o n s .  
On t h e  o t h e r  hand, vuch o f  t he  f u s i n i t e  and s e m i f u s i n i t e  was assoc ia ted w i t h  
m ine ra l s  and such p a r t i c l e s  were t h e r e f o r e  concentrated i n  t h e  heav ies t  
f r a c t i o n s ,  

The l i p t i n i t e  maceral s  were p r e f e r e n t i a l l y  concentrated i n  t h e  f i n e r  f r a c t i o n  
o f  C22419, appa ren t l y  because t hey  occur more abundant ly a1 ong bedding p l  anes 
where breakage o f  p a r t i c l e s  occurs. The i r  p re fe r red  a1 ignment a1 ong bedding 
p l  anes probably  c o n t r i b u t e d  t o  breakage a l  ong t h e i r  boundaries,  which r e s u l t e d  
i n  t h e i r  enrichment i n  t h e  f i nes .  Whi le l i p t i n i t e s  have t h e  lowes t  d e n s i t y  o f  
t h e  t h r e e  maceral groups, t hey  r a r e l y  dominate coal  p a r t i c l e s  by weight o r  
vo l  ume. L i  p t i n i t e s  maceral s a re  g e n e r a l l y  t h e  most even ly  d i s t r i b u t e d  maceral 
group, bu t  s t i l l  concen t ra te  i n  t h e  m idd le  o f  t h e  recovery range ( f i g .  6 ) ,  
corresponding t o  t h e  1.40-1.60 d e n s i t y  range. 



- Figure 7 Examples of the two most common types of megascopic occurrences of pyrite in coal: (1)  cleat-fill shown as light gray 
patches (arrows); ( 2 )  part of a lenticular nodule in the lower part of the photograph. 

Figure 8 Examples of microscopic occurrences of pyrites (shown here as white grains) enclosed in vitrinite (except b and g): 
(a) coarse grains along a veinlet; (b) a very large but porous grain free of macerals; (c) framboids; (dl  clump of framboids; (el 
radiating crystallites (dendritic pattern); (f) irregular masses; (g) grains filling some pores in fusinite; (h) irregular patch work of 
grains. Bar scale i s  18 p m  for each photograph. 



As i s  well-known, p y r i t e s  a re  w ide l y  
d i s t r i b u t e d  i n  coal  seams and they  occur i n  a  v a r i e t y  o f  forms. Forms v i s i b l e  
w i t h  t h e  unaided eye (macroscopic) occur as: (1 )  c l  e a t - f i l l  ve in1 e t s  , 
commonly l e s s  than 1/2-mm wide and 20 t o  30-mm long ,  o r i e n t e d  normal t o  t h e  
bedding o f  t h e  seam; ( 2 )  l e n t i c u l a r  p y r i t e ,  which occurs as lenses  o f  va r i ous  
s i zes  and shapes o r i e n t e d  p a r a l l e l  t o  t h e  c o a l ' s  bedding; ( 3 )  nodules o r  
" s u l f u r  ha1 l s ," rough ly  1  e n t i c u l  a r ,  measuring up t o  a  f o o t  o r  more across; and 
( 4 )  disseminated c r y s t a l  s  and i r r e g u l  a r  aggregates o f  va r ious  s i  zes and 
shapes. The c l e a t  and l e n t i c u l a r  t ypes  are cmmon i n  Ill i n o i s  coa l s  ( f i g .  7 ) .  

Several m ic roscop ic  forms o f  p y r i t e s  a re  read i  l y  d i  s t i  ngui  shed. The common 
types  i n  I1 1 i n o i  s  coa l s  are:  ( 1 )  a  m ic roscop ic  v a r i e t y  o f  c l  e a t - f i l  1; ( 2 )  
i r r e g u l  a r  masses o r  b l  ebs; (3 )  f ramboidal  p y r i t e - - s i  ng l  e  spheres o f  
m i c r o c r y s t a l  l i n e  p y r i t e ,  commonly 2 t o  20 i n  diameter;  ( 4 )  agglomerates o r  
c l u s t e r s  o f  framboids; ( 5 )  very  small c r y s t a l s ;  ( 6 )  d e n d r i t i c  groupings o f  
c r y s t a l s ;  ( 7 )  c e l l  f i l l i n g s ;  and (8)  replacements o f  p l a n t  m a t e r i a l  ( f i g .  8 ) .  

Because t h e  mine run and channel samples t e s t e d  were crushed, r i f f l e d ,  and 
processed t o  p rov ide  a rep resen ta t i ve  sample f o r  m ic roscop ic  study, t h e  
megascopi c  p y r i t e  types descr ibed above appeared mic roscop ica l  1 y as broken 
p ieces,  most commonly as f r e e  g ra ins ,  The d iameter  o f  i s o l a t e d  g r a i n s  and 
framboids ( f i g .  8b and c )  and o the r  e l l  i p t i c a l  masses was measured q u i t e  
cons i  s t e n t l y .  The adopted rocedure prov ided e x c e l l e n t  r e s u l t s  f o r  these 
types  o f  g ra ins ,  However, t h e  measurernent o f  some o f  t h e  more i r r e g u l  a r l  y  
shaped forms ( c l  u s t e r s  o f  f ramboids, d e n d r i t i  c  groups o f  c r y s t a l s ,  p l a n t  
rep1 acernent forms) ( f i g .  8 d ,  e, f, and h) demanded more s u h j e c t i  ve dec i s i ons  
by  t h e  m ic roscop i s t  a s  t o  where t o  p o s i t i o n  t h e  ' " rain" f o r  d iameter  
measurement and i n  some cases as t o  t h e  exac t  d iameter  t o  record.  The 
procedures adopted ( f i g .  3 )  had t o  be m e t i c u l o u s l y  fo l lowed,  Despite some 
v a r i a t i o n  i n  repeat  measurements o f  t h e  i r r e g u l  a r  forms, t h e i  r c o n t r i b u t i o n  t o  
i naccu rac ies  o f  t h e  mean s t a t i  s t i c a l  d iameter i s  re1 a t i v e l y  smal l  because o n l y  
a  few o f  these forms were present  i n  the  !samples t es ted .  

Repeat measurements o f  500 g ra ins  
were made a t  va r i ous  t imes  on two pel l e t s  o f  some samples ( t a b l e  4 ) .  A1 though 
t h e  mean d iameter  o f  500 g ra ins  i n  both f r e e  and enclosed c lasses va r i ed  
somewhat from t h a t  o f  t h e  next  se t  o f  500 g ra ins ,  t h e  mean d iameter  based on 
1000 measurements was repeated w i t h i n  0,5 pm wherl a  t h i r d  and f o u r t h  s e t  o f  
500 g ra ins  was added t o  t h e  t o t a l .  To date,  o n l y  t h r e e  samples have been 
t e s t e d  i n  t h i s  manner. Add i t i ona l  samples need t o  be evaluated, b u t  these 
r e s u l t s  show t h a t  1000 g r a i n s  i n  each sample should be measured t o  o b t a i n  an 
acceptable va l  ue f o r  t he  mean d i  ameter . The mean va l  ue shoul d  be repo r ted  
on1 y t o  t h e  neares t  micrometer. 

The g rea tes t  v a r i a t i o n  i n  t h e  r e s u l t s  stems from d i f f e r e n c e s  i n  d i s t r i b u t i o n  
o f  g r a i n s  w i t h i n  t h e  p e l l e t  examined. Th is  i s  i n  agreement w i t h  t h e  r e s u l t s  
o f  Robinson and Starks (1984). To counter  t h i s  problem, more than SO percen t  
o f  t h e  p e l l e t  su r face  should be scanned and two p e l l e t s  should be tes ted .  

Somewhat re1 ated t o  p r e c i  s i  on o f  diameter measurement i s t h e  p r e c i  s i  on o f  
p y r i t e  abundance measurement. It has l ong  been recognized t h a t  t h e  o v e r a l l  
p r e c i s i o n  o f  maceral (and minera l  ) ana l ys i s  based on 500 t o  1000 p o i n t  counts 



i s  + 2 vol ume percent .  However, our p o i n t  count a n a l y s i s  f o r  p y r i t e ,  
conver ted t o  p y r i t i c  s u l f u r  on a  weight bas is ,  does no t  c l o s e l y  agree w i t h  t h e  
chemical anal ysi s  f o r  many sampl es. Our counts increased w i t h  i nc reas ing  
chemical va lues,  as t hey  should,  bu t  we c o n s i s t e n t l y  observed more p y r i t e  t han  
t h e  chemical a n a l y s i s  i n d i c a t e d  was present,  The c o r r e l a t i o n  was poorest  f o r  
samples w i t h  h i g h  p y r i t e  content ,  Any p e l l e t  p repa ra t i on  i r r e g u l  a r i  t i e s ,  
e s p e c i a l l y  s e t t l  i n g  o f  1  arge p y r i t e  g ra ins ,  would show up d r a m a t i c a l l y  i n  s i nk  
f r a c t i o n s .  We t e n t a t i v e l y  conclude t h a t  t h e r e  was some se t t lement  o f  p y r i t e  
t o  t h e  bottom su r face  o f  t h e  specimens du r i ng  epoxy mounting and t h a t  t h i s  
caused t h e  poor c o r r e l  a t i o n .  

S ,  
The mean d iameter  o f  s u l f i d e  g r a i n s  i n  t he  t h r e e  mine run and channel samples 
range from R t o  11 urn ( t a b l e  5 ) .  The mean diameter o f  t h e  f r e e  g ra ins  i s  
sma l l e r  ( 6  t o  7  m), wh i l e  t h a t  o f  t h e  enclosed g r a i n s  i s  l a r g e r  (13  t o  
17 m ) .  I n  these samples, 13 t o  1 7  percen t  o f  t h e  g ra ins  a re  f r e e  o f  macerals 
and o t h e r  m inera ls ,  The 1  arge g r a i n s  a re  assoc ia ted  w i t h  o the r  p y r i t e s  t h a t  
a re  commonly enclosed i n  p a r t i c l e s  o f  p y r i t i c  coal .  The mean diameter i s  
g e n e r a l l y  smal l  e r  f o r  g r a i n s  enclosed w i t h i n  maceral-mineral  r i c h  p a r t i c l e s  
than  i t  i s  f o r  those i n  carbominer i te  and p y r i t i c  coal  p a r t i c l e s  ( t a b l e  5 ) .  
P y r i t e s  i n  d e n s i t y  f r a c t i o n s  1  i g h t e r  than  1,4 g/cc are predominate ly  
assoc ia ted  w i t h  t r i m a c e r i t e  (and b imace r i t e )  p a r t i c l e s ,  and these g r a i n s  
average 6 t o  10 m i n  diameter,  I n  t h e  mine run and channel samples, p y r i t e s  
a r e  l a r g e s t  i n  t he  p y r i t i c  coal  assoc ia t ion .  I n  d e n s i t y  f r a c t i o n s ,  t h e  mean 
g r a i n  d iameter  i n  bo th  f r e e  and enclosed assoc ia t i ons  i s  1  a r yes t  i n  t h e  most 
dense f r a c t i o n .  

Table 4 Precision of mean diameter determination. 

Mean diameter (a i n  

# Cum.  * a l l  grains free grains enclosed grains 
- - - 

sampl e grains #grains d Cum a d Cum d Cum d 

*Cumulative values. 



