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OBJECTivE AND SCOPE 
. I .~ 

The purpose of this research program.is to examine the effect of 
•t .. 

coal cleaning and preparation on the distribution of mineral materials in 
' A • 0 •, 0 ~ j 

coal and the influence of the nineral materials on the coal cleaning operation. 
.. ·· ·' 

The research program will involve the examination of, -for coal mineral materials: 

(1) the natural occurrence arid 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 indivi~ual cleaning 

and preparation processes, and (4) improved r.tethods for controlling their 

distribution. 

In order to accomplish these ob] ~ctives, s~mples will be obtained from 

three commercial coal, preparation plants t-l'hich are: (1) handling coal fror.t 

major (by volume) coal seams, (2) hari~ling coal most. likely to be used in 

future large scale coal conversion processes (for example, the Bi-Gas process.), 

and (3) using a range of different types of modern cleaning r.tethods. At least 
. . 

one of these plants shall process a coal likely to be used as a feed to a n.o.E.-

supported conversion process or similar to a type of coal likeiy to be used. 

iii 



St.nntARY OF PROGRESS TO DATE 

\-lith the completion of this quarter's work, unit operation pilot 

scale tests have been completed for froth flotation, tabling and jigging 

cleaning operations. An assessment and chemical/mineralo~ical data for 

these tests are reported herein. Tests for the heavy media cyclone and 

\~EUCO Hl1S unit are on-going and will be reported in the next quarter. 

A1so completed during the report period uas an in-depth petrographic 

analysis of the Pocahontas no. 3 coal. Coal macerals hy siZe and gravity were 

determined as volume percent of the whole coal and are contained in this report. 

This leaves only the Illinois No. 6 samples for detailed maceral analysis vs. 

screen/gravity fractions. 

Accumulation of XRPD data for coal minerals with Pocahontas No. 3 was 

continued based on the methodology presented in Quarterly Report No. 8. 

Standardization equations were developed for the Pocahontas no. 3 and Illinois 

No. 6 sampies and mineralogical trends for these coals and the Pittsburgh 

seam samples were determined. 

iv 
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DESCRIPTIO~l OF TECIUTICM. PROGRESS 

Coal Preparation Pilot Plant 

Progress in preparation unit tests was achieved during this quarter in 

froth flotation, tabling and jig pilot scale tests. Coal feeds to these unit 

operations were prepared to be representative of current practice •. A revi&7 

of this wo~k follows. 

Summary of Froth Flotation i.Zork and Recommendations 

Data from the flotation tests performed on the Pittsburgh, Pocahontas 

No. 3, and Illinois No. 6 samples (-50 mesh) suggest that conventional froth 

flotation can be used to recov~r a significant amount of the fine-coal plant 

feed that would be of acceptable quality when compared to the products· of 

the respective preparation plants (see Table 1). The flotation products from 

the Pittsburgh and Illinois No. 6 seams were both slightly inferior overall 

to their corresponding cleaning plant outputs, while the Pocahontas No. 3 

- - --------flo.tat.ion. -pr.oduc t--was--sl-ightly--super-ior---over.al-1- to-t he-el ea n ing~ -P lant-produc t'•------ ---- --· 

It should be noted that the quality of coal in the plant feeds finer than SO 

mesh was less than 10 percent. These data were based on dry screening analyses 

and in all probability the amount of -so mesh rnater1al pres~t in a water clean-

ing plant would be closer to 10 percent due to both wet screening and mechanical 

particle degradation inherent in coal cleaning. 

Table 2 shows product tonnage and value informaton for froth flotation 

o·f the -50 mesh Pittsburgh, Pocahontas No. 3, and Illinoio rro. 6 coals based 

on the assumption that 10 percent of the 1000 tons per day plant feed would ~e 

finer than 50 mesh. Ao ca" be aeen in the table• tonnage figuros on an annual 

and 20 year operating life basis represent substantial amounts of fine coal 

product. The final decision on whether to add flotation to a cleaning circuit; 



-2-

however, must be based on a variety of factors. The Pocahontas no. 3 sample 

~as being cl~aned by flotation at the time of the study and ce~tainly the 

exceptional value of this high qual~ty metallurgical coal would offset the 

capital and operating costs of flotation and ancillary operations. The Pitts­

burgh sample, because of its highe~ sulfur, would probably be a marginal 

coal from th~ viewpoint of economic flotation. Froth flotation for the 

Illinois ~ro. 6 sample would be an economically doubtful proposition. The higher 

reagent consumption, the refractory nature of the coal, and lower product value 

would be inhibitory. Problems would also be expected from the v~st amount of 

clay fines in the Illinois No.· 6 coal with respect to their eff.ects on the 

performance of the flotation cells. The value of the Illinois ~o. 6 flotation 

product wou~d probably not of~se~ the costs of flotation, filtration, thermal 

drying, and materials handling systerru; for this coal. 



Table 1 

· Compari.son of Plant l'roducts .with ·Froth Flotation Products* 

%of· Feed Coal Flotation Aoh Sulfur 
SOm Yield • % BTL' ,. 

Pittsbuz:gh Seam 6: 
Plant Product 8.0 2.70 ·14,.020 
Flotation Product 75~ 8.6 2.85 13,77fi 

Pocahontas · fl3 Seam 2% 
Plant Product 7.0 0.66 . 14 '7(\1 ·' .. ·Flotation Product 82~ 6.5· O.fi7 ·14,765 

Illinois f16 Seam 4% 
.Plant P·roduct 12.7-. 4.42 12,434 
Flotation Product . 61~ 13.3 3.49 '12,239 

*Ash, Sulfur, BTU reported on a dry hasis 

I 
Vol 
I 



Pittsburgh 
.notation Product 

Pocahontas ·13 
Flotati()n ·Product 

Illinois ·116 
· Flotat·ion .P.roduct 

·Table 2 

l!stimate. of Tonnage and Produc.t Value for a 1000 Ton Per Day 
Preparation Plant with 10 Percent of the Feed - .50 m 

Tons P-er Tons ter 
. :lay Year 

75 i8.750 

82 20,500 

61 15,250 

20 Year 
Tonnage 

375,000 

410,000 

305,000 

20 Year 
Value 

2 
$ c;1 ,375,000 

3 $U!-,450,000 

$ 1\,575,0004. 

