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ABSTRACT 

Washabili ty (float-sink) t e s t s  , which a re  part of a 
continuing study of the physical and chemical properties of 
Il l inois coa l s ,  were run on 28 coal  samples from 22 Illi- 
nois coal  mines. Primary attention was given to  poten- 
t ia l  reduction of sulfur in  the coa ls .  In only a few of 
the coa ls  tes ted was the sulfur content reduced to  l e s s  
than 1 . 5  percent,  and i n  a few of the  coa ls  the lowest 
percentage of sulfur obtained with a reasonable recovery 
was greater than 3 . 5  percent.  The maximum and average 
reductions in  sulfur were 65 percent and 38 percent, re- 
spectively, with 80 percent recovery. 

Washabili ty t e s t s  were made on both 10-pound 
and 100-pound representative spl i ts  from 23 samples .  
The resul ts  from the se  t e s t s  with the two quantit ies ex- 
hibited a c lose  correlation. A fairly good correlation i s  
shown between data from cores  2 inches in diameter and 
data from column samples obtained from nearby locations 
i n  the  mines. 

INTRODUCTION 

Ever since i t  was organized, more than 65 years  ago,  the Illinois State 
Geological Survey has  been making investigations concerning sulfur i n  coa l .  
The investigation described in th i s  report i s  the  second i n  a recent se r ies  on 
the washabili ty (float-sink) character is t ics  of Illinois coa l s .  The f i rs t  report, 
published in 19  7 1 a s  Il l inois State Geological Survey Circular 462 (Helfinstine 
e t  a l . ,  1971))  gives  the resul ts  of t e s t s  and ana lyses  made on 3 7  samples from 
32  mines. The present report provides the resul ts  of t e s t s  and ana lyses  of 28 
additional samples from 22 mines. 
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OBJECTIVES OF INVESTIGATION 

The bas ic  objective of th i s  se r ies  of investigations was  t o  determine the 
washabili ty (float-sink) character is t ics  of Illinois coa l s ,  with particular empha- 
s i s  on the quantity,  distribution, and var ie t ies  (forms) of sulfur in the coa ls .  
An additional objective of Part 2 was  to evaluate the suitabili ty of 2-inch diam- 
eter  diamond-drill cores  of coa l  a s  sources  of samples for determining wash- 
abili ty character is t ics  of coa l s  obtained during exploratory drilling in  a reas  
where mines are  not operating. 

PROCEDURE AND EQUIPMENT 

Part 1 of t h i s  study indicated that  the  washabili ty character is t ics  of 
Illinois coa l s  crushed to  a maximum s i ze  of 1 1/2 inches usually did not vary 
significantly from the washabili ty character is t ics  of the same coa ls  when crushed 
to  a maximum s ize  of 3/8 inch.  Because the resul ts  with the two s ize  ranges 
were similar and s ince  the 3/8-inch maximum s ize  would allow the use  of a 
smaller quantity of coal  for the  washabili ty t e s t s ,  a 3/8-inch maximum 
s i ze  was used for a l l  t e s t s  described in th i s  report. The minimum s i ze  of 
28 mesh (Tyler screen ser ies)  was  selected because (1) i t  was  considered the 
finest s ize  of Illinois coa l  that  could be readily separated by gravity methods, 
and (2)  only a small proportion of the coal would be finer than 28 mesh after 
crushing and screening i n  s tages  to  the maximum s i ze  of 3/8 inch.  

During Part 1 of the investigation, a 1-ton sample of raw coa l ,  which 
generally was  sampled i n  20 t o  30 increments through most of one shift of oper- 
a t ion,  was  obtained from the  tipple; a few samples were obtained from the pi t .  
None of the  samples was  considered representative of a mine's output. A differ- 
ent method of sampling was  used for the study described i n  t h i s  report. Instead 
of obtaining a 1-ton sample, an  approximately 80-pound sample, which will  be 
referred t o  subsequently a s  a column sample, was  cu t  from each  of three freshly 
exposed coal  faces  a t  separate  working a reas  of a mine. This procedure pro- 
vided a total  sample of about 240 pounds per mine. Although these  samples may 
not be representative of the output of the mine ei ther ,  they are  considered to  be 
superior t o  those obtained by the tipple- or pit-sampling procedure used in Par t  1 
of th i s  study. Face-channel samples ,  from which mineral bands of more than 
3/8 inch in  thickness  were excluded i n  accordance with U .  S.  Bureau of Mines 
procedures ( ~ o l m e s ,  191 l ) ,  a l s o  were cut  from the  same general locat ions.  
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The column samples were stage-crushed t o  a maximum s i ze  of 3/8 inch 
with a roll crusher and screened a t  28 mesh to  give 3/8-inch by 28-mesh and 
28-mesh by 0 fract ions.  Chemical ana lyses ,  including total  sulfur and varieties 
of sulfur, proximate ana lys i s ,  free-swelling index, Gieseler plast ic i ty ,  and 
heating value,  were made on representative samples of these two s ize  fractions. 

Gravity separations were made with approximately 100 pounds of 3/8- 
inch by 28-mesh coa l .  These separations were made in  ve s se l s  containing mix- 
tures of perchloroethylene and naphtha i n  the  ratios appropriate t o  give the desired 
specific gravities . The separations were made progressively, i .  e . , the  sink 
fraction of coal  from a bath with a lower specific gravity was placed progres- 
sively i n  baths of higher specific gravity until the  desired maximum specific 
gravity of 1 .60 was  reached.  Five different gravity solutions were used for most 
coal  samples .  Chemical ana lyses ,  which included total  sulfur, sulfate sulfur, 
pyritic sulfur,  organic sulfur,  and a s h ,  were made on a l l  float-coal fractions and 
on the material that  sank a t  a specif ic  gravity of 1 .60 .  For most samples ,  the  
free-swelling index,  Gieseler plast ic i ty ,  and heating value were determined on 
the float coal  of the  l ightest  gravity. The Hardgrove grindabili t ies and a s h  fu- 
sion temperatures were determined for the  1.60 sink material by a commercial 
laboratory. 

The procedure for determining the suitabili ty of coa l  cores  a s  samples for 
washabili ty s tudies  is to  make comparable t e s t s  on a core sample and on a col- 
umn sample obtained from a location adjacent  t o  the core sample. However, 
only three s e t s  of core and column samples were obtained a s  desired for th i s  
comparative study. In t he se  three s e t s ,  the  coa l  core sample was  obtained from 
a location that  was  l e s s  than 100 feet  from the corresponding column sample. 

To gain additional information about the suitabili ty of small samples ,  
such a s  coal  cores ,  washabili ty t e s t s  were made on 10-pound samples that  had 
been riffled from the large samples of coal  used for basic  washabili ty t e s t s .  A 
10-pound sample i s  about the  quantity of coal  obtained from a 2-inch diameter 
core of a 6-foot coal  seam. Only four different gravity solutions were used for 
the float-sink t e s t s  of the  core samples and 10-pound samples because of the 
small quantity util ized. 