Table 5 Size of 500 or more sulfide grains and their maceral associations. b 

Enclosed gra ins by associat ion 

A l l  Free Enclosed 
Sample Sample gra ins gra ins gra ins V i  t r i t e  I n e r t i t e  T r imacer i te  Carbomi n e r i t e  P y r i t i c  Coal - - - - - . - - - 

No. Type d d %  d %  d %  d %  d % d % d % 

HERRIN (NO. 6) COAL 
(Southern I 1  l i n o i s )  

SPRINGFIELD (NO, 5) COAL 
(Southern I l l i n o i s )  

SPRINGFIELD (NO. 5) COAL 
(Centra l  I 1  1 i noi  s) 

channel 
3/8"x30m 
1.25F 
1.3lFS 
1.35FS 
1.4OFS 
1.60FS 
1 ;8OFS 
1.80s 

C22420 washed 12 14 16 

 he f l o a t - s i n k  samples i n  t h i s  s e t  consis ted o f  t h e  2Ox30n f r a c t i o n  o f  t h i s  sample. 
*I000 o r  more gra ins measured 
'~nc ludes  <I% o f  gra ins enclosed i n 1 i p t i t e  
b ~ h e  mean diameter ( d )  i s  given i n  micrometers (um) and t h e  percentage (%) i s  based 
on t h e  sum o f  t h e  diameters o f  a l l  g ra ins  measured. 
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Figure 9 Example of output from PCHAR program. 



These and o the r  r e s u l t s  ( t a b l e  5 )  a re  cornpil a t i o n s  o f  t h e  d iameter  va lues from 
t h e  r e p o r t  o f  p y r i t e  c h a r a c t e r i z a t i o n  on each sample, an ou tpu t  r e p o r t  f rom 
t h e  PCHAR program ( f i g .  9) .  Note t h a t  r e s u l t s  a re  expressed i n  terms o f  
numbers o f  g ra i ns ,  iameter ,  area, and volume, t h e  l a t t e r  two computed from 
t h e  diameter measurements, 

The s i z e  d i s t r i b u t i o n  o f  p y r i t e  g r a i n s  was determined w i t h  t h e  computer 
program SIZEFREQ. As t h i s  i s  a  l o g a r i t h m i c  scale,  t h e  ca tego r i es  a t  t h e  small 
end o f  t h e  d i s t r i b u t i o n  have o n l y  one p o s s i b l e  measured s i z e  per category,  
w h i l e  those i n  t h e  m idd le  o f  t h e  range (16 un t o  126 m) have severa l  poss ib l e  
measured s i  zes, Recause o f  t h e  1  ow number o f  counts,  no subcategor ies were 
d i  s t i ngu i shed  f o r  g r a i n s  above 125 m, a1 though t h i s  cou ld  have been use fu l  
f o r  some o f  t h e  s i n k  f r a c t i o n s .  

The range o f  g r a i n  s i  ze i n  t h e  mine run and channel samples ( f eed  sarnpl es) i s  
ve ry  l a r g e  ( f i g .  l o ) ,  and i s  widest  i n  t h e  1.6 o r  1.8 s i n k  f r a c t i o n s  ( f i g .  
11).  I n  t h e  feed samples, 0.5 percent  o r  l e s s  o f  t h e  g r a i n s  were over 64 im 
i n  diameter.  However, these  l a r g e  g r a i n s  c o n t r i b u t e  a  much g r e a t e r  p r o p o r t i o n  
t o  t h e  t o t a l  weight o f  p y r i t e .  The median g r a i n  s i z e  i s  de f i ned  as t h e  s i z e  
i n t e r c e p t  o f f  t h e  cumul a t i v e  curve  a t  t h e  50 percent  1  eve1 . The s i  ze 
d i s t r i b u t i o n  s f  p y r i t e s  i n  t he  feed and f l o a t - s i n k  samples may be compared on 
t h e  b a s i s  o f  t h e i r  cumula t i ve  s i z e  curves ( f i g ,  11). The 1  i g h t e s t  f l o a t  
f r a c t i o n  consi  s t e n t l y  has t h e  1  owest p r o p o r t i o n  o f  t h e  1 a rger  g ra i ns ,  
expected, and t h e  s i nk  f r a c t i o n  has t h e  l a r g e s t  p r o p o r t i o n  o f  t h e  l a r g e r  
s u l f i d e  g ra ins .  The t r e n d  shown by t h e  f ou r  se ts  o f  curves i s  q u i t e  
cons i s ten t ;  t h e r e  i s  a  p rogress ive  increase i n  median va lue  w i t h  i nc reas ing  
d e n s i t y  ( f i g .  11).  The curves f o r  f l o a t - s i n k  f r a c t i o n s  o f  a  feed coal  tend t o  
p a r a l l e l  each o t h e r  i n  t h e  m idd le  range o f  recover ies .  The heav ie r  f r a c t i o n s  
a r e  g e n e r a l l y  dep le ted  i n  t h e  f i n e s t  p y r i t e  g ra ins ,  as e x h i b i t e d  most 
pronouncedly by t h e  two p o r t i o n s  o f  C22419 ( f i g .  11c and d ) ,  

The s i z e  d i s t r i b u t i o n  o f  p y r i t e  g r a i n s  repor ted  here can be compared w i t h  
r e s u l t s  on Ill i n o i s  Rasi n  coal  s  r epo r ted  by o thers .  McCartney, 0 '  Donne11 , and 
Ergun (1969) analyzed e i g h t  samples o f  t h e  H e r r i n  and S p r i n g f i e l d  Coals and 
repo r ted  mean p y r i t e  s i zes  from 29 t o  90 rm, Our va lues are s i g n i f i c a n t l y  
smal l  e r  and we suggest t h e  d i f f e r e n c e  i s  due t o  d i f f e r e n c e s  i n  t h e  magni- 
f i c a t i o n  used i n  t h e  two s tud ies :  t hey  used a  m a g n i f i c a t i o n  o f  375x whereas 
we used 500x. It i s  l i k e l y  t h a t  we d i s t i n g u i s h e d  i n d i v i d u a l  g r a i n s  among 
aggregates o f  g r a i n s  a t  500x. It should be noted t h a t  unpubl ished d a t a  
generated by scanning e l  e c t r o n  microscope methods c o n f i  r m  t h a t  abundant 
c r y s t a l l  i t e s  much l e s s  than 2 rsn i n  d iameter  occur i n  coal .  Such u l t r a  smal l  
c r y s t a l 1  i t e s  cou ld  no t  be accu ra te l y  measured even a t  t he  500x we used. It i s  
c l e a r  t h a t  t h e  abso lu te  mean s i z e  o f  g r a i n s  i s  sma l l e r  as t h e  m a g n i f i c a t i o n  i s  
h igher  . Nonethel ess , t h e  combined weight o f  t h e  submicrometer g r a i n s  appears 
t o  be i n s i g n i f i c a n t  i n  terms o f  weight percent  as repo r ted  by  s tandard 
chemical analyses. 

F rank ie  and Hower (1984) used about t h e  same m a g n i f i c a t i o n  as repor ted  here, 
and t hey  recorded s i m i l a r  s i z e  ranges f o r  p y r i t e  as repo r ted  here, They 
c l  ass i  f i e d  g r a i n s  accord ing t o  var ious  types  o f  morphol og i c  occurrences ( i  .e., 
euhedral , framboidal , d e n d r i t i c )  as we1 1  as va r i ous  micro1 i tho type  
assoc ia t ions .  The i r  assoc ia t i on  scheme i s  s i m i l a r  t o  t h e  present  study, and 
t o  t h e  ex ten t  t h a t  comparisons can be made, our r e s u l t s  are q u i t e  s i m i l a r ,  
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Figure 10 Distribution of pyrite diameters and the cumulative distribution curve for the three feed samples. 
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Figure 11 Comparison of the size distribution in various density fractions in feed and crushed samples. 



Figure 12 PC1 and pyritic sulfur content for float-sink set C22238-C22243 (feed samples C22173). 

Figure 13 PC1 and pyritic sulfur content for float-sink set C22232-C22237 (feed sample C22169). 



The p y r i t e  s i z e  and assoc ia t i on  data can be used t o  generate an index t h a t  
r e f l e c t s  t h e  p o t e n t i a l  c l e a n a b i l i t y  o f  t h e  sample tes ted .  The p y r i t e  
c l e a n a b i l  i t y  index (PCI) i s  c a l c u l a t e d  by d i v i d i n g  a  measure o f  those g r a i n s  
t h a t  a re  p o t e n t i a l l y  easy t o  remove from t h e  coal  by a  measure o f  those g r a i n s  
t h a t  a re  d i f f i c u l t  t o  remove from t h e  coa l .  

The p y r i t e  g r a i n s  judged easy t o  remove are f r e e  g r a i n s  and g r a i n s  enclosed i n  
ca rbom ine r i t e  o r  p y r i t i c  coa l .  P y r i t e  g ra i ns  judged hard t o  remove are those 
enclosed i n  v i t r i t e ,  i n e r t i t e ,  l i p t i t e ,  o r  b i -  and t r i m a c e r i t e s .  The r a t i o  o f  
these two groups o f  assoc ia t ions ,  each expressed as t h e  t o t a l  percentage o f  
g r a i n - c h a r a c t e r i s t i c  i n  each assoc ia t i on  o f  t h e  group, y i e l d s  a  va lue  here 
def ined as t h e  p y r i t e  c l e a n a b i l i t y  index (PCI):  

P = p y r i t e  g r a i n  c h a r a c t e r i s t i c  v  = v i t r i t e  
f = f r e e  g r a i n  i = i n e r t i t e  
p  = 220% p y r i t e  ( p y r i t i c  c o a l )  1  = l i p t i t e  
c  = carbominer i  t e  t = tr i-  and h i m a c e r i t e s  

Note t h a t  t h e  c l a s s i f i c a t i o n  o f  p y r i t e  g r a i n s  as t o  ease o f  removal i s  l a r g e l y  
d e n s i t y  based, w i t h  t h e  lower  d e n s i t y  and more mace ra l - r i ch  p a r t i c l e s  i n  t h e  
denominator and t he  h igher  d e n s i t y  and more p y r i t e - r i c h  p a r t i c l e s  i n  t h e  
numerator. I n  t h i s  study we have expressed our  measurements i n  terms o f  g r a i n  
by  count (number) , d i  ameter , area, and vo l  ume ( f i g  . 9) , so t he  PC1 can be 
expressed i n  one o r  more o f  these measures, PCIn (by  number), PCId ( b y  
d iameter ) ,  o r  PCI, ( by  volume). Comparison o f  t h e  r a t i o s  determined f o r  t he  
f l o a t - s i n k  se t s  r evea l s  a  r e l a t i v e l y  wide range f o r  each o f  t h e  f o u r  measures, 
and t he  re1 a t i v e  rank ing  between t h e  samples changes f o r  o n l y  a  few samples i n  
a  se t  f o r  each measure. However, bo th  o f  t h e  extreme measures PCIn and PCI,, 
a r e  l e s s  d e s i r a b l e  t o  use. PC1 tends t o  overemphasize t h e  s i g n i f i c a n c e  o f  
t h e  many t i n y  g r a i n s  t h a t  a re  03 l ow mass. The PCI,, on t h e  o the r  hand, over-  
emphasizes t h e  l a r g e s t  g r a i n s  t h a t  have t he  h ighes t  mass and are measured w i t h  
t h e  l e a s t  accuracy. The l a r g e  g ra ins  a1 so a re  t h e  e a s i e s t  t o  r e j e c t  b y  
commonly used methods o f  coal  p repara t ion .  For these reasons and because 
d iameter  da ta  a re  commonly used i n  m ine ra l s  p repa ra t i on  research, t h e  PCId 
(measured by d iameter)  was chosen as t h e  best  measure f o r  the p r o j e c t  samples 
( t a b l e  6 ) .  I n  t h e  t a b l e  and d i scuss ion  t h a t  f o l l o w s  we drop t h e  s u b s c r i p t  - d 
f rom t h e  PC1 term, bu t  i t  always c a r r i e s  t h e  meaning o f  d iameter .  

