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DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
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recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
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Government or any agency thereof. 
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. OBJECTIVE AND SIDPE 

The purpose of this rese~rch program is to ex~mine the effect of· 

coal cleaning and preparation on the distribution of mineral materials in 

coal and the influence of the mineral materials on the ~oal Cleaning 

operation. The 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 

during cleaning and preparation, (3) the specific effects of coal mineral 

materials on individual cleaning and preparation processes, and (4) improved 

methods for controlling their distribution. 

In order to accomplish these objectives samples will be obtained from 

three commercial coal preparation plants which are: (1) handling coal from 

major (by volume) coal seams, (2) handling coal most likely to be used in 

future large scale coal· 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.O.E.-supported conversion process or 

similar 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 tasks and primary objectives of 

the contract have been addressed and completed, With the exception of the final 

report preparation, which is currently on-going. This study has attemPted to 

examine that which complicates all phases of coal .utilization, i.e. the con-

. tained minerals within the coal and the effect of coal cleaning on their 

distribution. Three nationally important and regionally different bituminous 

coals-the 1'1ttsburgh seam, che Pocahuulat~ Nu. J aearu, and the Illinoia No. 6 

seam--have been studied during the course 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 distributions and their concurrent 

actions. To study this, mineral washability diagrams, mineral separabilities 

and other data graphics 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 Illinois 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. 

iv 
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DESCRIPTION OF TECHNICAL PROGRESS 

This repor.t. describes Quarter eleven's efforts to update the washability 

characterization .of the Illinois No. 6 preparation plant samples; to interpret 

mineral distributions ~n. the Pittsburgh, Pocahontas No. 3, and Illinois No. 6 

.size-by-grayity fr.a.ctions of the. commercial preparation plants and laboratory­

pilot scale cleaning tests; and the detailed petrographic examination of the 

Illinois No. 6 coal. A detailed explanation of this work follows. 

Physical. Characterization of the Illinois No. 6 Coal 

Figures 1-6 show the Ca~comp plots of the washability data for the 

Illinois No. 6 coa~. 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 facilitate use of the graphs. The sulfur values have been 

changed (Coiumn 11) in this table to correct an error found in the previous 

table. 

Conventional plots of the type shown in Figures 1-6 (the 5 size 

fractions plus 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 

el~anlng studies to be more tully evaluated. 

In general, the data obtained from the in-ho~~e pilot-scale equipment 'are 

in good agreement with those obtained from the bench-scale washability studies. 

This information will be further cororared in the final report. 



-2-

SULFUR AND ASH WASHABILITY OF 
THE ILLINOIS.No:·6 RAW COAL 
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SULFUR AND ASH WASHABILiTY .OF 
., ·T.~E ILL INQIS NO. 6 RAW C 0 A L 
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SULFUR AND ASH WASHABILITY OF 
THE ILLINOIS NO.' 6 RAW COAL 
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SULFUR AND ASH WASHABILITY OF 
THE I L LIN 0 IS N 0. 6 RAW C O.A L 

8 MESH X 28 MESH FRACTION-22.86 WT. PCT. OF TOTAL SAMPLE 
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SULFUR AND ASH. WASHABILITY OF 
THE ILLINOIS NO.6 RAW COAL 

28 MESH X IOOMESH FRACTION-17.21 WT. PCT. OF TOTAL SAMPLE 
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SULFUR AND ASH WASHABILITY OF 
T.H E ILL IN 0 IS N 0. 6 RAW C 0 A L 
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Specific 
Gravity 

(1) 

Float 1.3 
1.3" 1.4 
1.4 "1.6 
i.ti I[ 1.11 
Sink 1. 8 

Specific 
Gravity 

(1) 

Float 1.3 
1.3" 1.4 
1.4 " 1.6 
1.6" 1.8 
Slnk 1. 8 

Specific 
i::uvill 

(1) 

Float 1.3 
1.3 "1.4 
1.4" 1.6 
1.~ Jl i.& 
Sink 1. 8 
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TABLE 1 

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

Individual Fractions Cumulative Float 
(2) (3) (4) (s) (6) (7) 

Wt. % Ash % Ash Prod. wt; ·x· Ash Prod. Ash% 

29.1 6.4 186.24 29.10 186.24 6.40 
20.7 13.8 285.66 49.80 4 71.90 9.48 
4.0 22.5 90.00 53.80 561.90 10.44 
4.1 )6.7 l~O,lo 7 H.90 m.~7 12.30 

42.1 83.8 3527.98 100.00 4240.35 42.40 

l'LOAT AND SINK DATA (1" x 1/4" Head Sample) 

Individual Fractions ·cumulative Float 
(2) (3) (4) (5) (6) (7) 

Wt. ·x Ash % Ash Prod. ·we; ·x 'Ash ·Prod. Ash % 

48.3 6.0 209.80 48.30 28.9. 60 6.00 
19.4 14.1 273.54 67.70 563.34 8. 32 
4.8 23.2 111.36 72.50 674.70 9.31 
1.8 37.6 67.68 74.30 742.38 9.99 

25.7 .84.0 2158.80 100.00 2901.18 29.01 

FLOAT 6ND SlNK DATA (1/4" ll 8 M,) 

'Individual Fractions ·cumulative Float 
(2) (3) (4) (s) (6) (7) 

Wt. % Ash % Ash !'rod. we; ·x Ash Prod. Ash :t 

60.8 6.00 364.80 60.80 364.80 6.00 
17.0 16.80 285.60 77.80 650,1t0 6.)6 
4.6 2). 20 106.72 82.40 757.12 9.19 
7..1 27.&0 63. '·8 A,,70 820.60 9.69 

15.5 78.1.0 1212.10 100.00 2031.10 20.29 

Cumulative Sink 
(8) (9) (10) 

we; ·x Ash Prod. Asi.·x 

100.00 4240.35 42.40 
70.90 4054.11 57.18 
50.20 3768.45 75.07 
46.20 3678.45 79.62 
4~.1U J'li.,& 0~.00 

Cumulative'Sink' · 
(8) . (9) (10) 

Wt. % Ash'Prod. Ash z· 

100,00 2901.18 29.01 
51.70 2611. 38 so. 51 
32.30 2337.84 72.38 
27.50 2226.48 80.96 
25.70 2158.80 84.00 

·cumulative·sink 
(8) (9) no> 

wt: ·z Ash ·Prod. 'Ash % 

100.20 2032.70 20.~9 
39,40 1667.90 42.33 
22.40 1382.30 61.71 
17.80 1275.58 71.66 
~~-~0 HH .• lU 7&.H\ 

Cwnulative 
Sulfur 

(11) 

3.80 
4.01 
4.33 
4. 69 
5.67 

Cumula.tive 
Sulfur 

(11) 

3. 91 
4.11 
4. 31 
4.39 
5.06 

Cumulative 
Sulfur 

(ll) 

3.90 
4.07 
4· .. 20 
4.211 
4.72 



Specific 
Gravity 

(l) 

Float 1.3 
1.3" 1.4 
1. 4 " 1.6 

'1,6 " 1.8 
Sink 1.8 

Sped ftc 
Gravttl 

(1) 

Float 1.3 
1.3" 1.4 
1.4 "1.6 
1.6 X 1.8 
Sink 1.8 

Specific 
crmtr 

Float 1. 3 
1.3" 1.4 
1.4 " 1.6 
1.6 " 1.8 
Sink 1. 8 
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TABLE 1 (Continued) 

FLOAT AND SINK DATA (8 x 28 H) 

Individual Fractions 
(2) .. (3) (4) 

Wt. % Ash % Ash Prod. 

50.1 5.00 250.50 
25.0 19.50 487.50 

1.9 25.10 198.29 
3.5 : 36.00 126.00 

ll.S 71.40 1044.90 

(5) 
we; ·z 

50.10 
75.10 
83.00 
86.50 

100.00 

Cumu1ative'F1oat 
(6) (7) 

Ash ·Prod. Ash % 

250.50 5.00 
738.00 9.83 
936.29 11.28 

1062.29 12.28 
2107.19 21.07 

FLOAT AND SINK DATA (28 x 100 H) 

Individual Fractions ·cumu1ative'F1oat 
(2) (l) (4) (5) (6) (7) 
Wt. % Ash % Ash Prod. Wt. % Ash'Prod. Ash % 

14.0 8.00 112.00 14.00 112.00 8.00 
64.8 26.60 1723.68 78.80 1835.68 23.30 
6.1 29.30 178.73 84.90 2014.41 23.73 
2.5 39.50 98.75 87.40 2113.16 24.18 

12.7 69.10 877.51 100.10 2990.73, 29.88 

Cumulative'Sink 
(a) (9) (10) 

Wt; % Ash Prod; ASh % 

100.00 2107.19 21.07 
49.90 1856.69 37.21 
24.90 1369.19 54.99 
17.00 1170.90 68.88 
13.50 1044.90 77.40 

·cumulative Sink 
(8) (9) (10) 

Wt, % Ash Prod. Ash'% 

100.10 2990.73 29.88 
86.10 2878.73 33.43 
21.30 ll55. 05 54.23 
15.20 976.32 64.32 
12.70 877.57 69.10 

FLOAT AND SINK DATA (+100 H Composite Head Sample) 

Individual Fractions Cumulative Float Cumulative Sink 
(2) (3)_ . (4) (S) (6) (7) (e) (9) (lo) 

Wt. % Ash% Ash Prod. we; % Ash Prod. Ash% Wt. % Ash Prod. Ash % 

44.4 5.87 260.63 44.4 260.63 5.87 100.00 2607.37 26.07 
28.2 20.69 581.39 72.6 842.02 n.nri 55.6(1 2346.74 ,,2.21 
5.6 24.94 139.66 78.2 981.68 12.55 27.40 1765.35 64.43 
2.6 35.06 91.03 80.8 1072.71 13.27 21.80 1625.69 74.57 

