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_OBJECTIVE AND SCOPE

The purpose of this research program is to examine the effect of -
coal cleaning and preparation on the'distribﬁtidn of mineral materials in
coal and the influence of the mineral materials on the céal éleéniné
ope;ation. Thé research program will involve the examination of, for coal
" mineral materials: (1) the natural occurrence and distribution of mineral
materials in run-of-mine coal, (2) the changes in these characteristics
duringAcleaning and preparatioﬁ, (3) the Specific effects of coal mineral
materials on 1ndiv1du§1 cléaning and prepération processes, and (4) improved
methods for controlling their distribution.

In order té accomplish these objectives samples will be obtained from
three comﬁercial coal preparation plants which are: (1) handling coal from
major (by volume) coal seams, (2) handling coal most likely to be used in
future lafge scale cogl-conversion processes, and (3) using a range of different
types of modern cleaning methods. - At least one of these plants shall process a

coal likely to be used as a feed to a D.0.E.-supported conversion process or

gimilar to a type of coal likely to be used.-
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SUMMARY 'OF PROGRESS TO DATE

With the issuance of this report, all tésks and primary objectives of
the contract have been addressed and completéd, with the exception of the final
report preparation, which is currently on-going. fhis stqdy has attempted to
examine that which complicates all phases ofbcoal_utilization, i.e. the con-

. tained minerals within the coal ;nd the effect of coal cleaning on their
distribution., Three nationally important and regionally different bituminous
coalg--the Pittabirgh seam, cthe Pocalwulas Nu., ] seaii, and cﬁe Illinois No. 6
seam—~have been studied during the cdurse of the work, and a discussion of the
final data acquisition, some of the findings, and data revisions are presented
in this document.

Primary emphasis was on the mineral disttibutioné and their concurrent
actions, To study this, mineral washability‘diagrams, mineral separabilities
and other data grabhics were prepared to assist in interpreting the relationships,

As part of the finalization of data acquisition, a complete petrographic
analysis of macerals and submacerals for the I1linois No. 6 coal was also
performed. Methods and data presentation used are similar'to that previously
employed to allow comparisons of these three sets of coal samples. This area

will be more easily accomplished in the final report.

v



-1-

ADESCRIPTION OF TECHNICAL PROGRESS

This report. describes Quarter eleven's efforts to update the washability
characterization .of the Illinois No. 6 preparationAplant samples; to interpret
mineral distributions in. the Pittsburgh, Pocahpnfas No, 3, and Illinois Né. 6
‘size-by-gravity_fraCtiogs of the. commercial preparation plants and laboratory-
pilot scale ciean;ng tests; and the detailed pgtrographic examination pf the
I1linois No. 6 coal. A detailed explanation of this work follows.

Physical Characterization of the Illinois No, 6 Coal

Figures 1-6 show the Calcomp plots of the washability data for the
Illinois No. 6 coal. The washability graph data, Table 1, was previously
reported in Table 7, Quarterly Report No. 7 (April 1 -'June 30, 1979) and
was reproduced. to faciligate use of the graphs., The sulfur values have been
changed (Column 11) in this table to correct an error found in the previous
table.

Coniventional plots of the type shown in Figures 1-6 (the 5 size
fractions pius a composite washability) allow for interpolation between gravities.
As with the data and plots previously reported on the Pocahontas No. 3 seam and
the Pittsburgh seam, this information will enable data from the laboratory
cleanlng studies to be more fully evaluated.

In general, the data 6btained from the in-house pilot-scale equipment are
in good agreement with those obtained from the bench-scale washability studies.

This information will be further compared in the final report.
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TABLE 1

FLOAT AND SINK DATA (+1" Head Sample).

Specific Cumulative
Gravity Individual Fractions Cumulative Ploat Cumulative Sink Sul fur
1) ) 3) %) (5) . (6) ) (8) (9 (10) (11)
We. X Ash I Ash Prod. We. X Ash Prod. Ash X We. X Ash Prod. _Ash'l
Float 1.3 29.1 6.4 186.24 29.10 186,24 6.40 100.00 4240, 35 42,40 3.80
1.3 x 1.4 20.7 13.8 285.66 49,80 471.90 9.48 70,90 4054.11 57.18 4.01
1.4 x 1.6 4.0 22,5 90.00 53.80 561.90 10.44 50.20 3768.45 75.07 4.33
1.6 x 1.8 4l 36.7 150,47 57.90 712,37 12.30 46.20 3678.45 79.62 4.69
Sink 1.8 42.1 83.8 3527.98 100.00 4240,35 42,40 42,10 3527.98 83,00 5.67
FLOAT AND SINK DATA (1" x 1/4" Haad Sample)
Specific Cuawulative
Gravity Individual Fractions ‘Curulative Float Cumulative ‘Sink '~ Sul fur
(1) (2) (3) (%) (5) (6) 7 (8) (9) (10) 1)
We. X Ash X Ash Prod. ‘We. X “Ash ‘Prad. Ash X Wet. X Ash 'Prad. Ash X°
Float 1.3 48.3 6.0 209.80 48,30 289.80 6.00 100,00 2901,18 29,01 3.91
1.3 x 1.4 19.4 14.1 273.54 67.70 563.34 8.32 51.70 2611.38 50.51 4.11
1.4 x 1.6 4.8 23.2 111.36 72,50 674.70 9.31 32,30 2337.84 72,38 4.31
1.6 x 1.8 1.8 37.6 67,68 74.30 742,38 9.99 27.50 2226.48 80.96 4.39
Stok 1.8 25.7 84.0 2158.80 100.00 2901.18 29.01 25.70 2158.80 84.00 5.06
FLOAT &ND STNK DATA (1/4" x 8 M)
Specific Cumulative
Cravity ‘Individual Fractions ‘Cumulative Float ‘Cumulative ‘Sink Sul fur
[€Y) 2) (3) (4) S (6) 7) —(8) [€)) ! (10) (11)
we., 2 Ash X Ash Prod. we, X Ash_Prod. Ash % We. X Ashi ‘Prod. ‘Ash Z
Float 1.3 60.8 6.00 364,80 60,80 364.80 6.00 100.20 2032.70 20.29 3.90
1.3 x 1.4 17.0 16,80 285.60 77.80 650.40 8.136 39,40 1667.90 42.33 4.07
1.4 x 1.6 4,6 23.20 106,72 82,40 757.12 9.19 22.40 1382,30 61.71 4.20
1.6 % 1.8 2.1 27.60 63.48 R4, 70 820,60 9.69 17.80 1275.58 71,66 4.28
Sink 1.8 15.5 78,20 1212.10 100.00 2032.70 20,29 15.50 1212,10 78.20 4,72



TABLE 1 (Continued)
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FLOAT AND SINK DATA (8 x 28 M)

Specific Cumulative
Gravit Individual Fractions - Cumulative Float Cumulative Sink Sul fur
-Tay o 2) - (3) (%) (5) (6) 7 (8) 9) (10) an
o . We, X Ash X Ash Prod. we. X Ash "Prod. Ash X We. % Ash Prod. Ash %
Float 1.3 50.1 5.00 250,50 50.10 250.50 5.00 100.00 £ 2107.19 21.07 3.67
1.3 x 1.4 25.0 19.50 487.50 . 75.10 738.00 9.83 49.90 1856,69 37.21 3.89
- L4 x 1.6 7.9 . 25.10 198.29 83.00 936,29 11,28 24,90 1369.19 54,99 3.94
‘1.6 x 1.8 3.5 . 36.00 126,00 86.50 1062.29 12,28 17.00 1170.90 68,88 4,02
Sink 1.8 13.5 77.40 1044.90 100.00 2107.19 21.07 13.50 1044.90 77.40 4.38
FLOAT AND SINK DATA (28 x 100 M)
Specific Cumulative
Gravity Individual Fractions “Cumulative Float ‘Cumulative Sink Sul fur
1) ) 3) %) (5) (6) [¢)) (8) 9) (10) . a1
Wt., X Ash X Ash Prod. We. X Ash ‘Prod. Ash % Wt, X Ash Prod. Ash ' Z
Float 1.3 14.0 8.00 112.00 14.00 112.00 8.00 100.10 2990.73 29.88 3.49
1.3 x 1.4 64.8 26.60 1723.68 78.80 1835.68 23.30 86.10 2878.73 33.43 3.64
1.4 x 1.6 6.1 29.30 178.73 84.90 2014.41 23.73 21.30 1155.05 54.23 3.64
1.6 x 1.8 2.5 39.50 98.75 87.40 2113.16 24.18 15.20 976.32 64.32 3.65
Sink 1.8 12.7 69,10 877.57 100.10 2990,73, 29.88 12.70 877.57 . 69.10 4.03
FLOAT AND SINK DATA (+100 M Composite Head Sample)
Specific Cumulative
Cravity Individual Fractions Cumulative Float Cumulative Sink - Sul fur
1) (2) O - (4) (5) (6) 7) (8) ) (10) (11
We., X Ash X Ash Prod. we. X Ash Prod. Ash X We, X Ash Prod. Ash X
Float 1.3 44.4 5.87 250.63 44.4 260,63 5.87 100.00 2607.37 26.07 3.81
1.3 x 1.4 28.2 20.69 581.39 72.6 842.02 11.60 55.60 2346.74 42.21 3.95
1.4 x 1.6 5.6 24.94 139.66 78.2 981.68 12.55 27.40 1765.35 64.43 4,06
1.6 x 1.8 2.6 35.06 91.03 80.8 1072.71 13.27 21.80 1625.69 74.57 4.14
Siok 1.8 19.2 79.93 1534.66 100.0 2607.37 26.07 19.20 1534, 66 79.93 4.68
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Mineral Distributions - Pittsburgh Feed Coal