The t e s t s  and chemical ana lyses  made on the face-channel samples of 
coal  included proximate ana lys i s ,  ultimate ana lys i s ,  free-swelling index, 
Gieseler  plast ic i ty ,  heating value,  var ie t ies  of sulfur, chlorine, Hardgrove 
grindability, and a s h  fusion temperatures.  All but two of t he se  t e s t s  and analy- 
s e s  were made by the  Analytical Chemistry Section of the  Ill inois State Geolog- 
i c a l  Survey; the grindability and a s h  fusion t e s t s  were made by a commercial 
laboratory. 

Sources of Samples 

Twenty-eight samples from 22 mines were obtained for the  part of the 
investigation described in  t h i s  report (fig. 1) . Table 1 identifies the  sources  of 
samples by county, company, mine, and seam. 

Sample 23 was  cut  from a coal  face that  had been exposed for a n  appreci- 
ab le  period and might have been oxidized; hence,  sample 2 4  was cut  a t  a la ter  
da te  from a freshly exposed coa l  face  in  the  same mine. Column samples 1, 14, 
and 15 were obtained for comparisons with coal  core samples that  had been 
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Fig. 1 - Locations of coa l  samples .  See table  1 for mine name and coal sampled. 
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TABLE 1 - SOURCES OF SAMPLES 

C h r i s t i a n  
F r a n k l i n  
F r a n k l i n  
F u l  t o n  
F u l  t o n  
F u l t o n  
G a l l a t  i n  
G a l l a t  i n  
Jackson  
J e f f e r s o n  
Kankakee 

b 

Knox 
Macoupin 
Macoup i n  
Macoup i n  
Montgomery 
~ e o r i a  
P e o r i a  
Pope 
Pope 
Pope 
S a l i n e  
S a l i n e  
S a l i n e  
S t a r k  
Vermi l ion  
Wil l iamson 
Wil l iamson 

Sample 
no. 

Peabody Coal Co. No. 1 0  6 
Old Ben Coal  Co. No. 24 6 
Old Ben Coal Co. No. 26 6 
C o n s o l i d a t i o n  Coal  Co.  orris^ 6 
C o n s o l i d a t i o n  Coal Co.  orris^ 5 
Uni ted  E l e c t r i c  Coal Cos. No. g a  5 
Peabody Coal Co. Eagle  S t r i p  a 6 
Peabody Coal  Co. 
Tab Mining Co. 
I n l a n d  S t e e l  Co. 
Peabody Coal  Co. 
Midland Coal Co. 
Monterey Coal  Co. 
Monterey Coal  Co. 
Monterey Coal  Co. 
Freeman Coal Mining Co. 
Midland Coal Co. 
Midland Coal  Co. 
E and L Coal Co. 
M t .  Zion Coal  Co. 
M t .  Zion Coal Co. 
Big Ridge Coal  Co. 
Sahara Coal Co . , , I n c .  
Sahara Coal  Co. ,  I n c .  
Midland Coal Co. 
Deep V a l l e y  Coal  Co. 
Arnax Coal Co. 
Barbara Kay Coal Co.,  I n c .  

County 

Eagle  No. 2 
No. 2 a  
I n l a n d  
  or therna  
Mecco a 
No. 1 
No. 1 
No. 1 
Crown 
~ l r n ~  
~ l m  a 

a 

M t  . z iona  
M t .  z iona  
No. la 
No. 6a 
No. 6a 
A l l e n d a l e a  

D e l t a a  
Barbara Kay 

Company 

a S t r ip  mine. 
Coal mined i n  Grundy County. 
Coal mined i n  Fulton County. 
Coal in  lower part of Abbott Formation. 

5 
Murphysboro 

6 
4 
6 
6 
6 
6 
6 
5 
6 
1 
d 

d 

6 
6 
6 
6 
7 
6 
5 

Mine 

drilled nearby, but no comparative channel samples were obtained for t he se  three 

S eam 

samples.  Although column samples were obtained from the Mt. Zion mine a t  two 
different t imes (samples 20 and 21),  a comparative channel sample was obtained 
only for sample 2 0 .  

Use of Computer 

Most of the data obtained from th i s  study were punched on cards ,  and a n  
IBM 360/75 computer was  used for the  compilation of most of the tab les  and the 
appendix. In addition, a computer program was developed to provide a second- 
degree equation that  would "fit" the datum points obtained in the f loa t - s ink tes t s .  
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The computer then used this  equation to determine the percentages of total sul- 
fur, pyritic sulfur, and a sh  for any desired percentage of coal recovery. 

RESULTS 

Size Analyses 

All of the float-sink t e s t s  were made on 3/8-inch by 28-mesh coal .  The 
amount of minus-28-mesh coal that was screened from the 3/8-inch by 0 coal 
for the preparation of this  3/8-inch by 28-mesh fraction varied from 6 percent 
from sample 17 to 13 percent from sample 19, with an  average of 8 percent. 

Channel-Sample Analyses 

The chemical analyses for the channel samples are given in table 2 .  As 
previously stated, mineral bands that were more than 3/8 inch in  thickness were 
excluded from the channel samples. The channel samples are considered to be 
similar t o  coals from the same mine that have received a minimal amount of prep- 
aration. At a few mines there were no mineral bands greater than 3/8 inch in 
thickness; hence the column and channel samples were taken in the samemanner. 

Washability Data 

The complete data from the float-sink t e s t s  on the samples are given in 
the appendix. The data labeled "ca lc .  (calculated) raw coal" are the data from 
the washability t e s t s  a s  calculated by proportionally combining the individual 
float-sink fractions to  give values that should be equivalent t o  the values given 
in the original raw coal analysis .  The analyses of representative fractions of 
the raw coal sample are labeled "anal .  (analyzed) raw coal" and appear directly 
below the calculated raw coal figures for convenient comparison. In most ca ses  
the agreement i s  excellent.  

The letter S after a sample number refers to a 10-pound sample that was 
split  from the crushed column samples. The letter C indicates a 2-inch diameter 
diamond-drill core sample. All analyse s given in the appendix are reported on 
a dry basis .  

Sulfur Removal Potential 

A major objective of this investigation was t o  determine the sulfurcontent 
t o  which Illinois coals  can  be reduced by gravity separations. Table 3 was pre- 
pared to provide this  information for the 28 samples included in this report. 
Listed are the percentages of total sulfur, pyritic sulfur, and a sh ,  a t  80, 60, 
and 40 percent recoveries, a s  calculated by the IBM 360/75 computer, with the 
samples arranged in ascending order of total sulfur percentage. There are four 
samples (10, 19, 20, and 21) that had l e s s  than 1 percent total sulfur a t  a l l  re- 
covery levels shown. Of these four, only sample 10 was obtained from a mine 
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TABLE 3 - PERCENTAGES OF TOTAL SULFUR, PYRITIC SULFUR, AND ASH 
WITH 40, 60, AND 80 PERCENT RECOVERIES* 

7k Chemical ana lyses  a r e  g iven  on a  d r y  b a s i s .  

i n  current production and with appreciable unmined reserves .  Samples 20 and 21 
were obtained from one small s t r ip  mine (currently abandoned) a t  different t imes 
and locations within the mine. Sample 19  was from a small strip mine which 
a l s o  ha s  been abandoned. 