1) based on .250 working days-per y~r 
· 2) at "$25 :per ton 
3) at ·$1t5 per ton 
4) at '$15 per ton 

. I 
~ 
I 



Ta:bl e 3 

Mineral ··weight ,percent· va 1 wes of the· feed coals and. yields: of the f.roth flotation tests. 
LLJ 
0::: 
~ LLJ LLJ LLJ 
1- 1- LLJ LLJ 0::: 1- ~ ~ ~ LLJ 1:- 1- < ~ L1J'. 

LLJ z N 1- - - L1J . c... 
~ 1- z 

LLJ 1- 1-4 1- ·- E 0::: 1- en ....... < Q. - ...J 0::: u 0 LLJ ~ c u 1- en: 
3E::J: ...J 0 < ...J ...J c 0::: ...J VJ < en 
OLL.IVI ;:! ~- ~ < 0 ....... >- LLJ ~ ~ -~ ...JJ-< CY u c VI a... tL. E < 
rvt.% UJt. %1 •rvt;.% rvt.% wt.% rvt.% w.t.%2 rvt.% %nc3 %nc %nc %nc 

PJTTSBURGH COAL -- Dfstrfct 3· 
Feed Coa?, (-50 -mesh) 22:.3 28 10 17 25 g 11 0 0. 0 
Froth Flotation Product Materouil 10.7 10 18 17 15 6 34 0 0 0 
Froth Flotation Refuse Material. 60;5 32 ·g .17 28 10 4 0 0 0 

POCAHONTAS N0.3 COAL -- .District 7 
Feed Coa?, (-50 mesh) 16.7 . 8:3 -~4 . . :24 ·.·.9 ·:.2 1 <0 ·0 -- ··1 I .. (/1 

Froth Flotation Product.Matel'ial. 7·. g .5:7 . 28 ·~6 ·. 7 <3 ·:4 :_o ::"o -- )> I .. 
Froth·Flotation Refuse Material 55.2 86 22 22 12 1 .0 :o ~0 ~- ·2 

ILLINOIS N0.6 COAL -- District 10 
Feed Coa~ (-50 mesh) 37.6 29 14 24 7 12 
Froth Flotation Product Material 18.5 37· 16 23 6 17 --
Froth Flotation Refuse Material 65.6 25 13 25. 9 6 

1. Minera~ values are expressed as rveight percent of the lorv temperature ash. 
2 The symbol "--" indicates that the mineral uxzs not present in that coal. 

· 3 Standa:f'd aurves were not available for some· minerals. These rvere assigned relative values representing 
the mineral's contribution to the total X-ray count (percent of net counts). 



Table 4 

Mineral values expressed as. pounds per short ton of feed coal for the-froth flot~tion tests. 
(.!' L&.J L&.J w z: ..... L&.J L&.J 0::: ..... ..... ..... _, ..... L&.J ..... ..... ~ ..... 'W ..... ..... ~ffi w z N. 1- ..... ..... w > 1:- z· 
0::: ..... 1-4 1- 1-4 ::E: 0::: 1- VJ 0 ..... c( 

...JO L&.J ..... ..... ...J 0::: u 0 w 1-4 0 u ..... V') 
c(C.. z: ..... ...J 0 c( ...J ...J 0 0::: . ...J V') c( V') 
0 L&.J ...... c( ...J ~ ::J c( 0 ...... >- . w ::J c. :i u ex: ::::E::E: - C1' u 0 en c. tL. E c( 

lb rb lb lb lb lb· Zb lb lb lb lb lb lb 
PITTSBURGH ·coAL 
Feed Coal 1 2000 446 125 45 76 112 4a 

__ 4 
49 a 0 a. 

Froth Flotation-Product2 15ao 160 16 29 27 24 la 55. a a a· 
Froth Flotation Refuse3 5ao 302 97 27 51 85 30 12 .o ·a 0 

POCAHONTAS N0.3 COAl 
Feed Coal 2oaa 134 227 66 66 ·. 25 6 3 :a 0 3 I -- C]\ 

Froth Flotation.Product 1640 1.30 74 36 34 9 4 5 0 a a I 

Froth Flotation Refuse 36a 199 171 44 44 24 2 a a a 4 

ILLINOIS N0.6 COAL 
Feed Coal 2000 752 218 105 180 53 9a 
Froth Flotation Product 1220 226 84 36 52 14 38 
Froth Flotation Refuse 780 ~12 128 67 128 46 31. 

1 Mineral values are expressed as pour.ds of the m·ineral in one short ton of .feea coa~. 
2 Mineral values are expressed as pour.ds of the mineral reporting lJith tr..e ·clear.ed coal resulting from 

cleaning one short ~or. of feed coal. 
the 'refuse resulting· from cleaning 3 Mineral values are expressed as pour.ds of the mineral repor-ting UJith 

4 The 
one shor-t ton of feed coaL 

symbol "--" indicates that the rr.ineral was not present in that coal. 
. . 

..... 
.. 

' .. 
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Hineral abundances in the froth flotation feed coal, product coal, and 

refuse were determined using X~ray powder diffraction (~pjn)· analysis. ·These 

abundances are reported on a weight percent of the low•temperature ash (LTA) 

basis in Table 3. These same data l..Tere. recalculated to pounds ()f _the mineral 

present in a ton of coal, and presented in Tahle 4. In that table the feed 

coal data were converted to pounds of mineral matter and the individual minerals · 

present in one .short ton of -50 mesh coal. The product and refuse values were 

proportioned based upon the yields of the tests as !=lhown in the "coal' reported" 

column. H.neral weight!'l w~re calculate~ as if one short ton of coal had been 

processed. 

rfineral abundance trends ol!5ervccl in the float-sin!:: tests of these coals, 

and reported later in this report, were also evicfent in the froth flotation tests. 