Mineral speciés abundances in the size and specific gravity fractions
of the Distript 3 Pittsburgh feed coal were reported in Table,19 of Quarterly
Report No. 9. To better use these mineral values in the interpretation of
mineral paths through the commercial preparation plant and thé:pilot plant, the
weight percent values were reca;culated to weights of each mineral in each float-
sink fraction based on the assumption that one short ton of feed coal had been
processed. Tbe“distributibns of the minerals in the size and.the specific
gravity fractions were examined,Awashaﬁility curves for the dominant minerals
were constructed, and the relative effectiveness of sepcific gravity cleaning
was evaluated based on each dominant mineral's size, morpholéé&, and 1its re-
Jationship to coal particle size and specific gravitv.

Table 2 presents the recalculated float-sink mineral data. Table 3 shous
an example of the procedure used to calculate the data in Tablé 2. Because many
of the recaigulated mineral weights Qe;e less than one pound,‘all wveights in
Table 2 were reported to a tenth of a pound. This presentatlon, however, was
in no way intended to infer a tenth of a pound accuracy for fﬁc'values in Table
2, Experimental errors (resulting from float-sink tesLing, low temperature
ashing, and X-ray powder diffraction) caused an estimated error of 18 pounds
for illite, +5 pounds fo; kaolinite. quartz, and pyrite, and *1 pound for
calcite.'

Table 2 presents miﬁefal weights in the float-sink fr%ctions, and the
composite mineral weighté in each size range. Five important minerals in the
Pittsburgh coal (illite, kgolinite. quartz, calcite, and pyrite) were further
investigated to ascertain their washability characteristics., The most important
characteristic was the mineral's washability curve, Figure'7, which displayed thé

cumulative weight of the mineral in the cleaned coal as the specific gravity of



TABLE 2

Mineral Weights in the Float-Sink Fractions of the Pittsburgh Coal
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ymbol "---" indicates that the mineral was not present in the coal.

1 Mineral values are expressed as pounds of the mineral resulting from float-sink testing one short ton
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TABLE 2
( continued )
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Gravity

Size Frzction Fracticn bl b b b b b b b b ib b b b

8 X 28 mesh 1.39 Fleat 250 15.2 3.1 4.3 2.4 0.6 0.5 ---2 3,7 0.2 --- 0.2 0.5

8 X 28 mesh .49 Fleat 34 46 0.9 0.7 0.8 0.2 0.1 =--- 1.7 0.1 --- 0.1 0.0

8 X 28 mesh 1.69 Fleat 12 2.9 0.5 0.3 05 0.2 0.1 =--- 1.3 0.1 =--- 0.1 0.0

8 X 28 mesh 1.89 Fleat 4 1.6 04 01 03 0.2 0.1 =--- 0.4 0.0 --- 0.1 0.0

8 X 28 mesh 7.89 Sirk 18 14.8 4.0 1.0 2.7 2.1 03 --- 3.6 0.3 --- 0.4 0.0

8 X 28 mesh fractions ccmbives 318 39.1 8.9 6.4 6.7 3.3 1.1 --- 10.7 0.7 --- 0.9 0.5

28 X 100 mesh 7.30 Float 142 9.9 2.9 2.1 1.6 03 0.5 --- 1.2 0.1 --- 0.1 1.2

28 X 100 mesh 1.40 Fleat 20 2.3 0.6 0.6 0.4 0.1 01 --- 0.3 0.0 =--- 0.0 0.0

28 X 100 mesh 1.60 Fleat 12 2.9 0.3 0.4 05 0.1 0.1 --- 0.8 0.1 --- 0.1 0.3

28 X 100 mesh 1.80 Fleat 4 14 0.1 01 0.2 0.2 0.1 --- 0.3 0.0 --- 0.0 0.4

28 X 100 mesh 1.87 Simk 12 10.2 3.4 0.6 1.4 2.6 0.4 --- 16 0.1 --- 0.1 0.0

28 X 100 mesh fractions eomb. 190 26.7 7.3 3.8 4.1 3.7 1.2 --- 4.2 0.3 --- 0.3 1.9

-100 mesh feed coal f?ac-tor3 64 159 46 1.6 2.9 0.2 0.8 =--- 1.3 0.2 --- 0.2 4.1

Cleaned coal head samgle ----202.0 62.6 38.4 38.4 12.1 4.0 --- 40.4 2.0 --- 4.0 0.0

Feed coal head samglo ---- 346.0 186.5 89.5 126.8 37.3 14.9 ---208.9 7.5 --- 14.9 59.7

Refuse head samplz ----1664.0 332.8 133.1 316.2 166.4 33.3 --- 382.7 0.0 --- 33.3 249.6

! Minerdl values cre expressed as pounds of the mineral resulting from fioat-sink testing one short ton
of feed cocl. :
2 The symboZ "__-® indicates vhat the minsval wae not present in the coal. e
3 Mineral values zre expressed as pounds of the mineral resulting from screening one short ton of feed coal
at 100 mesh.
“ Minerals are exvressed as pounds of thz mineral in one short ton of the cleaned eoal, feed coal, or refuse
from the preparation piant.
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Examples of calculati
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TABLE 3

ons used to transform weight

percent of the low temperature ash values to pounds

of each mineral in ea
the assumption that o
been processed.

EXAMPLE: +1 inch size
1.30 float s

ANALYTICAL RESULTS:

ch float-sink fraction with
ne short ton of feed coal had

fraction,

pecific gravity fraction

Yield = 12.6 wt.%

LTA = 7.8 wt. 7%

ILLITE = 21 wt.% (of the LTA)
KAOLINITE = 23 wt.% (of the LTA)
QUARTZ = 16 wt.% (of the LTA)
CALCITE = 2 wt.% (of the LTA)
PYRITE = 20 wt.% (of the LTA)

CALCULATIONS:
Coal Reporting

Mineral Matter

one ton X yield/100
2000 X 0.126
252 pounds

Coal Reporting X LTA/100
252 X 0.078

19.7 pounds

INite = Mineral Matter X ILLITE/100

= 19.7 X 0.21

= 4.1 pounds
Kaolinite = 19.7 X 0.23 = 4.5 pounds
Quartz = 19.7 X 0.16 = 3.2 pounde
Calcite = 19.7 X 0.02 = 0.4 pounds
Pyrite = 19,7 X 0.20 = 3.9 pounds
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Figure 7

Washability curves for the minerals in the District 3 Pittsburgh
coal (See the footnotc on the next page for explanations of this
diagram). '
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the cleaning medium increased. The weilght of each mineral in the cleaned
coal could be estimated onée an ash or specific gravity value had been chosen
‘as shown on the example in Figure 7. The shape of'the washability curve
reflected the effectiveness of coal cleaning by specific gravity fof the
removal of each mineral. For example, the slope of the calcite curveAin
Figure 7 was greatest below specific gravity 1.50, and lessened above 1,50
specific gravity. An increased specific gravity of the washing medium fr&m
1.30 to 1.50 would have greatly increased the yield éf the product, but would
have had little effect on the amount of calcite in the cleaned coal. Howé&e:,
an increased specific gravity of the washing medium above 1,50 would have
increased the calcite content withogt a significant increase in yield. Kaolinite,
however, showed a differently shaped washability curve. Due to the steep slope
of the kﬁolinite curve, any speéific gravity increase would have only moderately
increased the kaolinite content, Illite, quartz, pyrite, and the totél mineral
matter had intermediate shaped curves which showed a logarithmic increase in the
mineral content of the.cleaned coal with increased specific gfavity of the
cleaning medium,

Mineral washability curves allowed the estimation of mineral abundances
in the cleaned coal and refuse depending ore the spocific gravity at which
the feed coal was cleaned. Another objective of this study was to investigate

the effects of coal sizing on the removal of the minerals by specific gfavity

Mineral values are expressed in cumulative pounds of the mineral in the cleaned
coal with the assumption that one short ton of fecd coal had been eleaned.