19.2 79.93 1534.66 100.0 2607.37 26.07 19.20 1534.66 79.93 

Cumulative 
Sulfur 

(11) 

3.67 
3.89 
3.94 
4.02 
4.38 

Cumulative 
Sulfur 

(11) 

3.49 
3.64 
3.64 
3.65 
4.03 

Cumulative 
Sulfur 

(11) 

3.81 
3.95 
4.06 
4.14 
4.68 



-10-

Mineral Distributions- Pittsbtirgh·Feed Coal 

rtineral species abundances in the size and specific gravity fractions 

of the District 3 Pittsburgh feed coal were reported in Tahle,·~·9 of Quarterly 

Report No. 9. To better use these mineral values in the interpretation of 

mineral paths through the commercial. preparation plant ;~.nd tlu~ ·pilot plant, the 

weight percent values were recalculated to t.Teights of each mineral in each float­

sink fraction based on the assumption that one short ton of feed coal had been 

processP.d. The distributions of the minerals in the si?.P. and the sped.fic 

gravity fractions were examinP-d,. washahility curveR for the dominant minerals 

t11ere constructed, and the relative effectiveness of sepd.fic grcwit~r clea.ninp, 

was e'Talua teri baRed on eacl1 nominant mineral's si ;o;~, morphology, and itA re­

lationship to cool particle size and specific gravity. 

Table 2 presents the recalculated float-sink mineral data. Table! 3 shous 

an P.xample of the procedure used to calculate the data in Table 2. nec::m!>e Many 

of the recalculated mineral t.Teights were less than one pound, all l>Teights in 

Table 2 uere reported to a tenth of a poUtul. This presentation, hnv~cver, uas 

in no t-1ay intended to infer a tenth of a pound accuracy for the values in Table 

2. Experimental errors (resulting from float-!>int testing, lotv temperaturt! 

ashing, ancl X-ray pmvder diffraction) caused an estimatecl error of +13 pounds 

for illite, +5 pounds for kaolinite, quartz, and pyrite, and +1 pounrl for 

calcite. 

TalJle 2 presents mineral tveights in the float-sink fractions, and the 

conposite. mineral ~veights in each size range. Five important minerals in the 

Pittsburgh coal (illite, kaolinite, quartz, calcite, :md· pyrj_te) '11ere further 

investigated to ascertain their tJashability characteristics. 'l:'he most important 

characteristic was the mineral's ·washability curve, Figure 7, t.Thir.h rlisplayeu the 

cumulative Height of the mineral in the cleaned coal as the spr~cific p,ravity of 



TABLE 2 

Mineral Weights in the Float-Sink Fractions of the Pittsburgh Coal 

~ LLl LLl LLl 
z: ..... LLI I.LI ~ ..... ..... - _.J ..... I.LJ ..... ..... c:C - LLl -..... c:CO:: I.LI. z: N ..... ...... - LLl 0.. > ..... z: 
0:: 0:: LLl ..... ...... ..... ..... :E: c::: ..... en· 0 ...... c:C 

...JO I..Lit- - _.J c::: (..) 0 I.LI - 0 (..) ..... V) 

Specific c:eo.. z: ..... _.J 0 c:C _.J _.J 0 ~ _.J V) c:C V) 

·::> I.LI -< _.J 
~ ::> c:C 0 - > LLl => 0.. c:C 

Gravity ·:...J 0:: :E::E: - 0' (..) 0 V) .o.. tL ,• :E: c:C 'al 

Size Fraction Fraction lb 1 lb tb lb lb lb lb lb ·. lb lb 'lb lb . lb 

-i-1 inch 1.30 Float 252 19.7 4.1 4.5 3.2. 0.4 0.6 
___ 2 

.3.9 0.2 0.8 1.9 
+1 inch 1.40 Float 54 7.3 1.4 1.1 1.2 0.1 0.2 2.0 0.1 0.1 0.0 
+1 inch 1.60 Float 30 7.8 3.0 0.6 1.3 1.1 0.8 0.6 0.1 0.3 0.0 
+1 inch 1.80 Float 4 1.6 0.8 0.1 0.4 0.1 0.7 0.2 0.0 0.1 0.0 
+1 inch 1.80 Sink 50 41.2 14.4 4.1 8.2 3.7 1.2 7.4 0.4 0.8 0.0 
+1· inch tractions combined 390 77.6 23.7 10.4 14.3 5.4 3.5 14.1 0.8 2.1 2.9 

I 

1 X -% inch 1.30 Float 424 30.5 8.2. 8.8 5.2 0.6 0.6 5.2 0.3 0.3 .1.2. .... --- .... 
1 X-% inch 1.40 Float 96 14.2 3 . .7 2.7 2.6 0.6 :0.3 '3.4 0,3 o;1 ·0.6 I ---
1 X -% inch 1.60 Float 24 6.9 1.8 0.8 1.3 0.1 0.2 1.9 0.-1 0.1 0.6 
1 X -% inch 1.80 Float 8 3.4 1.2 0.2 0.6 0.3 0.2 0.7 0.1 0.1 0.0 
1 X -% inch 1.80 Sink 50 42.3 14.0 4.2 8.9 3.8 0.8 5.9 3.8 0.4 0.0 
1 X -% inch fractions combined 602 . 97.3 28.9 16.7 18.6 5.4 2.1 17.1 4.6 1.0 2.4 

-% inch X 8 mesh 1.30 Float 348 24.7 6.4 6 .. 9 4.0 1.0 0.7 4.4 0.2 0.2 0.7 
-% inch X 8 mesh 1.40 Float ·34 8.1 '2 .1 2.3 1.3 0.3 0.2 1.5 0.1 0.1 0.2 
~ inch X 8 mesh 1.60· Float 10 2.8 0.7 0.3 0.5 0.2 0.1 0.9 0.1 0.0 0.0 
-% inch X 8 mesh 1.80 Float 4 6.2 1.6 0.4 1.1 0.7 0.2 1.7 0.1 0.1 0.2 
-% inch X 8 mesh 1.80 Sink 22 18.6 6.9 1.7 3.7 1.7 0.4 3.7 0.2 0.2 0.0 
%" X 8 mesh tractions combined 418 60.4 17.7 11.6 10.6 3.9 1.6 12.2 0.7 0.6 1.1 

1 Mineral.va!ues:are expressed. as pounds of the mineral resulting from float-sink testing one short ton 
of feed coat. 

2 The symbol "---" indicates t'hat the mineral was not present in the coal,.. 



TABLE 2 
continued 

~ LLJ LLJ LLJ z 1- LLJ LLJ cc 1- 1-
~ -I ..... LLJ 1- 1- < - LLJ ..... 
1- c(CC LLJ z N 1- ~ ~ LLJ c.. > 1- z cc cc L&.J! 1- ..... 1- - E cc 1- Vl 0 ...... < -I 0 LLJI- ~ -I cc u 0 LLJ ~ 0 u 1- Vl 

c(O... z 1-- -I 0 < --' --' 0 cc --' Vl < Vl 
Specif:i.c 0 LLJ ~~ -I ~ 

::;, < 0 ~ >- LLJ ::;, . 0... < ucr ..... CY u 0 "' c.. t.r... E c( 1:0 
Gravity 

Size Fraction Fractic·n lb 1 lb !b lb lb lb lb lb lb lb lb lb lb 

8 X 28 mesh :!..JO Pleat 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 Flcat 34 4.6 0.9 0.7 0.8 0.2 0.1 1.7 0.1 0.1 0.0 
8 X 28 mesh :!. • 6/J Float 12 2.9 0.5 0.3 0.5 0.2 0.1 1.3 0.1 0.1 0.0 
8 X 2.9 mesh :!..81J Float 4 1.6 0.4 0.1 0.3 0.2 0.1 0.4 0.0 0.1 0.0 
8 X 28 mesh !.8!J Si,._k 18 14.8 4.0 1.0 2.7 2.1 0.3 3.6 0.3 0.4 0.0 
8 X 29 mesh fraat-Zons ao~bir.ea 318 39.1 8.9 6.4 6.7 3.3 1.1 10.7 0.7 0.9 0.5 

I 

28 X 100 mesh l.JO Float 142 9.9 2.9 2.1 1.6 
I-' 

0.3 0.5 1.2 0.1 0.1 1.2 N 
I 

28 X 100 mesh 1. 40 Float 20 2.3 0.6 0.6 0.4 0.1 0.1 0.3 0.0 0.0 0.0 
28 X 100 mesh 1.60 Float 12 2.9 0.3 0.4 0.5 0.1 0.1 0.8 0.1 0.1 0.3 
28 X 100 mesh 1.80 Float 4 1.4 0.1 0.1 0.2 0.2 0.1 0.3 0.0 0.0 0.4 
28 X 100 mesh 1. 8.'J Si"flk 12 10.2 3.4 0.6 1.4 2.6 '0.4 1.6 0.1 0.1 0.0 
28 X 100 mesh frac:;tums <'Omb~ 190 26.7 7.3 3.8 4.1 3.7 1.2 4.2 0.3 0.3 1.9 

-100 mesh feed aoc;l fraa7;ion 3 64 15.9 4.6 1.6 2.9 0.2 0.8 1.3 0.2 0.2 4.1 
Cleaned aoa! head sam~le~ 202.0 62.6 38.4 38.4 12.1 4.0 40.4 2.0 4.0 0.0 
Feed aoal head SaJI'tZ.e 346.Q 186.5 89.5 126.8 .37.3 14.9 2'08.9 7.5 14.9 59.7 
Refuse head sampl~ ----1664:0 332.8 133.1 316.2 166.4 33.3 382.7 0.0 33.3 249.6 

1 Mineral values ere exp~essed as pounds 'f the mineral resulting from flvat-sink testing one short ton 
of feed aocl. 

2 The symbol , ___ n iruliaates -r:hat the mina~at was not present in the aoal. 
3 Mineral values ~e: exp~essed as pounds 'f the mineral resulting from sa~eenir~ one short ton of feed aoal 

at 100 mesft. 
4 Minerals are expressed as pounds of th~ mineral in one short ton of the cleaned eoal3 feed aoal 3 or refuse 

from the p~eparation p:ant. 
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TABLE 3 

Examples of calculations used to transform weight 
percent of the low temperature ash values to pounds 
of each mineral in each float-sink fraction with 
the assumption that one short ton of feed coal had 
been processed. 