Because of the· inherent errors of the XRPD technique (as reflected in Table 7 of 

Report no. 8 and Table 16 of this report), care should he exercised ~n the 

interpretation. of Tables 3 and 4 and other XnPD data in this report •. In· rer,ard 

to the trends, illite reported to the refuse, uhile 1-.a.olinHe was gr&test in 

the LTA' s of the cieaned coal. quartz was ubiquitous ·and occurred irt similar 

abundances in the .LTA's of the product. and the refuse. Calcite was previously 

reported to be abnormally concentrated in the fines of the Pittsburgh coal, and 

Table 3 reflects this. Calcite was also concentrated in the flotation refu!=le 

of these coals. The concentration of pyrite in the flotation product is an 

enigma iri these coals, and may indicate a compl~{ pyrite-maceral or ?Yri.te-r.d.rieral 

association.· Tl1e sulfur form!> data, hm-1ever, indicate hir,her pyrite .concentrations 

in the flotation ref\lse than the product. All of the above mineral trends, except 

for pyrite, \'lere observed in the float-sink tests of the +10(1 mesh fractin·· o~ tll(~ 

uholc eoal as llbcussed in the Hineralogical (·:haracterization section of. this 

report. 
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Mineral abundances in the feed coal, product coal; and refuse were. : 

determined independently. Summing the product and refuse values in Table t4 

indicate good agreement with the feed coal values. fUneral matter values sum 

with a diffe'rence of less than 5% from· ·the feed coal incticating that the variations 

in the summations of individual minerals result from errors in the XRPD technique, 

and not through experimental error in. the· flotation tests. 

\ 
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Cleaning Table Tests 

In order to 51mulate table cleaning of the Illinois !lo. 6, Pittsburgh, 

and Pocahontas No. 3 seam co.als, batch feeds were ~ixer agitated and fed 

across ·a pilot scale 16" x 24" Deister Table. All samples were 2:1 water/coal 

slurries fed into a. box hopper which provided a constant feed rate to the tahle. 

Feedstoc·k size in: each test was 3/16" x 100 H, and products were collected 

and analyzed as reported in Tables 5 and 6. (T'relir.tinary 'checks had !,een per­

formed to ensure the table was cleaning properly using ash, sulfur and RTU · 

analyses.) 

Table 5 data includes yield, proximate analy~is, and total sulfur for each 

of the samples being studied. Table 7 is included to enahle general comparisons 

of the ~ommercially-derived samples (plant feed vs total clean coal) with the 

pilot-plant derived data. It is important to remember that Table 7 data 

represents the full size range of coal processed in each plant as compared to 

the 3/16" x 100 m size range treated on the table, and is included for general 

comparison purposes only. 

Mineral abundances in the !leister Table feerl coal, product coal, and refuse 

_______ \oJer.e-determined-us.ing-XRP.D.- The-actual-3/-16-inch-~-100-mcsh-f.eed_coa l_to-the _____ _ 

table could no~ be sampled due to sample restrictions. Therefore, the xnrn 

analyses of the 1/4 inch x 8 mesh, 8 mesh x 2R mesh, and 28 mesh x 100 mesh 

float-sink fractions were mathematically recomhin~d to establish the mineral 

abundances in the feed coal. The 1/4 inch x 100 mesh fraction should closely 

approximate the 3/16 x lQO mesh feed coal. Table 8 presents the miner~l 

abund~ees as weight percents of the LTA, and in Table 9 these values ore 

presented as pounds of mineral per short ton of feed coal in the same manner as the 

froth flotation samples. 

Mineral abundanc_e trends are indicated by the neister Table product 

and refuse samp].es, and ar~ somewhat different f~om trends indicated by the 

float-sink and flotation tests. Illite is moderately concentrated in the 



Table 5 

PILOT PLANT STUDY 

. · AUAlYSIS OF DEISTER TABLE SEPARATION TESTS 
3/16" X 100 lf FF.F.D a:>ALS 

Volatile Fixed Total 
Yield lbisture Ash Hatter Carb~n 

BTtf 
Su1fyr 

Seam/Sample (%) . {~0 cn 1 (%)1 {%) {%) 

Pittsburgh/ 
Table Feed* 11.1 37.2 51.7 13,482 2.9 

Pittsburgh/ 
Table Product 85.3 s. ~r 39.1 55.0 14,396 2.3 

Pittsburgh/ .. I ..... 
Table Refuse 14.7 41.3 26.3 32.4 8,176 6.4 0 

I 

Pocahontas No. 3/ 
Table .Feed* . 13.0 16.4 70.6 13,538 0.6 

Pocahontas ~lo. 3/ 
Table Product 85.8 !._3 17.5 . 78.2 15,099 0.6 

Pocahontas no. 3/ 
·Table Refuse 14.2 65.4 io.o 24.6 4,106 0.5 

Illinois .no. 6/ 
Table Feed* 16.7 2').4 53.9 11,4 £;8 4.9 

Illinois No. 6/ 
Table Product 85.7 9.2 32.3 58.5 12,701 3.9 

Illinois No. 6/ 
Table Refuse 13 •. 3 65~6 10.6 23.8 3,430 11.6 

1nry Basis. 
*Recalcula t:ed frorr: products. 