One measure of the efficiency of coal  cleaning i s  the amount of combus- 
t ible material discarded in  the reject .  Table 4 l i s t s  the percentages of com- 
bustible l o s se s  for the 28 coa ls  included in  t h i s  report for 40, 60, and 80 
percent recoveries (60, 40, and 20  percent re jects)  . The l o s s e s  shown range 

40 p e r c e n t  r e c o v e r y  

Sample 
n o .  

6 0  p e r c e n t  r e c o v e r y  

Sample 
no .  

80 p e r c e n t  r e c o v e r y  

Ash 

(%) 
Sample 

n o .  

S u l f u r  (%I  
T o t a l  

Ash 

(%) P y r i t i c  

S u l f u r  (%) , 
Ash 
(%) T o t a l  

S u l f u r  (%I  
P y r i t i c  T o t a l  P y r i t i c  
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TABLE 4 - PERCENTAGES OF ASH, SULFUR, AND COMBUSTIBLE MATERIAL IN SINK* 

* Chemical a n a l y s e s  a r e  g i v e n  on a  d r y  b a s i s .  
% s i n k  

T Modified-combust ible  l o s s  = [ l o 0  - ( %  a s h  + % s u l f u r )  ] [ ------ 1. 
100  

from a low of 4.6 percent with sample 4 (80 percent recovery) to a maximum of 
54.2 percent with sample 2 1  (40 percent recovery) . 

Sulfur, because i t  i s  a combustible material, i s  included in the values 
given in table 4 and i s  thereby classified a s  a " loss .  " However, the removal of 
pyritic sulfur i s  one of the aims of coal cleaning; hence, a measure of coal- 
cleaning efficiency should include allowance (credit) for sulfur removal. One 
method i s  to subtract the sum of the percentages of a sh  and sulfur from 100 to 

Sample 
no. 

80 pe rcen t  r ecove ry  

Ash 
(%) 

40 pe rcen t  r ecove ry  60 pe rcen t  r ecove ry  

Comb. 
l o s s  
(%) 

Mod. - 
comb. 
l o s s ?  

(%) 
Ash 
(%) 

Mod.- 
comb. 
l o s s ?  

(%) 
Ash 
(2)  

S u l f u r  
(%) 

Mod. - 
comb. 
l o s s ?  

(2)  

Comb. 
l o s s  

(%) 

Comb. 
l o s s  

(%) 
S u l f u r  

(%) 
S u l f u r  

(%) 
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give the percentage of modified-combustible l o s s .  These computations were 
made and the values  are  given i n  table  4 .  As a measure of cleaning efficiency, 
t h i s  modified-combustible l o s s  has  several  faul ts ,  including the error due to  
retention of some sulfur i n  the  a s h  a s  determined by analyt ical  laboratory ashing 
procedures. A negative modified-combustible l o s s  i s  thus possible  by these  
calculat ions.  

A computer program was developed that estimated the percentage of re- 
covery that  would resul t  i n  10, 20, and 30 percent combustible l o s s  in  the 
reject  and 10,  20, and 30 percent modified-combustible l o s s  ( [loo - ($  ash + 
$ sulfur) j [ % sink/100 I) in  the reject .  These values  are  given in  table  5 .  The 
amount of combustible l o s s  that  i s  acceptable  to  the mine operator will  depend up- 
on many conditions, but i t  may be appreciable if a saleable  product c an  be produced. 

A computer program was a l s o  developed that  gave a n  estimated percent- 
age  of sulfur with any selected percentage of recovery if channel samples had 
been used instead of column samples for the washabili ty t e s t s .  These calcu- 
lated data  a r e  referred t o  a s  "channel-sample basis"  da t a .  Table 6 l i s t s  these 
estimated sulfur contents  for the  28 coa ls  described in  th i s  report with 50, 70, 
and 90 percent recoveries on channel-sample ba se s .  The sulfur values given 
i n  th i s  table are  comparable with those  given in  table  12 of Circular 462 because 
the same procedure was  used for obtaining channel samples for both Part 1 and 
Part 2 of th i s  investigation, 

Table 7 summarizes some of the data given i n  t ab les  3 and 6 .  It i s  
shown that  14 percent of the  samples prepared were i n  the 0 t o  1 .0  percent sulfur 
range, irrespective of the recovery percentage. The reduction of recovery from 
80 to 40 percent did not increase  the percentage of samples i n  the 0 to  1 . 5  per- 
cen t  sulfur range. In the higher sulfur ranges,  the  percentage of samples a t  
each  sulfur level  does  increase  a t  the 40 percent recovery level  from the per- 
centage a t  the  80 percent l eve l ,  The combustible l o s s  (table 4) was increased 
significantly.  

The annual production of coa l  from the mines sampled ranged from a few 
thousand tons t o  a few million tons .  Therefore, the percentage of samples that 
were prepared within cer ta in  sulfur l imits,  a s  shown in table  7 ,  i s  not the same 
a s  the percentage of coa l  production within the same sulfur l imit.  Table 8 shows 
the percentage of Il l inois coa l  production within various sulfur ranges.  

The production figures used for the compilation of table  8 were obtained 
from the 1972 Annual Coal,  Oil and Gas Report, I l l inois Department of Mines 
and Minerals.  Most of the sulfur values  used were based upon the chemical 
ana lyses  of the channel samples obtained during the two parts of th i s  study. The 
sulfur values for those  mines not sampled were assumed t o  be the  same a s  those  
from nearby mines that were sampled. As previously s ta ted,  the percentage of 
sulfur in  a channel sample i s  considered t o  be about the same a s  that  i n  a pre- 
pared sample of coal  from the  same mine after a minimal amount of preparation. 

Percentage of Sulfur Reduction 

Only a very small proportion of Il l inois coa l s  c an  be prepared t o  be with- 
i n  the  sulfur limits proposed by many regulations . However, a substant ia l  re- 
duction in  the  sulfur content of a large proportion of Il l inois coa l s  can  be 
achieved.  Table 9 was  prepared t o  show the  total  and pyritic sulfur reductions 
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TABLE 5 - PERCENTAGE OF RECOVERIES THAT GIVE 10,  20, 
AND 30 PERCENT COMBUSTIBLE LOSS 

I 

72  

8 3 

73  

62 

7 4 

6 3  

6 3  

7 4 

7 3 

74 

14 

6 6  

7 1 

72  

7 3 

7 1 

7 2  

b6 

Pb 

7 5  

76 

be) 

69 

69 

PO 

7 l 

6 8  

Percentage of coal recovery 
I 

Sample 
no. 