EXAMPLE: +1 inch size fraction, 
1. 30 jloat specific grovity fraction 

ANALYTICAL RESULTS: Yield= 12.6 tVt.% 
LTA = 7. 8 tVt.% 

CALCULATIONS: 

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

Coal Reporting = one ton X yietd/100 
= 2000 X 0.126 
= 252 pounds 

Mineral Matter = Coat Reporting X LTA/100 
= 252 X 0.078 
= 19.7 pounds 

Illite =Mineral Matter X ILLITE/100 
= 19.? X 0.21 
= 4.1 pounds 

Kaol 1n1te. = lY. 7 X o. 23 = 4,5 pounds 
Quartz = 19.7 X 0.16 = 3.2 pounds 
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 footnote on the next page for explanations of this 
diagram). · 
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the cleaning medium increased. The weight of each mineral in the cleaned 

coal could be estimated once an ·ash or specific gravity value had been chosen 

as sholm on the example in Figure 7. The shape of ·the washability curve 

reflected the effectiveness of coal cleaning by specific gravity for the 

removal of each mineral. For example • the slope of the calcite curve in 

Figure 7 1-1as greatest below specific gravity 1. 50 • and lessened above 1. 50 

specific gravity. An increased specific gravity of the washing medium from 

1.30 to 1~50 would have greatly increased the yield of the product, hut Hould 

have had little effect on the amount of calcite in the cleaned coal. Ho~vever, 

an increased specific gravity of the washing medium above 1. 50 1·~ould have 

increased the calcite content without a significant ~ncrease in yield. KAolinite, 

however, showed a differently shaped washability curve. Due to the st:eep slope 

of the kaolinite curve, any specific gravity increase would have only moderately 

increased the kaolinite content. Illite,·quartz, pyrite, and the total mineral 

matter had intermediate shaped curves ~hich showed a logarithmic increase in the 

mineral content of thecleaned coal with.increased specific gravity of the 

cleaning meuium. 

Mineral l-Tashability curves allowed the estimation of t11ineral a::.undances 

in thP. cleaned coal R.ncl refuse dcJlcrt.Jit~g nn tllr. spr~cific P,rav:ity at which 

the feeu coal l-7as cleaned. Another objective of this study was to investigate 

the effects ·of coal sizing on the removal of .the minerals by specific gravity 

Mineral values are expressed in cumulative pounds of the mineral in the cleaned 
coal 1\lith the assumption that one short ton of feed coal had been cleanerl. 
For reference purposes, the cumulative float ash and specific gravity curves 
were plotted, and the yield values may be read on the cunn.tlative % float sr.l\le 
on thP. left of th•~ diagram. ThP. dashed line~ illustrate the 1-1orking of the 
curves t!1rough example. In the example it t\las assumed that cleaned coal Hith 
an ash value of 7.0% m1s needed. Using that·· ash value the specific gr.avity 
at which the coal must he cleaned was read as 1.6r>, and the yielrl prorluced 
was 91). 5%. fUneral t-Teights in the cleaned ~oal produced at that· specific 
gravity 1o7ere: · Total f1:lneral Matter = 160 pounds; Illi~c = 40 pounrls; K~olinite 
= 38 pounds; Quartz = 24 pounds; Calcite = 6 pounds; and Pyrite = 27 pounrlr,. 
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m~thods. That investigation required a more detailed:examination of the data 

presented in Ta~le 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 100% 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, ancl ,,•hether minerals coulol he S!~grzgated 

using ti&(; ~=:ize 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 

~t. 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 
wt. total 

" Using this definition, 

Sm:f.ner.al = yt. l.)OF..:... wt. l.BOS _ separability of each mineral, as pr~:-
Total wt. of the mineral xlOO, 

sented in Table 4. was calculated as 1.30F minus 1.8US, 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 th~ 1.80 

sink fracti9n. A separability value represented a single constituent in a _single 

size range, and varied with size as shown in Figure 8. A sep.arah:f.lit"y of Q. 

represented a constituent which was intimately mixed with other constituents in 

such a manner that specific gravity fractionotion 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 uith other constituents with +100 separability, and 

\1Tould report to th~ float f:r?ction in any cleaning gravity from 1.30 to 1~80. 

A r.onstituent l..rith a -100 separability would report to the sink fraction at 
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TABLE 4 

The constituents in the Pittsburg., .coal from District 3 proportioned 
i~ a manner that the amOunt of the constituent in the 1~30 float, 
plu~ t~e a~ount in the 1.80 sink, plus the amount in-the middl~~gs 
(1.30 X 1.80} totalled to 100% in each size frac.tion ... The absolute 
separability, j1.30F- 1.80SI, was greatest for :constituents which 
were greatly liberated in the feed coal. · · 

. UJ 

..J ·t: UJ 

~e:i UJ z: N 1- UJ ...... .... 1- o-:.. I-
..J UJ 1- .... ....... c::: u .... 

Specific 
c(. Z:l- ..J 0 c( ..J c::: 
0 .... c( ..J ~ :::1 c( >-

Size Grwity/ u. ::E::E ...... c:t u c... 

F'Paction Separabil-ity 

+1 tnch 1.30P· 65 25 17 43 22 7 28 
1.30 X 1.80 22 22 22 18 21 24 20 

1.805 13 53 61 39 57 69 52 
Separabtli"ty +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 

J..i 'inch 1.805 8 43 48 25 48 70 35 
Separability +62 -12 -20 +28 -20 -59 -5 

J..i inch 1.30F 8: 41 36 59 38 26 36 
X 1.30 X 1. 80 12 28 25 26 27 30 34 

8 mesh 1.805 5 31 39 15 35 44 30 
Separability +78 . +10 -3 +44 +3 -18 +6 

8,mes~ 1.30F 79 39 35 .·. 67 36 18 .35. 
X 1.30 X 1.80 16 23 20 17 24 18 32 

28 mP.~h 1.80S 6 38 45 16 40 64 34 
Separabil i"ty . +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 1.805 6 38 47 16 34 79 38 
Separabll tty +69 -1 -7 +39 +5 -70 -9 
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any cleaning gravity from 1 .• 30 to 1.80. 

In Figure 8 mineral separabil:i.ties l-Tere plotted by coal size. The total 

mineral matter of the Pittsburgh ·coa~, and the minerals il'lite, quartz, and 

pyrite '"ere .separated fron the .. coal and reported to· the 1.80 .sink fractions 

only in the larger coal sizes. In finer coal sizes (-1/4 inch) these minerals 

reported nearly eq~ally to the 1. 30 float and the 1. 80 sink fractions ·and to 
. . 

the middlings. The erouping of these minerals, and their distribution by size, 

are indicative of +1/4 inch rock fragments from partings, sulfur balls, and 

· roof and floor rock mined with the feed coal. Kaolinite, especially in the 

finer coal sizes, r~ported predominantly to the ·1.30 float fractions. This 

mineral distribution was indicative of the very small kaolinite occurrences 

which were intimately intermixed with the coal. Lower separabilities of the 

+1/4 inch kaolinite indicated that this mineral also occurred in partings, 

roof, or floor rock~. The very high separability of calcite in the finest 

coal size represented dissociated fracture-filling calcite which was less 

dissociated from the larger 1/4 inch x 28 mesh coal. The very great separ-

ability of calcite in the +1/4 inch siZe coal fractions was produced by 

coal-ball calcite which was also common in these samples of the Pittcburgh 

coal. 

From Table 2· it appeared that the specific gravity of the cleaning medium 

had the greatest effect on the mineral distributions in the float-sink fractions 

of the Pittsburgh coal, but tn~neral size, morphology, arid their interactions 

with the coal size '"ere very important in determining the magnitude of the 

effect of ·specific gravity. Mineral occurrences such as fine fracture-

filling calcite, coal-ball calcite, ·and partings containing illite, quartz, 

arid kaolinite occurrP.d as free particles in their respective size ranges, 

and were highly susceptible to specific gravity separation from the coal. 

Kaolinite was intimately associated with lighter, very clean coal, ai11I 

t1-u:r:!fore '"<IS segregated in the cleaned coal where it '"as 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 L 30 float·, 

middlings, and 1.80 sink fractions. 

Mineral Distributions - Pocahontas No. 3 Feed Coal 

Mineral species abundances in the size and specific gravity fractioaq of 

the District 7 Pocahontas No. 3 feed coal were reported in Table 20 of 

Quarterly Report No. 9. To better use these minerals values in the interpre­

tation of mineral paths through the commercial preparation plant aml Lh~ pi.lot 

plant, tblil W9ight-pP.rr.ent Value~ Were fecaleUlated tU Wt!li!,h tS Of Clleh 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 minerals were constructed, and the relative effectiveness of 

specific gravity c!eaning 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 kaolinite and quartz, and 

+1 pound for pyrite and calcite) are soma~hat different than those of Table 2. 