For reference purposes, the cumulative float ash and specific gravity curves
were plotted, and the yield values may be read on the cumulative % float scale
on the left of the diagram, The dashed lines illustrate the working of the
curves through example. In the example it was assumed that cleaned coal with

an ash value of 7,07 was needed. Using that ash value the specific gravity

at which the coal must be cleaned was read as 1l.69, and the yield produced

was 90.5%. Mineral weights in the cleaned coal produced at that specific
gravity were: Total Mineral Matter = 160 pounds; Illite = 40 pounds; Kaolinite
= 38 pounds; Quartz = 24 pounds; Calcite = 6 pounds; and Pyrite = 27 pounds,
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methods. That investigation required a more detailed' examination of the data
presented in Table 2. Table 4 presents the data from Table 2 proportioned
within each size range. The amount of each constituent which.reported to the
1.30 float (1.30F) fraction was based on the total of the constituent in the
size fraction. Middlings (1.30 x 1.80) and the 1.80 sink (1.80S) were also
proportioned in the same manner so that the 1.30F, middlings, and 1.80S totaled
to 1007 for each constituent in each size range.

The mineral data in Table 4 were studied to determine how well each
mineral was separated from the coal, and whether minerals could he segrepated
using tii: size and/or the specific gravity of their enclosing coal particles,
Mineral separability was one such factor investigated. The separability of a
mineral in a size fraction was defined as the "weight of the mineral in the
1.30 float fraction divided by the mineral's total weight in that size fraction

wt., 130F minus the weight of the mineral in the 1.80 sink divided by the mineral's
wt. total
total weight in that size fraction wt. 1.80S .," Using this definition,
wt. total
Smineral = Mt. 1.30F = wt, 1,808 separability of each mineral, as pre-
Total wt. of the mineral *100,

sented in Table 4 was calculated as 1,30F minus 1.80S, and a high positive value

indicated near-complete separation of the constituent into the 1.30 float fraction,
and a high negative value indicated a near-complete separation into the 1.80

sink fraction. A separability value represented a single constituent in a single
size range, and varied with size as shown in Figure 8. A sepérability of O
represented a constituent which was intimately mixed with other constituents in
such a manner that specific graQity fractionation would result in the con-
stituent reporting equally to the 1,30 float and the 1.80 sink fractions. A
constituent with a separability of +100 could occur as a single constituent
particle, or combined with other constituents with +100 separahility, and

would report to the float fra;tion in any cleaning gravity from 1.30 to 1,80,

A constituent with a -100 separability would report to the sinlk fraction at
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TABLE 4

The constituents in the Pittsburgh coal from District 3 proportioned
in a manner that the amount of the constituent in .the 1.30 float,
plus the amount in the 1.80 sink, plus the amount in-the middlings
(1.30 X 1.80) totalled to 100% 1n each size fraction. .The absolute
separability, [1.30F - 1.80S|, was greatest for -constituents which
were greatly liberated in the feed coal. o

.o
- : : (]

=5 ¥ = = k. -

Specifie Eg %%EE ;E ‘gg Eg Eé EE

Size Gravity/ ' e L E= = ' < < &

Fraction  Separability '

#1 1inch © 1.30F 65 25 17 43 22 7 28
1.30 X 1.80 22 22 22 18 21 24 20

1.80S 13 53 61 39 57 69 52

Separability +52 -28 -44 +4 -35 -62 -24

1 inch 1.30F 70 31 28 53 28 11 30
X 1.30 X 1.80 22 26 24 - 22 24 19 35

% inch 1.80s 8 43 48 25 48 70 35.
Separability +62 -12 -20  +28 -20 -59 -5

% inch 1.30F 8 4 36 59 38 26 36
X 1.30 X 1.80 12 28 - 25 2 27 30 34
8 mesh 1.80S 5 31 39 15 35 44 30
Separability +78 - +10 -3 +44 +3 -18 +6
8. mesh 1.30F 79 39 3% .67 36 18 35 .
X 1.30 X 1.80 16 23 20 17 24 18 32
28 mesh 1.808 6 38 45 16 40 64 34
Separability = +73 +1  -10  +51 -4 -46 +1

28 mesh 1.30F 75 37 40 55 39 9 29
X 1.30 X 1.80 19 25 14 29 27 12 33
100 mesh 1.80S 6 38 47 16 34 79 38
-9

Separability  +69 -1 -7 +39 +5 -70
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any cleaning gravity from 1.30 to 1.80,

In figure 8 mineral séparabilities were plotted by coal size. The tétal
mineral matter of the Pittsburgh*coa;, and the minerals illite, quartz, and
nyrite wererseparated fron the,coa; aﬁd reported té‘the'l.80 sink ffactions
only in tﬁe larger coal sizes. Iﬁ finer coal sizes (-1/4 inch) these minerals
reported ﬁeérly eqhally to the 1.30 float and the 1,80 sink fr;ctionsiand to
the middlings. The grouping of these miﬁerals, and tﬁeir diétribution by size,
are indicative of +1/4 inch rock fragments from partings, sulfui balls, and
- roof ‘and floor rock mined with the feed coal. Kaolinite, especially in the
finer coal sizes, reported predominantly to the 1,30 float fractions. 'This
mineral disttibutign was indicative of the very small kaolinite oqcurrénces
which weré intimately intermixed.with the coal.A Lower separabilities of the
+1/4 1ncﬁ kaélinité indicated that fhié mineral élso ogcurred in partings,
roof, or floér rocks. The vefy high separability of calcite in the fiﬁest
coal size‘febresénted dissociated fracture-filling calcite which was less
dissociated from the larger 1/4 inch k 28 mesh coal. The veryAgreat separ-
ability of c&lgité in the +1/4 inch size eoal fractions was produced b y
coal-Sall“calcite which was also common in these samﬁles of the Pittsburgh
coal.

From-Table 2- it appeared that the speéific gravity of the cleaning medium
had the g?eatest effect on the mineral distributions inAthe float-sink fractions
of the Pittsbu;gh coal, bgtdm;netal size, morphology, and their intergctions
with the coal size were very importéﬁt in determihing the magnifuderf the
effect of;speéific gravity. Mineral occurrences such as fine fracture-
filling calcite, coal-ball calcite, ‘and partings containing illite, quartz,
aﬁd kaolinite occurred as frge particles in their respective size ranges,
and were ﬁighly susceptible to specific éravity separation ‘from the coal.
Kaolinite was intimately associgted with lighter, very clean coal, and

thernfore was segregated in the cleaned coal where it vas separated from the
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other minerals, Illite, quartz, and pyrite were finely disseminated in
the -1/4 inch coal, and therefore reported nearly equally to the 1.30 float,
middlings, and 1.80 sink fractions,

Mineral Distributions - Pocahontas No. 3 Feed Coal

Mineral species abundances in the size and specific gravity fracﬁions of
the District 7 Pocahontas No. 3 feed coal were reported in Table 20 of
Quarterly Report Nq. 9. To better use these minerals values in the interpre-
tation of mineral paths through the commercial preparation plant and the pilot
plant, the w;ight—pnrnent values were récalculaced tu welghts of cach minoral
in each float-sink fraction as described in the mineral distribution section
of this report for the Pittsburgh coal. The distributions of the minerals in
the size and specific gravity fractions were examined, washability curves for
the dominant miner%ls were constructed, and the relative effectiveﬁess of
specific gravity cieaning was evaluated based on each dominant mineral's size
and morphology, and its relationship to coal particle size and specific gravity.

Table 5 presents the recalculated float-sink mineral data. The accuracies
of these data (+10 pounds tor illite, +5 pounds fur kaolinitc and quartz, and
+1 pound for pyrite and calcite) are somewhat different than those of Table 2.
Five important minegals in the Pocahontas No. 3 coal (1llite, kaolinite, quartz,
calcite, and pyrite) were furthe: invéstigated to aséertain their washabllity
characteristics. In Figure 9 the washability curves for these minetals are
plotted with the cumulative float ash, yield, and the spccific'gfavity curve,
The ehape vl the washability curve indicated the effectiveness of coal cleaning
by specific gravity on the removal of each mineral. In the caée of this sample
of the Pocahontas No. 3 coal, the mining process was cutting considerable floor
and roof rock material which resulted in a preparétion plant feed whicﬂ consisted

of very clean coal mixed with rock. The washability curves for illite, kaolinite,



TABLE 5

Mihera1_Weights in the Float-Sink Fractions of the Pocahontas No.3 Coal.
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ymbol "--'"" indicates that the mineral was not present in the coal.

