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EFFECT OF PREPABLATION ON ASH FUSIBILI'IT 

OF 

SELECTED ILLIhTOTS COALS": 

INTRODUCTION 1 4 ~ ~ ~ o ~ ~ . ~ ~ ~ ; ~ ~ ~ ~ ~ ~ s  

S .rr-:nr~s of the characteristics of the ash The writers are glad to acknowledge 
of coal have increased in recent years the cooperation and assistance of the 

in the hope that they may provide criteria management of the mines in collecting 
for establishing the particular suitability samples. Dr. F. H. Reed and Dr. G. H. 
of the coal for specific uses. Ash fusibility Cady made many helpful suggestions 
tests have been made as part of the during the course of the investigation and 
ordinary commercial analysis, but u n -  preparation of this report. L. G. Hazen 
certainty as to the significance of these and C. C. Boley assisted in preparing 
values has encouraged other investiga- samples and J. 7V. Robinson, C. S. 
tions such as those of Nicholls, Selvig and IVesterberg, L. D. McBicker, J. -4. Mc- 
Rickettsl into the relation between ash Hard, L. H. McCreery, and G. W. Land 
fusibility and clinkering tendencies. The assisted in obtaining alialytical data. 
relation of ash composition to ash fusi- 
bility2 and the influence of the mineral O T H E R  STUDIES 
components of the coal upon ash fusion" 
have also received some attention. These Few records of similar investigations 

and other investigations are providing a have come to the attention of the authors. 

basis for a better understanding of the Ball4 studied the amount and character 

complicated relationship between ash of mineral matter of No. 6 bed coal from 

composition and ash fusibility and be- Franklin County, Illinois. Estep et a15 

tween ash fusibility and clinkering ten- studied the effect of mixing coals on 

dencies. softening temperature of the ash. Yancey 
and Fraser" in a report on some coal 

The investigation herein reported washing studies, referred briefly to the 
was concerned with the effect of PrePara- effect of washing on ash fusibility. Selvig 
tion upon the softening temperature of et al,7 i n  discussing the relationship of 
coal ash. 

4Ball, Clayton G., Mineral matter of No. 6 bed coal 
*Presented a t  the Joint A.I.M.E. Coal and A.S.M.E. a t  West Frankfort Franklin County Illinois: Illinois 

Fuels Meeting, Chicago, Ill. October 13-15, 1938. State Geol. Survey kep t .  Inv. 33, 193i. 

'Nicholls, P., Selvig, W. A., and Ricketts, E. B.. 'Estep, Thomas G. Seltz Harry Bunker Henry L. 
Clinker formation as related to the fusibility of coal ash: Ir. and Strickler, ~ e r b e k t  S., '?he effec't of mixihg coals on 
U. S. Bur. Mines Bull. 364, 1934. the ash fusion temperature of the mixture: Carnegie Inst. 

'Estep, ThoIllas G., Seltz, Harry, atld Osborn, Willarcl Tech. and Min. and Met. Advisory Boards, Mining and 
., uetermination of the effect of oxides of sodium, c.alcium, Metallurgical I1lvestigations, Bull. 62, 1934. 

and magnesium on ash fusion temperatures by the  use of "Yancey, H. F., and Praser, Thon~as,  Coal-washing 
synthetic coal ash: Carnegie Inst. Tech. and Min. Met. investigations, methods and tests: U. S. Bur. Mines, Bull. 
Advisory Boards, Mining and Metallurgical Invest~gations, 300, 1929. 
Bull. 74, 1937. 'Selvig 'A7 A.  Sicholls P Gardner W. L., and 

aThiessen, G., Ball, C. G., and Grotts, P. E., Coal ash Muntz, w.'E., 'Fusi'bility of cbal'ish as relited to clinker 
:ind coal mineral matter: Tnd. Eng. Chem. vol. 28, p. 355, formation: Carnegie Inst. Tech. Mining and Metallurgical 
1936. Investigations, Bull. 29, 1926. 

15 1 



FIG. 1.-Map of Illinois showing location of mines whe re  screenings 
were sampled.  
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County 

Henry .  . . . . . . .  

. . .  Woodford. 

. . . . . .  Peoria. 

Vermilion. . . .  

. . .  Sangamon. 

Christian . . . .  

St. Cla i r . .  . . . .  

Marion. . . . . . .  

. .  Williamson. 

. . . . . . .  Saline. 

Coal 
bed 

number 

Grape Creek! 

7 

Springfield) 

3 

(Harris burg) 

Average 
thickness 

Ft. In. 

ash fusibility to clinker formation com- 
mented on the effect of washing upon 
the fusibility and the clinkering charac- 
teristics of the coal. The only generaliza- 
tions of present interest that can be 
drawn from the last three papers are that 
ash fusion characteristics vary with the 
extent to which washing eliminates certain 
mineral substances. Furthermore, ac- 
cording to these authors, elimination of 
pyrite usually tends to raise the tempera- 
ture of fusibility of the washed coal as 
compared with that of the raw coal. 

PRESENT STUDIES 

This study of the effect of preparation 
on ash fusibility of coal screenings from 
Illinois mines is part of an investigation 
of washability characteristics, size-range, 
~ e t r o ~ r a ~ h i c ,  and chemical nature of 
I " I  , 
coal screenings begun by the Illinois 
Geological Survey in 1935. Ten mines 
were sampled so'that each of the com- 
mercially important coal beds as well as 

Mining methods 

Room-and-pillar, coal shot from 
solid, hand loading. .  . . . . . . . . . . .  

Longwall, hand mining, hand 
loading. . . . . . . . . . . . . . . . . . . . . . .  

Room-and-pillar, machine min- 
. . . . . . . . . . . .  ing, hand loading. .  

Room-and-pillar, machine min- 
ing, hand loading. . . . . . . . . . . . . .  

Room-and-pillar, coal shot from 
solid, hand loading. . . . . . . . . . . .  

Room-and-pillar, coal shot  from 
solid, hand loading. .  . . . . . . . . . . .  

Room-and-pillar, machine mining, 
machine loading. . . . . . . . . . . . . . .  

Room-and-pillar, machine mining, 
. . . . . . . . . . . . . . . .  hand loading. .  

Room-and-pillar, machine mining, 
mechanical loading. . . . . . . . . . . .  

Room-and-pillar, machine mining, 
hand loading. .  . . . . . . . . . . . . . . . .  

Daily 
average 
(Tons) 

the different producing districts in the 
State was represented (table 1 and fig. 1). 