A p l o t  o f  PC1 and corresponding p y r i t i c  s u l f u r  va lues f o r  a  f l o a t - s i n k  se t  
shows a  c l ose  match through a l l  t h e  midd le  range o f  s p e c i f i c  g r a v i t y  va l  ues 
( f i g .  12) .  Only t h e  s i nk  f r a c t i o n  shows a poor match, and t h i s  may be due t o  
sample b i a s  r a t h e r  than t o  t he  method o f  ca l  cu l  a t i o n  o f  PCI. S i m i l a r  p l o t s  o f  
t h e  o the r  f l o a t - s i n k  se t s  conf i rmed t h i s  c o r r e l a t i o n  ( f i g .  13).  It appears 
t h a t  t h e  PC1 w i l l  be a  use fu l  va lue t o  compare pe t rograph ic  and chemical data 
f o r  samples from va r i ous  coal  p repa ra t i on  methods, and may we1 1  have 
p r e d i c t i v e  va lue when enough data a re  assembled on feed coal s. 



Based on t he  1  i m i t e d  group o f  h igh-su l  f u r  coal  samples s tud ied  here, t h e  
general  c h a r a c t e r i s t i c s  o f  t h e  PCI a re  as f o l l o w s :  uncleaned coal  o f  t y p i c a l  
s i  ze d i s t r i b u t i o n ,  as we l l  as re fuse  m a t e r i a l  , g e n e r a l l y  have PC1 va lues above 
1.0; p a r t l y  c leaned o r  i n e f f i c i e n t l y  c leaned coal  and coal  r e l a t i v e l y  c lean t o  
begin w i t h  g e n e r a l l y  fa1 1 i n  t he  0.33 t o  1.0 PC1 range; we l l  - c l  eaned coal 
g e n e r a l l y  has a  PC1 va lue  o f  0.33 o r  below. The PC1 i s  p a r t l y  a f u n c t i o n  o f  
t h e  p a r t i c l e  s i z e  o f  t h e  coa l .  I f  we s t a r t  w i t h  the same feed sample and 
c rush  r e p r e s e n t a t i v e  s p l i t s  o f  i t  t o  p rog ress i ve l y  f i n e  t o p  s izes ,  t he  PC1 
should increase as t h e  t o p  p a r t i c l e  s i z e  decreases because o f  t h e  p rogress ive  
1  i b e r a t i o n  o f  p y r i t e .  I n  theory,  t h e  P C 1  would approach i n f i n i t y  i f  t h e  coal  
cou ld  be crushed f i n e  enough. The ac tua l  p o i n t ( s )  a t  which t h e  PC1 curve 
changes s lope  d u r i n g  g r i n d i n g  w i l l  be t h e  s u b j e c t  o f  f u t u r e  research. 

The PC1 o f  t h e  feed samples ranges from 0.65 t o  1.24, and each feed sample has 
a  PC1 i n t e r m e d i a t e  between t h a t  o f  i t s  low and h i g h  d e n s i t y  f r a c t i o n s .  

Table 6 Pyrite cleanability index according t o  grain diameter. 

Sample No. Sample Type PC1 

Mine r u n  
1.25F 
1.3OFS 
1.35FS 
1.40FS 
l.6OFS 
1.60s 

Channel 
1.25F 
1.30FS 
1.35FS 
1.4OFS 
l.6OFS 
1.60s 

Channel 
3/8"x30M 

1.25F 
l . 3 lFS  
1.35FS 
l.4OFS 
l.6OFS 
1.8OFS 
1.80s 

-200x0 
washed 



Th i s  t r e n d  o f  t h e  PC1 suggests t h a t  t h i s  means o f  c h a r a c t e r i z i n g  coa ls  may be 
use fu l  f o r  comparing t h e  w a s h a b i l i t y  o f  p y r i t e s  i n  coa ls .  

Another aspect o f  t h e  PC1 which bears on i t s  use i s  i t s  independence o f  ac tua l  
percentage o f  p y r i t i c  s u l f u r .  It i s  determined from t h e  phys ica l  p ropo r t i ons  
o f  su l  f i d e  g ra ins  i n  s p e c i f i c  maceral -mineral  assoc ia t i ons  observed by 
mic roscop ic  methods. It should be noted t h a t  t h e  same PC1 number cou ld  r e s u l t  
f o r  two samples w i t h  q u i t e  d i f f e r e n t  abundances o f  p y r i t e .  Therefore,  t h e  PC1 
can bes t  be used t o  compare t r e a t e d  s p l i t s  and cleaned f r a c t i o n s  from t h e  same 
paren t  sample. Nonethel ess, comparison o f  P C 1  f o r  t he  two feed sampl es o f  
comparable p a r t i c l e  s i z e  (30 X 20 M) shows d i f f e r e n c e s  t h a t  c o r r e l a t e  w i t h  t h e  
f l  oa t - s i  nk c l  eanabi l  i t y  o f  t h e  raw samples: 

C22169 0.65 c leanab le  ( f i g .  l a )  

C22173 1.24 more c leanab le  ( f i g .  l b )  

Whi le o n l y  two o f  t h e  p r o j e c t  samples have been compared, t h e  PC1 does vary  
w i t h  t h e  general  f l o a t - s i n k  behav io r - - the  h igher  PC1 va lue  corresponds t o  a  
more c l  eanabl e  feed coal (C22173), t h e  1  ower va l  ue t o  a  1  ess c l  eanabl e  sampl e  
(C22169). 

On t h e  has i s  o f  t h e  l i m i t e d  data generated i n  t h i s  study, t h e  PC1 r e f l e c t s  t h e  
t r e n d  o f  p y r i t i c  su l  f u r  r educ t i on  e x h i b i t e d  i n  w a s h a b i l i t y  t e s t s .  However, 
much more data w i l l  be needed be fo re  p r e d i c t i o n  o f  w a s h a b i l i t y  behavior  from a  
s i n g l e  PC1 i s  poss ib le .  

The s i z e  o f  p y r i t e  g r a i n s  i n  coal  was cha rac te r i zed  on t h e  b a s i s  o f  t h e i r  
d iameter  ( M a r t i n ' s  S t a t i s t i c a l  Di m e t e r )  w i t h  a  r e f 1  e c t i n g  1 i g h t  microscope 
equi pped w i t h  an o i l  immersion lens .  A minimum o f  1000 g r a i n s  had t o  he 
measured t o  o b t a i n  a  mean d iameter  t h a t  was c h a r a c t e r i  s t i c  o f  t h e  sample. The 
rnaceral -minera l  assoc ia t i on  o f  each p y r i t e  measured was c l  ass i  f i e d  accord ing 
t o  one o f  seven d i  f f e r e n t  assoc ia t i ons  (modi f i  ed micro1 i tho types )  : v i  t r i t e ,  
i n e r t i t e ,  1  i p t i t e ,  b i -  and t r i m a c e r i t e ,  ca rbominer i te ,  p y r i t i c  coal  , and f r e e  
p y r i t e  g ra ins .  The g r a i n ' s  assoc ia t i on  was determined by  v i s u a l l y  e s t i m a t i n g  
t h e  composi t ion (area percentage) o f  t h e  e n t i r e  p a r t i c l e  o f  coal  enc los ing  t he  
measured g r a i n .  Th is  method was used t o  c h a r a c t e r i z e  t h r e e  feed samples and 
s i x  t o  seven d e n s i t y  f r a c t i o n s  o f  each, The r e s u l t s  prov ided t h e  f o l l o w i n g  
observat ions.  

@ The mean diameter o f  p y r i t e  g r a i n s  i n  feed samples v a r i e s  from 8 t o  11 vm, 
b u t  t h e  g r a i n s  vary  i n  d iameter  from l e s s  than 1 m t o  more than 200 m. 
The l a r g e s t  g r a i n s  a re  assoc ia ted w i t h  o the r  such g r a i n s  i n  p y r i t i c  coal  
p a r t i c l e s ,  which are most abundant i n  h i g h  d e n s i t y  p a r t i c l e s .  



@ Free gra ins  average smal ler than others i n  t he  same sample. On1 y  one 
sample departed from t h i s  t rend-- the 1.8 s ink  of a  f i n e l y  crushed feed 
sample. The f r e e  gra ins  are thought t o  have been crushed products o f  
c l e a t - f i l l  o r  nodular p y r i t e  f o n s  i n  t h e  coal seam. Ev ident ly  these 
f o n s  are re1 a t i v e l y  easy t o  crush i n t o  t h e i r  cons t i t uen t  gra ins,  most ly  
10 rm or  smal ler.  However, f r e e  p y r i t e s  comprise on l y  9 t o  1 7  percent o f  
a1 1  p y r i t e s  i n  the feed samples. 

@ P y r i t e s  are most abundant i n  b i -  and t r i m a c e r i t e  associat ions i n  a l l  
samples except f o r  t h e  heavy f r a c t i o n s  (>1.40 g/cc),  wherein carbominer i te  
and p y r i t i c  coal types predominate. The mean diameter o f  g ra ins  i n  
t r i m a c e r i t e  p a r t i c l e s  i n  feed samples ranges on l y  from 7  t o  9 m; on t h e  
o the r  hand, those i n  carbominer i te  and p y r i t i c  p a r t i c l e s  range from 10 t o  
3 2  m. 

@ The c h a r a c t e r i s t i c  found most usefu l  for  eva lua t ing  the f l o a t - s i n k  
behavior  o f  coal was the  summed diameter o f  g ra ins  i n  two groups o f  
associat ions:  (1) free, carbomineri te,  p y r i t i c  coal ; and ( 2 )  v i t r i t e ,  
i n e r t i t e ,  l i p t i t e ,  and b i -  and t r in lacer i tes .  The r a t i o  o f  the  summed 
diameters o f  g ra ins  w i t h  these two groups o f  associat ions gives a value 
de f ined here as t h e  p y r i t i c  c l e a n a b i l i t y  index ( P C I ) .  It i s  proposed t h a t  
t he  PC1 provides a  measure o f  t h e  c o a l ' s  p o t e n t i a l  f o r  p y r i t e  removal. 