- - 63 72  4 0  
% sink 

it Modified-combustible loss = [lo0 - ($  ash -t % sulfur) ] [ 

With combustible loss of: With modified-comb. loss* of: 

10% 30% 20% 10% 30% 20% 
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TABLE 6 - ESTIMATED TOTAL SULFUR CONTENTS AT 50,  70,  AND 
90 PERCENT RECOVERIES ON CHANNEL-SAMPLE BASES 

Column I sample / Channel sample I T o t a l  s u l f u r  

- 

Sample 
no. 

50% recovery  I 70% recovery  1 90% recovery  / 
Ash, 

d r y  b a s i s  
(XI 

20 

2 1 

22 

23  

24 

25  

2 6 

2 1  

26 1115 12,2 7s6 100.0 1 , 7 9  1.66 1.95 1.80 2,22 2.05 

g c ~ e r c e n t  recovery of t h e  column sample t h a t  would provide a coa l  wi th  t h e  same percentage of 

a s h  a s  t h a t  found i n  t h e  channel sample. 

that  were obtained with the 28 samples described in th i s  report. The greatest  
percentage of total  sulfur reduction with 80 percent recovery was  65.3 with 
sample 20. The greatest  numerical reduction in  total  sulfur a t  the  same recovery 
rate was  from 7.70 to 3 .88 percent with sample 15. The reduction in  total  sul- 
fur was a l s o  large with sample 7-from 5.64 percent t o  2.66 percent.  

The percentage reduction of pyritic sulfur, a s  given i n  table 9, i s  a good 
index of the  effect iveness  of a gravity separation process with a coal .  Although 
the average reduction of pyritic sulfur, with 80 percent recovery, for the  28 
coa ls  l is ted was  6 5 . 9  percent,  the  reductions ranged from a low of 19.7 percent 
to  a high of 91.2 percent.  The reduction was  greater than 50 percent for 27 of 
the 2 8  coa l s  l i s ted .  

Ash, 
d r y  b a s i s  

(X) 

Dry 
b a s i s  

(%I  
Mois ture  

( X )  

Moist 
b a s i s  

(%) 

Dry 
b a s i s  

(W) 

Moist 
b a s i s  

(%) 
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TABLE 7 - PERCENTAGES OF SAMPLES WITHIN VARIOUS SULFUR 
RANGES WITH SELECTED PREPARATION CONDITIONS 

I I Percentage of samples I 

* Mineral  bands t h i c k e r  t h a n  3/8 inch  were removed dur ing  sampling procedure.  
? 1 0  p e r c e n t  of " s ink"  m a t e r i a l  has been removed from channel  samples. 

Sulfur range, 
dry basis 

(%> 

TABLE 8 - ESTIMATED PERCENTAGES OF 1972 ILLINOIS COAL PRODUCTION, 
WITH TWO DEGREES OF PREPARATION, BY SULFUR RANGES 

* Mineral  bands t h i c k e r  t h a n  3 / 8  inch  a r e  excluded from channel  samples. 

' 1 0  percen t  o f  "s ink1'  m a t e r i a l  has been removed from channel samples. 

4 0% 
recovery 

Sulfur range 
(% > 

Channel sample* 
80% 

recovery 

90% recovery, 
channel-sample 

basis? 
60% 

recovery 

Channel sample* 
90% recovery, 

channel-sample basis? 

Moist basis Moist basis Dry basis Dry basis 
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TABLE 9 - SULFUR REDUCTIONS WITH 80 AND 40 PERCENT RECOVERIES 

AVL 4 0 1 1  2 # 3 5  2s52 3 a 1 1  0 , 7 7  b 5 , 9  2@23 4Y07 O t U i ?  7 9 , 1  

8 Percentage of reduct ion  from t o t a l  s u l f u r  i n  raw coal .  

Percentage of reduct ion  from p y r i t i c  s u l f u r  i n  raw coal .  

(Chemical ana lyses  a r e  g iven  on a dry  b a s i s . )  

Sample 
no .  

Raw c o a l  

T o t a l  
s u l f u r  

(%) 

P y r i t i c  
s u l f u r  

(%) 

80 p e r c e n t  r e c o v e r y  

T o t a l  
s u l f u r  

(%) 

40 p e r c e n t  r e c o v e r y  

T o t a l  
s u l f u r  

(%I  

Reduc- 
t i o n *  

(%I  

Reduc- 
t i o n *  

( X I  

P y r i t i c  
s u l f u r  

(%I 

Reduc- 
t i o n ?  

( % >  

P y r i t i c  
s u l f u r  

( X I  

Reduc- 
t i o n ?  

( X I  
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Although a high percentage of pyritic sulfur can be readily removed from 
many Illinois coals  by gravity processes,  the percentage of organic sulfur re- 
mains essentially the same for a l l  the gravity fractions. 

Washability Tests on Core Samples of Coal 

Three se ts  of core and column coal samples were obtained a s  desired for 
the investigation of the suitability of the cores a s  samples for float-sink t e s t s .  
For a l l  three se t s ,  the coal core samples were obtained a t  a location that was 
l e s s  than 100 feet from the corresponding column samples. 

Figures 2 ,  3 ,  and 4 show the relations between the total sulfur, pyritic 

Recovery, per cent 

6 

5- 

'E 4 -  
aJ 
0 L 

aJ 

a 3-  
L 
3 
Y- 

2 2 -  

I 

0 

@ Column sample 

@ Column sample 
0 Core sample 

Total sulfur 

- 

I I 1 I I 

20 40 6 0 80 100 

Core sample 

I I I I I 

2 0 4 0 60 80 100 
Recovery, percent 

Fig. 2 - Comparison of washabi l i t ies  of column sample 1 and core sample 1C. 
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sulfur, a s h ,  and recovery percentages for the three core samples and the corre- 
sponding column samples .  The curves shown on the figures are  considered to  
be the "bes t  fit" for the data  from the  t e s t s  on the column samples .  

The resul ts  of the  washabili ty t e s t s  of samples 1 and 1C (fig. 2 )  are  
nearly identical except for the  raw coal  values (1 00  percent recovery). Although 
some differences i n  the resul ts  of the  washabili ty t e s t s  are  shown in  figure 3 for 
samples 14 and 14C, the differences are  not considered significant.  However, 
significant differences between the  washabili ty t e s t  resul ts  for the column sam- 
ple 15 and the  core sample 15C are  shown in figure 4 .  When a s se s s ing  the 
significance of the differences shown, i t  should be remembered that  the  maximum 

Column sample 

Core sample  

I I I I I 

20  40 60 80 100 

Recovery, percent 

I I I I I 

0 20 40 6 0 80 100 

Recovery, percent 

Fig. 3 - Comparison of washabilities of column sample 14 and core sample 14C. 
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analyt ical  variation i n  total  sulfur determinations allowed by ASTM i s  0 .2  per- 
centage figure with 60-mesh samples .  The maximum permissible difference for 
a s h  i s  1 .0  percentage figure. (See ASTM Standards, Part 19, pages 46 and 439, 
1968 . )  It i s  therefore possible  that  analyt ical  variations may account for a n  
appreciable part of the  differences displayed i n  figure 4 .  