Increments of 12 to 15 pounds were 
taken from the loading chi te  at  each 
mine at  intervals throughout a day's run. 
One quarter of the gross sample of 1000 
to 1500 pounds was sized and used in 
float-and-sink tests. Water solutions of 
zinc chloride were used in the float-and- 
sink tests of 34 to 3A-inch and larger coal, 
and organic solutions, carbontetrachlor- 
ide, benzene and bromoform mixtures 
were used for the sizes smaller than g- 
inch. Results and details of procedure 
of the sizingS and washability testsg have 
been published. 

From the float-and-sink fractions, 
samples were taken which have furnished 
a f&d of data on the ash fusion character- 

.McCabe, L. C., Mitchell, D. R.,  and Cady, G. H., 
I-'roxlmate analyses and screen tests of coal mine screenings 
r>roduced in Illinois: Illinois State Geol. Survey, Rept. Inv. 
38. 1935. 

gMitche!l, D. R., and McCabe, L. C., Washabi!ity 
characteristics of Illinois coal screenings: Illinois State 
Gml. Survey, Rept. Inv. 48, 1937. 



istics and ash composition of these coals. 
Only the data pertaining to the effect of 
sizing and heavy liquid separation on ash 
fusion temperatures are presented here. 
Ash composition and its relation to ash 
fusion characteristics will be treated in 
another publication. 

The screenings sample from each 
mine was sized as follows: 

1% to %-inch 
3 4  to $4-inch 
% inch to 10-mesh 
10 to 48-mesh 
minus 48-mesh 

Round-hole screens were used i n sizing 
at  %-inch and above and Tyler standard 
sieves for sizing below %-inch. 

Each size was separated by heavy 
liquids of 1.30, 1.35, 1.40, 1.50 and 1.70 
specific gravity into the following frac- 
tlons : 

1.30 Specific gravity float 
1.30 to 1.35 Specific gravity float 
1.35 to 1.40 Specific gravity flont 
1.40 to 1.50 Specific gravity flont 
1 .50 to 1.70 Specific gravity float 

1.70 Specific gravity sink 

The ash and sulfur values for the 
coals were obtained according to Ameri- 
can Society for Testing 1CJaterials pro- 
cedures D 27 1--33.j0 

The ash fusion data were obtained 
according to A.S.T.M. specifications D 
271-3311 (modified 1938) in a Barrett ash 
fusion furnace. The ash a~lalyses were 
made in accordance with procedures out- 
lined by Hillebrand and Lundell12 and 
Washington13 for the analysis of silicate 
rocks. 

Ash fusion values, together with values 
for ash, sulfur, and weight per cent are 
given in tables 2 to 13 and figures 2 to 11. 

A graph, on which the ash softening 
temperatures of the individual sizes are 
plotted, aids in comparing these values 
for the different sizes i n  the same mine, 
and the curves formed by connecting the 
points make it possible to place the mines 
in characteristic groups. 

The graphs showing the effect of sizing 
upon ash softening temperatures for the 

loStandard Methods of Laboratory Sampling and 
Analysis of Coal and Coke A.S.T.M. Standards on Coal 
and Coke, D 271-33, pp. 17 and 21, 1936. 

"Idem. p. 27. (Revised 1938). 
12Hillebrand, W. F.,  and Lundell, G. E. F., Applied 

inorganic analysis, John Wley and Sons, Inc., 1929. 
'Washington, H. S., The chemical analysis of rocks, 

John Wiley and Sons, Inc., 1930. 

coals fsom the ten mines may be divided 
into four groups each of which contains 
two or more similar curves. In  Group 1, 
which includes coals from mines C and F, 
(fig. 2), the highest ash softening tem- 
peratures are in the minus 48-mesh size. 
In Group 2, representing coals from mines 
I and A (fig. 31, the lowest softening 
temperatures occur in the %-inch to 
10-mesh size, followed by an increase of 
100" to 150' F'. in the 10- to 48-mesh size, 
and a drop to a lower softening temper- 
ature for the minus 48-mesh dust. Tn 
Group 3 for coals from mines G and H 
(fig. 4), the ash softening temperature is 
rather uniform for all sizes except the 
10- to 48-mesh size which is consistently 
lowest. In Group 4, representing coals 
from mines I3, D, F, and J (fig. 5), the 
highest softening temperaturec are in the 
5,; to %-inch size. Curves D, F, and -1 
show the lowest ash softening temperature 
i n  the 10- to 48-mesh size with a slightly 
higher softening temperature in the ash 
from the minus 48-mesh coal. In curve 
B no such I-eversal is shown. 

The number of mines represented is 
too small to be conclusive, but there 
appears to be a relationship between the 
geographical location of the mines and 
the groupings indicated above. Mines 
C and E of Group 1 are in No. 5 coal in 
the western part of the coal basin (fig. 1). 
Mines G and H of Gsoup 3 are in No. 6 
coal in the Relleville district of south- 
western Illinois. Mines l3, D, &', and J 
of Group 4 are in the Grape Creek No. 2, 
the No. 5 and the No. 6 coals, all near 
the center or east of the center of the 
coal basin. Only Group 2 embraces two 
widely separated mines, Mine A in No. 1 
coal i n  northern Illinois and Mine T in  
No. 6 coal in \\'illiamson county. 

Coals E and 1 were selected for an 
exhaustive study of ash composition in 
relation to ash fusion characteristics be- 
cause of the extremes of sulfur content. 
Coal fi-om Mine E has 5.3 per cent sulfur 
in 1% to 0-inch screenings and screenings 
from Mine I have 1.9 per cent sulfur. 

Samples of each of the five sizes of 
coals from Mine E and Mine I were 
separated by heavy solutions i n  to 1.30, 
1.35, 1.40, 1.50 and 1.70 float, and 1.70 
sink fractions. Chemical analyses of the 
ashes of the 1% to 0-inch samples of 
these two coals appear in table 14, and 
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ash fusion determinations, ash, sulfur, 
and weight per cent values appear in 
tables 12 and 13. Table 14 shows the coal 
from Mine E to be higher in ash and sul- 
fur than that  from Mine I.  The com- 
position of the two ashes varies also, the 
SiO, and AlG, are lower in coal ash E 
and the Fe,O,, CaO, and SO, are con- 
siderably higher. 

These closely sized fract~ons of narrow 
specific gravity limits cover a wide range 
of ash softening temperatures but the 
cur-sJes (figs. 6 and 7) show the ash soften- 
i,g temperatures to be quite different for 
the two coals. In  general the lowest ash 
softening temperatures for coal E are in 
the fractions of low specific gravity and 
with the exception of the yq-inch to 10- 
mesh, the highest ash softening temper- 
atures are in the 1.70 sink fractions. The 
coal I curves show low ash-softening 
temperatures in both the low and high 
specific gravity fractions and high ash- 
softening temperatures at  intermediate 
specific gravities. 