It i s  recommended t h a t  f u r t h e r  work be appl i e d  i n  t h ree  aspects: (1) 
improvements i n  specimen preparat ion and/or count i  ng procedures need t o  be 
made t o  increase t h e  c o r r e l a t i o n  between t h e  pe t rog raph ica l l y  determined 
p y r i t e  content  and the  chemical l y  determined p y r i t i c  s u l f u r  content;  ( 2 )  many 
add i t i ona l  samples need t o  be tes ted  fo r  t h e i r  PCI and t h i  s  index compared 
w i t h  r e s u l t s  o f  var ious p y r i t e  removal processes; and ( 3 )  a more rap id  method 
o f  measuring t h e  s i  ze and maceral assoc ia t ion  o f  p y r i t e s  i n  coal needs t o  be 
developed. About 9 hours are requi red t o  complete the  microscopic and 
computer e n t r y  tasks fo r  each sample. Computer c o n t r o l l e d  image ana lys is  o f  
microscopic specimens might wel l  enable the  PC1 t o  be determined i n  much l ess  
t ime, 
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' Program PSTORE 
I 

'AUTHOR: E rn ie  Col an ton io  
I 

' WRITTEN: September 9, 1983 
I 

'LANGUAGE: M i c r o s o f t  BASIC-80 (compi le r )  
I 

'DESCRIPTION: 
I 

I Th i s  program gathers sample p y r i t e  g r a i n  data from t h e  user  
'and s to res  i t  i n  a  s p e c i f i e d  f o n a t  i n  a  f i l e .  It que r i es  t h e  
h s e r  f o r  t h e  sample number and date,  and a l lows t h e  e n t r y  o f  t h e  
'number o f  occu la r  d i v i s i o n s  f o r  each o f  up t o  500 g r a i n s  i n  a  
'sample. For each g ra in ,  t h e  user must i n d i c a t e  i f  i t  i s  f r e e  o r  
"enclosed, and i f  i t  i s  enclosed, t h e  user  must e n t e r  an a d d i t i o n a l  
' a s s o c i a t i o n  code l e t t e r ,  PSTORE presen ts  t h e  raw da ta  o f  t h e  
' l a s t  6 g r a i n s  en te red  and a l l ows  t h e  user t o  go back and change 
'any p rev ious  en t r y .  A f t e r  a l l  t h e  g r a i n  da ta  has been entered,  
' t h e  user  can e n t e r  up t o  3 l i n e s  o f  comments t o  be s to red  w i t h  
' t h e  data.  Upon program complet ion, t h e  da ta  i s  w r i t t e n  t o  an 
' ou tpu t  f i l e  named by  t h e  sample number w i t h  t h e  ex tens ion  " . P " .  
I 

' MODIFICATIONS: Sal l y  L i  nco l  n  January, 1984 ' Made t h e  program more u s e r - f r i e n d l y  by  speeding up 
data e n t r y  and e x t e n s i v e l y  checking f o r  e r ro r s .  No 

' i n v a l i d  f l a g s  should appear i n  t h e  ou tpu t  f i l e  now. 
# 

' INPUT: 
I - from user 
I - m a g n i f i c a t i o n  f a c t o r  
I - sample number 
1 - da te  
I - number o f  occul  a r  d i v i s i o n s  f o r  each g r a i n  
I - "F" f o r  f r e e  o r  "En  f o r  enclosed f o r  each g r a i n  
I - i f  enclosed, one a d d i t i o n a l  assoc ia t i on  code l e t t e r  
I - up t o  3 l i n e s  o f  comments 
I 

'OUTPUT: 
I - t o  f i l e  "sample#.PH 
I - l i n e  1 
I - c o l s  1-10 - sample number 
I - c o l s  11-20 - da te  
I - co l  s  21-23 - number o f  g r a i n s  i n  t h e  sample 
8 - c o l s  26-30 - m a g n i f i c a t i o n  f a c t o r  (##.## fo rmat )  
I - l i n e s  2  - 4  
I - co l  s 1-80 - comments 
I - remaining (up t o  50) l i n e s  
I - 10 t o  a  l i n e :  
I number o f  occul  a r  d i v i s i o n s  ( # # #  fo rmat ) ,  "F" o r  " E N ,  
I a d d i t i o n a l  l e t t e r  i f  enclosed, 1 space 
I For example: 
I 10F 1OEV 20F l0OET 15F 20EV 30F 40F 25ET lOOF 



'VARIABLES: 
I 

'DIVISION% - a r r a y  o f  number o f  occu la r  d i v i s i o n s  f o r  each g r a i n  
'TYPE$ - a r r a y  o f  f l a g s  "F" f o r  f r ee ,  "E" f o r  enclosed 
'ASSOCIATION$ - a r r a y  o f  a s s o c i a t i o n  codes 
'DATE$ - da te  
'SAMPLE$ - sample number 
'MAGFACT - rnagni f i c a t i o n  f a c t o r  
I N %  - number o f  g r a i n s  
' V I E W %  - s t a r t i n g  index o f  data t o  be presented a t  CRT 
'1% - l o o p  c o n t r o l  v a r i a b l e  
'TYPEOUT$ - t rans1  a t i o n  o f  TYPE$ element 
'ENTRY$ - ho lds  user  response 
'CHANGE% - ho lds  index  o f  data t o  be re-entered 
'FILE$ - ou tpu t  f i l e  name 
I 

' I n t r o d u c t i o n  

PRINT 
PRINT "Program BSTORE" 
PRINT " - gather  and s t o r e  p y r i t e  g r a i n  data"  
PR I NT 
INPUT "l'lagni f i  c a t i o n  f a c t o r "  ; MAGFACT 
PR I NT 
INPUT "Sampl e  number" ; SAMPLE$ 
INPUT " Date"; DATE$ 
PRINT 
PRINT "Enter  t h e  number o f  occu la r  d i v i s i o n s  and whether"; 
PRINT " f r e e  o r  enclosed." 
PRINT " I f  enc l  osed, en te r  a d d i t i o n a l  assoc ia t i on  code 1 e t t e r . "  
PRINT "Up t o  500 g r a i n s  may be entered f o r  t h i s  sample." 
PR I NT 
PRINT "Answer w i t h  ' S '  a t  any t i m e  (except  w h i l e  e d i t i n g ) " ;  
PRINT 'I t o  s top  e n t e r i n g  data.'' 
PR I NT 

' I n i t i a l  i z a t i o n s  

OPTION BASE 1 
DIM DIVISION%(500), TYPE$(500), ASSOC IATION$(5OO), COMMENT$(3) 
N% = 1 

'Data e n t r y  and d i s p l a y  l o o p  

100PR INT 
PRINT "Answer w i t h  ' C '  a t  any t i m e  t o  change a prev ious entry."  
PR I NT 
I F  NX = 1 GOT0 200 



I F  N% < 8 THEN V I E W %  = 1 ELSE VIEW% = N% - 6 
FOR I% = VIEWX TO (VIEW% + 5 )  

TYPEOUT$ = "No Ent ry "  
I F  TYPE$(I%) = "EN THEN TYPEOUT$ = "Enclosed" 
I F  TYPE$ (1%) = "F" THEN TYPEOUT$ = "Free" 
PRINT " (I1; 
PRINT USING " # # # " ;  1%; 
PRINT " )  d l  = "; 
PRINT USING v # # # l l ;  DIVISION%(I%) ; 
PRINT " I' ; TYPEOUT$; 
PRINT TAB(50) ; ASSOCIATION$ (1%) 
NEXT 1% 

200PR I NT 
PRINT "Gra in  ( " ;  
PRINT USING "###I1; N%; 
PRINT " ) ?  "; 
INPUT; "D i v i  s ions" ;  ENTRY$ 
E$ = LEFT$ (ENTRY$,l) 
I F  E$ = " C "  GOT0 1000 
I F  E$ = "S" GOT0 2000 
DIVISION% ( N I )  = VAL(ENTRY$) 
PRINT 
250INPUT " Enter E + V,19L9PsC,T o r  j u s t  F"; ENTRY$ 
E$ = LEFT$ (ENTRY$,l) 
I F  E$ = "C" GOT0 1000 
I F  E$ = "S "  GOT0 2000 

TYPE$(\%) = LEFT$ (ENTRY$,l) 
I F  TYPE$ (N%) = "F" GOT0 340 
I F  (TYPE$(N%) = IT") AND ( LEN(ENTKY$) <> 1) GOT0 300 

PRINT 
PRINT CHR$(7) 
PRINT "*** I n c o r r e c t  en t r y .  Try again." 
GOT0 250 

300ASSOCIATION$(N%) = MID$ (ENTRY$,2 $ 1 )  
I F  INSTI?( "V,I,L,P,C,T", ASSOCIATION$(N%)) -O 0 GOTO 350 

PR I NT 
PRINT CHR$(7) 
PRINT "*** I n c o r r e c t  en t r y .  Try again." 
GOT0 250 

340ASSOC IATION$ (N%) = I' I' 

35OPRI NT 

NX = N% + 1 
I F  N% > 501 GOT0 2000 
I F  N% < 501 GOT0 100 

PR INT 
PRINT CHRS(7) 
PRINT CHR$ (7 ) 
PRINT "*** 500 GRAIN LIMIT. Change prev ious e n t r y ,  i f  " 
PRINT "needed. Then s top  (S). E lse da ta  w i l l  be  l o s t . "  
PRINT 
GOT0 100 



'Handle t h e  changing o f  a p rev ious  e n t r y ,  d i s p l a y i n g  changed 
' e n t r y  up t o  l a s t  e n t r y  a t  t h e  CKT. 

I000PR I NT 
INPUT; "Gra in  Number" ; CHANGE% 
I F  (CHANGE% >= 1 )  AND (CHANGE% <= 500) GOT0 1010 

PRINT CHR$(7) 
PRINT 
PRINT "*** I n v a l i d  Gra in  Number. Try again." 
GOT0 1000 

1010INPIJT; I' D i  v i s i o n s " ;  DIVISION%(CHANGE%) 
1020INPUT " Enter E + V,I,L,P,C,T o r  j u s t  F"; ENTRY$ 
TYPE$(CHANGE%) = LEFT$ (ENTRY$,l) 
I F  TYPE$(CHANGE%) = "F"  GOT0 1040 

PRINT CHR$(7) 
PRINT "*** I n v a l i d  en t ry .  Try  again." 
GOT0 1020 

lo30AsSOC IATION$(CHANGE%) = MID$ (ENTRY$,2,1) 
I F  INSTK ("V,I,L,P,C,T", ASSOCIATION$(CHANGEX)) o 0 GOT0 1050 

PK I NT 
PRINT CHR$(7) 
PRINT "*** I n v a l i d  en t r y .  Try  again." 
GOT0 1020 

1040ASS0CIATION$(CHAN6Eg) = 'I " 
1050PRINT 
PRINT 
FOR 1% = CHANGE% TO (N% - 1 )  

I F  TYPE$(I%) = 'YE" THEN TYPEOUT$ = "Enclosed" 
I F  TYPE$(I%) = "F" THEN TYPEOUT$ = "Free" 
PRINT " (I1; 
PRINT U S I N G  "###" ;  1%; 
PRINT " )  d l  = ' I ;  

PRINT U S I N G  "####" ;  DIVISIOM%(I%); 
PRINT " " *  TYPEOUTS; 
PRINT T A B ( ~ O ~ ;  ASSOCIATION$(I%) 
NEXT 1% 

GOT0 200 

2000 'F in i  shed e n t e r i n g  g ra ins ,  ga ther  comments and w r i t e  t o  f i l  e 