Five important minerals in the Pocahontas No. 3 coal (illite, kaolinite, quartz, 

calcite, and pyrite) were further investigated to ascertain their washability 

characteristics. In Figure 9 the washability curves for these minerals are 

plotted with the cumulative float ash, yield, and the specific gravity CtlrvP.. 

The ehapw uf th~ w .. ~. .. h~thility c1,1rve indicatP.fl the effectiveness of coal cleaning 

by specific gravity on the removal of each mineral. In the case of this sample 

of the Pocahontas No. 3 coal, the mining process was cutting considerable floor 

and roof rock material which resulted in a preparation plant feed which consisted 

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



TABLE 5 

Mineral Weights in the ·Float-Sink Fractions of the Pocahontas No.3 Coal. 

(!:1 W· w w 
z: 1- w w 0::: 1- 1-.... ...J .... w 1- 1- :E .... w t-4 
1- :2f5 w z: N t; t-4 .... w > 1- z: 
0::: 1- .... 1- ~ 0::: 1- (/'7 0 ...... t:i ...JO WI- .... ...J 0::: u w ...... 0 u . 1-

Specific 
c(ID.. z: 1- ...J 0 < ...J ...J 0 0::: ...J (/J cC VI ow .... < ...J ~ :::1 < 0 ..... > w :::1 m.... <. 
u 0::: :::E:::E .... Cf' u 0 (/'7 Q... 1:1.. E cC 1:1:1 Gravity 

lb1 ) Size Fraction Fraction lb lb lb lb lb lb lb lb lb lb lb lb 

+1 inch 1.30 Float 44 1.6 0;1 0.6 0.2 . 0.1 ___ 2 
0.2 0.2 0.3 eLl 0.1 . 

+1 inch 1.40 Float 30 2.0 0;5 0.7 0.3 0.1 0.1 0.1 0.2 0.1 0.0 
+1 inch 1.60 Float 16 3.5 0.9 1.0 0.9 0.2 0.0 0.0 0.1 0.2 0.1 
+1 inch 1.80 Float 16 6.2 0.9 0.6 1.7 0.0 0.0 0.0 0.1 0.1 0.0 
+1 inch 1.80 Sink 200 167.4 56.9 35.2 58.6 3.3 1.7 0.0 3.3 . 8.4 1.7 
+1 inch fractions combined 306 180.7 59.3 38.1 61.7· 3.7 2.0 0.3 4.0 8.9 1.9 

I ....., 
1 X% inch 1.30 Float 76 2.4 0.1 . 0.9 0.2 0.1 0.4 0.2 0.4 0.1 0.0 .... 

I 

1 X% inch 1.40 Float 80 6.9 1.7 2.3 0.9 0.3 0.3 0.1 0.7 0.5 0.1 
1 X% inch 1.60 Float 30 7.1 1.9 1.8 2.1 0.4 0.0 0.1 0.1 0.4 0.1 
1 X% inch 1.80 Float 22 .8.6 2.2 1.9 3.4 0.3 --- 0.0 0.2 0.2 0.5 0.0 
1 X% inch 1.80 Sink 152 137.3 48.0 39.8 13.7 5.5 11.0 0.0 8.2 17.8 6.9 
1 X i inch t~ctions combined 360 162.3 53.9 ~6.7 20.3 6.6 11.7 . 0.6 9.6 19.3 7.1 

:% inch X 8 mesh 1.30 Float . 280 '9.0 0.7 3.9 0.9 0.3 0.9 0.0 1.3 0.7 1.0 
:% inch X 8 mesh 1.40 Float 114 10.5 2.4 3.6 1.9 0.2 0.4 0.3 0.9 0.6 0.1 
-% inch X 8 mesh 1.60 Float 32 6.4 1.5 1.7 1.5 0.3 0.3 0.1 0.3 0.4 0.2 
-% inch X 8 mesh 1.80 Float 14 5.1 . 1.5 1.2 1.4 0.4 0.0 0.1 0.1 0.3 0.2 
-% inch X 8 mesh 1.80 Sink 68 60.9 18.3 12.2 20.7 1.2 0.6 1.2 1.8 3.7 1.8 
..j" X 8 mesh fxoactions combined 508 91.9 24.4 22.6 26.4 2.4 2.2 1.7 4.4 . 5. 7 3.3 

1 Mineral values are expressed as pOundS of the mine~l resulting from float-sink testing one shor~ ton 
of the feed coal •. 

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



TABLE 5 

( continued ) 

CJ LLJ ' . LLJ LLJ 
z: 1- LLJ LLJ 0:: 1- 1-..... ...J ..... LLJ 1- 1- ~ ..... L&..i ...... 
1- <O:: LLI z: N 1- ....... ...... . LLJ > 1- z: 
~ 0:: LLJ 1- - 1- - :::E' 0:: 1- "' .0 ...... < ....;;o LLJI- ..... ...J 0:: u 0 LLJ 11-1 . c u 1- ~ 

Specific 
<C.. Z:l- ....J 0 < ...J ...J c .ex: ...J "' < 0 LLJ ~-~ ...J ~ ::> < 0 ...... >- LLJ ::> Q... < c..: c:: ..... C1' u c "' D.. 1:1... :::E' < to Gravity· 

:zz,l Size Fraction Fraction lb 1~ lb lb lb lb lb. lb lb lb lb lb . .-D 

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 f'loa.t 96 12.5 3.2 3.6 3.2 0.4 0.2 0;2 0.7 0.9 0.0 
8 X 28 mesh 1. 60 f'lo::zt 28 5.3 1.2 1.7 1.1 0.1 0.3 0.1 0.3 0.4 0.1 
8 X 28 mesh 1.80 rtoa.t 8 2.'8 0.7 0.7 ·0.8 0.1 0.2· 0.1 0.1 0.1 0.1 
8 X 28 mesh 1.80 Sink 42 35.1 0.9 0.6 0.9 . 0.1 0.0 0.0 0.1 0.1 0.1 
8 X 28 mesh -fractions .-::ombi'ned !02 70.5 8.7 13.3 7.5 1.1 1.6 1.0 2.7 3.0 1.0 

• 
2.7 0.8 1.1 0.3 0.1 0.1 

N 
28 X 100 mesh 1. 30 l'loat 100 0.2 0.2 0.2 0.0 N 

I 
28 X 100 mesh 1. 40 flo(J.t 10 0.8 0~'2 0.3 0.1 0.0 0.0 0.0 0.1 0.1 0.0 
28 X 100 mesh 1.60 Float • 0.6 0.2 0.2 0.1 0.0 0.0 0.0 0.0 .o.o 0.0 
28 X 100 mesh 1. 80 Float ? 0.5 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 ... 
28 X 100 mesh 1.80 Sink. 6 4.8 1.8 0.9 0.9 0.8 0.0 0.1 0.1 0.0 0.0 
28 X 100 mesh fractions camb. 122 9.4 3.1 2.6 1.5 0.9 0.1 0.3 0.4 0.3 0.0 

-100 mesh feed coat· f~ction3 10 1.8 0.7 0.4 0.3 0.2 0.0 0.0 0.1 0.1 0.0 
Cleaned coal head s~~e4 160.0 64.0 35.2 41.6 3.2 1.6 0.0 3.2 6.4 3.2 
'Feed coal head sam€le --~- 752.0 240.6' 210.5 157.9 . 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 33.5 134.1 33.5 

1 Mineral values are e::pressed aa -;ounds of the mineral resulting from float-B:i'nk testing one short ton 
of feed coal. 

2 The symbol "--" indicates i:;hat t":i.e mineral w:s not present in the coal. 
_3 Mineral values· are e:cpressed as ?Ounds of the mineral resulting from screening one short tori of feed coal 

at 100 mesh. 
4 Minerals are expressed as pounds of the mineral in one short ton of cleaned coal~ feed coal~ or refuse 

from the preparation p·lant. 
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quartz, and calcite reflected. the high rock content. The steepness of the 

curves shoW a dissociation of rock from coal in the float-sink fractiopation 

of this coal. Because of the steepness of the curves, the mineral content of 

the cleaned coal would vary little over a range of cleaning medium specific 

gravities. The pyrite curye was steeper t,han th~ r~st and indicated that 

the pyrite was fully dissemi~ated in the coal, Q~t ~bsent i~ the roc~. 

Mineral washabil~ty curves all~ed the estim~tion of min~ra~ abundances 

in the clean.ed coal and re~u,se depending upon the spec$-fic gravity" at which 

the feed coai ·was cleaned ~ shown in the example in Fig\}re 9. As w~t;h the 

Pittsburgh coal, the effects of coal sizing on the rempval u~ mdnera~s by 

specific gravity method was investigated. Table 6 presents the data from 

Table 5 proportioned within each size range in the same manner as Table 4 for 

the Pittsburgh coal. The mineral data in Table 6 were studied to determin~ 

how well each mineral was separated from the co~l, and whether minerals could 

be segregated using the size and/or the spec:f,fic gravity of their enclosinP, 

coal particles. In Figure 10 mineral separabilities from Table 6 '"ere plotted 

by r.n::tl. size. The figure shows that the behavior o·f ·the feed material (Po~a-

hontas No. 3 coal ·and roof and floor rock) during flo~t-sink friu;tionation was 

highly size-dependent. The finest feed material sizes reported to the 1.30 

float fractions. and the largest sizes reported to the 1.80 sink fractions. 

l-lashability curves for the minerals in the Poc~ontas No. 3 co~l from Distr~c;:t 
7. Mineral values are expressed in cumulative pound~ of the mineral in the 
cleaaed coal with the assumption that one 'short ton of feed coal had. been 
cleaned. .F'or refer~nc~ pu'rposes the eunitilAtive float iiwh and specific gravity 
curves were plotted, and the yield values may be read on the cumu~ative % 
float scale on the .left of the diagram. The dashed lines illus~rate 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. U~ing that ash value th~ speci.fic 
gravity at which the coal must be cleaned was 1.39, and the yield produced was 
67%. Mineral weights i~ the· cl~aned c;:oal produced ~t that specific gravi~y 
were: Total Mineral ~tter = 60 pounds; !lUte = 12 pounds; Kaolin:J,te :;; 25 
p~unds; Q~artz = 8 pounds; C~~cite = 2 P,Ounds; and Pyrite = 2 pounds. 
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TABLE 6 

The constituents in the. Pocahontas No.3 coal· froin 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 midcllings (1.30 X 1.80) 
totalled to 100% fn each size fraction. · Th~ absalut~ separability, I1.30F 
- 1.80SI, was greatest for constituents which were greatly liberat~d in 
the coal, and the~efore easily separated by specific gravity methods. 