For coal I the ash softening temper- 
ature of the 54 to %-inch screenings 
floating a t  1.40 specific gravity is 2547" 
F. . . (table 1.3) and of the 1.70 sink fraction 
~t 1s 2019" IT, a range of 528" between ;he 
maximum and minimum softening tem- 
peratures in one size. The difference i n  
softening temperature between the 1.50 
(2518" F.) and the 1.70 (2048" F.) float 
fi-actions in the 1% to 54-inch size is 470'. 
For coal E the 1% to $4'-inch screenings 
show a range of 622" in the ash softening 
temperatures of the 1.50 specific gravity 
float (1971" F.) and the 1.70 sink (2593" 
F.) fractions (see table 12). 

The head sample, or 1% to 0-inch 
screenings, for Mine 1 has a lower ash 
softening temperature than do most of the 
sizes prepared from it. 

,411 ash softening temperatures of 
f oat-and-sin k fractions derived from 
Mine E head sample are higher than the 
softening temperature of the head sam- 
ple. Data  for these two coals indicate 
that  sizing and close gravity separation 
yield products which have higher ash 
softening temperatures than the original 
coal although each coal has individual 
characteristics. 

Tables 2 to 11 and figures 8 to 11 pre- 
sent ash fusion data for size and cumula- 
tive gravity samples studied. The com- 

posite samples were made up according 
to weight per cent values obtained by 
gravity separations of each size. This 
makes it possible to determine how 
softening temperature is affected by add- 
ing high-ash coal to low-ash coal or by 
washing a t  any given specific gravity. 

The ash softening temperatures of 
four of the high specific gravity fractions 
of coal E are considerably above the 
softening temperatures of the ash of the 
fractions of low specific gravity (fig. 6).  
I t  is apparent from an examination of the 
increment curves for this coal (fig. 9) that 
the additio!? of increments of high soften- 
ing temperature ash does not always 
raise the softening temperature of the 
composite, rather it tends to lower it. 
In the curve showing softening temper- 
atures of the individual fractions, of the 
3.I; to %-inch size (fig. 6), fractions having 
specific gravities above 1.30 have higher 
softening temperatures than does the 
fraction-floatillg a t  1.30 specific gravity, 
yet when these fractions are combined in 
the proportion in which they occur in 
the cod, the effect of each added in- 
crement is to lower the softening tem- 
perature. The cumulative curve for the 
minus 48-mesh fraction (fig. 9) roughly 
follows the curve of individual softening 
temperatures (fig. 6) in the first five in- 
crements added but on the addition of 
the 1.70 sink fraction, which has a soften- 
ing temperature 175" higher than that of 
the nearest increment (table 12), the 
softening temperature of the composite 
is lowered 178" (table 6). 

Although the cumulative curves for 
coal from Mine T (fig. 10) conform in a 
general way to the curves of softening 
temperature for individual fractions (fig. 
71, both high and low points are modified. 

At 1.50 specific gravity, the washing 
gravity of most Illinois coals, the major- 
ity of sizes from all mines except B and F 
have higher ash softening temperatures 
than the 1% to 0-inch head sample (figs. 
8-11). However, it does not follow that 
if  these sizes were combined and washed 
the fusion temperature would be higher 
than in the unwashed screenings. I t  
might be higher or it might be lower. 

h e  cu&lative ash softening curves 
for coal from Mines G and H (f ig  10) are 
similar, and the curves for the various 
sizes occupy the same relative positions. 
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These relations are not apparent for the 
coals of the other eight mines (figs. 8, 9, 
10 and 11). 

Sulfur values for all samples are listed 
(tables 2 to 13), but no definite relation- 
ship between these values and ash soften- 
ing temperature values is apparent. 
Undoubtedly any such relationshit, de- 
pends on the nature and quantity ofhther 
minerals in the coal. These relationships 
will be discussed in a later publication. 

( I )  On the basis of sizing the ten 
coals studied may be divided into four 
groups within which the ash fusion re- 
lationships are similar. 

(2) With the possible exception of 
coals from mines G and H whose ash 

fi~sion relationships are similar, no group- 
ings similar to those derived from sizing 
appear possible on the basis of cumula- 
tive specific gravity separations. 

(3) The greatest difference in ash 
softening temperature was obtained in 
sized coals of narrow specific gravity 
range. This may explain clinkering 
diffculties experienced with stoker coals 
when changes are made in sizing or in 
washing procedure. 

(4) The effect, in general, of combin- 
ing portions of narrow specific gravity 
range is to lower high softening temper- 
ature values and to raise low softening 
temperature values of the component 
portions. 

1875 1 1 1 1 .  
I ~ ~ T O  34 IN % T O  3 / 8 1 ~  3/8 IN TO 10 M 10 TO 48 WI \ 

COAL SIZE - 4 0  M A  

FIG. 2.-Relationship of ash softening temperature to  size, coals C and E. 



OF SELEC7'E.D I L L I N O I S  COALS 

LEGEND 

0 SOFTENING TEMPERATURE OF ASH IN SIZE INDICATED 

x SOFTENING TEMPERATURE OF ASH IN 1% INCH TO 0 SCREENINGS 

(HEAD SAMPLE ) 

0 %  IN. IN. IN 
COAL SIZE 

FIG. 3.-Relationship of ash softening temperature to size, coals I and A .  

FIG. 4.-Relationship of ash softening temperature to size, coals G and H. 
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LEGEND 

a SOFTENING TEMPERATURE OF ASH IN  SlZE INDICAvED 

X SOFTENING TEMPERATURE OF ASH IN  1 4  INCH TO 0 SCREENINGS 

( HEAD SAMPLE) 

COAL SlZE 

I;IG. 5.-Relationship of ash softening temperature to size, c o a ! ~  B, I>, F, and J .  



Mine A 

Sample 

Head (1%; to 0) . 
lx'rtox . . . . . .  
y i t f  to !h " . . . . . . .  

. . .  34" to 10 mesh 
. . . .  10 to 48 mesh 

. . .  ]Minus 48 mesh 

1%" to X" 
Sized sample" . . . .  

. . . . . . .  1.30 Float 
1.35. . . . . . . . . . . . .  
1.40. . . . . . . . . . . . .  
1.50. . . . . . . . . . . . .  
1.70. . . . . . . . . . . .  
Composite head . 

M" to yf 
. . . .  Sized sample3 

1.30 F . .  . . . . . . . . .  
1.35 . . . . . . . . . . . . .  
1.40. . . . . . . . . . . . .  
1.50 . . . . . . . . . . . . .  
1.70. . . . . . . . . . . .  
Composite head . . 

y8' to 10 mesh 
. . . .  Sized sample3 

1.30 F . . . . . . . . . . .  
1.35. . . . . . . . . . . . .  
1.40. . . . . . . . . . . . .  
1.50. . . . . . . . . . . . .  
1.70 . . . . . . . . . . . . .  
Composite head . . 