PR I NT 
PRINT "Enter  up t o  3  l i n e s  o f  comments - i f  none, h i t  RETURN." 
PR I NT 
FOR 1% = 1 TO 3 

LINE INPUT " ? " ;  COMPIENT$(I%) 
NEXT 1% 



P R I N T  

' W r i t e  ou t  r a w  d a t a  

F I L E $  = SAMPLE$ + " ".P" 
OPEN " O " ,  # 1 ,  F I L E $  

P R I N T  # I ,  LEFT$ (SAHPLE$ + SPACE$ ( l o ) ,  1 0 )  ; 
P R I N T  #I,  LEFT$(DATE$ + S P A C E $ ( l O ) ,  10) ;  
P R I N T  # I ,  USING I t # # # " ;  N%; 
P R I N T  #1, USING "####,##";  MAGFACT 
FOR 1% = 31 TO 3 

P R I N T  # I ,  LEFT$(COMF'lENT$(I%) , 80) 
NEXT 1% 

FOR 1% = 1 TO N% 
PRINT #I., USING WV; DIVISIONX(I%); 
PRINT #I,  TYPE$(I%); ASSOCIATION$(I%); "; 
I F  ( 1 %  MOD 10) = 0 THEN PRII ' IT # I ,  
NEXT I% 

' E x i t  p r o g r a m  

P R I N T  
P R I N T  " D a t a  f o r  s a m p l e  ";SAMPLE$;" h a s  b e e n  w r i t t e n  t o  f i l e  "; 
P R I N T  " '  " ; F I L E $ ; " '  ." 
P R I N T  
P R I N T  " E x i t  p r o g r a m  PSTORE." 
PR I NT 

END 



'AUTHOR: E rn ie  Co lan ton io  

'WRITTEN: September 21, 1983 

LANGUAGE: M i c r o s o f t  BASIC-80 (compi l  e r  ) 

'DESCRIPTION: 

I Th is  program gathers da ta  from a  f i l e  c rea ted  by program 
'PSTORE and computes and r e p o r t s  p y r i t e  c h a r a c t e r i z a t i o n  summary 
' s t a t i  s t i  cs. Sub to ta l  s  , percentages, means and s tandard d e v i a t i o n s  
' a r e  computed f o r  f r e e ,  enclosed and t o t a l  p y r i t e  g r a i n s  as w e l l  
' as f o r  v i  t r i t e ,  i n e r t i  t e ,  1  i p t i  t e ,  t r i m a c e r i  t e ,  ca rbominer i te  
'and 50% o r  more p y r i t e  maceral-mineral  assoc ia t ions .  A l l  
' i n f o r m a t i o n  i s  ou tpu t  d i r e c t l y  t o  t h e  p r i n t e r  as a  format ted 
' r epo r t .  
I 

'MODIFICATIONS: 
I 

S. L i n c o l n  January, 1984 
- The word LENGTH i n  t h e  ouput t a b l e  was changed t o  DIAIITR. 

Therefore whenever l e n g t h  i s  r e f e r r e d  t o  i n  t h i s  pgm, i n  
commenting o r  v a r i a b l e s  , ac tua l  1  y "diameter '  i s  meant. 

- The percentages under DIAMTR, AREA, and VOLUME now t o t a l  
t o  t h e  ENCLOSED percentage f o r  each o f  t h e  above cate-  
go r i es ,  i n s t e a d  o f  t o  100%. 

- The l e n g t h  cons tan t  LENGTHC was changed from 1.26 t o  
1.00 so t h a t  i t  would no t  have an e f f e c t  on t h e  c a l -  
c u l a t i o n s ;  bu t ,  i t  was n o t  removed because i t  may be 
used a t  a  1  a t e r  date.  

I S. L i n c o l n  September, 1984 
I - A r o u t i n e  was w r i t t e n  t o  c a l c u l a t e  t h e  P y r i t e  Clean- 
I a b i l  i t y  Index f o r  each o f  4 ca tegor ies :  g r a i n  count,  
I diameter ,  area, and volume. A  formula s p e c i f i e d  by  
I PJD was fo l lowed.  Then changes were made t o  p r i n t  t h e  
I values i n  t h e  f i n a l  r epo r t .  

' INPUT: 
I - from user 
I - f i l ename o f  da ta  produced by program PSTORE 
I - from PSTORE ou tpu t  f i l e  
I - l i n e  1 
I - co l  s  1-10 - sample number 
I - c o l s  11-20 - da te  
I - c o l s  21-23 - number o f  g r a i n s  i n  t h e  sample 
D - c o l s  26-30 - m a g n i f i c a t i o n  f a c t o r  
t - l i n e s  2 - 4  
I - co l  s  1-80 - comments 
I - remain ing (up t o  50) l i n e s  



I - 10 t o  a  l i n e :  
I number o f  occu la r  d i v i s i o n s  ( # # #  fo rmat ) ,  "F" o r  "E " ,  
I a d d i t i o n a l  l e t t e r  i P enclosed, 1 space 
I For example: 
t 10F lOEV 20F lOOET 15F 20EV 30F 40F 25ET lOOF 

"OUTPUT : 
I - P y r i t e  Cha rac te r i za t i on  Report d i r e c t l y  t o  p r i n t e r  

'SUBROUTI NES : 

'INITIALIZATIONS - dimensions a r rays  & i n i t i a l  i zes v a r i a b l e s  
'GATHER-DATA - g e t s  da ta  from i n p u t  f i l e  
'COMPUTE-TOTALS - computes necessary sub to ta l  s  f rom i n p u t  data 
'COMPUTE-STATISTICS - computes p y r i t e  c h a r a c t e r i  z a t i o n  s t a t i  s t i c s  
'COMPUTE-PC1 - computes P y r i t e  C l  eanabi l  i t y  Indeces 

(see MODIF ICATIONS f o r  September, 1984) 
YR IINT-REPORT 

' VARIABLES : 

'COMMENT$ 
'ENTRY$ 
' NASSOC% 
'ASSOC IATION$ 
' ACODE$ 
'FILE$ 
'LINE$ 
' SAMPLE$ 
' DATE$ 
"AGFACT 
I NSTORED% 
'I%, J%,  K% 
' NREAD% 
'GTY PE$ 
' ASSOC$ 
'ANSWER$ 
' RFORPIAT$ 
' I F  ORMAT$ 
"OTAL 
'GRAINS 
I 

'SIZE 
I 

- ou tpu ts  r e p o r t  d i r e c t l y  t o  p r i n t e r  

- a r r a y  o f  3  comment 1  i nes  
- a r r a y  o f  da ta  e n t r i e s  f o r  g r a i n s  f rom i n p u t  f i l e  
- how many assoc ia t i ons  t h e r e  a re  
- a r r a y  o f  t h e  assoc ia t i on  names 
- a r r a y  o f  t h e  1 - l e t t e r  a s s o c i a t i o n  codes 
- name o f  i n p u t  f i l e  
- e n t i r e  l i n e  from i n p u t  f i l e  
- sample number 
- date 
- m a g n i f i c a t i o n  f a c t o r  

- number o f  g r a i n  e n t r i e s  i n  i n p u t  f i l e  
- l o o p  c o n t r o l  v a r i a b l e s  
- number o f  e n t r i e s  read from i n p u t  f i l e  
- p y r i t e  g r a i n  t y p e  code ( F  o r  E) 
- a s s o c i a t i o n  type  code l e t t e r  
- user response 
- r e a l  number ou tpu t  format 
- i n t e g e r  number ou tpu t  format  
- temporary v a r i a b l e  f o r  computing percentages 
- 2  dimensional  r e a l  a r ray  (9,Z) 

dimension 1, subsc r i p t s  1-9 
- FREE, ENCLOSED, TOTAL, VITRITE, INERTITE, 

LIPTITE, TRIMACERITE, CARBOMINERITE, 50% 
o r  more PYRITE 

dimension 2, subsc r i p t s  1-2 - g r a i n  count,  g r a i n  percentage 
- 3  dimensional  r ea l  a r r a y  (3,9,4) 

dimension 1, subscr i  p t s  1-3 
- DIAMTR, AREA, VOLUME 
dimension 2, subscr i  p t s  1-9  
- FREE, ENCLOSED, TOTAL, VITRITE, INERTITE, 

LIPTITE, TRIMACERITE, CARBOMINERITE, 50% 
o r  more PYRITE 



I dimension 3, subsc r i p t s  1-4 
D - sum t o t a l  , percentage, mean, s tandard d e v i a t i o n  
'ONESIZE - I dimensional r ea l  a r r a y  ( 3 )  
I dimension 1, subsc r i p t s  1-3 
I - computed l eng th ,  area and volume 
'LABEL$ - 2 dimensional  s t r i n g  a r r a y  
I r e p o r t  ou tpu t  1  abel s  
'LENGTHC - 1 ength ( d i  ameter) computat ion cons tan t  = 
I cross sec t i ona l  f a c t o r  (1.00) * 

I magni f i  c a t i o n  f a c t o r  (MACFACT) 
' AREAC - area computat ion cons tan t  = p i  / 4 
' VOLUMEC - volume computat ion cons tan t  = p i  / 6 
'COUNTPC I - P y r i t e  C l e a n a b i l i t y  Index (PCI) f o r  g r a i n  count 
'PC1 - PC1 f o r  d iameter ,  area, and volume o n l y  
' PC ILABEL$ - a r r a y  o f  l a b e l s  f o r  va lues i n  v a r i a b l e  PC1 above 
TEMP - temporary v a r i  ab1 e 

'Mai n  Program 

PRINT 
PRINT "Program PCHAR" 
PRINT " 
PI? I NT 

- P y r i t e  Cha rac te r i za t i on  Report Program" 

GOSUB 1000 'INITIALIZATIONS 
GOSUR 2000 ' GATHER-DATA 
PRINT "Data successful l y  1 oaded i n t o  memory." 
GOSUB 3000 'COMPUTE-TOTALS 
PRINT "Subto ta l  s  successfu l  1  y  computed ." 
GOSUB 4000 'COMPUTE-STATIST I C S  
PRINT " S t a t i s t i c s  successfu l  l y  computed." 
GOSUB 5000 'COMPUTE PYRITE CLEANARILITY INDECES 
GOSUB 6000 'PRINT-REPORT 

PR I NT 
PRINT " E x i t  program PCHAR" 
PR I PIT 

END 

10OO'Subroutine INITIALIZATIONS 

' T h i s  r o u t i n e  does t h e  a r r a y  dimensioning and v a r i a b l e  
' i n i t i a l i z a t i o n s ,  

OPTION BASE 1 

D I M  COMMENT$(3) 
DIM ENTRY$(2000) 



NASSOC% = 6 
DIM ASSOC IATION$(6) 

ASSOCIATION$(l) = " V i  t r i  t e  I I 

ASSOCIATION$(2) = " I n e r t i t e  II 

ASSOCIATION$(3) = " L i  pti t e  
I I 

ASSOCIATION$(4) = "T r imacer i  t e  and Bimacer i  t e "  
ASSOCIATION$(5) = "Carbominer i te  

I 1  

ASSOCIATION$(6) = "20% o r  more P y r i t e  'I 

D I M  ACODE$(6) 
ACODE$ ( 1 )  = "I' 
ACODE$(2) = "I" 
ACODE$(3) = "L" 
ACODE$(4) = "T" 
ACODE$(5) = "C" 
ACODE$(6) = "P" 

DIM GRAINS(~,Z) 
DIM SIZE(3,9,4) 
DIM ONESIZE(3) 

D I M  PCI(3) 

DIM PCILABEL$(3) 
PCILABEL$(l) = "DIAMETER" 
PCILABEL$(P) = IgAREA" 
PC ILABEL$ ( 3 )  = "VOLUME" 

DIM LABEL$ (3,2) 
LABEL$(1,1) = "DIAMTR" 
LABEL$(2,1) = I' AREA" 
LABEL$ (3,1) = "VOLUME" 
LABEL$ ( 1,2) = I' % " 

- LABEL$(2,2) = " mean" 
LABEL$(3,2) = " s,d." 