Small Samples for Washabili ty Tests  

The number of comparative coa l  core samples avai lable  was  not con- 
sidered sufficient t o  judge the  adequacy of the cores  a s  samples for float-sink 

@ Column sample 
0 Core sample 

Total su l f u r  

0 0 
0 0 

40 6 0 8 0 

Recovery,  percent 

Recovery,  pe rcen t  

Fig. 4 - Comparison of washabi l i t ies  of column sample 15 and core sample 15C.  



18 I L L I N O I S  STATE G E O L O G I C A L  SURVEY C I R C U L A R  4 8 4  

t e s t s .  However, the effect of reducing the s ize  of the sample was  investigated 
by making float-sink t e s t s  on 10-pound samples of coa l  that  were riffled from 
23 of the 28 original samples .  

The resul ts  from the float-sink t e s t s  of the  small samples are  remarkably 
c lose  to  those obtained from the  t e s t s  of large samples .  Table 10 shows that  the  
greatest  numerical variation in  computed total  sulfur a t  80 percent recovery with 
the 23 pairs of samples was only 0 .33 ,  with samples 9 and 9 s .  This difference 
i s  only slightly greater than analyt ical  tolerances allowable between different 
laboratories with the  same sample. The greatest numerical differences in  pyritic 
sulfur and a s h  between the  two sample s i z e s  were 0.26 (samples 6 and 6s)  and 
0.7 (samples 4 and 4S), respectively, with 80 percent recoveries.  The average 
arithmetic differences for the 23 pairs of samples with 80 percent recov- 
e r ies  were 0 .08 ,  0.04, and 0.2 for total  sulfur, pyritic sulfur, and a s h ,  
respectively. 

Although the  data  obtained from the washabili ty t e s t s  on 10-pound 
samples of 3/8-inch by 28-mesh coa l  were generally sat isfactory,  the use  of 
more than 10 pounds, if avai lable ,  i s  recommended. 

Ash Fusion and Hardgrove Grindability 

The refuse from a coal-cleaning plant, which may contain a n  appreciable 
percentage of combustible material ,  might be used a s  a source of sulfur and heat ,  
To properly design equipment t o  burn th i s  refuse, information about the a s h  fu- 
sion and the grindability of the fuel may be required. To gain some of the infor- 
mation desired,  the ASTM a s h  fusion temperatures and Hardgrove grindabili t ies 
were obtained for the 1.60 specif ic  gravity sink material; they a re  shown in  ta-  
ble 11 . Similar data for the channel samples ,  which are  considered similar t o  
coa l s  with minimal preparation, a l s o  are  included i n  table 11 for comparison. 
These data  indicate  no consis tent  differences between the Hardgrove grindabil- 
i t i e s  or a s h  fusion temperatures of the refuse material (material that sank a t  a 
specific gravity of 1.60) and those  of the  channel samples of coal .  The average 
a s h  fusion temperatures were slightly higher with the refuse material than with 
the channel samples .  The average Hardgrove grindability was  81.6 with the ref- 
use material and 72.5 with the channel samples.  The Hardgrove grindability of 
some refuse samples ,  such a s  that  of sample 4 ,  was considerably higher than 
the  grindability of the  corresponding channel coa l  samples .  

CONCLUSIONS 

1 .  In only a small proportion of Illinois coa l s  can  sulfur be reduced by 
gravity separation methods to 1 . 5  percent or l e s s .  These coals  are  a l l  relatively 
low in sulfur a s  mined . 

2.  The percentage of reduction of the sulfur with many Illinois coa l s  i s  
high, even with only a moderate quantity of re ject .  The maximum reduction of 
total sulfur i n  cleaned coal  reported in th i s  study with 80 percent recovery was  
65 percent,  and the average reduction was 38 percent. Expressed in  percentage 
f igures ,  the maximum reduction i n  sulfur was  nearly 4 (from 7.70% to  3 .88%) 
and the average reduction in  sulfur was  slightly more than 1 . 5  (from 4.11% t o  2.52%). 
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TABLE 10  - COMPARISON OF SJASHABILITIES OF LARGE AND SMALL SAMPLES* 

I 40 p e r c e n t  r e c o v e r y  60 p e r c e n t  r e c o v e r y  

- 

80 p e r c e n t  r e c o v e r y  

1.78 0 . 7 6  1.82 0,83 1;97 6; 9 

* Chemical analyses a r e  given on a dry bas i s .  

S u l f u r  (%)  

T o t a l  
Ash 

P y r i t i c  
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TABLE 11 - ASH FUSION AND IURDGROVE GRINDABILITY 

* I n i t .  d e f .  temp. - a b b r e v i a t i o n  f o r  i n i t i a l  deformat ion temperature .  

f' 1.60 s .g .  s i n k  - abbreviatl.or1 f o r  1 . 60  s p e c i f i c  g r a v i t y  s i n k  f r a c t i o n .  

f Averages g iven  f o r  t h e  20 samples w i t h  complete d a t a .  

Hardgrove 
grindability 

Ash fusion temperatures, O F  

Sample 
no. 

3 . Three comparisons were made of washabili ty t e s t s  of diamond-drill 
cores  from exploratory drilling with those of large column samples obtained in  a 
mine from a face near the drill-hole s i t e .  These t e s t s ,  which were made with 
3/8-inch by 28-mesh coal ,  gave similar washabili ty data on the two types  
of samples .  

Init. def . 
temp." 

4 .  The data  obtained from washabili ty t e s t s  made with 10-pound samples 
riffled from larger samples of 3/8-inch by 28-me s h  coa l  were quite similar t o  
the data obtained with 10 0-pound samples . 

Softening 
temp . 

1.60 
s.g. 
sink? 

Channel 
sample 

Hemispherical 
temp . 

1.60 
s.g. 
sinld 

Fluid 
temp . 

Channel 
sample 

1.60 
s.g. 
sinki 

Channel 
sample 

1.60 
s.g. 
sinki 

Channel 
sample 

1.60 
s.g. 
sink+ 

Channel 
sample 
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5 .  The 1.60 specific gravity sink material did not exhibit consis tent  
differences in  grindabili t ies or i n  a s h  fusion temperatures from the 
face-channel samples .  
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All of the  da ta  from the  washabi l i ty  (float-sink) t e s t s  on the  samples  a re  
presented in the  t a b l e s  below. The data  labeled " c a l c .  [calculated] raw coal"  
a re  the  data  from the washabi l i ty  t e s t s  a s  calcula ted by proportionally combining 
the  individual float-  sink fractions t o  give values  that  should be equivalent  t o  
the  values  given i n  t h e  original raw coa l  a n a l y s i s .  The a n a l y s e s  of representa-  
t ive  fractions of the  raw coa l  sample a re  labeled "ana l .  [analyzed] raw c o a l " ;  
they  appear  di rect ly  below t h e  calcula ted raw coa l  figures for convenient 
comparison. 