! Mineral values are expressed ce pounds of the mineral resulting from float-sink testing one short ton
of the feed coal.
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TABLE 5

( continued )
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Specific EegF & ® 8 & 8 & T HE 2 & 8

: Gravity .
8ize Fraction  Fraction 6! b ® b b b b b 1b b b b b
8 X 28 mesh 1.30 Float 528 14.8 2.7 6.7 1.5 0.4 ---2 0.9 0.6 1.5 1.5 --- 0.7
8 X .28 mesh 1.40 Float - 9% 12.5 3.2 3.6 3.2 04 --- 0.2 0.2 0.7 0.9 --- 0.0
8 X 28 mesh 1.60 Float 28 53 1.2 1.7 11 0.1 - 0.3 0.1 0.3 0.4 --- 0.1
8 X 28 mesh 1.80 rloat 8 2.8 0.7 0.7 €8 01 --- 0.2 0.1 0.1 0.1 --- 0.1
8 X 28 mesh 1.80 Sink 42 3%.1 0.9 0.6 0.9 0.1 --- 0.0 0.0 0.1 0.1  --- 0.1
8 X 28 mesh fractions zombined T02 70.5 8.7 13.3 7.5 1.1 ---~ 1.6 1.0 2.7 3.0 --- 1.0
28 X 100 mesh 1.30 Float 100 .2.7 0.8 1.1 03 0.1 --- 0.1 0.2 0.2 0.2 --- 0.0
28 X 100 mesn 1.40 Fleat 10 o0.8- 0.2 0.3 0.1 00 =--- 0.0 0.0 0.1 0.1 --- 0.0
28 X 100 mesn 1.60 Float 4 0.6 0.2 0.2 0.1 0.0 --- 0.0 0.0 0.0 0.0 --- 0.0
28 X 100 mesn 1.80 Fleat 2 0.5 0.1 01 01 00 --- 0.0 0.0 0.0 0.0 --- 0.0
28 X 100 mesn 1.80 Sirk 6 48 1.8 0.9 0.2 0.8 --- 0.0 0.1 0.1 0.0 --- 0.0
28 X 100 mesh fractions comb. 122 9.4 3.1 2.6 1.5 0.9 --- 0.1 0.3 0.4 0.3 --- 0.0
-100 mesh feed ccal j?actzona 19 1.8 o077 0.4 03 0.2 --- 0.0 00 0.1 0.1 --- 0.0
Cleaned coal head samEye ---- 160.0 64.0 35.2 41.6 3.2 --- 1.6 0.0 3.2 6.4 --- 3.2
Feed coal head samg ---- 752.0 240.6 210.6 157.9 - 45.1 --- 15.0 15.0 30.0 30.0 --- 0.0
Refuse head sample ----1676.0 519.6 352.0 569.8 .33.5 --- 16.8 0.0 33.5134.1 --- 33.5

1 Mineral values are expressed az pounds of the mineral resulting from float-eink testing one short ton
of feed coal. :

2 The. symbol "--" indiecates that the mineral was not present in the coal.

3 Mineral values are expressed ae pounds of the mineral resulting from screening one short ton of féed coal -

at 100 mesh.
“ Minerals are expressed as pounds of the mineral in one short ton of cleaned can féed eoal, or refuse
from the preparation plant.
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Washability curves for the minerals in the District 7 Pocahontas
No.3 coal (See the footnote on the next page for explanations).
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quartz, and calcite reflected the high rock cqntent.' The steepness of the
curves show a dissociation of ro¢k from coal in the float-sink fractionation
of this coal. Because of the steepness of the chfves, the mineral content of
the cleaned coal would vary little over a range of cleaning medium specific
gravities., The pyrite curve was steeper than the rest and indicated that

the pyrite was fully disseminated in the coal, but absent ip_;he:rock;

Mineral washability curves allowed the estimation of mineral abundances
in the cleaned coal and refuse depending upon the specific gravity ﬁt which
the feed coal was cleaned as shdwn in the example in Figure 9.. As with the
Pittsburgh coal, the effects of coal sizing on the removal Qf ninerals by
specific gravity method was investigated. Table 6 presents the d#ta from
Tabie 5 proporéioned within each size range in the same ﬁannef as Table 4 for
the Pittsburgh coal, The mine:ai data in Table 6 were studied to determine
how well each mineral was separated from the coal, and whether minerals could
be segregated using the size and/or the specific gravity of their enclosineg
coal particles, In Figure 10 mine;alyseparabilities from Table 6 were plotted
by cnal size. The figure shows that the behavior of the feed materiali(Poca-
hontas No. 3 coal and roof and floor'roék) during float-sink fractionation was
highly size—dependent.' The finest feed material sizes fepofted to the 1.30

float fractions and the largest sizes reported to the 1,80 sink fractionms.

Washability curves for the minerals in the Pocahontas No. 3 coal from District
7. Mineral values are expressed in cumulative pounds of the mineral in the
cleaaed coal with the assumption that one short ton of feed coal had been
cleaned. For reference purposes the c¢umulative float ash and specific gravity
curves were plotted, and the yield values may be read on the cumulative 7.

float scale on the left of the diagram. The. dashed lines illustrate the working
of the curves through example. In the example it was assumed that cleaned coal
with an ash value of 3.0% was needed. Using that ash value the specific
gravity at which the coal must be ¢leaned was 1,39, and the yield produced was
67%. Mineral weights in the cleaned coal produced at that specific gravity
‘'were: Total Mineral Matter = 60 pounds; Illite = 12 pounds; Kaolinite = 25
pounds; Quartz = 8 pounds; Calcite = 2 pounds; and Pyrite = 2 pounds.
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TABLE 6

The constituents in the Pocahontas No.3 coal from District 7 proportioned
in a manner that the amount of the constftuent in the 1.30 float, plus

the amount in the 1.80 sink, plus the amount in the middlings (1.30 X 1.80)
totalled to 100% in each size fraction.  The absolute separability, |1.30F
- '1.80s], was greatest for constituents which were greatly liberated in

the ‘coal, and therefore easily separated by specific gravity methods.

[S1] .
— .
__1 — ur
<t X [S8) = N | (5]
o Ll [ et - — —
: Specific = =E 3 3 = pr >
Size Gravity/ 8 == = = 3 S Fo
Frqctéqn Sggarability . '
+1 inch - 1.30F 14 1 0 2 0.. 3 67
1.30 X 1.80 20 6 4 1 5 8 33
- 1.80S °~ 65 93 96 98 95 89 0

Separability -51 -92 -96 -96 -95 -86 +67

1 inch 1.30F 21 -1 0 2 1 2 33

X 1.30 X 1.80 37 14 11 a3 32 15 67
% inch 1.80S 42 85 - 89 85 68 83 0

Separability — -21  -83 -89  -83 <67 = -82  +33

% inch . 1.30F 55 10 1 2 '3 12 -0

X 1.30 X 1.80 31 24 61 44 - 18 38 29
8 mesh - 1,808 13 66 38 54 78 - 50 71

Separability  +42  -56 -36 -52 =75 -38 -71

8 mesh ‘ 1.30F 75 21 . 3 50 20 . 36 60

X 1.30 X 1.80 19 29 59 45 68 54 40
28 mesh 1.805 6 50 10 5 12 9 0

Separability  +69  -29 421  +46 +8 427  +60

28 mesh 1.30F 82 . 29 26 42 20 11 67

X 1.30 X 1.80 13 20 16 23 20 0 0

100 mesh 1.80S 5 51 58 35 60 89 33
: - Separability - +77 -22 -32 +8  -40 -78 +33
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Figuré 10. Size vs. Separability for the
minerals in the Pocahontas No. 3 Coal.

I = iilite; K = kaolinite, Q = quartz,C = calcite
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Specific minerals behaved differently. Minerals in the larger (+8 mesh)
feed materiel particles reported to the 1.80 sink fractionsj however,
minerals in the finest sizes also feported to the 1;80 sink; iFor all sizes
of the Pocahontas No. 3 feed coal, except the 8 x 28 mesh size fraction, the
minerals were highly separable, and'sneeific gravity techniques of nineral
segregation were highly effective. | .

Mineral Distributions - Illinois No. 6 Coal

Mineral species abundances in the size and specific grevity fractions of
the District 10 Illinois No. 6 feed coal were ;eported in Tahle 21 ot Quarterly
Report No. 9. To better use these mineral values in the intetpretation of mineral
paths thtongh the commercial’preparation plant and the pilot plant, weight
percent values were calculated to weights of each ninerai in each float-sink
fraction as described in the mineral distribution section of this report for
the Pittsbufgh coal., Distributions of the minerals in the size and specific
gravity frections were examined, washabilityléurves for the'deminant minerals
were constnucted, and the relative effectiveness of specific gravity was evaluated
based on each dominant mineral's size and morphology, and its relationship to coal
particle si;e and specific gravity;.