LLJ ..... 
...J ....... LLJ 
< 0:: LLJ z: N ....... LLJ 
0:: LLJ ..... - ..... - ..... 

$peaifia ...J LLJ ..... - ...J 0:: u -< Z:t- . ...J. .0 < ...J 0:: 

Size Gr-avity/ 0 ;:~ ...J ~ :::1 < >-u - c::r u Q.. 

Fr>aation Se72E.roabiUt~ · 

+1 incft 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 .} 0 2 1 2 33 
X 1.30 X 1.80 37 14 11 13 32 15 67 

~ inch 1.805 42 85 89 85 68 83 0 
Separabil.ity -21 ... a3 -89 -83. .;,67 -82 +3.3 

~ inch 1.30F 55 10 .1 .2 . 3 12 0 
X 1. ~0 X 1.80 31 24 61 44 18 38 29 

8 mesh 1.805 13 66 38 54 78 50 71 
Separability +42 -56 -36 -52 -75 -38 -71 

8 mesh 1.30F 75 21 . 31 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 -?.9 +21 +46 +8 +27 +60 

28 mesh 1.30F 82 29 26 42 20 11 67 
X 1.~0 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 



-26-

Figur~ 10. Size vs. Separability for the 
minerals in the Pocahonta$ No. 3 Coal. 

I illite. K = kaolinite. Q = quartz,C = calcite 
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Specific minerals behaved differently. Minerals in the larger (+8 mesh) 

feed material particles reported to the 1. 80 sink fractions; hrn-rever, 

minerals in the finest sizes also reported to the 1.80 sink. For all sizes 

of the Pocahontas No. 3 feed coal, except the 8 x 28 mesh size fraction, the 

minerals were highly separable, and specific gravity techniques of mineral 

segregation were highly effective. 

Mineral Distributions - Illinois No. 6 Coal 

Mineral species abundances in the size and specific gravity fractions of 

the District 10 Illinois No. 6 feed coal were reported in Table 21 of Quarterly 

Report No. 9. To better use these mineral values in the interpretation of mineral 

paths through the commercial preparation plant and the pilot plant, weight 

percent valu~s were calculated to weights of each mineral in each float-sink 

fraction as described in the mineral distribution section of this report for 

the Pittsburgh coal. Distributions of the minerals in the size and specific 

gravity fractions were examined, washability ·curves for the dominant minerals 

were constructed, and the relative effectiveness of specific gravity was evaluated 

based on each dominant mineral's size and morpho log}',. and its relationship to coal 

particle size and specific gravity. 

Tab'le -7 presents the recalculate·d 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 wash.ability curves for these minerals are plotted' and show the cumulative 

mineral content of the cleaned coal at specific gravitites between 1.30 nnd 1.80. 

The shape of the washability curves indicated the effectiveness of coal cleaninp, 

by specific gravity on the removal 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 Weig'lts in the F,oat-Sink Fraction:; of the Illino~s No.6 Coal. 

C!l LLJ LLJ LLJ 
:z: I- LLJ LLJ 0:: I- I-....... ...J .... LLJ I- I- < ....... LLJ .... 
I- ere:: LIJ :z: N I- ....... ....... LLJ c.. > 1- :z: 
0:: 0:: LLJ 1- ....... 1- 1-4 :£ 0:: 1- (/) 0 1-4 ~ -JO WI- .... ..J 0:: (..) 0 LLJ 1-4 Cl (..) 1-

Specific 
<(c.. :Z:I- _J 0 c( ..J ..J Cl 0:: ..J c:n < (/) 
c LLJ ~~ ...J ~ :l < 0 ..... >- LLI :l Q., ta c 0::: - 0' (..) Cl (/) Q.,. t:L. :£ c:( 

Gravi::y 
~bl Size Fraction Fraction Zb Z.b lb lb lb lb Zb lb Zb lb lb lb 

+1 inch 1.30 F!oat 45 3.9 1.6 C.6 0.9 0.2 
___ 2 

0.7 
+1 inah .1. 40' F!oat .32 5.4 1.1 C.6 1.4 0.3 0.3 
+1 inch 1. 60' F?.oat 6 1.7 0.1 C.2 0.4 0.1 0.6 
+1 inah 1. 80 F?,oat 6 2.7 o:6 C.3 0.5 0.2 0.3 
+1 inch 1.8rJ S:l.-nk r66 61.1 22.6 5.5 15.9 2.4 7.~ 
+1 inah fraations ao~ined 155 74.8 26.0 7.2 19.1 3.2 10.:3 

I 
N 

1 X% inah 1.30 F~oat 236 20.5 6.8 ~.3 4.5 1.0 4.3 co 
I 

1 X % inah 1.40 noat 95 16.4 6.4 2.1 3.9 0.8 3.1 
1 X% inah 1.60 Float 24 6.7 1.3 0.8 1.5 0.5 1.7 
1 X% inah 1.80 Float 9 4.0 1.0 0.4 0.8 0.3 1.2 
1 X -1 inah 1.80 Sink 126 116.6 43.1 10.5 29.1 4.7 :7.5 
1 X % inch jraations aombined 490 164.2 58.6 1T.1 39~8 7.3 27.3 

% inab.. X 8 mesh 1.30. Float 210 23.9 6 .. 0 3.1 5.5 1.2 5.5 
% inab. X 8 mesh 1.4c'J Float 87 17.3 1.4 2.1 4.2 0~9 3.5 
% 1-nab.. X 8 mesh. 1.60. Float 23 ·s.6 1.4 0.9 1.4 0.4 1.6 
% inah X 8 mesh 1.8C. l!loat 12 3.8 0.9 0.5 0.8 0.3 0.9 ---
% inah X 8 mesh 1. 8C. Sink ·79 69.1 33.2 6.9 16.6 4.8 11.0 ---
%" X 8 mesh tractions a-:;mbinea . ~·11 120.7 42.9 13.5 28.5 7.6 22.5 

1 Mineral t'alues .a1'e e:x:p1'essed ae- pounis of tb.e mi1'!.e1'al 1'esuUing f1'om float-s.t.-nk testing one sho1't ton 
of the feed acal •. 

2 The symbol · "--" indi'C!':ltes that the mine1'Q~ ~s not-p1'esent in the aoal. 



TABLE 7 

( continued ) 

t!l LLI LLI LLI z: 1- w w 0:: 1- 1-
1-4 _, 1-4 w 1- 1- ~ 1-4 LLI 1-4 
1- ~e] w z: N 1- 1-4 1-4 LLI > 1:- z: 
0:: 1- ..... 1- 1-4 :E: 0::: 1- (/) 0 ..... < -10 LLII- 1-4 _, 0::: (..) 0 w 1-4. Cl (..) 1- (I) . 

Specific 
ceo... Z:l- _, 0 cC _, _, Cl ~ 

_, V1 < t:n 
0 LLI ..... < _, 

·~ :::> cC 0 1-4 w ::>" c.. ~· (..) 0::: ::::E:::E: 1-4 0' (..) Cl (/)' c... b... ::::e::: < Gravity 
Size Fraction Fraction lb 1 lb lb lb lb lb lb lb lb lb lb lb lb 

8 X 28 mesh 1.:50 FZ.oat 229 16.5 7.1 3.0 3.6 0.7 
___ 2 

3.5 
8 X 28 mesh 1.40 FZ.oat 114 25.2 7.6 3.5 . 6.1 J .3 4.3 
8 X 28 mesh 1.60 FZ.oat 36 10.2 3.4 1.4 2.4 0.9 1.4 
8 X 28 mesh 1.80 FZ.oat 16 6.5 2.2 0.9 1.4 0.5 1.1 
8 X 28 mesh 1.80 Sink 62 52.7 12.1 4.7 11.1 8.4 6.3 ---
8 X 28 mesh [raations aombined 457 111.1 32.4 13.5 24.6 11.8 16.6 

I 
N 

28 X 100 mesh 1.:50 FZ.oat 48 4.8. 2.1 0.9 1.0 0.3 0.8 \Q 
I 

28 X 100 mesh 1.40 FZ.oat 223 65.6 26.9 9.8 14.4. 6.6 7.2 
28 X 100 mesh 1.60 FZ.oat 21 6.8 2.7 1.0 1.6 0.4 0.7 
28 X 100 mesh 1.80 FZ.oat 9 3.7 1.5 0.6 0.9 0.3 0.4 
28 X 100 mesh 1.80 Sink 44 34.0 10.2 3,4 6.5 7.1 3.7 
28 X 100 mesh [raations aomb. 345 114.9 43.7 15.7 24.4 14.7 12.8 

-J.OO mesh feed aoal fraation 3 44 16.4 4.8 2.3 3.9 1.1 2.0 
Cleaned aoal head s~le~ ---- 254.0 61.0 30.5. 53.3 35.6 40.6 
Feed aoal head s~le ---- 562.0 0.0 50.6 123.6 56.2 112.4 
Refuse head sCUT!ple ----1676.0 687.2 167.6 419.0 100.6 201.1 ---
BZaak-water slurry fines~ ----1088.0 0.0 97.9 293.8 54.4 76.2 ---
1 Mineral values are expressed as pounds of the mineral resulting from float-sink testing one short ton 

of feed aoal. · 
2 The symbol "--" indiaates that the mineral ws not present in the aoal. · 
3 Mineral values are expressed in pounds resulting from sareening one short ton of feed aoal at 100 mesh. 
~ Minerals are .expressed as pounde of the mineral in one short ton of aleaned aoal, feed aoal, refuse, or 

bLaak-water fines from the preparation plant. 
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TABLE 8 

The constituents in the Illinois No.6 coal from.Distritt 10 proportioned 
in a m•nner that th~ amount of the constit~ent 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 ·fractioni the absolute separabi1ity, 
I1.30F- 1.8051, was greatest for constituents which we·re greatly liberated 
in the coal, and therefore easily separated by specific gravity methods. 