10 to 48 mesh 
. . .  Sized sample? 

1.30 F . . . . . . . . . . .  
1.35. . . . . . . . . . . . .  
1.40. . . . . . . . . . . . .  
1.50 . . . . . . . . . . . .  
1.70. . . . . . . . . . . . .  
Composite head . . 

Minus 48 mesh 
Sized sample3 . . . .  
1.30 F . . . . . . . . . . .  
1.35. . . . . . . . . . . . .  
1.40. . . . . . . . . . . . .  
1.50. . . . . . . . . . . . .  
1.70 . . . . . . . . . . . . .  
Composite head . . 

Lab . 
No . 

... .- 

W E I G H T ~  
Per cent 

... .- 

l n i  tial 
Deform 

tion 
" F 

Soften- 
$9 
F 

Fluid 
OF 

'Individual values for sized samples; cumulative values for gravity samples . 
'Dry basis . "Sub-head sample . (Out of range . "nsufficient sample . 
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Sample 

Head (1%: to Oj . 
1g"'o$g . . . . . .  
X" to % . . . . . . .  

. . .  s" to 10 mesh 
. . . .  10 to 48 mesh 

. . .  Minus 48 mesh 

1 X "  to X" 
. . . .  Sized sample3 

. . . . . . .  1.30 Float 
1.35. . . . . . . . . . . . .  
1.40. . . . . . . . . . . . .  
1.50. . . . . . . . . . . . .  
1.70 . . . . . . . . . . . . .  
Composite head . . 

%"  to %" 
Sized sample? . . .  

. . . . . . . . . . .  1.30 F 
1.35. . . . . . . . . . . . .  
1.40. . . . . . . . . . . . .  
1.50. . . . . . . . . . . . .  
1.70 . . . . . . . . . . . . .  
Composite head . . 

g'' to 10 mesh 
. . . .  Sized sample3 

1.30 F . . . . . . . . . . .  
1.35. . . . . . . . . . . . .  
1.40. . . . . . . . . . . . .  
1.50. . . . . . . . . . . . .  
1.70 . . . . . . . . . . . . .  
Composite head . . 

10 to 48 mesh 
. . .  Sized sample" 

. . . . . . . . . .  1.30 F 
1.35 . . . . . . . . . . . .  
1.40. . . . . . . . . . . .  
1.50. . . . . . . . . . .  
1.70. . . . . . . . . . . .  
Composite head . 

Minus 48 mesh 
Sized sample3 . . .  
1.30 F . . . . . . . . . .  
1.35. . . . . . . . . . . .  
1.40. . . . . . . . . . . .  
1.50. . . . . . . . . . . .  
1.70 . . . . . . . . . . . .  
Composite head . 

TABLE 3.-ASH FUSION DATA F O R  SIZEI) A N D  CUMUI.ATIVE 

Mine B 

Lab . 
No . 

 WEIGHT^ 
Per cent 

Initial 
Deforma- 

tion 
"F 

Soften- 
i;g 

F 
Fluid 

" F 

'Individual values for sized samples; cumulative values for gravity samples . 
2Dry basis . "ub-head sample . 4Out of range . 



Sample 

Head  (1%" to 0) . 
. . . . . .  1%" to X "  

to . . . . . . .  
. . .  54.$" to 10 mesh 

. . . .  10 to 48 mesh 
Minus 48 mesh . . 

1%'' to XIt 
Sized sample? . . .  

. . . . . . .  1.30 Float 
1.35. . . . . . . . . . . . .  
1.40. . . . . . . . . . . . .  
1.50. . . . . . . . . . . . .  
1.70 . . . . . . . . . . . . .  
Composite head . . 

XIt to F8" 
. . . .  Sized sample3 

. . . . . . . . . . .  1.30 F 
1.35. . . . . . . . . . . . .  
1.40 . . . . . . . . . . . . .  
1.50. . . . . . . . . . . . .  
1.70 . . . . . . . . . . . . .  
Composite head . . 

$6'' to  10 mesh 
. . . .  Sized sample3 

. . . . . . . . . . .  1.30 F 
1.35. . . . . . . . . . . . .  
1.40. . . . . . . . . . . . .  
1.50 . . . . . . . . . . . . .  
1.70 . . . . . . . . . . . . .  
Composite head . . 

10 to 48 mesh 
. . . .  Sized sample3 

. . . . . . . . . . .  1.30 F 
1.35. . . . . . . . . . . . .  
1.40. . . . . . . . . . . . .  
1.50 . . . . . . . . . . . . .  
1.70 . . . . . . . . . . . . .  
Composite heatl . . 

Minus 48 mesh 
Sized sample3 . . . .  
1.30 F . . . . . . . . . . .  
1.35. . . . . . . . . . . . .  
1.40. . . . . . . . . . . . .  
1.50. . . . . . . . . . . . .  
1.70 . . . . . . . . . . . . .  
Composite head . . 

Lab . 
N o  . 

WEIGHTI 
Per cent 

Mine C 
-. 

Sulfur' 

Initial 
Deforma- 

tion 
" F 

Soften- 
',"g 
F 

Fluid 
O F  

1Indiviclual values for sized samples; cumulative values for gravity samples . 
'Dry basis . Sub-head sample. l ou t  of range . 5Insufficient sample . 
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Sample 

H e a d  to 0) 
1%" to  +(". . . . .  

to  yi l ! . .  . . . .  
3 5 l f  to  I0  m e s h . .  
10 to  48  m e s h . .  . 
Minus 4 8  mesh .  

1%" to ;?/;" 
Sized sample3. . .  
1.30 F l o a t .  . . . . .  
1.35. . . . . . . . . . . .  
1.40. . . . . . . . . . . .  
1.50. . . . . . . . . . . .  
1.70.. . . . . . . . . .  
Composite heacl. 

:i/'" to 3,81f 

Sized samplei+. . .  
. . . . . . . . .  1.30 1;. 

1.35. . . . . . . . . . .  
1.40. . . . . . . . . . . .  
1.50. . . . . . . . . . .  
1.70. . . . . . . . . . .  
Coinposi tt. heact. 

" s  " to 10 mesh 
Sized sample? . . 

1.30 1.'. . . . . . . . . .  
1.35. . . . . . . . . . .  
1.40. . . . . . . . . . . .  
1.50 . . . . . . . . . . .  
1.70..  . . . . . . . . . .  
Composite heacl. 