Table b presents the recalculated float-sink mineral data. The accuracies
of the data in Table 7 are +10 pounds for illite, +5 pounds for kaolinite
and quartz, and +1 pound for_calcite and pyrite. Five important minerals in
the Illinios No. 6 coal (illite, kaolinite, quartz, calcite, and pyrite) were
.further investigated to ascertain their washability characteristics. In Figure
11 the washehility curves for these minerals are plotted and show the cumulative
mineral content of the cleaned coal at specific gravitites between 1.39 and 1,80,
The shape of the washébility curves indicated the effectiﬁeness of coal cleaning
by specific gravity on the removai of each mineral. The shape and slope of the

washability curves in Figure 11 are similar for all of the minerals. Below



TABLE 7

Mineral Weights in the Fioat-Sirk Fractions of the I1lino“s No.6 Coal.
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Gravizy

Size Fraction Fraction 11 b b lb ib ib ib ik Io lb b ib

+1 inch 1.30 Float 45 3.9 1.6 C€.6 0.9 0.2 ---2 oo 0.7 oo eoe o-.

+1 inch .1.40 Float 32 54 1.1 C6 1.4 0.3 === == 0.3 =~cc  coe -

+1 inch 1.60 Filoat 6 1.7 0.1 (C.2 0.4 0.1 - - 0.5 === coc  ae-

+1 inch 1.8¢ Float 6 2.7 06 C€.3 0.5 0.2 --- == 0.3 -o- cee  aa-

+1 inch 1.8C Sink 66 61.1 22.6 5.5 15,9 2.4 ccc  wccc 7.3 cee ecce aan

+1 ineh fractions combined 155 74.8 26.0 7.2 19.1 3.2 --- --- 10.3 -=- --= ---

1 X % inch 1.3¢ Float 236 20.5 6.8 3.3 45 1.0 --- -ec 4.3 com eee eeo

1 X% inch 1.40 Float 95 16.4 6.4 2.1 3.9 0.8 - o 3.1 eee  cem aa-

1 X % inch 1.60 Float 28 6.7 1.3 (0.8 1.5 0.5 -ec e 1.7 =-c  cee aee

1 X% inch 1.80 Float 9 40 1.0 0.4 0.8 0.3 =cc cec 1.2 =—o- oo aa-

1 X% inch 1.80 Sink 126 116.6 43.1 10.5 29.1 4.7 --- —oc 7.5 —cc  —ce ae-

1 X % ineh fractions combined 490 164.2 58.6- 17.1 3%.8 7.3 - —-c 27,83 oo a-e ae-

% inch X 8 mesh 1.380 Float 10 23.9 6.0 3.1 5,5 1.2 --~ cee BE  eme aaen ool

% inch X 8 mesh 1.4d Float 87 17.3 1.4 2.1 4.2 0.9 --- --= 3.5 ‘=—ec cee a--

% inch X 8 mesh 1.60 Float 23 6.6 1.4 0.9 14 0.4 -o- -o= 16 == coc  -a-

% inch X 8 meeh 1.86 Float 12 3.8 0.9 05 0.8 0.3 - «== 0.9 -0 e’ .

% inch X 8 mesh 1.86 Sink 79 69.1 33.2 6.9 16.6 4.8 --- <= 11.0 --= ---  ---

%" X 8 mesk fractions eombined - %11 120.7 42.9 13.5 28.5 7.6 --- --- 22.5 === mem  -e-

1 Mineral values are exvressed ac pounds of the mineral resulting from float-sink testing onme short ton
of the feed ccal..
2 The symbol -"--" indicates that the mineral was not present in the coal.
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( continued )
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Size Fraction Fraction il b b b b b b b b b b b b
8 X 28 mesh 1.30 Float 229 16.5 7.1 3.0 3.6 0.7 =-<?2 cac 3.5 - cee eee -e-
8 X 28 mesh 1.40 Float 114 25.2 7.6 3.5 6.1 1.3 =cc —aoec 4.3 <ot cme coe eae
8 X 28 mesh 1.60 Float 36 10.2 3.4 1.4 2.4 0.9 --- --- 14 ‘ece cac cen ---
8 X 28 mesh 1.80 Float 16 6.5 2.2 0.9 1.4 0.5 --c === 1.1 cec  cee ecn ---
8 X 28 mesh 1.80 Sink 62 52.7 12.1 4.7 11,1 8.4 == -== 6.3 ===  cem  ea=  a-m
8 X 28 mesh fractions combined 457 111.1 32.4 13.5 24,6 11.8 --= === 16,6 === ~oc oz ===
28 X 100 mesh 1.30 Float 48 4.,8. 2.1 0.9 1.0 0.3 =--- === 0.8 == =oc  —ee  ---
28 X 100 mesh 1.40 Float 223 65.6 26.9 9.8 14.4. 6.6 --- - 7.2  cee  eme  —am ---
28 X 100 mesh 1.60 Float 21 6.8 2.7 1.0 1.6 0.4 --- - 0.7 =oe  com  aae -e-
28 X 100 mesh 1.80 Float 9 3.7 1.5 0.6 0.9 0.3 === o= 0.4 --= oo --r ---
28 X 100 megh 1.80 Sink 44 34.0 10.2 3.4 6.5 7.1 --= —ac 3.7  —-=  =2d —-= —-o
28 X 100 mesh fractiong comb. 345 114.9 43.7 15,7 24,4 14,7 --- - 12,8 <ico  ece  em=  a-a
-100 mesh feed coal fraction® 44 16.4 4.8 2.3 3.9 1.1 -cc o 2,0 =-- o= eem ee-
Cleaned coal head sczmgle'+ ---- 254.0 61.0 30.5 53.3 35.6 --= --= 40,6 --= @ —e=  —ee  ---
Feed coal head samEZe ---- 562.0 0.0 50.6 123.6 56.2 --- --=112.4 - oo eem .
Refuse head sample ----1676.0 687.2 167.6 419.0 100.6 --- ---201.1 -=- —oc  --=  ---
Black-water slurry fines" ----1088.0 0.0 97.9 293.8 54.4 e -o- 76,2 e-e  eee  eme aa-

1 Mineral values are expressed
of feed coal. '

2 The symbol "--" indicates that the mineral was not present in the coal.

ag pounds of the mineral resulting from float-sink

testing one short ton

3 Mineral values are expressed in pounds resulting from screening one short ton of feed coal at 100 mesh.
Y Minerals are expressed as pounde of the mineral in one short ton of cleaned coal, feed coal, refuse, or
black-water fines from the preparation plant.

-62-
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TABLE 8

The constituents in ‘the I11inois No.6 coal from District 10 proportioned

in a manner that the amount of the constitiuent in the 1.30 float, plus

the amount in the 1.80 sink, plus the amount in the middlings (1.30 X
1.80) tota]]ed to 100% in each size -fraction. The absolute separability,
[1.30F - 1.80S|, was greatest for constituents which were greatly 1iberated
in the coal, and therefore easily separated by spécific gravity methods.

w
Specific =< = - - =) < = ™
Size Gravity/ 8 &£ = ] B S =z
Fraction - Separability
“+1 inch 1,30 29 5. 6 8 5 6 6
1.30 X 1.80 28 13 7 15 12 19 20

1.80s 43 8 8 76 83 75 713
Separabiiity ~-14 -76 -81 -68 -79 ' -69  -67

1 inch ~ 1.30FF 48 12 12 19 1 - 14 15

X 1.30 X 1.80 26 16 15 19 16 - .22 22
% inch . 1.80S 26 71 74 61 73 64 63

Separability +22 - -59  -62 -42 -62 - -51 -47

% inch 4 1.30fFF 61 20 14 23 19 16 24
X 1.30 X 1.80 24 23 g 26 2 21 27
8 mesh ""1.80s 15 57 77 51 58 63 49

Separability +45 =37 -63 -28 -39 -47 -24

8 mesh 1.30F 50 15 22 22 15 . 6 21

X 1.30 X 1.80 . 36 38 41 43 40 23 41
28 mesh 1.80S 14 47 37 35 45 - 71 38

Separability +37 -33 -15 -13 -30 -65 -17

28 mesh ..  1.30F 14 4 5 6 4 2 6
X 1.30 X 1.80 73 66 72 73 69 50 65
100 mesh 1.80S 13 30 23 22 27 - 48 29

Separability +1 -25 -19 _ -16 =23 - -46 =23
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specific graviﬁy 1.50, the mineral curves are linear, and the specific gravity
curve 18 very steep. A slight.change in‘specific gravity of the washiﬁg medium
at low gravities would produce a great change in vield of cleaned coal, but
only a moderate change in nineral content. Above specific gravity 1.50,
~ yield increased less, but the miueréls.did not increase greatly either.