FOR 1% = 1 TO 3  
FOR 3% = 1 TO 9 

FOR K% = 1 TO 4 
SIZE(I%,J%,K%) = o 

NEXT K% 
NEXT 3% 

NEXT 1% 

LENGTHC = 1,00 
AREAC =0 ,785  
VOLUMEC = 0,5236 

RETURN 

2000 Tub r o u t  i ne GATHER-DATA 

' T h i s  r o u t i n e  ga thers  t h e  da ta  f rom t h e  i n p u t  f i l e .  



2010PR INT 
INPUT "Enter  f i lename. Use t h e  c o r r e c t  extension->",FILE$ 
PR I NT 
PRINT "You want t o  use f i l e  ";FILE$;" i n  PCHARo" 
INPUT "Cor rec t  (Y/N) ";ANSWER$ 
ANSWER$ = LEFT$ (ANSWER$, 1 )  
I F  ANSWER$ 0 " N" GOT0 2020 

PRINT "I w i l l  ask u n t i l  you answer ' Y ' . "  
GOT0 2010 

20200PEN "I", #I., FILE$ 

LINE INPUT # I ,  LINE$ 
SAMPLE$ = LEFT$(LINE$, 10) 
DATE$ = MID$(LINE$, 11, 8) 
NSTORED% = VAL(MID$(LINE$, 20, 4) ) 
MAGFACT = VAL(MID$(LINE$, 26, 6 ) )  

FOR 1% = 1 TO 3 
LINE INPUT #I ,  COMMENT$(I%) 
NEXT I% 

NREAD% = 1 
WHILE NOT EOF(1) 

LINE INPUT # I ,  LINE$ 
FOR I% = 1 TO 10  

ENTRY$(NREAD%) = MID$(LINE$, 6*I%-5, 5) 
I F  NREAD% = NSTORED% GOTO 1100 
NKEAD% = NREADX + 1 
NEXT 1% 

WEND 

3000 "ubrout i ne COMPUTE-TOTALS 

'Th i  s r o u t  i ne computes t h e  necessary sub to ta l  s o  

LENGTHC = LENGTHC * MAGFACT 

FOR I% = 1 TO NREAD% 

' s t o r e  whether FREE o r  ENCLOSED 
GTYPE$ = MID$(ENTRY$(I%), 4, 1) 

' s t o r e  which a s s o c i a t i o n  
ASSOC$ = RIGHT$(ENTRY$(I%), 1) 

' compute l eng th ,  area and volume 

ONESIZE(1) = VAL(LEFT$(ENTRY$(I%) ,3)) * LENGTHC 
ONESIZE(2) = ONESIZE(1) 2 * AREAC 
ONESIZE(3) = ONESIZE(1) 3 * VOLUMEC 



I F  GTYPE$ o "6"  GOT0 2100 
I increment  number o f  f r e e  g r a i n s  

GRAINS(1,l) = GRAINS(1,I) + 1 
FOR J% = 1 TO 3 

I increment f r e e  g r a i n  l eng th ,  area and volume 
SIZE(J%,1,1) = SIZE(J%,1,1) + ONESIZE(J%) 

I increment 1 ength,  area, v o l  ume squared 
SIZE(J%,1,4) = SIZE(J%,1,4) + ONESIZE(J%) 2 
NEXT 3% 

2100 "Eni f 

I F  GTYPE$ o "E" GOT0 2200 
FOR J% = 1 TO NASSOC% 

I F  ASSOC$ o ACODE$(J%) GOT0 2300 
I increment  a s s o c i a t i o n  g r a i n  count  

GRAINS(J%+3,1) = GRAINS(J%+~,I) + 1 
FOR K% = 1 TO 3 

I increment a s s o c i a t i o n  1 ength, area, vo l  ume 
SIZE(K%,J%+J,l) = SIZE(KX,J%+3,1) + ONEsIZE(K%) 

I increment a s s o c i a t i o n  1 ength,  area, vo l  ume squared 
SIZE(K%,J%+3,4) = S IZE(K%,J%+~,~)  + ONESIZE(K%) 2 
NEXT K% 

2300 'Endi  f 
NEXT J% 

2200 ' Endi f 

NEXT 1% 

'sum up assoc ia t i ons  t o  g e t  sums o f  ENCLOSED g r a i n s  

FOR 1% = 4 TO (NASSOC% + 3) 
GRAINS(2,l) = GRAINS(2,l) + GRAINS(I%,~) 
FOR K% = 1 TO 3 

SIZE(K%,2,1) = SIZE(K%,2,1) + SIZE(K%, I%,1) 
SIZE(K%,2,4) = SIZE(K%,Z,~) + SIZE(K%,I%,~) 
NEXT K% 

NEXT I% 

'sum up FREE and ENCLOSED t o  g e t  TOTAL 

FOR 1% = 1 TO 3 
SIZE(I%,3,1) = SIZE(I%,~,~) + SIZE(I%,~,~) 
SIZE(I%,3,4) = SIZE(I%,~,~) + S1~€(1%,2,4) 
NEXT I% 

RETURN 

4000 'Sub rou t i ne  COMPlJTE-STATISTICS 



' T h i  s r o u t i n e  cournputes t h e  necessary p y r i t e  c h a r a c t e r i  z a t i o n  
' s t a t i  s t i  cs, 

Compute g r a i n  percentages 

FOR 1% = 1 TO (NASSOC% + 3)  
I F  1% <= 3 THEN TOTAL = GRAINS(3,l) ELSE TOTAL = GRAINS(2,l) 
I F  TOTAL = 0 GOT0 4050 
I F  1% <= 3 THEN GRAINS(I%,Z) = GRAINS(I%,l) / TOTAL * 100 
I F  1% > 3 THEN GRAINS(I%,Z) = GRAINS(I%,l) / TOTAL * GRAINS(2,Z) 

4050 NEXT 1% 

'Compute percentages, means and standard d e v i a t i o n s  o f  l e n g t h ,  
k r e a  and volume, 

FOR 1% = 1 TO (NASSOC% + 3) 
FOR J% = 1 TO 3 

I compute percentages 

IF  1% <= 3 THEN TOTAL = SIZE(J%,3,1) ELSE TOTAL = SIZE(J%,E.l) 
I F  TOTAL = 0 GOT0 4080 
I F  1% <= 3 THEN SIZE(J%,I%,2) = SIZE(J%,I%,1) / TOTAL * 100 
I F  1% > 3 THEN SIZE(J%,I%,Z) = SIZE(J%,I%J) / TOTAL * SIZE(J%,~,~) 

I compute means 

I compute s tandard d e v i a t i o n s  

I F  GRAINS(I%,l) = 1 GOT0 4100 
SIZE(J%, I%,4) = SIZE(J%, I%,4) - (SIZE(J%, I%,1) 2/GRAINS( I%,1))  
SIZE(J%,I%,4) = SQR(ABS(SIZE(J%,I%,~)/ (GRAINS(I%,l)- l) 1) 

41 00 I F  GRAINS(I%,~) = 1 THEN SIZE(J%,I%,~) = 0 
NEXT J% 

NEXT 1% 

RETURN 

5000 'Subrout ine COP9PUTE-PC1 

' T h i s  r o u t i n e  computes t h e  P y r i t e  C l  eanabi l  i t y  indeces 
' f o r  g r a i n  count ,  d iameter ,  area, and volume, 

'Compute PC1 based on g r a i n  count percentages. 

TEMP = GRAINS(4,Z) + GRAINS(5,2) + GRAINS(6,Z) + GRAINS(7,L) 
I F  TEMP = 0 GOT0 5010 
COUNTPCI = (GRAINS(1,Z) + GRAINS(8,Z) + GRAINS(9,Z)) / TEMP 



u t e  a PC1 f o r  (1) d i a m e t e r ,  ( 2 )  a r e a ,  and ( 3 )  v o l u m e .  

5010FOR 1% = E TO 3 
TEMP = S I Z E ( I % , 4 , 2 )  + S I Z E ( I % , 5 , 2 )  + SIZE(I%,~,Z) + SIZE(I%,~,E) 

P  = 0 GOT0 5 0 2 0  
P C I ( I % )  = ( S I Z E ( I % , l , Z )  + S I L E ( I % , 8 , 2 )  + S I Z E ( I % 9 9 9 2 ) )  / TEMP 

5 0 2 0  N E X T % %  

6 0 0 0  5 u b r s u t i  ne P R I  NT-REPORT 

' T h i  s r o u t i n e  o u t p u t s  t h e  p y r i t e  c h a r a c t e r i  z a t i o n  r e p o r t  
' d i r e c t l y  t o  t h e  p r i n t e r  

P R I N T  

P R I N T  " A d j u s t  p a p e r  o n  p r i n t e r  L m a k e  s u r e  i t  i s  'on l i n e '  ." 
I N P U T  "OK";  ANSWER$ 

LPR I N T  S P C ( 2 8 )  ; " P Y R I T E  CHARACTEKIZATION'  
L P R I N T  
L P R I N T  
L P R I N T  S P C ( 3 5 ) ;  " D a t e :  "; DATE$ 
L P R I N T  S P C ( 2 6 ) ;  " S a m p l e  N u m b e r :  "; F I L E $  
L P R I N T  S P C ( 1 9 )  ; " M a g n i f i c a t i o n  f a c t o r :  'I; 

L P R I N T  USING "## .##" ;  MAGFACT 
L P R I N T  
L P R I N T  " C o m m e n t s : "  
FOR 1% = 1 TO 3 

LPR I N T  COMMENT$(I%) 
NEXT 1% 

L P R I N T  
L P R I N T  
L P R I N T  S P C ( 2 4 )  ; " P Y R I T E "  ; S P C ( 2 4 )  ; " P Y R I T E  C L E A N A R I L I T Y  I N D E X "  
L P R I N T  S P C ( 6 0 ) ;  ' P f  + P p  + PC" 
L P R I N T  S P C ( 1 5 )  ; "FREE ENCLOSED TOTAL";  S P C ( 1 5 ) ;  " P v  + P i  + PI + P t "  
LPR I NT 
L P R I N T  "GRAINS";  
L P R I N T  USING IFORMAT$; G R A I N S ( 1  , I )  ; G R A I N S ( 2 , l )  ; G R A I N S ( 3 , l ) ;  
L P R I N T  S P C ( 2 0 )  ; "COUNT" 
L P R I N T  " %Ib; 
L P R I N T  U S I N G  RFORMAT$; GRAINS(1 ,Z)  ; GRAINS(2 ,E) ;  GRAINS(3 ,Z)  ; 
L P R I N T  S P C ( 1 3 ) ;  
LPR I N T  USING RFORMAT$; COUNTPC I 
FOR I %  = 1 TO 3 