Table 6 

PILOT PLAUT STUDY 

1 
SULFUR ANALYSIS OF DIUSTER TABLE TESTS· 

3/16"·x 100 H FEED COALS 

Total 
Total Sulfate Pyritic Inorganic Organic 

Seam Sample Yield ·(~Q .Sulfur Sulfur Sulfur Sulfur Sulfur 

Pittsburgh/ 
·Table·Feed* 2.93 0.03 1.42 1.45 f.48 

Pittsburgh/ 
o.o2· .. Table· Product 85.3 2.33 0.72 0.74 L59 I 

Pittsburgh/ ..... ..... 
Table Refuse 14.7 6.38 0.12 5.48 5.60 :o. 78 . I 

Pocahontas No. 3/ 
Table Feed* 0.61 0.01 0.10 0~11 0.50 

PocahOntas No. 3/ 
· Table Product 85.8 0.63 0.01. 0.06 0.07 0.56 

Pocahontas· No. 3/ 
Table Refuse ·14.2 .0.48 0.02' 0.35 0.37 0.11 

Illinois No. 6/ 
Table ·Feed* ·----- 4.91 0.26 2.12 2.38 2.53 

Illinois No. 6/ 
Table Produet 86.7 3.89 .0.21 0.83 1..04 2.85 

Illinois no. 6/ 
TablP. Refuse '13. 3 11.59 ;. ': . 0 .• 62 10.51 11.13 0.46 •· ... 

.. .: . 

,.,·. 
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Table 7 

· REFERENCE DATA 
FROM 00f1UERCIAL PRY~PARATION PLANTS

1 

Volatiie Fixed Tdtal 
Seam/~ample Moisture Ash ----..,. HaLter Carbon ilTJJ .Sulfur 

Pittsburgh/ 
Plant Feed i.O 13.9 36.5 50.4 13,~02 3.01 

Pittsburgh/ 
Plant Prod'-'ct 1.2 8.0 39.5 ~2.5 14,020 2.70 

Pocahontas no. 3/ 
Plant Feed 1!2 35.0 ~4.1 50.!1 9,949 0.50 

Pocahontas No~ 3.1 
Plant Pro~uct 0.9 7.0 17.7 .. · .. 75.3 ~4~701 0.66 

I~linois No. 6( 
Plant Feed 7.9 20.1 ~4.9 ~7.0 10,044 3.10 

Illinois tlo. 6/ 
1"2.~434 Plant Produc~. ~.1 12.7 41! 7 45.6 4.42· 

~ 

1 
Percent, Dry Basis. 
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refuse for the Pittsburgh and 'Pocahontas no. 3 3/16 x 100 mesh feed coals, 

but the refuse from the Illinois fJo. 6. .coal is very lmJ in illite. This is 

caused by the tendency of the illite i~-.the Illinois· No. 6 coal to disintegrate in 

~Jater producing submicron particles uhich ·exit \·lith the v.'ash \later. Table 9 shmJs a 

deficit of over 70~', of the illite. T~aolinite i.s moderately concentrated in 

the product, except in the .Pocahontas No •. 3 samples. In the Pi t"tsbur~h ancl 

Illinois no·. 6 coals the kaolinite is <contained uithin vitrinite, and reports 

to the product. In the Pocahontas !To.·.3 sampie a great dP..al of roof __ and floor 

rock is inciuded \orhi~h contains. about one. half of the t.otal 1~olinite in tl1e 

coal, and this kaolinite reports to the· refuse. The· flotation tests d:i.c not shovl 

this tencl"ency because very little of the rock is -50 mesh in size. 0uartz 

·reports much different.ly in the· 3/1~ x 100 mesh coal than in the. -50 mesh. In 

the Pittsburgh coal quartz is evenly distrihuted het\'leen the cleaned coal 

material and the refuse. In the Pocahontas tlo. 3 coal quartz is d?minantly enclosed 

in the roof and floor rock and. reports•. to the refuse. In the Illinois !Io. (, coal 

quartz is disseminated in the coal material, and reports Mainly to the product • 

. Calcite reports to the refuse in these three coals tested. Pyrite is larp,ely 

disseminated in the 3/16 inch ~ 100 mesh coal, and therefore reports to the product 

and refuse. 

Differences hetween the feed coal· anrl the sums of the product and refuse 

in Table ') are greater for these tests than the flotation tests. '!'his was 

to be expected bec~use the analyses of the feed coals \Jere cal-culated from 

fifteen individual: analyses uf float-sink fractions. 

'· ., 



Table 8 

Mineral weig~t percent v.1lues of the feed coals.and yields of the "Jeister Table tests. 

PITISBURGH COAL -- District 3 
Feed Coai (J.; inch X 100 mesh) 4 · 
Deister Table P2•oduct Ma-terial. 
Deister Table Refuse Material 

POCAHONTAS N0.3 COAL -- District 7 
Feed Coal (J.; inch X 100 mesh) 
Deister Table Product Material 
Deister Table Refuse Mate~l 

ILLINOIS N0.6 COAL -- District 10 
Feed Coal (J.; inah X 100 mesh) 
Deister Table P:noduat Mater'~l 
Deister Table Refuse Material 

UJ 
ex: 
~ 
1-

~ 
UJ 
c.. 

3:::E:::X: 
0 LLJ (;I) 
..J 1- ex: 
:Jj;_.% 

13~0 
7.4 

49.0 

12.9 
4.8 

71.0 

26.3 
12.1 
78.0 

LLJ 
1:--..J 
..J ...... 

wt.$!1. wt.% 

27 17 
13 27 
19 11 

27. 
29 
29 

34 
22 
3 

26 
36 
21 

12 
15 

7 

N 
l­
ex: ex: 
~ 
0' 

t:Jt.% 

17 
17 
18 

27 
16 
37 

22 
24 
15 

LLJ 
1--u 
..J 
cC 
u 

wt.% 

8 
10 
17 

4 
5 
5 

10 
5 

27 

UJ 
1-....... 
::E: 
0 
..J 
0 
c 

wt.% 

3 
5 
5 

3 
·s. 
1 

LLJ 
1--· g: 
c.. 

wt.% 

22 
24 
27 . 

2 
2 
0 

15 
18 
22 

ex: 
ex: 
0.. 
V1 
c 
--'. 
LLJ 
ta..... 