Mineral washability curves allowed the estimatibn éf mineral abundances
in the cleaned coal and refuse.depending upon thé specific gravity at which the
feed coal was cleaned as Shown in the example in Figure 11. As with the
Pittsburgh coal, the.effects of coal sizing on the rémoval of minerals by
specific gravity methods was ;nvestigated. Table 8 presents the data from
Table 7 proportioned within each size range in the same manner as Table 4 for the
Pittsburgh coal. The mineral data in Table 8 were studied fo determine how well
each mineral was. separated froﬁ the coal, and whether minerals could be segregated
using:thé size and/or the specific gravity of tﬁeir enclosing coal particles.
In Figure 12 mineral separabilities from Table 8 were plotted by coal size,
The minerals of the Illinois No. 6 coal, except calcite, inérease inlseparability
with increased coal partize size. The feed material haq greatest sépatability in
the middle sizes (28 mesh x 1 inch). The finest feed @aterial reported equally fo
the 1.30 float and the 1.80.81nk, but as can be seen in'Table 8 the majority of

the matérial reported to the middlings. Most of the largest feed malerial

Washability curves for the minerals in the Illinois No. 6 coal from District

10. Mineral values are expressed in cumulative pounds o6f the mineral in the
cleaned coal with the assumption that oue short ton of feed coal had been cleanad.
For reference purposes the cumulative float ash and specific gravity curves

were plotted, and the yield values may be read on the cumulative 7 float scale on
the left of the diagram. The dashed lines illustrate the working of the curves
through example. In the example, it was assumed that cleaned coal with an ash
value of 12% was needed. Using that ash value, the specific gravity at which the
coal must be cleaned was 1.47, and the yield product was 75%., Mineral weights

in the cleaned coal produced at that specific gravity were: Total Mineral
Matter = 215 pounds; Illite = 70 pounds; Kaolinite = 31 pounds; Quartz = 50
pounds; Calcite = 15 pounds; and Pyrite = 37 pounds.
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reported to the 1,80 sink fraction. Calcite was dissociated from the other
materials in the finest sizes. These findings explain what is commonly observed
in most coal preparation plants, i.e. that large coal sizes are easily cleaned,

vhile finer screened-coal fractions are often increasingly difficult to clean.

Mineral Distributions ; Geuneral Observations

Ignoring differences in feed coal size, extraction methods, céal rank,
and other factors about the coals studied, some general conclusions about coal
mineral washabilities can be formed. The paths minerals followed in float-
sink analysis and other specific gravity fractionation metliods of coal clean-
ing were primarilv determined by the mineral's specific gravity which was
always greater than that of the coal. The separability of coal-mineral inter-
relationships were also very important and were size~dependeént. Fur some
mineral occurrences common in the three coals investigated, the separability
could be anticipated. Rock-like mineral oécurrences such as floor and roof rock
material, partings, sulfur balls and coal~balls usually were dominant in the
larger feed coal sizes, and reported to the 1.80 sink fractions. Minerals which
reported with those occurrences included 1llite, quartz,.pyrite, and calcite.
Some fllite and quartz was finely disseminated in the coal and was insepﬁrable.
Kaolinite occurred in the rock-like occurrences descirbed above, but kaolinite
was generally dissemluateq in low mineral matter portions of the coal and re-
portedAwith the cleaned coal of all sizes. Calcite occurrences, except coal-~
balls, were generally small and highly separable in the finest coal gizes,
but less separable in the larger (+28 mesh) coal particle sized. Most pyrite
was finely disseminated in these coals, and rarely occurred as a separable

mineral vccurrence,
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Mineral’washability'Curve'Applications‘

‘The applicability of the thrée'seté of mineral washability curves derived
in this report QasAteSted by comparisouns of mineral values predicted by the curve
with actual mineral valugs measured in the cleaned coals from the cormercial
preparation plant, and the pilot plant.scale Deister Table, "Baum" Jig, WEL{CO
HMS Drum Separator, And Heavy Media Cyclone. The ash values of the various
product céals wvere used as kéys for the curves from which vields, specific.
gravities of the cleaning medi;, total mineral matter, and weights of the indi-
vidual minerals were estimated as presented in Tables 9, 10, and 11 for the
Pittsburgh, Pocahontas No. 3, and the Illinois No. 6 coals, respectively,

Mineral weighté were proportioned on the assumption that one short ton of feed
coal had heen processed. One problem with applying the washability curves to

the pilot plant tésts was that the curves were based on the whole feed coal, and
that the various pilot plant equipment used only specific size fractions of the
whole coal. As discussed elsewhere in this .report, the ease with which a.mineral
hay be separated from the coal by specific gravity methods was sometimes highly
size~dependent, Size-related effects will be discussed as each equipment type
is‘diécﬁsséd;

Commercial preparation plant product coal mineral abundances compared very
well with the values derived from the mineral ﬁashability curves for all thiree
coals. This showed that modified float-sink testing was useful in predicting
the flow of specific minerals through a coal preparation plant. The use of this
method to bredict nmineral pachs tﬁrough individuallcommercial sizing and cleaning
equipment needs further investigation, but the pilot plant studies in this
report provide an excellent beginning.

The mineralogic compositions of the Deister Table products compared very
well with the washabilit? curve values though only the finest 50~70% of the

feed coal was cleaned on the table.



TABLE 9

Mineral weights in tne prdducts of th2 commercial preparation plant aad the pilot plant scale coal
cleaning equipment. Actual mineral weights are compared to weights predicted from the mineral
washability curves of the Fittsburgh coal.

: WEMCO EMS Drum Heavy Media
Commereicl Plant Deteter Table "Baum" Jig Separator Cyclone

3/16" X 100M " x 3/18" 2" X oM 10 X 100M
actual . curve actual curve actual curve actual curve actual curve
YIELD . ? 4% 85% 83% 71% 93% 89% 85% 9% 95%
S.G. ? .>1.80 ? 1.35 ? >1.80 ? 1.38 ? >1.80
ASH 8.0% 8.0% 5.9% 5.9% 7.7% 7.7% 6.2% 6.2% 8.4% 8.4%
M.M., 2004 195# 1264 1204 133# 185# 138# 1354 183# 2104
ILLITE 62# 514 16# 294 28# 464 55# 314 6# 58#
KAOLINITE 384# 38# 344 30# 294 38# 394 314 324 414
QUARTZ 384# 328 21# 204 254 304 23# 224 26# 344
CALCITE 12# -0# | 13# 44 12# 8¢ 104 a4 9# 124
PYRITE .__40#  40# 304 234 284 364 o# 264 364 444

# = pcunds o thz mineral in the cleaned coal when one short zon of feed coal is cleaned.
M. = Mineral matter.
G.

M. =
S.G. = Specific grcvity of the vashing medium.

-gc-



Mineral weights in the products of the commercial preparation plant and the pilot plant scale coal

Actual mineral weights are compared to weights predicted from the mineral

TABLE 10

Heavy Media

M.M. = Mineral Matter.
5.G. = Specific gravity of the washing medium.

cleaning equipment.
washability curves of the Focahontas No.3 coal.
WEMCO HMS Drum
Commercial Plant Deister Table "Baum" Jig Separator Cyclone
3/16" X 100M " x 3/16" 2" x. 10M 10M X 100M
cetual eurve acfual ceurve actual curve actual curve actual curve
YIELD ? 79% 86% 77% 48% 77% 45% 73% 92% 73%
5.G. ? >1.80 ? 1.60 ? >1.80 ? 1.60 ? 1.60
ASH 7.0% 7.0% 4.3% . 4.3% 6.1% 6.1% 4.5% 4.5% 4.4% 4.4%
M.M. 160# 140# 824 85# 67# 1204 474 85# 924 85#
ILLITE 644 35# 244 18# 20# 274 124 184 26# 18#
KACLINITE 354 434 30# 30# 244 38# 174 304 ’ 374 304#
QUARTZ 424 30# 13# 15¢# 9¢# 25# 1# 15# | 15# 15#
CALCITE 34 a4 44 3# 44 44 34 3# 5¢# 3#
PYRITE o# 2# 2# 24 14 2# 2# 24 o# 24
# = pounds of the mineral in the cleaned coal when one short ton of feed coal is cleaned.

-Lcn



TABLE 11

Mineral weights in the products of the commercial preparation plant anc¢ the pilot plant scale coal

cleaning equipment.

washability curves o< the I11inois No.b coal.