LLI .... 
-J ...... LLI 
cz::o::: LLI z: ~ .... LLI 
0::: LLI .... ...... ...... .... 

Speaifia -J LLI .... ....... -J 0::: u ...... 
< z: .... -J 0 < -J 0::: 

Size Gravity/ 0 -·ce . -J ~ ~ cC >-
u ::E::E ...... . 0' u Q.. 

Fraction Sep_arabi U tY.. 

+1 inch 1.30F 29 5· 6 8 5 6 6 
1.30 x i.so 28 13 7 15 12 19 20 

1.805 43 82 87 76 83 . 75 73 
5eparabfl ity -14 -76 -81 -68 -79 '-69. -67 

1 inch -1.30FF 48 12 12 19 u· 14 15 
X 1.30 X 1.80 26 16 15 19 16 22 22 

~ inch . 1.805 26 71 74 61 73 64 63 
5eparabfl i~y +22 . -59 -62 -42 -62 ·-51 -47 

J.t inch 1.30FF 61 20 14 23 19 16 2'l 
X 1.30 X 1.80 24 23 9 26 22 21 27 

8 mesh 1.805 15 57 77 51 58 63 49 
Separabfl ity +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 1.805 14 47 37 35 45 71 38 
Separabfl ity +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 ?3 69 50 65 

100 mesh 1.80S 13 30 23 22 27 48 29 
Separallilfty +1 -25 -19 -16 -23 . -46 -23 
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specific gravity 1.50, the mineral curves are linear, and the specific gravity 

curve is very steep.. A slight change in specific gravity of the t..rashinB medium 

at low gravities would produce a great change in ~·ield of cleaned coal, but 

only a moderate change in mineral content. Above specific gravity 1.50, 

yield increased less, hut the minerals.did not increase greatly either. 

Mineral washability curves allowed the estimation of mineral abundances 

in the cleaned coal and ref.use depending upon the specific gravity at Hhich the 

feed coal was cleaned as shown ~n the example in Figure 11. As t..rith the 

Pittsburgh coal, the effects of coal sizing on the .removal of minerals by 

specific gravity.methods was investig.:1ted. 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 to determine how well 

each min.e.ral was. separated from the coal, and t..rhether minerals could be segregated 

using the size and/or the specific gravity of their 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, increase in separability 

with increased coal partize.size. The feed material had greatest separability in 

the middle sizes (28 mesh x 1 inch). The finest feed material report~d equally to 

the lo30 float and the 1.80 sink, but as can be seen in Table 8 the majority of 

the material· reported to the middlings. Host of the largest feed malerid 

llashahility curves for the minerals in the Illinois No. 6 coal from nistriet 
10. l1incral values are expressed in cumulative pounds of the mineral in the 
cleaned coal t..rith the Assumption that one short ton of feed coal had been oleanod. 
For reference purposes the cumulative float ash and specific gravity curves 
t..rere 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 t..rith an ash 
value of 12% to~as needed. Using that ash value, the specific gravity at t..rhich 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 
p0tmds; Calcite a lS pounds; and Pyrite = 37 pounds. 
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Figure 12. Size vs. Separability for the 
minerals in the Illinois No. 6 Coal. 
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reported to the 1.80 sink fraction. Calcite was dissociated frol'l the other 

materials in the finest sizes. These findings .explain '-That is commonly observed 

in most coal preparation plants, i.e. that large coal sizes are easily. cleaned, 

'mile finer screened-coal· fractions are often increasingly difficult to clean. 

Mineral Distributions - General Observations 

Iguoring differences in feed coa~ size, extraction methods, coal rank, 

and othPr 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 I!U:~t:hods of ooal cJ.P:m­

ing were primarily determined by the mineral's specific gravity which was 

ahtays greater than that of the coal. The separability of coal-mineral inter­

relationships '~ere also very important and '-Tere size-depend~nt. Fut 5ome 

mineral occurrences co'I'I!Tlon in the three coals investigated, the separability 

could be anticipated. Rock-like mineral occurrences such as floor and roof rock 

material, partings, sulfur balls and coal-balls usually l-Tere dominant in the 

larger feed. coal sizes, and reported to the 1. 80 sink fractions. Hinerals '-Thich 

reported with those occhrrences included illite, quartz, pyrite, nnd calc:f.t.e. 

Some illite and quartz was finely dis~eminated in the coal and wa~ inseparable. 

Kaolinite occurred in the rock-like occurrences descirbed above, but kaolinite 

was generally disseminated in low miner::~l matter portions of the coal and re­

ported l-Tith the cleaned coal of all ai:~:.es. Calcite occurr~nccs • except coal­

balls, Here generally !:!111all and hir,hly SP.pAr.ahle :f,.n the finest coal sizes, 

but less separable in the larger (+28 mesh) coal particl~ sizes. Hot;t pyrit.r 

lola!; finelY. disseminated in these coals, and rarely occurrert as a sepl\rahle 

mineral o~currcnce. 
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Hineral Washability ·curve Applications· 

The applic'ability of the three sets of mineral '~ashability curves derived 

in this report '"as te'sted by· comparisons of mineral values predicted hy the curve 

With actual Mineral Values measured in the cleaned Coals from the Commercial 

preparation plant, and the pilot plant. scale Deister Table, ''n~um" Jig, H'El:lCO 

IDfS nrurn Separator, and Heavy H~dia Cyclone. The ash values of the various 

product coals '"ere used as keys for the curves fron1 uhich yields, specific. 

gravities of the cleaning media, total mineral matter, and t-leights· of the indi­

vidual minerals l·7ere estimated as presented in Tables 9, 10, anct 11 for the 

Pittsburgh. Pocahontas r~o. 3, and the Illinois No. 6 coals, respectively. 

Hineral weights '-1ere proportioned on the assumptiori that one short ton of feed 

coal had been processed. One problem '-lith applying the waAhability · curvt~s to 

the pilot plant tests 'Jas that the curves were based. on the Hhole feed coal, and 

that the various pilot plant equipment used only specific size fractions of the 

whole coal. As discussed elsetJhere in this .report, the ease lJith \Jhich a. mineral 

may he separated from the coal by specific gravity rnethods t-1as sometimes highly 

size-dependent. 

is discussed. 

Size-related effects will be discussed as each equipment type 

Commercial preparation plant product coal mineral abundances compa~ed very 

wellwith the values derived from the mineral washability curves for all three 

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 predict mineral paths through 'individual commercial 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 Tahle products compared very 

w~ll uith the ,.,ashability curve values though only the finest 50-70% of the 

feed coal was cleaned on the table. 



TABLE 9 

Mineral weights fn t1e products of the commercial preparation plant a1d the pilot plant scale coal 
cleaning equipment. Actual mineral we~ghts are compared to w~ights predicted from the mineral 
washability curves of the Pittsburgh c·nl. 

YIELD 

S. G. 

AEH 

M.M. 

ILLITE 

KAOI;INITE 

QUARTZ 

CALCIJ!E 

PYRITE 

Commer-.aic;l PTant 

aatua l . aur-ve 

? 

? 

8.0% 

200# 

62# 

38# 

38# 

12# 

40# 

.>1.80 

8.0% 

195# 

51# 

3811 

J2P. 

:o# 

40# 

Deister .Table 
3/16" X lOOM 

aatual 

85% 

? 

5.9% 

126# 

16# 

34# 

21R 

13# 

30# 

83% 

1.35 

5.9% 

120# 

29# 

30# 

20# 

4# 

23# 

''Bawn" Jig 
1" X 3/16" 

aat.ual 

71% 

? 

7.7% 

133# 

28# 

29# 

25# 

12#. 

28# 

93% 

>1.80 

7.7% 

185# 

46# 

38# 

30il 

81 

36# 

WEMCO HMS Drwn 
Separator 
2" X ~OM 

actual 

89% 

? 

6.2% 

138# 

55# 

39# 

23# 

10# 

0# 

aurve 

85% 

1.38 

6.2% 

135# 

31# 

31# 

22# 

4# 

26# 

Heavy Media 
Cyalone 

10 X lOOM 

aatual 

94% 

? 

8.4% 

183# 

6# 

32# 

26# 

9# 

36# 

aurve 

95% 

>1.80 

8.4% 

210# 

58# 

41# 

34# 

12# 

44# 

fl. = pcunds o;· th-B mineral in the ale.aned aoal when one short 7.;on of feed aoal is aleaned. 
M.M. = M-ineral r.tatt.-Br. · 
s. G~ = Specnfia grC!'Jit,y of the vashing medium. 