LPR I M T  
L P R I N T  L A B E L $ ( I % , l ) ;  



L P R I N T  U S I N G  IFORMAT$; S I Z E ( I % , l , l )  ; S I Z E ( I % , E . l ) ;  S I Z E ( I % , 3 , 1 ) ;  
L P R I N T  SPC(2O)  ; PCILABEL$ (1%)  
FOR J% = 2 TO 4 

L P R I N T  LABEL$ (J%-1 ,2 )  ; 
L P R I N T  U S I N G  RFORMAT$;SIZE( I%, l  ,J%) ;SIZE(I%,2,J%);SIZE(I%,3,J%); 
L P R I N T  S P C ( 1 3 ) ;  
I F  J %  = 2 THEN-LPRINT U S I N G  RFORMATS; P C I ( I % )  E L S E  L P R I N T  
NEXT J% 

NEXT 1% 

L P R I N T  
L P R I N T  
L P R I N T  SPC( 1 7 )  ; "MACERAL-MINERAL A S S O C I A T I O N  OF ENCLOSED PYRITE"  
L P R I N T  
L P R I N T  S P C ( 1 7 ) ;  "V"; S P C ( 1 1 ) ;  "I"; S P C ( 1 1 ) ;  "L"; 
L P R I N T  S P C ( 1 1 ) ;  " T " ;  S P C ( 1 1 ) ;  "C" ;  S P C ( 1 1 ) ;  'P" 
L P R I N T  
L P R I N T  "GRAINS";  
FOR 1% = 4 TO 9 

L P R I N T  USING IFORMAT$; G R A I N S ( I % , l ) ;  
NEXT 1 %  

LPR I NT 
L P R I N T  " . 
FOR 1% = 4 TO 9 '  

L P R I N T  U S I N G  RFORMATB; G R A I N S ( I % , 2 ) ;  
NEXT 1% 

L P R I  NT 

FOR 1% = 1 TO 3 
L P R I N T  
L P R I N T  L A B E L $ ( I % , l ) ;  
FOR J %  = 4 TO 9 

L P R I N T  U S I N G  IFORPIAT$; S I Z E ( I % , J % , l ) ;  
NEXT 3 %  

L P R I N T  
FOR J %  = 2 TO 4 

L P R I N T  LABEL$ (J%-1 ,2 )  ; 
FOR K% = 4 TO 9 

L P R I N T  USING RFORMATS; SIZE(I%.K%,J%);  
NEXT K% 

L P R I N T  
NEXT J %  

NEXT 1 %  

L P R I  NT 

FOR 1% = 1 TO NASSOC% 
LPRINT SPC(B); ACODE$(I%); = 'I; ASSOCIATIONB(I%) 
NEXT 1% 

L P R I N T  

RETURN 



I OR: S a l l y  L i nco l  n November, 1983 
I 

I GUAGE: M i c r o s o f t  BASIC-80 (compi 1  e r )  
I 

ex t rapo l  a tes g r a i n  diameters f o r  a  p a r t i c u l  a r  sample 
ser-speci  f i e d  PSTORE f i l e  by  read ing  o n l y  t h e  re1 e- 

' v a n t  columns. Each diameter i s  m u l t i p l i e d  by a  m a g n i f i c a t i o n  
From t h e  i n p u t  f i l e )  t o  conver t  i t  t o  microns. 

i s  then  conver ted t o  a  phi u n i t  t o  determine i f  
f i t s  i n t o  one t h e  ph i  u n i t  ranges. Th is  program 

"deermines t h e  number o f  d iameters  f i t t i n g  i n t o  each PU range 
'and p r i n t s  ou t  a  t a b l e  o f  r e l a t e d  i n f o r m a t i o n  (see OUTPUT). 
I 

' A  use r - spec i f i ed  PSTORE f i l e .  The f i l ename has a  format o f  
I Cxxxxx ,111 
'where x  i s  a  d i g i t  and 1  i s  a  l e t t e r .  Proper l e n g t h  o f  t h e  
%lenanae a's checked, Th is  f i l e  i s  l e f t  una l te red .  
I 

I OUTPUT: 
I .  

' A  P y r i t e  Grain Size Frequency t a b l e  w i t h  t h e  f o l l o w i n g  columns: 
'1) Phi Un i t  ranges cons idered 
' 2 )  Micrometer ranges cons idered 
' 3 )  Number o f  d iameters f a l l  i n g  i n  each PU range 
' 4 )  Percentage o f  column 3 t o  t he  t o t a l  number 
b f  d iameters  cons idered 
' 5 )  Percentage o f  t h e  d iameter  sum i n  each PU range 
' t o  t h e  t o t a l  sum o f  a1 1  d iameters  cons idered 
' 6 )  Cumulat ive percentage o f  column 5 above 
' 7 )  Bar graph d e s c r i b i n g  column 5 
0 

'The f o l l o w i n g  i n f o r m a t i o n  i s  p r i n t e d  beneath t h e  tab1 e: 
'1) The number o f  g r a i n  diameters qua1 i f y i n g  
' f o r  any Phi U n i t  range 
' 2 )  The number o f  g r a i n  d iameters  i n  t h e  f i l e  
' 3 )  The t o t a l  sum o f  t h e  g r a i n  diameters 

) A d e s c r i p t i o n  o f  t h e  * symbol used i n  t h e  ' bar graph. D e s c r i p t i o n  appears o n l y  i f  t h e  
* appears i n  t h e  t ab le ,  The * symbol appears ' o n l y  i f  t h e r e  a re  > 10 u n i t s  i n  t h e  graph. 

' note:  i f (1) and ( 2 )  above a re  no t  equal , t h i  s  
I i n d i c a t e s  an e r r o r  i n  t h e  d iameter  da ta  
I 

I SUBROUTINES : 
I 

' 1000(INITIALIZE) - i n i  t i a l  i z e s  cons tan ts  o r  se ts  v a r ' s  t o  0 
'200O(CONVERT) - conver ts  t h e  g r a i n  d iameter  t o  a  ph i  u n i t  



'3000(uPDATE SUM) - f i n d s  t h e  ph i  u n i t  ca tegory  i n  which t h e  
I g r z i n  f i t s ,  i f  any, an updates a counter .  
'4000(RAWPERCENT) - determines t h e  percentage o f  t h e  number o f  
' g r a i n s  i n  a ca tegory  t o  t h e  t o t a l  number. 
'5000(CUMPERCENT) - determines t h e  cumula t i ve  percentage 
'6000(PRINTTABLE) - p r i n t s  ou t  t h e  t a b l e  
I 

I VARIABLES: 
I 

'ANSWER$ - user  response t o  a Y/N ques t ion  
'CUMPERCENT - cumul a t i  ve percentage o f  RAWPERCENTD 
'DIAMETER - o r i g i n a l  d iameter  o f  a g r a i n  b e f o r e  convers ions 
'DMTRTOTAL% - t o t a l  sum o f  a l l  d iameters  f a l l i n g  i n  a PU range 
'FILE$ - name o f  t h e  use r - spec i f i ed  f i l e  
'FRACLII\IE% - # o f  da ta  e n t r i e s  i n  l a s t  l i n e  o f  f i l e  i f  < 10 
'LINE$ - e n t i r e  l i n e  o f  da ta  
'LN2 - n a t u r a l  l o g  o f  2 
'MAGFACT - m a g n i f i c a t i o n  f a c t o r  read from 1 s t  l i n e  o f  i n p u t  f i l e  
'MICRANGE$ - micrometer ranges cons idered i n  program 
'NUNLINES% - number o f  complete l i n e s  i n  f i l e  (10 e n t r i e s / l i n e )  
'NUMUNITS% - number o f  u n i t s  p r i n t e d  i n  t h e  b a r  graph (10 max) 
'PHINUM - ph i  u n i t  c a l c u l a t e d  f o r  a p a r t i c u l a r  g r a i n  d iameter  
'PHIRANGE$ - ph i  u n i t  ranges cons idered i n  program 
'RANGEDMTRX - a r r a y  h o l d i n g  diameter sum from each PU range 
'RANGE% - a r r a y  h o l d i n g  t h e  # o f  d iameters  i n  each PU range 
'RANGETOTALS - t o t a l  # o f  d iameters  fa1 1 i n g  i n  any PU range 
'RAWPERCENTC - percentage o f  t h e  # o f  d iameters  i n  each RANGE% 
I t o  t h e  t o t a l  # o f  d iameters  cons idered (RANGETOTAL%) 
'RAWPERCENTD - percentage o f  t h e  sum o f  t h e  diameters i n  each 
I PU range t o  t h e  t o t a l  sum o f  t h e  d iameters  
'SUN - temporary v a r i  abl  e he1 p i  ng t o  ge t  cumul a t i  ve percentage 
'TEMP - temporary v a r i a b l e  
'TOTGRAIN% - t o t a l  # o f  g r a i n s  i n  t h e  f i l e  
'UPLIMIT% - upper l i m i t  used i n  FOR loop  f o r  a FRACLINE. 

-----------------------________________________________________________________________________________--------------------------------------------- 

'MA1 N PROGRAM 

PKINT 
PRINT 
PRINT " - P y r i t e  Gra in  S i  ze Frequency Tab1 e-" 
PR I NT 
PRINT "Please answer t h e  i n i t i a l  quest ions.  Then when the"  
PRINT " t a b l e  i s  ready t o  be p r i n t e d ,  a b e l l  w i l l  sound and" 
PRINT "you w i l l  be asked f o r  f u r t h e r  in format ion."  
PR I NT 

lOOPRINT 
PRINT "Enter  t h e  f i l ename f o r  which you want t h e  tab le . "  
INPUT " I n c l  ude t h e  ex tens ion  (eg Cxxxxx.LLL)->" , FILE$ 
NUMLEN% = LEN(FILE$) 
I F  NUMLENI <= 10 GOT0 150 

PKINT "***Format i s Cxxxxx .LLL (x=d i  g i  t , L=l  e t t e r )  ." 
GOT0 100 



PRINT "You want a  SIZEFREQ t a b l e  f o r  f i l e  ' ;FILE$ 
Cor rec t  (Y/N)" ; ANSWER$ 

= LEFT$ (ANSWER$,1) 
= "N" GOTO 108 

PRINT "Be pat ient . .  . I am working ." 
" I n i t i a l  imat ions  

TOTGRAIN% = VAL( EIID$(LINE$,2094)) ' T o t a l  # o f  g r a i n s  i n  f i l e  
MAGFACT = VAL( MID$ (LINE$,27,4) ) ' M a g n i f i c a t i o n  f a c t o r  i n  f i l e  
LINE INPUT # 2 ,  LINE$ ' I g n o r e  3 comment l i n e s  
LINE INPUT #Z9 LINE$ 
LINE INPUT #Z9 LINE$ 

NUMLINES% = TOTGRAIN% _ 10 'Get number o f  complete da ta  l i n e s  
FRACLINEI = TOTGRAIN% MOD 10 " o f  e n t r i e s  i n  u n f i l l e d  l a s t  l i n e  
FOR I% = 1 TO NUMLINES% 