YIELD
S.G.
ASH
M. M.
ILLITE
KAOLINITE
QUARTZ
CALCITE

PYRITE

=
o
o

Actual mineral weights are compared to we1ghts p-edicted from the mineral

o WEMZO0 EMS Drum Heavy Media
Commercial Plant Deister Table "Baur" Jig Szparator Cyclone
3/18" X i00M " x 3/16" 2" X 10M I0M X 100M
actuai curve actual curve actual éurve actual éurve actual curve
2 78% 87% 62% 63% 57% %59 56 931 563
? 1.58 ? 1.34 7 1.32 7 1.3 ? 1.32
12.7% 12.7% 9.2% 9.2% 8.5% 8.5% 8.0% 8.0% 8.0% 8.0%
2544 210# 210# 1504 1434 1304 2074 1254 1994 1254
614 784 464 508 4 424 74, 404 64 404
314 324 314 224 194 184 4 184 264 ity
534 524 504 354 344 304 e84 28# 484 284
354 164 104 104 74 84 64 - T4 8- 74
41# 04 384 254 274 214 L84 204 404 204
# =

pournds cof tle mineral in the cleaned coal when one short ton of feed can 18 cZeaned
Mineral Matte». , :
Specific grcvity of the J)ash'z,ng med‘z,um

-8{-
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The mineralogic compositions and yield values of the "Baum" type jig
did not compare well with the washability curve values. As described in Quarterly
Report No. 9, test sémple constraints never allowved the refuse bed to become
thick enough to remoQé all of the clean coal fraction from the refuse, and as
such, somewhat erratic mineral values were measured in the jig product coals.
All three product coals.from the WENCO IMS drum. separator contained
verv erratié mineral abundances when compared to the mineral washability
curves., No explanation for these mineral occurrences was determined,
The mineralogic compositions of the Heavy Media Cyclone products
compared well with the washability curve values. Differences in illite cén-
tents were probahly a result of the large XRPD errors inherent for that mineral,
Résults of the pilot plant test runs indicate that the mineral washability
curves best predict the behavior of the Deister Table and Heavy Media Cyclone
in which fine coal sizes were cleaned. The commércial coal preparation plants
were nearly ide%lly‘predicted by the mineral washability curves,

Petrographié¢ Andlysis - Illinois No. 6 Coal

Eighteen'maéerals and submacerals were identified in the District 10
Illinois No. 6 coal and are presented in Table 12; The nineteenth constituent
”ié fﬁebéotai ﬁinéiélnﬁﬁftéf ;onééﬁf-éf fhe'ébéiéngs deférmiﬁea-ﬁét;;gfﬁﬁhi;alif;

Abundances of individual mineral spécies in this coal were presented in Table
21 of Quarterly Report No. 9. Each data point presented in Table 12 has an
expected error of #3 volume percent (ref. equations in Quarterly Report No. 3).
The range of maceral abundances was important in the interpretation of
the petrography of these samples. Table 13 presents the minimum and maximum
values measured’for each maceral. Because the maceral values were non-
normally distributed, the ranges of values weré& the only statistics availahie
to descriheAthe maceral frequency distributions. The distributions of the

macerals in the size and float-sink fractions were very important in explaining
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the effects of macerals on coal preparation and the effects of coal preparation
on the maceral distributions.

The distribution of macerals within the float-sink fractions was largely
as expected, especially when the data were examined on a whole coél basis.
Macerals of the vitrinite group observed in this coal included telﬁnite and
collinite, Vitrodetrinite from Table 6 of Quarterly Report No, 4 was not
observed in these samples. Telinite was a rare maceral, and its cell lumens
were filled with resinite or mineral matter (mainly illite), but lumens sote-
times occurred empty. Collinite consisted 6f the two submacerals telocolllnlte
and desmocollinite with the former most prevalent. Some vitrinite in these
samples included oval bodies containing a minute ( 2 micron) granular
material of vitrinite-to—exinite appearance. This type of vitrinite was
referred to by the Illinois State Geological Survey by the informal descritive
term "mottled vitrinite"i, and for our purposes was point counted as telocollinite, -

vReferring to Table 12, the finest, the 28 x 100 mesh, size fraction con-
tained the greatest proportion of vitrinite of the 6 size fractions. A size-
related trend was noted in~the 1.80 sink fractions in which vitrinite content
increased substantially ftom 4% in theA+1 inch fraction to 16% in the 28 x 100
mesh fraction. Within each size fraction the vitrinite content decreased with
increased specific gravity, and was replaced mainly by the increased mineral matter
content of the coal, | |

Five exinite macerals were observed in this coal, but they represented
only a amall protion of the whole ceal, Sportinife was presented in the lower
specific gravity fractions in the forms of microspore (maceral variety-
microsporinite, and less than 200 microns in diameter) and megaspores
(maceral variety-macrosporinite, and greater than 200 microns in diameter).

Cutinite was also present 1in the lower specific gravity fractions in the



[ TABLE 12 -

: o : )
PETROGRAPHIC ANALYSES OF ILLINOIS NO.6 COAL FLOAT-SINK FRACTIONS AND HEAD
SAMPLES PRESENTED AS VOLUME PERCENT OF THE WHOLE COAL

"X %dinch * 7 . % inch X 8 mesh

1 s
5 & 5 5 8 B 5 5 B8 95 5 5 &g
(42 ] < - O (o] [~} (22 < 0 (o] - (22 < o [+o] (=]
- - i — — -—: — — — - - — — — —
VITRINITE 89% 78% 62% 48% 4% 88% 80% 65% 40% 6% 93% 74% 62% 45% 8%
Telinite 0 0 0 o 4] 1 0 0 0 0 0 0 0 0 0
Collinite 89 77 62 48 4 88 80 65 40 6 93 73 62 45 8
telocollinite 8 76 61 48 4 86 75 61 35 5 91 72 59 42 8
desmocollinite 1 11 0 0 2- 4 4 5 0 2 1 3 3 1
EXINITE 29 3% 2% 3% 0% 3% 3% 3% 4% 0% 2% 3% 2% 3% 0%
Sporinite 1 2 1 1 0 2 1 1 0 0 0 1 1 0 0
Cutinite 1 0 1 0 0 1 1 1 0 0 1 1 0 0 0
Resinite 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Exsudatinite 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Liptodetrinite 1 1 1 2 0 1 1 1 3 0 1 1 1 2 0
INERTINITE 3% /% 9% 9% 3% 4% 6% 10% 12% 2% 3% 8% 12% 14% 3%
Fusinite 1 4 4 5 2 1 1 4 5 -1 0 2 5 8 2
pyrofusinite 1 3 3 4 1 0 0 2 4 1 0 1 2 6 2
degradofusirite 0 1 1 1 0 1 1 2 1 0 0 1 2 1 0
Semifusinite 1 1 2 2 1 1 2 4 5 1 1 4 3 3 1
pyrosemifusinite 1 1 0 1 1 1 1 2 2 0 1 2 2 1 0
degradosemifusinite 1 1 2 1 0 1 2 2 3 1 1 2 2 2 1
Macrinite 0 1 1 1 0 1 1 1 2 0 0 0 1 1 1
Micrinite 0 0 0 0 0 0 0 0 0 O 0 0 0 0 0
Inertodet-inite 1 1 2 1 0 1 1 1 1 0 1 1 3 3 0

MINERAL MATTER 57 _14%27% 39% 93% 59 _11% 224 45% 92% 3%_16% 24%_ 38% 88%

-'[ 97-



VITRINITE
Telinite
Collinite
telocollinite
desmocollinite

EXINITE
Sporinite
Cutinite
Resinite
Exsudatinite
Liptodetrinite

INERTINITE

Fusinite
pyrofusinite
degradofusinite

Semifusinite
pyrosemifusinite
degradosemi fusinite

Macrinite

Micrinite

Inertodetrinite

MINERAL MATTER

TABLE 12

( continued ) 3 -
- -]
5 o &
o ~
& £ T o
e ~ S §
8 X 28 mesh 28 X 100 mesh v s o =
_:l. | 18 | /' [T [7,] [ T L. | I L (7, ] E © g g
3 § 3 & § 88 8 88 8 8 3 § &
i e T & G &
91% 68% 62% 45% 10% 9% 72% 66% 48% 16% 63% 66% 84% 12%
0 0 0 ] 0 0 0 0 0 a 0 0 1 0
99 68 62 44 10 91 72 66 48 16 63 65 84 12
%0 66 60 43 10 91 70 65 47 16 63 65 81 12
1 2 1 1 0 0 1 1 0 a 0 0 2 0
34 2% 3% 2% 0% 2% 3% 2% 1% 0% 19 3% 2% 0%
1 1 1 0] 0 1 1 1 4] a 0 3 1 0
1 1 1 1} 0 0 1 1 0 1 1 0 0 0
J 0 0 0 0] 0 0 0 0 1] 0 0 0 0
] 0 0 0 0 0] 0 0 0 a 0 0 0 0
1 1 1 1 C 0 0 1 1 0 1 1 1 0
3% 11% 8% 15% 3% 4% 13% 12% 14% 7% 25% 6% 6% 3%
] 4 3 6 1 2 6 5 6 3 15 2 2 2
) 3 2 5 1 1 4 4 5 3 15 2 2 1
4] 2 1 1 0 1 2 1 1 1 0 0 1 1-
4 4 3 5 1 1 4 3 3 1 3 2 2 -0
1 2 1 2 0 1 2 1 1 a 2 0 1 0
1 2 2 3 0 0 2 2 2 1 1 2 1 0
9 0 o 1 0 1 1 1 1 o 0 0 1 1
D 0 0 . 0 . 0 0 g 0. Q@ 0 0 0 0
1 2 2. 3 1 1 .2 3 5 3 7 1 1 1
3% 19% 27% 31% 87% -2 3% 20% 37% 76 117 26% 8% 85%