%nc3 

1 
0 
0 

5 
8 
2 

6 
0 
0 

LLJ 
-1:--l-ex: 
0.. 
< 
%nc 

1 
0 
0 

1 Mineral values are e:x:pr>essed·a~ tJeight perce~t of.t1-.e low temperature ash. 
2 The symbol "--" indicaus that· the. mineral was not -r;.resent in that coal. 
3 Standard curves were not avaiable :or some mi~.erals. These were assigned re;.ative values representing 

the mineral's contribution to the total T.-ray count (percent of net counts). 
4 The Deister T2ble. feed coal ~s.aa~lly 3/1e i~~h X 100 mesh, but these were not sampled. The feed 

coal analyses were calcul-ated; from the ~ inch X 100 mesh float-sink fro.etiona. 

LLl 
1-...... 
z 
c(" 
V1 
V1 

:i; 
%nc 

2 
0 
0 

3· 
0. 
0 

: l ·· ..• 

I 
...... 
~ 
I 



Table 9 

Mineral values expressed as pounds. per short ton of·feed coal for the Dei ster Table pi 1 o.t plant tests. 

t!7 LLl LLI LLl . 
z: ..,_ w LLl ex: ..,_ ..,_ 
~ -l ~ LLI 1-. ..,_ cC ...... w ~ ..,_ c(O:: LLl z: N I- - ~ LLI c.. > ~ z: 
0:: 0:: LLl ..,_ ~ ..,_ - :E 0:: ..,_ en 0 c(. 

-lO . w ..,_ ...... -l ex: :U 0 LLl - c u . ..,_ en 
c( 0... z: ..,_ -l . 0 ·c( -l. -l . c g: -l en cC "' 0 LLl ~cC -l ~ ::J c( 0 ...... LLI ::J c.. ~ u ex: :E;E: ~ 0' u c en 0.. 1:1- :E cC 

lb 1.b Zb lb lb lb tb tb tb tb lb lb lb 
PITTSBURGH COAL. 
?eed. Coal 1 2000 260 70 44 44 21 8 

__ I+ 
57 3 3 5 

Deister ·Table. Produat2 1706 126 16 34 21 13 6 30 0 0 0 
Veister Table Refuse3 294 144 27 16 26 24 7 39 a a a 
POCAHONTAS N0.3 COAL. I 

258· '· 
..... 

Peed Coal 2000 70 67 70 10 8 5 13 15 8 
(/1 
I 

~eiste~ Table Produ~t 1716 82 24· 30 13 4 4 .2. 7 a 0 
!Jeister- Table Refuse 284 202 58 42 75 10 2 0 4 0 0 

[LLINOIS N0.6 COAL 
Peed Coal 2000 526 179 63 116 .53 79 
Deister Table ~oduat 1734. 210 46 '31 50 10 38 
Deister Table" Refuse 266 207 6 15 31 56 46 

1: Mineral. values are expressed as pounds of tne· mt."neral in one short ton of feed aoal. · 
2 Minerol values· are expressed as pounds of the mineral reporting rJi;tb. the cleaned aoal resulting .from 

aleant."ng one snort ton of feed aoal. . · 
.'3 Mineral vatues are expressed as pounds of tfze min~ral reporting nrf;th .the refuse resulti;rzg from aleq;ning_ .. 

one short ton of feed. aoaZ. ·· · . · 
. ~ The symb(.) l , __ " india.ates that the J!linera.l was not' pres·ent in that aoaZ.. 
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Jig Cleaning Tests 

Pilot-scale jig cleaning tests were performed for each coal using a 

UcNally-Pittsburg "Baum" type jig. Feed size to the jig was 1" x 3/16" coal 

sized from the co~ercial cleaning-plant heltline feedstock. Preliminary 

testing of the jig had demonstrated the unit ~.Jas functioning properly when the 

sample was allo\<1ed sufficient time for the refuse bed to form. Large amounts 

of coarse-sized feed for this test were precluded to sampling so that only a 

moderate quantity of coal was available for jigging in pilot scale. As with the 

tahlin;; tests, this requireci a h;\tch feed rather than a continuous feed. 

Coal '"as fed to the jig which was operated in nornal fashion for approximately 

8 minutes, and the clean coal was collected as it came off the unit; dried, and 

analyzed (see Tahles 10 and 11). The entire hed was also collected, dried, and 

analyzed. It should be noted that because of the test sample constraints, the 
I 

refuse bed never became thick enough to remove all of the clean coal fraction. 

Therefore, this test is more representative of jigging at a lower gravity than 

industry would normally use. As a result, the clean coal is a cle;\ner fraction 

than would be expected, and the refuse contains more middlings than would he 

profitable in a commercial preparation plant. 

~1ineral abundances in the Baurn Jig feed coal, product coal, and refuse 

l-:ere determined using XRPn. The actual 1 inch x 3/16 inch feed coal to the j ir, 

could not be sampled due to sample restrictions. Therefore, the xr~n analyses 

of the 1 inch x 1/4 inch float-sink fractions were mathematically recomhined to 

approximate the analyses of the feed coals. Tahle 12 presents the mineral 

abundances as weight percents of the LTA, and in Tahie 13 these values are 

presented as pounds of mineral per short ton of feed coal in the same manner 

as the froth flotation samples. 