L I N E  INPUT # 2 ,  LINE$ 
FOR J% = 1 TO 60 STEP 6 ' S t r i p  d iameter  o f f  da ta  e n t r y  

DIAMETER = VAL( ID$ (LINE$,J%,3)) 
GQSUB 2008 ' C a l c u l a t e  P H I  UNIT o f  d iameter  
GOSUB 3000 ' Increment  count i n  c o r r e c t  ph i  u n i t  range 

NEXT J% "nd sum diameters f o r  each case 
NEXT I% 

I F  FRACLINE% = 0 GOT0 300 "andle l i n e  w i t h  < 10 data e n t r i e s  
PUT # 2 ,  LINE$ 

IIPLIMIT% = FRACLINE% * 6 
FOR I% = B TO UPLIMIT% STEP 6 

DIAMETER = VAL( MID$(LINE$, I%J) )  
GOSUR 2000 'Cal c u l  a t e  ph i  number 
GOSUB 3000 ' Increment count i n  ph i  u n i t  range 

NEXT 1% 

300GOSUB 4000 T a c h  RANGE i s  what % o f  t o t a l  # o f  da ta  e n t r i e s  
GOSUB 5000 Wetermine cumul a t i v e  p e r c e ~ t a g e s  
PRINT C H R $ ( 7 )  
4OOPRINT 

INPUT " 1s 1  i n e p r i n t e r  on and ready (Y/N)";ANSWER$ 
ANSWER$ = LEFT$ (ANSWER$,l) 
I F  ANSWER$ = "N" GOT0 400 

SOOGOSUB 6000 ' P r i  n t  tab1 e 
PRINT " A l l  f i n i shed , "  
END 



' T h i s  r o u t i n e  se t s  s p e c i f i e d  v a r i a b l e s  t o  i n i t i a l  values. 

6),RANGEDMPR%(l6),PHIRANGE$(16),MICRANGE$(l6) 
FOR 1% = P PO 1 6  

RANGE% ( 1% ) = 0 
RANGEDMTR%( I%)  = 0 

NEXT I %  

M I C R A N G E $ ( l )  = "1000 - 2 5 0 "  
M I C R A N G E $ ( 2 )  = " 2 5 0  - 6 3  " 
M I C R A N G E $ ( 3 )  = " 6 3  - 5 3  " 
M I C R A N G E $ ( 4 )  = " 5 3  - 4 4  I' 

M I C R A N G E $ ( 5 )  = " 4 4  - 3 7  " 
M I C R A N G E $ ( 6 )  = " 3 7  - 3 1  " 
M I C R A N G E $ ( 7 )  = " 3 1  - 2 6  " 
M I C R A N G E $ ( 8 )  = " 26 - 2 2  " 
M I C R A N G E $ ( 9 )  = " 2 2  - 19 I' 

M I C R A N G E $ ( l O )  = "  19 - 1 6  'I 

M I C R A N G E $ ( l l )  = " 1 6  - 1 3  " 
H I C R A N G E $ ( l Z )  = " 1 3  - 11 " 
M I C R A N G E $ ( 1 3 )  = " 11 - 8 " 
M I C R A N G E $ ( 1 4 )  = " 8 - 6  " 
M I C R A N G E $ ( 1 5 )  = " 6 - 4 '" 
M I C R A N G E $ ( 1 6 )  = " 4  - 2  I' 

RETURN 

2 0 0 0  ' S U B R O U T I N E  CONVERT 
' T h i s  r o u t i n e  conve r t s  t h e  g r a i n  d iameter  t o  i t s  ph i  u n i t .  

TEMP = D I A M E T E R  * MAGFACT / 1000 
P H I N U M  = - ( L O G ( T E M P )  / L N 2 )  'Use t h i s  t r i c k  t o  ge t  
RETURN ' LOG B A S E  2  o f  TEMP 



I N E  UPDATE SUM 
e incremenTs a counter  i n  one o f  t h e  16 ph i  u n i t  
nd ing on t h e  v a l u e  o f  the ph i  u n i t  o f  t h e  d iameter .  
i n e s  t h e  t o t a l  number o f  d iameters  f a l l i n g  i n  each 

1 so t h e  diameters  i n  each PU range are summed 

P = PHHNIOM 

0.0) AND (P <= 2.00) GOT0 3050 

.00) AND (P <= 4.00) GOT0 3050 

.00) AND (P <= 4.25) GOT0 3050 

I F  ( P  > 4.25) AND ( P  <= 4.50) GOT0 3050 
FLAG% = 5 
I F  ( P  > 4.50) AND (P <= 4.75) GOTO 3050 
FLAG% = 6 
I F  (P > 4.75) AND (P <= 5.00) GOTO 3050 
FLAG% = 7 
I F  ( P  > 5.00) AND (P <= 5.25) GOTO 3050 
FLAG% = 8 
I F  ( P  > 5.25) AND (P <= 5.50) GOT0 3050 
FLAG% = 9 
I F  ( P  > 5.50) AND (P <= 5.75) GOTO 3050 
FLAG% = 10 
I F  ( P  > 5.75) AND ( P  <= 6.00) GOT0 3050 
FLAG% = 11 
I F  ( P  > 6.00) AND (P <= 6.25) GOT0 3050 

25) AND (P <= 6.50) GOTO 3050 
FLAG% = 1 3  
I F  (P > 6.50) AND ( P  <= 7.00) GOTO 3050 
FLAG% = 14 
I F  (P > 7.00) AND ( P  <= 7.50) GOT0 3050 
FLAG% = 15  
I F  (P > 7.50) AND (P <= 8.00) GOTO 3050 
FLAG% -- 16 
I F  (P > 8.00) AND (P <= 9.00) GOT0 3050 
GOT0 3999 

3050RANGE% (FLAG%) = RANGE%(FLAG%) + 1 
RANGEDEITR% (FLAG%) = RANGEDMTw (FLAG%) + DIAMETER 
3999RETURN 

OUTINE RAWPERCENT 
'Th i s  r o u t i n e  determines t h e  t o t a l  # o f  diameters which 
' f e l l  i n t o  any PU range. I t  a l s o  f i g u r e s  t h e  t o t a l  sum o f  
' t h e  d iameters  which f e l l  i n t o  a PU range. It then  ca lcu-  
' l a t e s  percentages based on these f i gu res .  

D I M  RAWPERCENTC(16), RAWPERCENTD(16) 



RANGETOTAL% = 0 
DMTRTOTAL% = 0 
FOR 1% = E TO 16 

RANGETOTAL% = RANGETOTALX + RANGE%(I%)  
DMTRTOTALZ = DMTRTOTAL% + RANGEDMTR% ( 1 % )  

NEXT 1% 

FOR 1% = 1 TO 1 6  
RAWPERCENTC(I%) = RANGE%(I%)  / RANGETOTAL% * 100 
RAWPERCENTD(I%) = RANGEDMTR% ( 1 % )  / DMTRTOTALX * 100 

NEXT 1% 
RETURN 

5 0 0 0  'SUBROUTINE CUMPERCENT 
' T h i  s r o u t i n e  c a l  cu l  a t e s  t h e  c u m u l  a t i  v e  p e r c e n t a g e  o f  
' t h e  p e r c e n t a g e  o f  summed d i a m e t e r s .  It i s  f o u n d  f r o m  
' t h e  p r o g r e s s i  v e  s u m  o f  RAWPERCENTD. 

D I M  CUMPERCENT(16) 

TEMP = O 
FOR 1% = 1 TO 16 

CUMPERCENT(I%) = TEMP + RAWpERCENTD(I%) 
TEMP = TEMP + RAWPERCENTD(I%) 

NEXT 1% 
RETURN 

6 0 0 0  'SUBROUTINE PR I NTTABLE 
' T h i s  r o u t i n e  p r i n t s  o u t  t h e  t a b l e .  

RFORF'IAT$ = " ## #, ## " T o r m a t  f o r  r e a l  n u m b e r s  
IFORMAT3$ = "###Ib ' F o r m a t  f o r  3 - d i g i t  i n t e g e r s  
IFORMAT4$ = "####"  ' F o r m a t  f o r  4 - d i g i t  i n t e g e r s  
FLAG% = 0 

L P R I N T  " - P Y R I T E  GRAIN S I Z E  FREQUENCY-" 
L P R I N T  
L P R I N T  " SAMPLE F I L E  " ; F I L E $  
L P R I N T  
L P R I N T  SPC(17);"MICROMETEK1';SPC(3);"# OF";SPC(6);"RAW"; 
L P R I N T  S P C ( 4 ) ; " %  OF SUMMED";SPC(Z);"CUM DMTR";SPC(3); 'BAR" 
L P R I N T  " P H I  U N I T  RANGE RANGE GRAINS PERCENT DIAMETERS PERCENT GRAPH" 
L P R I N T  'L------------- ----------- ------ ------- --------- ------- ----- I I 
FOR I %  = 1 TO 1 6  

L P R I N T  S P C ( 1 ) ;  P H I R A N G E $ ( I % ) ;  S P C ( 4 ) ;  M I C R A N G E $ ( I % ) ;  S P C ( 4 ) ;  
L P R I N T  U S I N G  IFORMAT3$ ; RANGE% ( I % )  ; 
L P R I N T  S P C ( 5 ) ;  
L P R I N T  USING RFORMAT$; RAWPERCENTC(I%); 
L P R I N T  S P C ( 5 ) ;  
L P R I N T  U S I N G  RFORMAT$; RAWPERCENTD( I % )  ; 
L P R I N T  S P C ( 5 )  ; 



L P R I N T  USING RFORMAT$; CUMPERCENT( 1%)  ; 
L P R I N T  S P C ( 4 )  ; 

Y a a r  graph 
NUNUNITS% = I N T  (RAWPERCENTD(I%) / 5 )  

I F  MUMUMITS% <= 10 GOT0 6 0 1 0  ' I f  > 10 u n i t s ,  
L P R I N T  "***" ' s i g n a l  t h i  s  w i t h  s t a r s  
FLAG% = 1 
GOT0 6 0 2 0  ' i n  t h e  bar  graph 

6 0 1 0  FOR J% = 1 TO NUNUNITS% 'E l se  p r i n t  u n i t s  
L P R I N T  "="; 
NEXT J %  

LPR I NT 
6 0 2 0 N E X T  I %  
L P R I N T  
L P R I N T  SPC(6) ; "TOTAL NO. OF SORTED GRAINS: "; 
L P R I N T  U S I N G  IFORMAT4$ ; RANGETOTAL%; 
L P R I N T  S P C ( 7 ) ;  ' S U M  OF DIAMETERS: "; 
LPR I NT USING IFORMAT4$ ; DMTRTOTAL% 
L P R I N T  
L P R I N T  S P C ( 6 ) ; " C L A I M E D  E N T R I E S  FOR SAMPLE: "; 
L P R I  NT U S I N G  IFORMAT4$; TOTGRAI N%; 
L P R I N T  S P C ( 7 ) ;  
I F  FLAG% = 1 THEN L P R I N T  "*** MEANS > 10 U N I T S  I N  GRAPH" 
L P R I N T  
L P R I N T  
RETURN 