I 
w 
0\ 
I 



TABLE 10 

Mineral weights in the products of the commercial preparation plant and the pilot plant scale coal 
cleaning equipment. Actual mineral weights are compared to weights predicted from the mineral 
washability curves of the Focahontas No.3 coal. 

WEMCO HMS Drum Heavy Media 
Commeraiat Plant Deister Tab te ''Bawn" Jig Sepamtor Cyalone 

3/16 11 X lOOM 1" X 3/16" 2" X .10M. 10M X 100M 

c.atuat curve aatuat curve aatuat curve aatuat aurve aatuat aurve 
' 

YIELD ? 79% 86% 77% 48% 77% 45% 73% 92% 73% 

S.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# 1401 82# 85# 67# 120# 47# 85# 92# 85# I 
w ..... 

ILLITE 64# 35# 24# 18# 20# 27# 12# 18# 26# 18# 
I 

KAOLINITE 35# 43# 30# 30# 24# 38# 17# 30# 37# 30# 

QUARTZ 42# 30# 13# 15# 9# 25# 7# 15# 15# 15# 

CALCITE 3# 4# 4# 3# 4# 4# 3# 3# 5# 3# 

PYRITE 0# 2# 2# 2# 1# 2# 2# 2#: 0# 2# 

f!. = pounds of the nt!.nerot in the a leaned aoat w;z.en one short ton of feed aoat is a leaned. 
M.M. = Minerot Matter. 
S. G. = Speaifia gravit:~ of the wshing mediwn. 



TABLE 11 

Mineral weights in the products of the commercial preparation plant an~ the pilot plant scale coal 
cleaning equipment. Actual mineral weights are compared to weights p-edicted from the mineral 
washability c~rves o~ the Illinois No.6 coal. 

Corrunereia l P"[ant 

actuai. 

YIELD ? 

S.G. ? 

ASH 12. 7%· 

M.U. 

IL·LITE 

KAOLINITE 

QUARTZ 

CALCITE 

PYRITE 

254# 

61# 

31# 

53# 

35# 

4'1# 

curve 

78% 

1.58 

12.7% 

210# 

78# 

32# 

52# 

16# 

40# 

Deister 'i'able 
3/16" X jOOM 

87% 

? 

9.2% 

210# 

46# 

31# 

50# 

10# 

38# 

curve 

62% 

1. 34 

9.2% 

150# 

50# 

22# 

35# 

10# 

25# 

''Bawi" Jig 
1 II X 3/16" 

actual 

63% 

? 

8.5% 

143# 

4# 

.19# 

34# 

7# 

27# 

57% 

1.32 

8.5% 

130# 

42# 

18# 

30# 

8# 

21# 

WFM'JO HUS Drum 
8-Bparator 
2"' X 10M 

95% 

? 

8 .. 0% 

2C7# 

27#' 

~1# 

!8# 

6# 

L8# 

curve 

56% 

1.32 

8.0% 

125# 

40# 

18# 

28# 

7# 

20# 

Heavy Media 
Cyclone 

10M X 100M 

actual 

93% 

? 

8.0% 

199# 

. 6# 

26# 

48# 

8# . 

40# 

curve 

56% 

1.32 

8.0% 

125# 

40# 

18# 

28# 

7# 

20# 

# = pourt.ds of tt-.e rr..ineral in tfte cleaned coal 'tJJhen one. shprt ton of feed coal is c.Zeaned. 
M.M. = ~~neral Matte~. . 
S.G. = s,pecific grcvity of the ~shing medium. 

I 
l.o) 

00 
I 
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The mineralop,ic compositions and yieid values of the i•Baum" type jig 

did not compare well with the washability curve values. As described in Quarterly 

Report No. 9, test sample constraints never allot-ted the refuse bed to become 

thick enough to remove all of the cleari coal fraction from the refuse, and as 

such, somet-that erratic mineral values were measured in the jig product coals. 

All three product coals . from the mmco JU1S rlrum. separator contained 

very erratic mineral abundances when compared to the mineral washability 

curves. No explanation for these mineral occurrences t-tas determined. 

The mineralogic compositions of .the Heavy Merlia Cyclone products 

compared t-7ell lTith the washability curve'· values. Differences in ·illite con­

tents were probably a result of the larg~ XP-PD errors inherent for that mineral. 

Results of the pilot plant test runs indicate that the mineral t-7ashahility 

curves best predict the behavior of the Deister Table and Heavy Media Cyclone 

in which fine coal sizes Here cleaned. The c()r..r,tercial coal preparation plants 

were nearly ideally predicted by the mineral t-tashability curves. 

Petrographic Analysis - Illinois No. 6 Coal 

Eighteen macerals and submacerals were identified in the District 10 

Illinois No. 6 coal and are presented in Table 12. The nineteenth constituent 

is the total mineral matter content of the coals as determined petrographically. 

Abundances of individual mineral species 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 f.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 were the oniy statistics available 

to describe the 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 lvere examined on a whole coal basis. 

r~cerals of the vitrinite group observed in this coal included telinite and 

collinite. Vitrodetrinite from Table 6 of Quarterly Report No. 4 Has not 

observed in these samples. Telinite was a rare maceral, and its cell lumens 

lvere filled l.Jith resinite or mineral matter (mainly illite), but lumens sorne­

tirn.o.s "~ct.t'I:'T'P.d P.mpt.y. Collinite consisted of th~ tHO submacerals telucolllni b:: 

apd 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. · 

~eferring 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 \o~as noted in the 1.80 sink fractions in l¥hich vitrinite content 

increased substantially froru 4% in the +·1 inch fraction to 16% in tho 2fl ·x 100 

mesh fraction. l-lithin 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 

.:-•nly ,, ... m.otll protion of l;hQ loThol~ cos:~l,. SpnT't.in:ft:P. wns presented in t;he lower 

specific gravity fractions in the forms of microspore (maceral variety-

microsporinite, ~nd less than 200 microns in diameter) and megaspores 

(maceral variety-macrosporinite, and greater than 200 microns in diameter). 

Cutinitc l-Tas also present in the lower specific gravity fractions in the 



! TABLE 12 
! . 

PETROGRAPHIC ANALYSES OF ILLINOIS N0.6 COAL FLOAT-SINK FRACTIONS AND HEAD 
SAMPLES PRESENTED AS VOLUME PERCENT OF THE WHOLE COAL 

+1: inch l X \i inch \i inch X 8 mesh 
; 

b.. b.. tL. (I) ·b.. tL. b.. tL. (I) tL. tL. tL. tL. b.. 
0 0 'o 0 0 0 0 0 0 0 0. 0 0 0 
M "'*" . 1.0 ~ c:o M "'*" 1.0 c:o c:o M "'*" 1.0 c:o . . ' . . . . . .. . . . . . ..... ..... :..-~ ..... ..... ..... ..... ..... ..... ..... ..... . ...... ..... ..... 

VITRINITE 89% 78% 62~ 48% 4% 88% 80% 65% 40% 6% 93% 74% 62% 45% 
Telinite 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
Collinite 89 77 62 48 4 88 80 65 40 6 93 73 62 45 

telocollinite 88 76 61 48 4 86 75 61 35 5 91 }2 59 42 
desmocollinite 1 1 :1 ·o 0 2· 4 4 5 0 2 1 3 3 

EXINITE 2% 3% :2% 3% 0% 3% 3% 3% 4% 0% 2% 3% 2% 3% 
Sporinite 1 2 1 1 0 2 1 1 o. 0 0 1 1 0 
Cutinite 1 0 1 0 0 1 1 1 0 0 1 1 0 0 
Resinite 0 0 '0 0 0 0 0 0 0 0 0 0 0 0 
Exsudatinite 0 0 'o 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 

INERTINITE 3% 7% . 9% 9% 3% ll% . 6% 10% 12% 2% 3% 8% 12% 14% 
Fusinite 1 4 4 5 2 1 1 4 5 1 0 2. 5 8 

pyrofus i ni te 1 3 :3 4 1 0 0 2 .4 1 ·o 1 2 6 
degradofusinite 0 1 :1 1 0 1 1 2 1 0 0 1 2 1 

Semifusinite 1 1 .2 2 1 1 2 4 5 1 1 4 3 3 
pyrosemifusinite 1 1 0 1 1 1 1 2 2 0 1 2 2 1 
degradosemifusinite 1 1 2 1 0 1 2 2 3 ~ 1 2 2 2 

Macrinite 0 1 1 1 0 1 1 1 2 0 0 0 1 1 
Micrinite 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
lnertodet .. inite 1 1 2 1 0 1 1 1 1 0 1 1 3 3 

MINER.Al MAHER 5% 14%. 27% 39% 93% 5% 11% 22% 45'4 92% 3% 16% 24% 38% 

c:n 
0 
c:o . ..... 

8% 
0 
8 
8 
1 I 

.p. 