-zv-
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TABLE 13

MACERALS PRESENT IN THE ILLINOIS NO.6 DISTRICT 10 COAL SAMPLES
WITH THEIR MINIMUM AND MAXIMUM OBSERVED VALUES ‘

GROUP MACERAL

"Maceral
submaceral Minimum Maximum
VITRINITE 4% (60%)* 93% (96%)*
Telinite 0% 1%
Collinite ‘ 4% . 93%
telocollinite 4% 91%
desmocollinite 0% S 5%
EXINITE 0% (0%)* 4% (7%)
Sporinite - 0% . 3%
Cutinite 1%
Resinite 0% : 0%
Exsudatinite 0% 0%
Liptodetrinite 0% 3%
INERTINITE 2% (2%)* 25% (39%)*
"Fusinite 0% : 15%
- pyrofusinite 0% 15%
. degradofusinite : ‘ 0% : 2%
Semifusinite 0% 5%
- pyrosemifusinite 0% 2%
degradosemifusinite 0% 3%
Macrinite 0% . 2%
"Micrinite ‘ 0% 0%
Inertodetrinite 0% 7%
MINERAL MATTER 2% 93%

* parentheses indicate values of the maceral group recalculated to a
mineral-matter-free basis. :
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maceral varieties tenuicutinite (thin-walled) and crassicutinite (thick-
walled). Resinite was commonly observed, but wag.not quantitatively imﬁortant.
Evsudatinite is an ex;nite maceral found in lower-ranked coals, and it was
observed in this coal filling_cavities, fractures,‘and de;iccétién cracks.

This maceral too was quantitatively unimportant. Liﬁtodeterimite represeuted
fragmented exinite macerals in this coal, and was quantitati?ely most important
in the 1.80 float fractions in which coal and mineral matter are most 1ntiﬁate1y
mixed. The exinite group was evenly distributed through all of the Speéific
gravity fractions except the 1.80 sink fractions in which all macerals we¥e
diluted to low abundances in the mineral-rich coal.

Important inertinite abundances occurred in this coal. Fusinite and
senifusinite were the dominant inertinite macerals, and both 1increased iu
abundance from the 1,30 float fractions to the 1.80 float fractions. Thié vas
probably due to mineralizations within the cell lumens increasing the specific
gravity of the fusinite and its eunclosing coal particles. lacrinite was comuonly
ohaarvad, but micrinite was very rare in this coal. Inertodetrinite iﬁcluded
fragmented inertinite macerals and was a prominent maceral in the 1,80 float
fractions in which minerals and macerals are intimately intermixed, The in~-
ertinite group as a whole showed a general trend to increasc in relative
abundance in the finer coal sizes.

Mineral matter coutent increased ao the epecific gravitry of the coal fraction
increased. The 1.80 sink fractilons always contained the greatest amount of
mineral matter, but the mineral content of these fractions decreased in the
finer coal sizes which indicated a greater mixing of minerals and macerals in

he finer coal particles. In the Illinois No. 6 coal the larger coal particles
vwhich reported to the 1.80 sink fraction were neariy pure mineral matter, hut

the finer coal which reported to the same fraction contained significant
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vitrinite and inertinite maceral content, This was an opposite trend from
what might have been exptected, but similar to trends observed in the Pirtshurgh
and Pocahontas No. 3 c0alsA.

Petrographically determined mineral matter represented the actual
mineral content of the coal as evidenced in Figure 13 where petrographic
mineral matter was plotted versus tae low temperature ash - (LTA) content
of the coals. A linear regression analvsis of the'points plotted on Figure
13 produced an R2 value of 40,982, a very good correlation, and a slope of 1,77
for the regression line., The line slope of 1.07 indicates that the petrographic
mineral analysis consistently determined lover mineral matter values than the
lov temperature ashing., Petrographic mineral matter values are compared to
other mineral matter measurements (ash, LTA, and Parr mineral matter) i: Table
14, Close agreement existed bétween LTA and Parr minéral matter in all samples.
Volume percent petrographic mineral matter generally fell belou the LTA or
Parr mineral matter, especially in the. lighter specific gravity fractious. The
difference was possibly caused by the coal's inlierent mineral matter wliich wvas
finely dispersed in the coal and therefore unobsarvable witl: tﬁc optical micro~
scope, but may also bhe dué to differences caused by comparisons of volume
percent with weight percent values. Calculations show that in' lov ninural
matter coal fractions the volume percent mineral matter will alwavs be less than
the weight percent values. In the mineral-rich fractions (1.86 float and 1,30
sink) the inherent mineral matter would be diluted by the extrancous (optically
observable) mineral matter and therefore less affect tue petrographic mineral
matter determinations. Calculations also show that differences caused by
comparisons of volume percent with weight percent are minimal in high mineral

matter and fractions.
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TABLE 14

A comparison of "true" mineral matter (LTA), ash values, Parr
mineral matter values, and petrographic mineral matter (PMM)
values in the District 10 IT1inois No.6 coal float-sink
fractions and head samples.

ASH LTA PARR PMM

Spectific (weight (weight (weight (volume

Size . Gravity percent] percent) percent) percent)

+1 inch 1.30 float 6.4% 8.7% 9.0% - 5%
+1 inch . 1.40 float 13.8% 16.9% 17.3% 14%
+1 inch 1.60 float 22.5% 29.0% 28.9% 27%
+1 inch 1.80 float 36.7% 44 .2% 44 8% 39%
+1 inch 1.80 sink 83.8% 92.5% 94.4% 93%
1X% inch 1.30 float - 6.0% 8.7% 8.6% 5%
1X% inch 1.40 float 14.1% 17.3% 17.8% = 11%

1X% inch 1.60 float 23.2% 28.6% 28.9% 22% .
-1X% inch 1.80 float 37.6% 44.7% 45.0% 44%
1X% inch 1.80 sink 84.0% 92.5% 94.6% 92%
%X8 mesh 1.30 float 6.0% 7.7% 8.6% 3%

%X8 mesh 1.40 float 16.8% 20.0% 20.7% 16% ~
%X8 mesh 1.60 float 23.2% 28.4% 28.5% 24%

%X8 mesh 1.80 float 27.6% 32.6% 33.7% 38% -
%X8 mesh 1.80 sink 78.2% 87.5% 88.4% 88%
8X28 mesh 1.30 float 5.0% 7.2% 7.4% 3%
8X28 mesh 1.40 float 19.5% 22.1% 23.5% 19%
- 8X28 mesh 1.60 float 25.1% 28.3% 29.6% 27%
8X28 mesh ~ 1.80 float _~ 36.0% - 40.8% 42.1% - 31%
8X28 mesh 1.80 sink 77 .4% 85.5% 87.3% 87%
28X100 mesh 1.30 float 8.0% 9.9% 10.6% 2%
28X100 mesh 1.40 float 26.6% 29.4% 30.7% 13%
28X100 mesh 1.60 float - 29.3% 32.5% 33.7% 20%
28X100 mesh 1.80 float 39.5% 43.0% 44 9% 37%
28X100 mesh 1.80 sink 69.1% 77.9% 78.3% 76%
-100 mesh screen fraction 34.2% 37.6% 39.1% 11%

Clean-coal head 12.7%  15.7% 16.1% 8

Feed coal head 28.1% 32.9% 33.1% 26%

Refuse head 78.3% 83.8¢% R8.2% 85%
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In summarizing the results of the petrographic analvses of the Nistrict
11 Illinois No. 6 coai it appeared that vitrinite content of the coal incréased
with decreased specific gravity and also decreased coal size. Exinite content
changed little over the specific gravity and size ranges examined. Inertinite
content of the fractions Increased as specific gravity 1ncreased-and size
increased. Mineral matter content increased as specific gravity of the fraction
increaéed and size increased; Liptodetrinite and inertodetrinite, bhoth
fragmental maceral remains, were greatest in the 1.80 float f;actions where

macerals and minerals are most intimately mixed.
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