Hineral abundance trends observed hy jig cleaning are the same as those 

·produced by the Deister table even though a larger coal size llas cleaned, 

and a different process was used. 
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Table 10: 

PILOT PLANT STUDY 

ANALYSIS OF UCNALLY PITTSBURG BAtn1 JIG TESTS 
1" x 3/16" . PEED OOALS 

Volatile Fixed Tot-al 
Yield 

Seam/Satnple en 
Hoisture Ashl Hatter Carbon 

BTU1 Stilfyr 
(%) en en 1 (%)1 .ill 

Pittsburgh/ 
Jig Feed* 13.3 37.3 49 .• 4 13,:!01 3.02 

Pittsburgh/ 
Jig Product ·70~9 

Pittsburgh/ 
Jig Bed 29.1 

7.7 39.3 53.0 14,148 2.45 
I 
~ 

27 .o 32.5 4().5 10,891 4.40 
'-I 

- I 

Pocahontas No. 3/ 
Jig Feed* 39 .o 12.7 48.3 . 9' 024 0.42 

Pocahontas No. 3/ 
Jig Product 48.4 6.1 16.6 77.3 14,784 0.55 

Pocahontas No. 3/ 
Jig Bed 51.6 69.9 9.0 21.1 "3, 621 0.29 

Illinois 1lo. 6/ 
Jig "Feed* 18.2 38.1 43.8 11,335 4.95 

illinois No. 6/ 
Jig Product 63.1 ·R.5 42.7 48.8 12,893 3.80 

Illinois No. 6/ 
Jig Bed . 36.9 34.8 3o.·o 35.2 8,fl72 6.92 

1Dry Basis. 
*Recalcul: ted from products.· 



Table 11 

PILOT PLMJT STUDY 
1 

SUJ ... F'~ AN,\LYSIS OF HctfALI.Y PITTSBURG BAUM JIG TESTS 
.. 1" x 3/16" .FEED COALS 

T:>tal 
T:>tal Sulfate ·pyritic In:>rgan:ic Organic 

Seam/Sample Yield (~) . Sulfur Sulfu= Sulfur Sulfur Sulfur 

Pittsburgh/ 
Jig Feed --- 3;;01 0.06 1.50 1 .• :56 1.45 

Pittsburgh/ 
Jig Product 70.9 2,.45 0.03 0.87 0•.90 1.54 

Pittsburgh/ 
I ,,_. 

Jig Bed 29.1 4.40 0.12 3.04 3.16 1.24 
00 
I 

Pocahontas No. 3/ 
Jig Feed 0.42 0.02 0.15 0.17 0.25 

Pocahontas No. 3 j 

·Jig -Product 48.4 0 .. 55 0.02 0.09 0.11 0.44 
Pocahontas No. 3 

Jig Bed .51.6 0.2t) .0.02 0.20 0.22 0.07 

Illinois tlo. 6 
Jig Feed lt.96 0.28 2.21 2.49 2.4 7 

Illinois No • 6 
Jig Product 63.1 ~~85 0.20 0.74 C.94 2.91 

Illinois No. 6 
Jig Bed 36.9 f.87 0.43 4. 71 ~.14 1. 73 

1 
Percent, Dry Basis. 



Table 12 

· Mineral weight percent values ·of the feed coals and yields of the ·Baum Jig tests. 

1.&.1 
0:: 
:::> LLI LLI 
1- 1- LLI LLI 0:: .... 
~ ...... LLI 1:- 1:- cz:: ...... LLI 

LLI z: N 1:- ...... ...... LLI 0.. > t: LLI .... ...... .... ...... ~ 0:: 1:-. V) 0 c.. ..... ....I .o:: u LLI ........ c u .... 
3:E:::J: ....I 0 cz:: ....I ....I 0 0:: ....I in cz:: 
0 LLI V) ....I ~ :::> cz:: 0 ...... >- LLI. :::> 0.. 
....11-C:Z:: - a u c t:n 0.. b... :E cz:: 
wt..% wt. %1 wt.% wt.% wt.% wt.% wt.%2 wt.% %nc3 %nc %nc 

PITTSBURGH COAL -- District 3 
Feed· Coal. (1 inch X % inch)'+ 16.0 30 17 19 6 2 18 5 1 
Baum Jig Product Material . 9.4 21 22 19 9 5 21 0 0 
Bawn cTig Refuse Material 31.6 28 11 21 12 5 22 0 0 

POCAHONTAS N0.3 COAL -- District 7 
Feed Coal ( 1 inch X % inch) 45.3 33 29 13 4 7 0 6 12 
Bawn Jig Product Material 6.9 30 36 13 6 6 2 8 0 
Baum Jig Refuse Material 74.2 31 21 26 2 1 0 3 0 

ILLINOIS N0.6 COAL -- District 10 
Feed Coal (1·incb ·x% incbJ 33.8 36 10' 24 4 17 
Bawn Jig Product Material .11.3 3 13 24 5 19 
Baum Jig Refuse Material 41.5. o. 7 24 5 24 

. 1 .Minepa! values are expressed as weight percent of the low temperature ash. 
2 The symbol "--".indicates that the mineral lAXtS not present in that coal. 
3 Standard aur-ves were not available for some minerals. These· were assigned relative values representing 

the mineral's aontribution to the total X-ray count. 
'+ The ''Bawn" Jig feed coal ws actuaU.y 1 inch X 3/16 inch, but these· rJere no~ sampled. The feed coal 

analyses were calaulated f~ the 1 inch X % inch float-sink fractions. . 

LLI .... -z: 
< 
tl) 

en 
ta 
%nc 

2 
0 
0 

4 I -0 10 
I 

2 



Table 13 

Mineral values expressed -as :p.ounds per short ton .of, feed coal for the Baum Jig pilot plant tests. 

~ LI.J L&J LLJ 
2: 1- LLJ LLJ c:: 1- 1-
...."4 . -J -~ La.J 1- t ~ ~ LLJ ....... 
,,_ <~ .LLJ z N t '"-~ L&J > 1- .z 
c:: ~La.J .t- ..... t- l3 c:: t; .en 0 f-4 ::i -J.O Wt- .... -J ~ u L&J Q u t-

<:l.. zt- -J 0 < -J -J Q .~ ,-J (/) GE (/') 
0~ ..... < -J -~ p < 0 '"-~ >-· LLJ ::> < 
U::t::· E:E .... 0' u Q (/') a.. LL. ':E' < to 

t'D zo lb to zo lo lb zo ~b 'lb lb tb Zb 
PITTSBURGH COAL 
Feed Coal 1 '2000 320 9€. 54 61 19 6 t+ '58 16 3 6 
Baum Jig Prod~t2 1418 ']33 2E: .29 25 12 7 28' ·a 0 0 
Baum .Jig RefUse 3 ·58:2 184 37 15 28 16 7 29 0 0 0 