The le t ter  S af ter  a sample number ind ica tes  a 10-pound sample t h a t  w a s  
spl i t  from t h e  crushed column sample .  The l e t t e r  C ind ica tes  a 2-inch diameter 
diamond-drill core  sample.  

These abbreviat ions  are  a l s o  used :  SP. GRAV. - specif ic  gravity; CUM.  
WT. - cumulative weight;  TOT.  S - to ta l  sulfur; PYR. S - pyrit ic sulfur; and 
ORG. S - organic sulfur.  

All va lues  (except specif ic  gravity) a re  reported a s  percentages ,  dry b a s i s .  

S A M P L E  1 

F L O A T  F H A C T I k j N  S I N K  F R A C T I O N  

SP.GRAV. CUM.WT, A S H  T 0 T . S  PYR.3  8RG.S CUM.WT. A S H  T @ T , S  PYR.S  

C A L C ,  RAW C O A L  100.0 12.5 5.51 3.16 2.34 
ANAL .  R A W  C O A L  100,O 11.8 5.48 2,54 2.92 

S A M P L E  1s 

F L B A T  F R A C T I O N  S I N K  F R A C T I 0 N  

SPIGRAV, CUM,WT. A S H  T0T .S  PYR,S  OHG.S CUM.WT. A S H  T0T ,S  PYR.3  

C A L C ,  RAW C O A L  100.0 11.5 5.20 2.56 2.62 
A N A L .  RAW C B A L  100.0 11.8 5.48 2.54 2.92 

S A M P L E  1 C  

F L O A T  F R A C T I O N  S I N K  F R A C T I O N  

SP,GRAV, CUM,WT. A S H  T0T .S  P Y R , S  L3RG.S CUM,WT, A S H  T 0 T . S  PYR.S  

BRG, S 

C A L C .  RAW C O A L  100.0 12.3 4.51 2.11 2.36 



S A M P L E  2 

CUM,WT. A S H  

C A L C ,  RAW C B A L  
A N A L .  RAW C B A L  

S A M P L E  23 

F L B A T  F R A C T I O N  S I N K  F R A C T I a N  

SP,GRAV, CUM,WT, A S H  T0T .S  PVH.S MHG,S CUM.WT. A S H  1 B T . S  PVR,S @RG,S 

C A L L .  RAW C B A L  100,O 11.1 3.05 1.82 1.19 
ANAL.  RAW C O A L  100.0 llt8 3.46 2.U7 1 . 3 7  

S A M P L E  3 

F L B A T  F R A C T I O N  

SP.GRAV. CUM,WT, A S H  1 0 1 , s  PVR.S  BRG.9 CUM,WT, A S H  T 0 T . S  PYH.S  ORG,S 

C A L C .  RAW C O A L  100.0 10.3 1.98 1.02 0.95 
A N A L ,  RAW C O A L  100.0 11.4 1.95 1.06 0.89 

S A M P L E  3 5  

F L O A T  F R A C T I B N  S I N K  F R A C T I O N  

SP,GRAV, CUM,WT. A S H  TBT .9  PYH,S k3RG.S CUM,WT. A S H  1 B T . S  PYR.S 0RG,S  

C A L C .  RAW C O A L  100.0 11.0 2.02 1-18 0.84 
ANAL,  RAW C B A L  100.0 11.4 1.95 1 -06 0.89 

S A M P L E  4 

F L O A T  F H A C T I O h  

CUM,WT, A S H  1 B T . S  PYR.S  BRG,S 

C A L C .  RAW C 0 A L  100.0 20.2 4.43 2.85 1.511 
A N A L ,  RAW C B A L  100.0 22.0 4.67 2.90 1.71 

S I N K  F R A C T I B N  

SP.GRAV. CUM,WT. A S H  T 0 T . S  PYR.S  CUM.WT, A S H  T 0 T . S  PVH.S BRG,S 

C l L C ,  RAW C O A L  100,O 17.5 4.18 2.55 
h N A L .  RAW C O A L  100.0 22.0 4.67 2.90 
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S A M P L E  5 

S I N K  F R A C T l B N  

SP.GRAV. CUM,WT, A S H  1 0 1 , s  CUM.WT. A S H  T O T E S  PYR,S 0RG.S 

C A L C .  RAW C B A L  100.0 11.3 4.40 
ANAL,  RAW C B A L  l00,O 10.8 4.61 

S A M P L E  5 s  

F L B A T  F R A C T I R N  S I N K  F R A C T I B N  

SP.GRAV. CUM,WT, A S H  T 0 T . S  CUM.WT. A S H  T 0 T . S  PYR.3  0 R 6 , S  

C A L C .  RAW C B A L  100.0 10.7 4.48 
ANAL.  RAW C O A L  100.0 10,8 4.61 

S A M P L E  6 

F L O A T  F R A C T I O N  S I N K  F R A C T I B N  

SP.GRAV. CUM,WT. A S H  T 0 T . S  PYR,S CUM.WT. A S H  T 0 T . S  PYR.S 0RG.S 

C A L C ,  RAW C B A L  100.0 19.8 3.82 1 .76 
ANAL,  RAW C B A L  100,O 21,3 3.96 2.08 

S A M P L E  6S 

F L B A T  F R A C T I B M  S I N K  F R A C I I U N  

CUM.WT. A S H  T 0 T . S  PYR.S 0RG.S 

CALC.  RAW C O A L  100,O 21.2 4.00 2.29 
A N A L ,  RAW C B A L  100,O 21.3 3.96 2.08 

S A M P L E  7 

F L 0 I T  F R A C T I B N  S I N K  F R A C T I B N  

A S H  CUMoWT.  A S H  1 0 1 , s  PYR.S BRG,S 

C A L C .  RAW C B A L  
ANAL ,  RAW C 0 A L  

S A M P L E  8 

F L O A T  F R A C T I A N  S I N K  F R A C T I U N  

A S H  0RG,S  CUM.WT. A S H  T B 1 . S  PYR.3  ERG,: 

C A L C .  RAW C B A L  
A N A L ,  RAW C O A L  



FLEAT FUACTIBN SINK FRACTIBN 

SP,GRAV, CUt4,WT. ASH 101,s PYR.S BRG,S CUM,WT. ASH 7BT.S PYR.S 0RG.S 

CALC, RAW CUAL 100.0 11.1 3.8 1 2.38 1.40 
ANAL, RAW CBAL 100,O 11.8 4.00 2.46 1.53 

SAMPLE 9 

FLOAT FRICT IBN SINK FRACTION 

CALC, RAW CBAL 100.0 11.6 5.17 4.08 1.06 
ANAL. RAW CBAL 100,O 12.2 5.41 4,117 1.19 

SAMPLE 9 s  

FLOAT FRACTIBN 

SP,GRAV. cun.wr. A S H  101,s P Y ~ . S  

1.310 38.0 4.1 1.86 0.88 
1.335 57,4 5.0 2.08 1.06 
1.400 76.7 6.4 2.30 1.50 
1.600 90.7 8.3 2.95 2,09 