10 to 48 mesh 
Sized sample". . .  
1.30 F . .  . . . . . . . .  
1.35. . . . . . . . . . . .  
1.40. . . . . . . . . . . .  
1.50. . . . . . . . . . . .  
1.70..  . . . . . . . . . .  
Composite head .  

Minus 48  mesh 
Sized sample". . . .  
1.30 1;. . . . . . . . . .  
1.35. . . . . . . . . . . . .  
1.40. . . . . . . . . . . . .  
1.50. . . . . . . . . . . . .  
1.70. . . . . . . . . . . .  
Composite head .  . 

Mine D 

Lab .  
S o .  

REIGHT~ 
Per cent 

Sulfur" 

Ini t ia l  
D e f ~ r n i a -  

tion 
' F' 

Soften- 
ing 
"F 

'individual value!: for si;.ecl samples; cun~ulati\?e values fnr gra\.ity sanip l~s  
'Dry hasis. "Sub-head sample. O u t  of range. 



Elcad (1%'' to 0 )  
1%" to  +i;" 
34 " to ? I' 

3b ' '  to 10 mesh 
10 to 48 mesh 
Minus 48 meqh 

l X "  to 
Sized sample.; . . . .  
1.30 Float  . . . . . . .  
1.35. . . . . . . . . . . .  
1.40. . . . . . . . . . . .  
1.50. . . . . . . . . . . . .  
1.70 . . . . . . . . . . . . .  
Composite head . . 

-1/;" to  ?. 
Sized sample" . . . .  
1.30 1; . . . . . . . . . . .  
1.35. . . . . . . . . . . . .  
1.40. . . . . . . . . . . . .  
1.50. . . . . . . . . . . . .  
1.70. . . . . . . . . . . . .  
Composite henti . . 

?,3" to  10 mesh 
. . .  Sized sample? 

1.30 F . . . . . . . . . . .  
1.35. . . . . . . . . . . . .  
1.40 . . . . . . . . . . . .  
1.50. . . . . . . . . . . . .  
1.70 . . . . . . . . . . . . .  
Composite head . . 

10 to 48 mesh 
Sized sample.'. . . .  
1.30 1; . . . . . . . . . . .  
1.35. . . . . . . . . . . . .  
1.40 . . . . . . . . . . . . .  
1.50 . . . . . . . . . . . . .  
1.70 . . . . . . . . . . . . .  
Composite head . . 

Minus 48 mesh 
Sized sample.4 . . . .  
1.30 F . . . . . . . . . . .  
1.35. . . . . . . . . . . . .  
1.40. . . . . . . . . . . . .  
1.50. . . . . . . . . . . . .  
1.70 . . . . . . . . . . . .  
Composite head . . 

Mine E 
-- -- 

L a b  . 
N o  . 

  EIGHT^ 
Per cent Sulfur' 

.. - 

Soften- 
i ng 
" F 

17  

. .- -- 

Fluid 
"1; 

. 

203 6 
2036 
2033 
1980 
19 70 
2075 

2036 
('1 

2299 
2470 
2131 
2142 
2288 

2033 
2509 
2454 
2460 
2392 
2376 
2138 

1980 
2434 
2481 
2317 
2280 
2188 
2153 

1970 
2492 
2484 
2398 
2249 
2226 
1933 

2075 
2183 
2238 
2547 
2518 
2445 
2171 

lIndi\-idual \-alues for sized samples; cumulative values for gravity sanlples . 
'Dry basis . :Sub-hear! sample . 'Out of range . 
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Sample 

Head ( 1 ~ "  to 0) . 
I%/," to %" . . . . . .  
% " t o % " ,  . . . . . .  

. . .  %" to 10 mesh 
. . . .  10 to 48 mesh 

. . .  Minus 48 mesh 

l%/," to X" 
. . .  Sized sample? 

1.30 Float . . . . . . .  
1.35. . . . . . . . . . . . .  
1.40. . . . . . . . . . . . .  
1.50. . . . . . . . . . . . .  
1.70 . . . . . . . . . . . . .  
Composite head . . 

%"  to 
Sized samde3 . . . .  
1.30 P . . . . . . . . . . .  
1.35. . . . . . . . . . . . .  
1.40. . . . . . . . . . . . .  
1.50. . . . . . . . . . . . .  
1.70 . . . . . . . . . . . . .  
Composite head . . 

%" to 10 mesh 
Sized sample . . . .  

. . . . . . . . . . .  1.30 F 
1.35. . . . . . . . . . . . .  
1.40. . . . . . . . . . . . .  
1.50. . . . . . . . . . . . .  
1.70 . . . . . . . . . . . . .  
Composite head . . 

10 to 48 mesh 
Sized sample3 . . . .  
1.30 F . . . . . . . . . .  
1.35. . . . . . . . . . . . .  
1.40. . . . . . . . . . . . .  
1.50. . . . . . . . . . . . .  
1.70 . . . . . . . . . . . . .  
Co~nposi te head . . 

Minus 48 mesh 
Sized sampleg . . . .  

. . . . . . . . . . .  1.30 F 
1.35. . . . . . . . . . . . .  
1.40. . . . . . . . . . . . .  
1.50 . . . . . . . . . . . . .  
1.70 . . . . . . . . . . . . .  
Composite head . . 

Mine F 

L a b  . 
No . 

WEIGHTI 
Per cent Ash? 

Initial 
Deforma- 

tion 
" F 
.- 

1900 
1898 
1898 
1972 
1927 
1943 

1898 
1633 
1659 
1670 
1659 
1677 
1689 

1898 
1691 
1711 
1696 
1736 
17 14 
1748 

1972 
1819 
1780 
1780 
1811 
1802 
1820 

192'7 
1715 
1711 
1674 
1682 
1764 
1743 

1943 
(9 

1678 
1703 
1674 
1775 
1678 

Soften- ',"" 
F 

1Individual values for sized samples; cumulative values for gravity samples . 
?Dry basis . Sub-head sample . 4Sample number . jlrlsufficient sample . 



Sample 

Head (1%" to 0: 
1%" to X "  . . . .  
X" to %" . . . . . .  
x" to 10 mesh . . 

. . .  10 to 48 mesh 
Minus 48 mesh . 

l!dt' to X "  
. .  Sized sample? 

. . . . . .  1.30 Float 
1.35. . . . . . . . . . . .  
1.40. . . . . . . . . . . .  
1.50 . . . . . . . . . . . .  
1.70 . . . . . . . . . . . .  
Composite head . 

X" to 34'' 
Sized sample3 . . .  
1.30 F . . . . . . . . . .  
1.35. . . . . . . . . . . .  
1.40. . . . . . . . . . . .  
1.50. . . . . . . . . . . .  
1.70 . . . . . . . . . . . .  
Composite head . 