..... 
I 

0% 
0 
0 
0 
0 
0 

3% 
2 
2 
0 
1 
0 
1 
1 
0 
0 

88% 



TABLE 12 

( continued ) c 
0 "'0 
;,- "' +J ~ u "'0 

"' "' '- ClJ ,..... 
q.... :::.:: "' "'0 

.c 0 "' 8 X 28 mesh 28 X 100 mesh 
,..... u ClJ 

"' ca :t: 
G) 0 "0 

;z... I.&.. I.&.. I.&.. V) b.. b.. tL.. b.. VI 
E u ClJ ClJ 

c (n -::::s 0 0 0 0 0 0 0 0 0 0 "'0 "' :::J 
~ ~ \0 co co ('I} ~ \0 co co o· ClJ ClJ q.... . . . . . . . . . r-4 ClJ ,..... ClJ rl r-4 r-4 r-1 r-4 rl r-4 r-4 r-4 r-4 I I.&.. u 0::: 

VITRINITE 91% 68% 62% 45% 10% 92% 72% 66% 48% 16% 63% 66% 84% 12% 
Telinite 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
Collinite 91. 68 62 44 10 91 72 66 48 16 63 65 84 12 

telocollinfte ·9{) 66 60 43 10 91 70 65 47 16 63 65 81 12 
desmocollinite 1 2 1 1 0 0 1 1 0 0 0 0 2 0 

EXINITE 3% 2% 3% 2% 0% 2% 3% 2% 1% 0% 1% 3% 2% 0%. I 

Sporinite 1 1 1 0 0 1 1 1 0 0 0 3 1 0 
.J:-
N 

Cutfnfte 1 1 1 Q 0 0 1 1 0 0 1 0 0 0 
I 

Resinite 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Exsudatfnite 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Liptodetrinfte 1 1 1 1 0 0 0 1 1 0 1 1 1 0 

INERTINITE 3% 11% -8% 15% . 3% 4% 13% 12% 14% 7'!o 25% 6% 6% 3% 
Fusinite 0 4 3 6 1 2 6 5 6 3 15 2 2 2 

pyrofusi.nite J 3 2 5 1 1 4 4 5 3 15 2 2 l' 
degradofusinite 0 2 1 1 0 1 2 1 1 1 0 0 1 1 .. 

Semifusinite 2 4 3 5 1 1 4 3 3 1 3 2 2 ·0 
pyrosemi fus.in_ite 1 2. 1 2 0 1 2 1 1 0 2 0 1 0 
degradosemifusinite 1 2 2 3- 0 0 2 2 2 1 1 2 1 0 

Macrinite 0 ·o 0 1 0 1 1 1 1 0 0 0 1 1 
Micrinite ·o 0 0 0 0 0 0 0 0- 0 0 0 0 0 
Inertodetrinite 1 2 2· 3 1 1 2 3 5 3 7 1 1 1 

MINERAL MATTER 3% 19% 27% 31% m 2% 13% 20% 37% 76% 11% 26% 8% 85% 
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TABLE 13 

MACERALS PRESENT IN THE ILLINOIS N0.6 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% 5% 

EXINITE 0% (0%}~ 4% (.7%) 
Sporin'fte 0% 3% 
Cutinite 1% 
Resinite 0% 0% 
Exsudatinite 0% Q% 
Liptodetrinite 0% 3% 

INERTINITE 2% (2%)* 25% (39%)* 
· Fusinite 0% 15% 

pyrofusfnite 0% 15% 
. degradofusinite 0% 2% 
Semifusfnite 0% 5% 

pyrosemifusinite 0% 2% 
degradosemifusinite 0% 3% 

Macrfnite 0% 2% 
·Micrinite 0% 0% 
lnertodetrfnite 0% 7% 

MINERAL MATTER 2% 93% 

* Parentheses: indfcate values of the maceral group recalculated to a 
mineral~matter-free basts. 
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maceral varieties tenuiclitinite (thin-t-lalled) and crassicutinite (thick­

toTalled). Resinite \olas commonly observed, but was not quantitatively important. 

Exsudatiuite is an exinite maceral found in· loto1er-ranked coals • and it ~-1as 

observed in this coal filling cavities, fractures, and desiccation cracks. 

This maceral too t-las quantitatively unimportant. Liptodeterinite represented 

fragmented exinite macerals in this coal, and t-Tas quantitatively most important 

in the 1.80 float fractions in which coal and mineral matter are most intimately 

mixed. The exinite r,roup t-las evenly distributed through all of the specifi.c 

gravity fractions except the 1.80 sink fractions in t-lhich all macerals were 

diluted to low ahunclances in the mineral-rich coai. 

Important inertinite abundances occurred in this coal. Fusinite and 

senifusinite were the doninant inertinite macerals, and both increased ir.1 

abundance from the 1.30 float fractions to the 1.80 float fractions. This vas 

probably due to mineralizations t-lithin the cell lumens increasing the specific 

gravity ,f the fusinite anc:l its euclosing coal part"icles. J.!;tcrinite H.1.n corm.1onl:' 

ok;,!rv.:~·~. hut Micrinil:e ~J.1.S very rare iu tld.s conl. Inertodetrinit~ iucluded 

fragnented inertinite macerals and was a prominent maceral in the 1. 8fl float 

fractions in t-lhich minerals and macerals are intiootely intermixf!>ri. The in-

ertinite p,roup as a t-lhole showed a general trend to increase in reiative 

ah•Jnt:l~nrP. :f.n the finer coal sizes. 

Hineral matter content increased no the specific gra,r:ft·y nf the coal fraction 

increased. The 1.130 sink fractions alt.tays com:ained l!u::: 8J:eatest emmint of 

mineral mattP.r, hut r.hP. mineral content of thcl3e fractions decr.eaRed in tl1e 

finer coal sizes which indicated a greater mixing of minerals and macerals it1 

t!1e finer coal particles. In the Illinois No. 6 coal the larger coal particles 

\-Thich reported to the 1. 80 sinl: fraction were nearly pure mineral r114tter • hut 

the finer coal which reported to the sane fraction contained significant 



-45-

vitrinite and inertinite maceral content. This l·7as an opposite trend fror. 

l11hat might have bee!} exptected, but similar to trenus·observcd in the Pittshur!jh 

and Pocahontas No. ·3 coals. 

Petrographically determined mineral matter representerl the actual 

miner:ll content of the cpal as evidenced in Firrure 13 ~.,here petro~raph:l.c 

mineral Matter l-Ias plotted versus tile lot-r temperatun! ash · (LTA) contm~ t 

of the coals. !I 1 inenr regression analysis of the points plotter' on Figure 

? 13 procluced an R- value of +0.932, a very good correlation, and a slope r:-f !..r':7 

for· the regression line. The line slope of 1. 07 indicates thnt th2 petrographic 

mineral analysis consistently determined loucr mineral matter values thnn t:1e 

lou temperature ashing. Petrographic mineral matter values are compan~cl to 

other mineral matter Measurements (ash, L':'A, and Parr min•~ral Matter) L' Tnhle 

14. Close agreement existed bet\-men LTA and Parr mineral matter in all samples. 

Volume percent petrographic mineral matter generally fell ht!lou the LT.\ or 

Parr mineral Matter, especially in the.lighter specific gravity fractious. The 

difference was possibly caused hy the coal's inherent mineral Matter '"liich t:as 

finely ciispersed in the coal and therefore unobs?.rvable Hit~: the opt:kal T'llicro-

scope, hut may also he due to differences· caused hy comparisons of voJ.ume 

percent ~-.rith ~..reight percent values. Cnlculntions show t~1at in lou ninural 

matter coal fractions the volume percent mineral matter uill alm1ys he less than 

the l>eight percent values. In the Mineral-rich fractions (1. 30 float ;u:•l 1. 8r. 

sink) the inherent mineral matter Hou!J he diluted hy the f'!xtr.:mcous (ojJticaily 

observable) mineral matter and therefore less affect t:lC petrographic T'llineral 

matter determinations. Calculations also sho\-T that differences causet! by 

comparisons of volume percent ~-lith weight percent are minirr.al in high r.1i11eral 

matter and fractions. 
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/I 

• 

Low Temperotvre Ash- l%)(1::1y Weight) 

Figure 13 

Relationship Between True Mineral Matter ( L TA) And 

Petruvrophically Observed Mineral Matter In The Illinois 

No.6 District 10 Preparation Plant Feed Coal 

\, 
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TABLE 14 

A comparison of "truen minerai matter (LTA), ash values, Parr 
mineral matter values, and petrographic miner~l matter (PMM) 
values in the District 10 Illinois No.6 coal float-sink 
fractions arid head samples. 

ASH LTA PARR PMM 
Specific (weight (weight (weight · (votwne 

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 L60 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!-.i inch 1.30 float 6.0% 8.7% 8.6% 5% 
1X!-.i inch 1.40 float 14.1% 17.3% 17.8%- 11% 
lX!-.i inch 1.60 float 23.2% 28.6% 28.9% 22% . 

. 1X!-.i inch 1.80 float 37.6% 44.7% 45.0% 44% 
1X!-.i inch 1.80 sink 84.0% 92.5% 94.6% 92% 

1-.iX8 mesh .1.30 float 6.0% 7.7% 8.6% 3% 
1-.iX8 mesh 1.40 float 16.8% 20.0% 20.7% 16% .. 
1-.iX8 mesh 1.60 float 23.2% 28.4% 28.5% 24% 
1-.iX8 mesh 1.80 float 27.6% 32.6% 33.7% 38% : 
!-.iX8 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 i9.5% 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 mesfi i.80 sink 77.4% 85.5% 87.3% 87% 

.28X1 00 mesh 1.30 float 8.0% 9. 9%' 10.6% 2% 
28Xl 00 mesfi 1.40 float 26.6% 29.4% 30.7% 13% 
28X100 mesh 1.60 float · 29.3% 32.5% 33.7% 20% 
28X100 mesft 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 ftend 78.3% 83.8% RA.2% 85% 
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In summarizing the results of the petrographic anal~rses of the District 

1() Illinois r;o. 6 coal it appeared that vitrinite content of the coal increased 

t-Tith decreased specific eravity and also decreased coal size. Exinite content 

changer! little over the specific gravity and size ranges exaMined. Inertinite 

content of the fractions increased as specific gravity :.'-ncreased and size 

increa::>ed. Hineral matter content increased as specific gravity of the fraction 

increased and size increased. Liptodetrinite and inertodetrin~te, both 

fra~ncntal maceral remains, ,.,ere greatest in the 1. 80 float fractions tvherc 

macerals an1l minerals are most intirnately mixecl. 
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