CALC, RAW CBAL 100.0 11.6 4.85 4.03 
ANAL, RAW CEAL 100.0 12.2 5.41 4.17 

SINK FRACTIBN 

SAMPLE 10  

FLBAT PRACTIEN SINK FRACTIBN 

SP.GRAV, CUM.WT. ASH 101 ,s  PYH.S 0HG.S CUM.WT. ASH T0T.S PYRIS 

CALC, RAW COAL 100 tO  9.8 0.89 0.34 0.55 
ANAL, RAW CEAL 100.0 10.0 0.84 0.28 0.56 

SAMPLE 1 1  

FLOAT FRACTIBN SINK FRACTIBN 

SP,GRAV, CUH,WT. ASH T0T.S PYR.S BRG,S CUM.WT, ASH T0T.S PYR,S 

CALC, RAW CBAL 100.0 9.8 4,17 2.00 2.12 
ANAL. RAW CEAL 100.0 10.5 11.98 2.33 2.21 

SAMPLE 1 1 s  

FLOAT FRACTIBN SINK FRACTION 

SP,GRAV, CUM,WT. ASH T0T.3 PYR.S 0RG.S CUM.WT. ASH T0T.S PYR.S BRC.3 

CALC, RAW CEAL 100.0 9.4 4.02 2.05 1191  
ANAL. RAW CBAL 100.0 10.5 4.58 2.33 2.21 
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SAMPLE 12  