%'' to 10 mesl- 
Sized sample3 . . .  
1.30 F . . . . . . . . . .  
1.35. . . . . . . . . . . .  
1.40. . . . . . . . . . . .  
1.50. . . . . . . . . . . .  
1.70 . . . . . . . . . . . .  
Composite head . 

10 to 48 mesh 
Sized sample3 . . .  
1.30 F . . . . . . . . . .  
1.35. . . . . . . . . . . .  
1.40. . . . . . . . . . . .  
1.50. . . . . . . . . . . .  
1.70 . . . . . . . . . . .  
Composite head . 

Minus 48 mesf 
Sized sample3 . . .  
1.30 F . . . . . . . . . .  
1.35. . . . . . . . . . . .  
1.40. . . . . . . . . . . .  
1.50. . . . . . . . . . . .  
1.70 . . . . . . . . . . . .  
Composite head . 

OF S E L E C T E D  I L L I N O I S  COALS 

' ~ A R I .  E 8.-ASH F U S ~ O N  DATA FOR SIZED A N D  CUMULATIVE 

Mine G 
-. . 

Lab . 
No . 

 WEIGHT^ 
I'er cent 

100.0  
29.0 
26 .5  
26 .0  
12 .5  
6 . 0  

100.0 
33 .0  
69 .1  
81 .8  
88 .8  
91 .4  

100.0 

100.0 
33 .1  
69.4 
80 .0  
86 .8  
90 .3  

100.0 

100.0 
50 .0  
66 .8  
74 .4  
81 . 0 
85 .6  

100.0 

100.0 
30 .0  
51 .6  
61 . 0 
69.6  
76 .1  

100.0  

100.0 
2 . 3  

16 .7  
26.7 
43 .0  
69.3 

100.0 

Sulfur' 

Initial 
Deforma- 

tion 
" F  

-. 

Soften- 
'," g 

F 

19 

-. 

Fluid 
" F 

'Individual values for sized samples; cumulative values for gravity samples . 
2Dry basis . 3Sub-head sample . 
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Sample 

Head  (1 2 to 0) 
1t.i'" to X" 
34I'M to 3 I/ '8 
3 % "  to 10 mesh 
10 to 48 mesh 
Minus 48 mesh 

1%"  to $il' 
. .  Sized sample". 

. . . .  1.30 F l o a t . .  
1.35 . . . . . . . . . .  
1.40. . . . . . . . . . . .  
1 .SO. . . . . . . . . . . .  
1.70. . . . . . . . . . .  
Composite head .  

:j / " ,/d. to  3 y 
. .  Sizeci sample". 

1.30 F'. . . . . . . . . .  
1.35. . . . . . . . . . . .  
1.40. . . . . . . . . . . .  
1.50. . . . . . . . . . . .  
1.70. . . . . . . . . . .  
Composite head .  

J $ "  to 10 mesh 
Sized samples. . .  
1.30 1;. . . . . . . . . . .  
1.35. . . . . . . . . . .  
1.40 . . . . . . . . . . . .  
1.50. . . . . . . . . . . . .  
1.70. .  . . . . . . . . . . .  
Composite head .  

10 to 48 mesh 
Sized sample? . . .  
1.30 1;. . . . . . . . . .  
1.35. . . . . . . . . . . .  
1.10. . . . . . . . . . . .  
1.50. . . . . . . . . . . . .  
1.70. .  . . . . . . . . . . .  
Composite head.  . 

Minus 48 mesh 
. . .  Sized sample3. 

1.30 I?. . . . . . . . . . .  
1.35. . . . . . . . . . . . .  
1.40. . . . . . . . . . . .  
1.5 0 . . . . . . . . . . . . .  
1.70. . . . . . . . . . .  
Composite head .  . 

Mine H 

Lab .  
No.  

W E I G H T I  

Pe r  cent  Ash' Sulfur" 

- 

4 . 6  
4 . 7  
4 . 9  
4 . 7  
4 . 2  
3 . 7  

4.7 
2.9  
3 . 0  
3 . 1  
3 . 3  
3 . 4 

. . . . . . . . .  

4 . 9  
2 . 8  
2 . 9  
3 . 0  
3 . 2  
3 . 3  

. . . . . . . .  

4 . 7  
2 . 9  
3 . 0  
3 . 1  
3 . 2  
3 . 3  

. . . . . . . .  

4 . 2  
2 . 8  
2 . 9  
2 . 9  
3 . 0  
3 . 2  

. . . . . . . .  

3 . 7  
2 . 6  
2 .5  
2 . 6  
2 . 6  
2 . 5  

. . . . . . . . .  

-- 

initial 
Deforma 

tion 
O F  

'Individual values for sized samples; cumulative \ d u e s  for gravity samples. 
'Dry basis, :ISub-head sample. 



Sample 

Head  (1%" to 0 )  . 
1 X t f  to  X t f  . . . . . .  
?if1 to . . . . . . .  
. 44" to 10 mesh . . 

10 to 48 mesh . . 

Minus 48 mesh . . 

l?(iff to %." 
. . . .  Sizecl sample" 

. . . . . . .  1.30 1;loat 
1.35.  . . . . . . . . . . . .  
1.40. . . . . . . . . . . . .  
1.50 . . . . . . . . . . . .  
1.70. . . . . . . . . . . . .  
Composite head . . 

g ff to 
Sized sample3 . . . .  

. . . . . . . . . . .  1.30 F 
1.35. . . . . . . . . . . . .  
1.40. . . . . . . . . . . .  
1.50 . . . . . . . . . . . . .  
1.70 . . . . . . . . . . . .  
Composite heact . . 

?. * "  to  10 mesh 
Sized s a m p l 2  . . . .  
1.30 F . . . . . . . . . .  
1.35. . . . . . . . . . . . .  
1.40. . . . . . . . . . . . .  
1.50. . . . . . . . . . . . .  
1.70 . . . . . . . . . . . . .  
Cornposi re head . . 

10 to 48 mesh 
Sized sample" . . .  

. . . . . . . . .  1.30 F 
1.35.  . . . . . . . . . . .  
1.40.  . . . . . . . . . . . .  

1.50 . . . . . . . . . . . .  
1.70 . . . . . . . . . . . . .  
Composite head . . 

Minus 48 mesh 
Sized sample? . . .  
1.30 F . . . . . . . . . .  

1.35.  . . . . . . . . .  
1.40 . . . . . . . .  
1.50. . . . . . . . . . . . .  

1.70 . . . . . . . .  

Com~>osi  te h c n d  

Lah . 
No . 