POCAHONTAS N0.3 COAL 
Feed Coal .2000 ·s:o6 299 263 118 36 ·:6·3 0 54 109 36 

I .... N 

Baum Jig Product '968 67 20 24 9 4 4 'l .. 5 0 0 
0 
I 

Baum Jig .Refuse .· .1032 766 237' 161 199 15 8 .0 23 0 .15 

'ILLIN01S N0.6 COAL 
Feed Coal 2000 6.76 24.3 68· 162 27 ;].15 
Baum Jig Produc~ 1262 143 4 19 34 7 ·27 --Baum Jig Refuse 738 306 iJ 21 74 15 74 

1 Mi.n.eml values are expressed c.s pvr:.nds cf the mine1'al in one sboPt ton ·of feed ooa.l. 
2 MinePal values ·are expressed ,c.s p~nds c.f the .mineml reporting with the ;cl;ec.ned coal.PeS'J,llting fPom 

. · cleaning one short ton of feeC. aoal. 
3 Mineral values are expressed c:s powul.s c.f the rrtirlem~ ·peporting with the .Pefr.se reFJUlting from cleaning 

one shoPt .ton of feed coc.l. 
I+ The sympol "-:-" indi.cates that ·tr.e mineral was not present in that coal. · 



-21-

Differences between the feed coal analyses and the product and refuse 

sums o.f the values in Table 13 are s~:llj, except for the Illinois No. 6 coal. 

In that coal, large amOunts of illite were dispersed and r~moved with the. "ash 

water~ 

Petrographic Analysis 

Haceral. analyses of the District 7 Pocahontas No. 3 feed coal, cleaned 

coal, refuse, flo~t-s ink fractions, and the -100 mesh f~~d coal frac.tion 

~re reported and interpreted in this section. Macerals id~ntified in this 

coal are listed in Table 14 with their volume-percent abundances in the sample 

fractions. Petrographic mineral matter is included in Table 14, and the mineral 

species identified optically in the Pocahontas No. 3 coal are included in Table 17. 

The Po~ahontas No. 3 coal in District 7 is of low volatile bituminous 

(lvb) r~nk; and beca~e of rank-rela.~ed factors, has a maceral composition 

considerably (liffe~en't from that of the high volatile n bituminous (hvAb) 

Pittsbu+gh coal reported in previous .r~ports of this series·. High inertinite 

and low exinite abundances sho~ in Table 14 are aspects of these compositional 

differences. Table 15 includes minimum and 11U1Ximum maceral values for these 

satriples, and ShO\-lS the higher inertinite and l<H-ler ·exinite values when compared 

to Table 4 of Quarterly Report tlo. 5, showing si'l'lilar values for the Pittsburgh 

coal. Examination of Table 14 reveals that semi.fusinite and fusinite are the 

predominant. inertinite macerals. Semifusinite is the ~ajor inertinite macer.al 

in all size fractions, but fusinitef is increasingly abundant in the finer coal 

sizes. An important trend in the maceral composition of the float-sink fractions 

was the shift of the maximum inertinite content frQm the 1.40 float specific 

gravity fra!.'tion in the +1 inch coal,. to the L 60 float fracti.~ns ~f the f"' • .,r 

coal s~zes. B~ca:use ·fusinite has a greater sp~i~ic gravity1 (l.S gm/~m3) 

than semifusi~ite (1.35-1.45 gm/cT!l3), this shift was primarily caused by the 

.increased fusinite in the finer coals. Another contributing factor was the 
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increased specific gravity of fusinite particles caused by mineralizations in 

the cell lumens. 

The absence of exinite macer~s in these samples was an aspect of the 

coal's rank. Coals of lvb rank have been devolatilized to the extent that 

exinite maceral reflectance has increased.to match that of the vitrinite 
. . 2 

matrix in which it was enclosed. Devolatilization of the Pocahontas No. 3 

coal produced exi~ite macerals which were undetectahle by normal coal 

p£trographic procedures. 

Devolatilization similarly deleted some vitrinite macerals common in 

bituminous coals (Table 5 of Quarterly Report No. 3) such as telinite and 

desmocollinite from the analyses of these samples. 

Hith collinite being the only vitrinite maceral present, the vitrinite 

content of these samples paralleled the contents of the Pittsburgh coal samples 

in both abund~ce and size and specific gravity trends. Specifica~ly, vitrinite 

ccmtent of the whole ~oal decr.eases as sp~ific gravity of the. fraction is 

increased. 

Petrography of the Pocahontas No. 3 coal also revealed a feature of these 

samples undetectable using other methods of analysis. This lvb coal contained 

a small amount (3-5% in the feE!d coal) of a hvAb coal from another. location. 

The hvAb coal was recognized by the much lower reflectance 9f its vitrinite 

and exinite macerals. This "contaminant ... coal was generally diluted in the 

float-sink fraction, but tended to concentrate in the finer coal sizes. The · 

effects of minerals included with the "contaminant" coal, especially in certain 

float-sin~ fractions, is undetermined to date. 



Tab1 e 14 

Petrographic analyses of ihe District 7 Pocahontas'No;3 coal float~sink fractions and head samples 
presented as volume percent o~ the whole coal. 
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Table 15,. · 

Macerals present in the Distrf~t 7, Pocahontas No.3. coal samples with 
their minimum a~d m~xt~um observed values. 

. . .. 

GROUP MACERAL 
Maceral 

submaceral Minimum Maximum 

VITRINITE . ,5% (_44%}* 89% (91%)* 
Collinite** 5% 89% 

EXINITE 0%· 0% 

INERTINITE 2% (9%)* 51% (56%)* 
Fusinite 1% 16% 

pyrofusinite 0% 16% 
degradofusinite 0% 5% 

Semifusinite 0% ... '. 33% 
pyrosemifusinite 0% 7% 
degradosemifusfnite 0% 26% 

Macrinite 0% 6% 
Micrinite 0% 3% 
Inertodetrinite 0% 6% 

MINERAL MATTER 0% . 92% 

* Values· in parentheses are values of the maceral group recalculated 
to a mineral-matter-free 5asts. 