FLQAT FYACTIBN SINK FRACTIUN 

CUM,WT, ASH SP,GHAV, CUM,WT. ASH T0T.S PYH.S ORG,S 

CALC, RAW C0AL 100,O 16.5 1 - 6 3  1.96 1.58 
ANAL, RAW CBAL 100,O 19.2 3.72 1.89 1.79 

SAMPLE 12.3 

FLBAT FRACTION SINK FRACTION 

CUt4,WT. ASH 

CALC, RAW C0AL 100,O 16.3 3.3b 1.61 1.65 
ANAL, RAW COAL 100.0 19.2 3.72 1.89 1,79 

SAMPLE 13  

SINK FRACTIBN FLBAT FHACTIBN 

ASH T0T.S PYR.5 b3RG.S CUM.WT, ASH 1BT.S PYR.S 0RG.S 

CALC, RAW C0AL 
ANAL, RAW CBAL 

SAMPLE 135  

SINK FRACTIUN FL0AT FHACTIQN 

SP,GRAV, CUM,WT, ASH T0T.S PYR.S BRG,S CUM.WT. ASH T0T,S PYR.S 0RG.S 

CALC, RAW COAL 100,O 12.4 5.53 2,68 2 - 1 5  
ANAL. RAW COAL 100,O 13,4 6 , 0 3  2.72 3.09 

SAMPLE 1 4  

FLBAT FHICT IBN SINK FRACTlBN 

SP,GRAV, CUM,WT. ASH TOTtS PYR.8 URG,S CUM,WT. ASH T0T.S PYR,S 0RG,S 

CALC, RAW C0AL 100,O 12.2 5.60 2.81 2.75 
ANAL, RAW CBAL 100,O 13,O 5.83 2.52 3.25 

SAMPLE 1 4 5  

FLBAT FRACTIBN 

SP,GRAV, CUH,WT, ASH T0T.S PYR,S 0RG.S 

SINK FRACTIBN 

CUY.WT. ASH T0T.S PYR.S BRG,Y 

CALC, RAW COAL 100.0 12.1 5.50 2.16 2.70 
ANAL. RAW CBAL lOO,O 13,O 5.83 2,52 3.25 



SAMPLE l 4 C  

FLOAT FRACTION SINK FRACTION 

SP,GRAV, CUM,WT. ASH TO1.S PYR,S BI3G.S CUH.WT. ASH T0T.S PYR,S 0RC.S 

CALC. RAY COAL 100,O 1107  5.11 2.23 2.87 
ANAL, RAW C B l L  100,O 11.2 4.14 1.73 2.41 

SAMPLE 15  

FLOAT FRACTION 

SP,GRAV, CUH,WT. ASH T0T.S PYR,S 0RG.S 

SINK FRACTION 

CUM,WT, ASH 

CALC, RAN COAL 100.0 11.1 5,75 2.69 3.05 
ANhL, RAW C0AL lO0,O 15.2 1 1 7 0  4.24 3,44 

SAMPLE 15C 

FLBAT FRACTIBN SINK FRACTION 

CUM,WT, ASH 

CALC,RAWCOAL 100,O 13,3 5.24 2.72 2.52 
ANAL, RAW CBAL 100.0 13.7 5.69 2,72 2.97 

SAMPLE 16  

SINK FRACTION 

SP.GRAV, CUH,WT. ASH 101.3 PYH.S CUM.WT. ASH T0T.S PYR.3 0RG.S 

CALC, RAW CBAL 100,O 13,3 5.20 2.66 
ANAL. RAW COAL 100.0 13.0 5.10 2,24 

SAMPLE 1 6 s  

SINK FRACTION FLOAT FRACTION 

SP.GRAV, CUMIWT. ASH TBT.9 PYR,S CUMIWT. ASH T0T.S PYR,S 0RG,S 

CALC, RAW COAL lOO,O 12.4 q Q 8 6  2.33 
ANAL. RAW CBAL 100,O 13.0 5.10 2.24 

SAMPLE 1 1  

FLOAT FRACTION SINK FRACTION 

CUM.WP. ASH T0T.S PYR.S 0RG.S 

CALC, HAW CBAL 100.0 14 , l  3.04 1.29 1.73 
ANAL, RAW C0AL 100,O 15,3 3.08 1.21 l e 8 b  



F L O A T  F R A C T I O N  S I N K  F H P C T I f i N  

CUM.kiT. ASH SP.GRAV. CUM,WT. ASH T 0 T . S  PYR.S  MHG.S 

C A L C ,  RAW C B A L  100.0 14.0 3.11 1.32 1.79 
A N A L .  RAW C B A L  100.0 15.3 3.08 1.21 1.86 

S A M P L E  18  

S I N K  F R A C T I O N  F L O A T  F R A C T I B N  

C U M , W T .  e s n  CUM,WT. A S H  1 0 1 , s  PYR,S  ORG.S 

C A L C .  RAW C 0 A L  
ANAL .  RAW C 0 A L  

S A M P L E  1 8 s  

F L B A T  F R A C T I B N  S I N K  F R A C T I D N  

C A L C ,  RAW C O A L  100.0 16.3 4.17 2.46 1.63 
ANAL .  RAW C Q A L  100.0 18.3 4,46 2.51 1.89 

S A M P L E  19  

F L B A T  F R A C T I O N  S I N K  F R A C T I B N  

CUM,WT. A S H  T0T .S  PYR,S 0RG.S  SP .GRAV,  CUM,WT, A S H  T 0 T . S  PYR.S  OHG.3 

CALC,  RAW C B A L  100.0 7.8 1.28 0.75 0,47 
A N A L ,  RAW C B A L  1OOtO 7.8 1.36 U. 7 6 0.52 

S A M P L E  19s 

F L B A T  F R A C T I B N  

SP,GRAV, CUM,WT. A S H  T0T .S  PYR,S  ORG.S 

S I N K  F R A C T I E N  

CUM.WTI A S H  1 0 T . S  PYR,S 0RG,S 

C A L C .  RAW C B A L  100.0 7.7 1.31 0,80 0.44 
ANAL .  RAW C B A L  100,O 7.8 1. 36  0.76 0.52 

S A M P L E  20  

S I N K  F R A C T I B N  

SP,GRAV, CUM8WT,  A S H  T0T .S  PYR,S 

C A L C ,  RAW C B A L  100,O 8.9 2.67 2.01 
ANAL ,  RAW C O A L  100.0 8.9 2.68 2.00 



SAMPLE 2 0 5  

F L A A T  F R A C T I A N  S I N K  F R A C T I O N  

ASH TR1.S PYH.S OHG.8 CUM.WT. ASH TB1.S PYH,S 0RG.S 

CALC. RAW CBAL 100,O 
ANAL. RAW C 0 A L  1 0 0 . 0  

SAMPLE 2 1  

FLOAT P R A C l I B N  

ASH TAT,S PVR.S ORG,S 

S I N K  F R A C T I B N  

CUM,WT. ASH T0T.S PYR.S 0RG.S 

CALC. RAW COAL 100.0  
ANAL. RAW CBAL 100,O 

SAMPLE 2 1 s  

FLOAT F H A C T I B N  S I N K  F R A C T I B N  

CUM.WT. ASH T0T.S PYR.S 0RG.S 

CALC.  R A W  C B A L  100,o 7,o 1.42 0.91 O,YLI 
ANAL. RAW CBAL 100.0  6 .8  1.49 0.93 0,54 

SAMPLE 2 2  

S I N K  F H A C T I B N  

ASH TB1.S PYR,S RRt ,S CUM,WT. ASH T0T.S PYR.S UR6.S 

CALC. RAW CBAL 100.0  
ANAL, RAW CBAL 100.0  

SAMPLE 2 2 s  

S I N K  F R A C T I 0 N  

CUM,WT. ASH T0T.S PYR,S 0RG.S 

FLOAT F H A C T I B N  

SP.GRAV, CUM,WT. ASH 1 0 1 , s  PYR,S 0RG.S 

CALC. RAW CBAL 1 0 0 . 0  14.6 4 .54 2 .77 1.97 
4 .60 ANAL. RAW COAL 100.0  15.2 2.80 1 .78 

SAMPLE 2 3  

FLBAT F R A C T I O N  

SP,GRAV, CUM,WT. ASH T0T.S PYR,S 0RG,S 

S I N K  F H A C T I B N  

CUM,WT, ASH T0T.S PYR,S 0RG.S 

CALC, RAW CBAL 100,O 14.3 3.68 2 .23 1.41 
ANAL, RAW C 0 A L  100,O 16.5 3.90 2.61 1.26 



3 1 

SAMPLE 24  

FCMAT FRACTIBN SINK FHACTIBN 

CALC, RAW COAL 100.0 
ANAL. RAW C0AL 100.0 

SAMPLE 245  

FLBAT FRACTI0N SINK FRACTIk3N 

SP,GRAV. CUM,WT, ASH T0T.S PYH,S 0RG.S CUM.WT. ASH T0T.S PYR,S 

CALC. RAW C0AL 100 ,0  14.2 3.66 2.33 1.29 
ANAL. RAW COAL 10010  14.4 4.00 2.63 1.36 

SAMPLE 25 

FLBAT FHACTIBN SINK FRACTIBN 

SP,GRAV, CUM,WT. ASH T0T.S PYH,S 0RG,S CUMeWT. ASH Tk3T.S PYR.S 

CALC, RAW CEAL 100.0 13.0 4.43 2,61 1.72 
ANAL, RAW CBAL 100,O 12.0 4.33 2.34 1.90 

SAMPLE 26  

FLOAT FHACTIBN SINK FRACTIBN 

SP,GRAV, CUMIWTl ASH t0T.S PYR,S k3RG.S CUM.WT. ASH T0T.S PYR,S 0RG.S 

CALC. RAW COAL 100.0 13.2 4.70 3.09 1 .58 
ANAL. RAW COAL 100.0 13.3 4.73 2.98 1.72 

SAMPLE 2 6 s  

FLOAT FRACTIBN SINK FRACTI0N 

SP.GRAV, CUM,WT. ASH TBT.9 PYR,S 63RG.S CUM,WT. ASH T0T.S PYR.S ORG.S 

CALC, RAW CBAL lO0,O 13.4 4.77 3.10 1.65 
ANAL. RAW CBAL 100,O 13.3 4.73 2.98 1 - 7 2  

SAMPLE 2 7  

FLBAT FRACTIBN SINK FRACTION 

0RG,S CUM.WT, ASH T0T.S PYR.S 0RG.S 

1.59 77.4 19.0 4.06 2.89 1.12 
1,48 59.7 23.6 4.68 3.57 1.05 
1 .a0 46 ,3  28.8 5.45 4.36 1.02 
1.40 30.5 38.9 6.89 5.96 0.83 
1.40 14.2 59.4 10,16 9,79 0.19 

1.22 
1.32 

SP,GRAV, CUM,WT. ASH T0T.S PYR.S 

CALC, RAW C0AL 100.0 15.0 3.59 2.32 
ANAL, RAW COAL 100.0 16.5 4.15 2.81 



SAMPLE 2 7 3  

FLOAT PRACTIBN SINK FRACTIBN 

SP.GRAV. CUM,WT. ASH T0T.3 PYRoS BRG.3 

CALC, RAW COAL 100,O lU,9 3,73 2,39 1.30 
ANAL. RAW CBAL 100.0 16.5 4,15 2,81 1.32 

SAMPLE 28 

FLBAT FRACTIBN 

3P.GRAV. CUM,WT. ASH 101.8 PYR.3 0RG.3 

CUM.WT. ASH TBT.3 PYR.3 0RG.S 

SINK FRACTIBN 

CUM,WT, ASH T01,S PYR.3 BRG,3 

CALC. RAW CBAL 100oO 11.0 3.20 2.26 0.93 
ANAL, RAW CBAL 100.0 11,5 3,42 2 45 0,911 

SAMPLE 2 8 s  

FL0hT FRACTION 

SP,GRAV. CUM,WT. ASH TOT.3 PYR.3 0RG.3 

CALC. RAW CBAL 
ANAL, RAW CBAL 

SINK FHACTI0N 

CUM.WT, ASH T0T.3 PYR.3 0RG.S 
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