~ T E I G H ' ~ '  
Per cent  

Mine I 

Initial 
Deforma- 

ti on  
" F 

Soften- 
ing 
" 1; 

Fluid 
"1; 

'Individual 1-alu-s for sized samples; cutn~~lati \-r  \;allies for gravity samples . 
"ry ?,asis . :Vhh-head sample . 



EFFECT OF PREYARA T I O X  O N  ASH F U S I B I L I T Y  

Sample 

Head  (1%; to 0) 
l X N t O %  . . . . .  
% I f t o %  . . . . .  
5 6 "  to  10 mesh . . 

. . .  10 to 48 mesh 
Minus 48 mesh . 

1 X " t o  X" 
Sized sample3 . . .  

. . . . . .  1.30 Float 
1.35 . . . . . . . . . . . . .  
1.40. . . . . . . . . . . .  
1.50.. . . . . . . . . . .  
1.70. . . . . . . . . . . .  
Composite head . . 

%'f to yitf 
. . . .  Sized sample3 

1.30 17 . . . . . . . . . . .  
1 .3. 5 . . . . . . . . . . . .  
1.40 . . . . . . . . . . . .  
1.50.. . . . . . . . . . .  
1.70 . . . . . . . . . . . . .  
Composite head . . 

yil' to 10 mesh 
. . . .  Sized sample3 

1.30 1; . . . . . . . . . . .  
1.35 . . . . . . . . . . . . .  
1.40 . . . . . . . . . . . . .  
1.50. . . . . . . . . . . . .  
1.70 . . . . . . . . . . . . .  
Composite head . . 

10 to 48 mesh 
Sized sample3 . . . .  
1.30 1; . . . . . . . . . . .  
1.35. . . . . . . . . . . . .  
1.40. . . . . . . . . . . .  
1.50. . . . . . . . . . . . .  
1.70 . . . . . . . . . . . . .  
Composite head . . 

Minus 48 mesh 
. . . .  Sized sample3 

. . . . . . . . . . .  1.30 F 
1.35. . . . . . . . . . . . .  
1.40. . . . . . . . . . . . .  
1.50 . . . . . . . . . . . . .  
1.70 . . . . . . . . . . . . .  
Composite head . . 

/ 

Mine J 

Lab  . 
N o  . 

 WEIGHT^ 
Per cent Ash' Sulfur' 

.- 

3 . 0  
2 . 8  
2 .7  
2 .9  
3 .3  
3 . 7  

2 .8  
1 .5  
1 . 7  
1 . 9  
2 .0  
2 .2  

. . . . . . . .  

2 .7  
1 . 5  
1 . 7  
1 . 8  
2 .0  
2 . 1  

. . . . . . . . .  

2 . 9  
1 . 5  
1 . 7  
1.8 
1 . 9  
2 .1  

. . . . . . . . .  

3 . 3  
1 . 4  
1 . 5  
1 . 6  
1 . 7  
1 .9  

. . . . . . . . .  

3 . 7  
1 . 2  
1 . 3  
1 . 4  
1 . 4  
1 . 6  

. . . . . . . . .  

Initial 
Deforma- 

tion 
O F  

Soften- 
i,ng 

F 
Flui cl 
" F 

lIndividua1 values for sized samples; cumulative values for gravity samples 
zDry basis . 3Sub-head sample . 



Sample 

Head (1%" to 0) 
I%.;" to XI1 . . . . .  
X N t o  % I r  . . . . . .  
$6" to 10 mesh . . 
10 to 48 mesh . . .  
Minus 48 mesh . . 

1%" to X" 
Sized sample3 . . .  
1.30 Float . . . . . .  

. . . . . . .  1.30-1.35 
1.35-1 .40 . . . . . . .  
1.40-1 .5 0 .  . . . . . .  
1.50-1.70. . . . . . .  
1.70 Sink . . . . . . .  

X "  to % I f  

Sized sample2 . . . .  
1.30 F . . . . . . . . . . .  
1.30-1.35. . . . . . . .  
1.35-1 .40 . . . . . . . .  
1.40-1.50. . . . . . . .  
1.50-1.70. . . . . . . .  

. . . . . . . . . . .  1.70 S 

3 4 "  to 10 mesh 
sized sample2 . . . .  
1.30 F . . . . . . . . . . .  

. . . . . . .  1.30-1.35. 
1.35-1.40. . . . . . . .  
1.40-1.50. . . . . . . .  
1 .50-1.7 0 .  . . . . . . .  
1.70 S . . . . . . . . . . .  

10 to 48 mesh 
Sized sample2 . . . .  
1.30 F . . . . . . . . . . .  
1.30-1.35. . . . . . . .  
1.35-1.40. . . . . . . .  
1.40-1 .5 0 .  . . . . . . .  
1.50-1.70. . . . . . . .  
1.70 S . . . . . . . . . . .  

Minus 48 mesh 
Sized sample2 . . . .  
1.30 F . . . . . . . . . . .  
1.30-1.35. . . . . . . .  
1.35-1.40. . . . . . . .  
1.40-1.50. . . . . . . .  
1.50-1.70. . . . . . . .  
1.70 S . . . . . . . . . . .  

OF SELECTED ILLIA'OIS COALS 

' ~ - . ~ H L E  12.- - A S H  FUSION DATA F O R  SIZED AN11 ~ N I ) T V I D L ~ A I  . 

WEIGHT 
Per cent 

100.0 
29.5 
28.6 
26.6 
10.7 
4 . 6  

100.0 
42.8 
29.1 
14.2 
7 .8  
3 .8  
2 .3  

100.0 
38.7 
30.1 
14.6 
9 . 0  
4 . 0  
3 . 6  

100.0 
61.9 

6 . 8  
7 .1  

11.7 
4 . 8  
7 .7  

100.0 
34.4 
20.0 
11.5 
12.9 
6 .0  

15.2 

100.0 
1 . 5  

15.8 
23.7 
22.4 
14.7 
21.9 

Mine E 

Initial 
Deforma- 

tion 
O F  

Soften 
1,"g 
F 

Fluid 
O F  

lDry basis . 'Sub-head sample . 3Out of range 



Sample 

H e a d  (1xi to 0) 
1%" to  % 
%' to  >,911 

34"  to  10 mesh 
10 to  48 mesh 
Minus 48 mesh 

lX" to  $6lf 
. . .  Sized sample'. 

. . . . . . .  1.30 Float 

. . . . . . .  1.30-1.35 

. . . . . . .  1.35-1.40. 

. . . . . . .  1 .40-1.5 0. 

. . . . . . .  1.50-1.70. 
1.70 Sink . . . . . . .  

:i " to  $ 8 ' 1  
'1 

. . .  Sized sample? 
1.30 E'. . . . . . . . . . .  

. . . . . . .  1.30-1.35. 
1.35-1.40. . . . . . . .  

. . . . . . .  1.40-1.50. 

. . . . . . .  1 .SO.. 1 .7 0. 
. . . . . . . . . . .  1.70 S 

j 18 "  to 10 ~ n e s h  
Sized sample'.  . . .  

. . . . . . . . . . .  1.30 1; 
1 .30-1.3 5. . . . . . . .  
1.35-1.40. . . . . . . .  
1.40-1 .5 0. . . . . . . .  
1 .SO-1.7 0. . . . . . . .  
1.70 S . . . . . . . . . .  

10 to 48 mesh 
Sized sample" . . .  
1.30 1; . . . . . . . .  
1.30-1.35. . . . . . . .  
1.35-1.40 . . . . . . .  
1.40-1.50 . . . . . . .  
1.50-1.70 . . . . . . .  
1.70 S . . . . . . . . . . .  

klinus 48 mesh 
Sized sample? . . .  
1.30 1; . . . . . . . . . .  

. . . . . . .  1.30-1.35. 
1,35-1.40. . . . . . . .  
1.40-1 .5 0. . . . . . .  

1 ..YO-1.7 0. . . . . . .  
. . . . . . . . .  170 S 

Mine I 

Lab . 
Y o  . 

. 

ITEIGHT 
Per cent 

Ash' Sulfur'  

-. 

Initial 
Ileforma- 

tion 
"I; 

... 

1921 
2081 
1953 
1887 
2014 
2008 

2081 
1856 
1996 
1893 
2309 
1900 
20'4 

1953 
1829 
1890 
2039 
1920 
2054 
I878 

1887 
1865 
1886 
1851 
1942 
1912 
1877 

2014 
1855 
1872 
1924 
2053 
202 1 
203.7 

2008 
185 6 
2049 

1930 
1978 
1900 

-. 

Soften- 
i y  

F 



01; S E L E C T E D  I L L I N O I S  COALS 

As11 Constituents 

SiOn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
'ITiO. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
.11?0,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I;e 2 0 ,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
All go . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CaO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Na?O . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
K 2 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I .  ; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ' 0.) 

Tora! s t ~ l f u r  as SO, . . . . . . . . . . . . . . . . . . .  

Totals 

hline E I 
Per cent 

hline I 

.Ash in cod  (dry basis) . . . . . . . . . . . . . . . .  1 3 . 8  1 0 . 1  
u u r  in a c r y  i s  . . . . . . . . . .  1 5 . 3  I 9 



EFFECT 01.' PREPAKi717'10Ar OAT ASH FUSIBILITY 

I 

LEGEND 

- - 1 r / ,  TO 3,'' 1 NCH - - - 3/4 TO 3/B I N C H  

I 
- - - - - 3/,3 INCH TO 10 M ~ S H  
-- 10 TO 48 MESH 
- - - - - - - -  .................. -48 MESH 

I 

1'/4 TO 0 I N C H  

\ \ 
//- 

~ S O ~  I I 1 I I 
1.30 1.35 1.40 1. 5 0  1.70 F. 1.70 5. 

S P E C I F I C  G R A V I T Y  

FIG. 6.-Relationship of ash softening temperature to specific gravi ty fractions 
of a narrow range, coal E 



01; S E L E C T E D  I L L I N O I S  COALS 

SPECIFIC G R A V I T Y  

1 ; i~ .  7 .  -Relationship of ash softening temperature to specific gravi ty fractions of a narrow 
range, coal I. 



SPECIFIC GRAVITY 

........................................... 2.. 

_---- 4-/-- 

1900 
1 3 0  1 .35  1.40 1 5 0  1.70F. I 

SPECIFIC GRAVITY 

2 1 5 0  

LL 

c 2 1 0 0  

u 
:: 
I 

2 0 5 0  

3 t- 

u 
Y a 

2 2 0 0 0  
+ 
U Z 

Z 

I 9 5 0  
i' 

0 n 

1900 
1 3 0  1.35 1. 4 0  1 5 0  1 .70  F. 

S P E C I F I C  GRAVITY 
1.7 0 S. 

LEGEND 
-- 
--- I  h T O  % I N C H  

----- V4 TO3/aINCH 
3/a INCH T O  I 0  MESH 

----------------- 10 70 4 8  M E S H  .......................... - 4 8  MESH 
1 %  70 0 I N C H  

FIG. 8.-Relationship of  ash softening temperature to cumulative specific 
gravi ty,  coals .4, B, and C. 



1 9 5 0  I I I I I 
1 3 0  1 3 5  1 4 0  1 5 0  1 7 0 F  I 

S P E C I F I C  GRAVITY 

SPECIF IC  G R A V I T Y  

LEGEND 
-- 
--- 11/4 TO 44 I N C H  

----- 3/4 T O  % I N C H  
3/8 INCH TO 10 M E S H  - - -------------  10 T O  48 M E S H  

. . . . . . . . . . . . . . . . . , . . . . . - . . - 4 8  M E S H  
I k r  TO 0  INCH 

1;rc. 9.-Relationship of ash softening temperature to cumulat ive specific gravit!, 
coals D, E, and 1;. 



"l W 

1 3 0  1 3 5  1 4 0  I 5 0  I 7 0 F  1 7 0 5  
SPECIFIC GRAVITY 

LEGEND 
- - 1 Y& T O  3/4 INCH 
-- - v, TO 3/8 I N C H  
-- --- 3/8 INCH TO I 0  MESH 
- --------------  10 T O  4 8  M E S H  
. . . . . . . . . . . . . . . . . . . . . . - 4 8  M E S H  

11/4 TO 0 I N C H  

FIG. 10.-Relationship of ash softening temperature to  cumulat ive specific gravi ty,  coals G, H, and  1 .  



OF S E L E C T E D  ILLIRTOPS COt4LS 

Fra. 1 1  .--Relationship of ash softening temperature to cumulat ive specific q a v i  t! , 
coal T. 

I 
I 

-- - - - -- - - - I - -  
---- 

\ 

z 
r 

z o o 0  - 
Z 
W I- 

' 1950 

1900 
1.30 1.35 1.40 1 5 0  1.70 F. 1 .705 

SPECIFIC G R A V I T Y  

/.'.. 
d .. 
. *. 

..... .-'<> 
....... ..... .... 

P.  - -  Y4 TO 3/8 INCH 
----- 3/a INCH TO 10 MESH 
------------ 10 TO 48 MESH 
................... ... ...... - 4 8 M E S H  

1'4 TO 0 INCH 

, 

............................................" 
LEGEND 

-- I ' A T O 3 / a l N C H  

\ 

\ 
\ 
\ 

\ 

).. \ .-.. \ ... ... ... .I. 