** Collinfte was the only Vitrinite maceral present in 2% or greater. 
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X-Ray Powder Diffraction 

In Quarteriy Report No. 8 of this series, XR!'n s·tandardization equations 

were developed which allowed quantitative weight-percent determinations of 

minerals in the low temperature ash (LTA) of the District' 3 Pittsburgh coal. 

During this .report period, similar standardization equations were developed 

for the District 7 Pocahontas no. 3 coal and the District 10 Illinois No~ 6 

ccial. Though some minerals uere added or deleted, the procedures established 

in Appendix B of Report·No. 8 were foilowed to produce the XRPD standardization 

equations presented in Table 16. Hinerals for which XRPn standard curves could 

not he developed as well as minerals detected using other analytical techniques 
.· 

are listed in Tables 17 and 18 for the Pocahontas ?Yo. 3 and· Illinois ~o. 6 coals 

respectively. 

The Pocahontas No. 3 coal contained 14 minerals, of which 6 could be 

quantitatively determined \-11th standard curves established for this coal. 

As is further described in Appendix B of the Report !lo. 8, the standardization 

equations were produced through linear regre~sion analysis of plots of mineral 

abundances verses x-ray peak intensity. The mineral abundances were calculated 

using normative methods from the elemental analyses of the ash. X-ray peak 

intensities were expressed as a percent-of-net counts which represents that 

quantitative peak's contribution to the net intensity produced by all minerals 

in the sample. The standardization equations \-7ere calculated as linear: regression 

equations as presented in Table 16. All plots were linear, and the R2 values 

indicated the i'goodness-of-fit" of the regression line to the data. Greater R2 

values indicate a better fit, and therefore, more accurate equations. The 

detectable limits and errors presented in Table 16 were extrapolated visually from 

the plots. 

Fourteen-angstrom clays and dolomite were not present in enough samples 

to allow quantification. Orthoclase (feldspar), muscovite, and bassanite 

could not be quantified ~~ing normative methods, arid therefore, standard curves 
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Table 16 

Standardization equations for X-ray powder diffraction analysis of 
minerals in the District 7 Pocahontas No.3 coal and the District 10·· 
Illinois No.6 coal. 

POCAHONTAS N0.3 COAL 
· Detectab Ze 

Linear Regression Equation R2 Limit Error* 

ILLITE (wt. %) = 11.6(lnct)-13.1 0.54 10% ±40% 

KAOLINITE (wt. %) = 0.74(_%nc)+16.0 0.73 16% ±20% 

QUARTZ /wt.%) = 0.80(%nc)-19.4 0.58 8% ±20% 

CALCITE (wt. %) = 0.45(.%nc)+0.7 0.92 1% ±3% 

SIDERITE (rut.%} = 1.19(%nc)-2.9 0.74 1% ±3% 

PYRITE (wt. %) = 1.19(.%nc 1+0 .. 3 0.68 1% ±2% 

ILLINOIS #6.COAL 
Detectable 

Linear Regression Equation R Limit E!Tor* 
. ' 

CALCITE (UJt. %J = 0. 53(_%nc)+3 0.82 3% ±3% 

PYRITE Gut. %J = 1.15(.%nc )+2 · 0.88 . 10%. ±5% 

* · Tfle error given is the range on eith.er side of th.e regression 
equation containinQ 90% of th.e samples. 

t %nc = Percent-of-net-.counts Cs:ee text) • 
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·Table17 
MINERALS OF THE DISTRICT .7 POCAHONTAS N0.3 COAL. 

Symbols indicate the analyti·cal procedures available for each mineral, and 
whether the procedure can be used for .~ua-ntification or identification. 

~ ~ ~ to 
~ -~ 

-~ Cl ·o Cl ~ 
::a·~ ~- ~-~ s:l. $:).; 
Cl~ ~to ::::.~ N~ tl:~Cl 
~ t) ~ Cl ·~ c::! ~ Cl t) 

~~ ~~ ~N c::!~ ·~ ~ to 

~] 
t>.Cl ~ ~ Cl 

~-~ ~~ ·~ ~ ~ ~ ~ 
~~ c::!~t> FoP111Ulae :.!: iS. A·lf ~~ &'J~-~~~ 

14 A CLAYS T variahle 

ILLITE Q Q I I variable 

KAOLINITE Q Q Q .I I Al~(Si~010 )(0H) 8 
QUARTZ Q I Q I I Si02 

ORTHOCLASE I K(.A1Si 308 l 

MUSCOVITE I I I KAl ~CAl Si 3010'){0H)2 

CARBONATES I Q I I variable 

CALCITE Q I Q I I CaC03 

DOLOMITC l l I CaMg(C0
3

) 2 

· SIDERITE Q Q l I FeC03 

BASSANITE l I CaSO~·~H2 0 

IRON DISULFIOES . Q Q I I Fe$2 

PYRITE I FeS2 

MARCASITE I FeS 2 

HEMf\TlTE: I I Fe203 

RUTILE I I Ti02 

PYROL YTI C CARBON I c 

COKE l variable 

Q = Quantitative determi:naUons [±.3-40%) 

I = Identificati"on only possible 



-29-

Table 18 

MINERALS OF THE DISTRICT 10 ILLINOIS N0.6 COAL. 
Symbols indicate the analytical procedures avaflable for each mi·neral, and 
whether the procedure can. be used for· quanti fi'cation or identi'ficatio'n. 

,·,l ~ ~ ;::s, tO 
~ ~ ;::s, . ' ~·~ ·0 <:) ·~ 

~~~ ~ ~»·~ ·~ 
0~ ~~ ~~ t:$ 
A:i~ ·~· t:$ NM <:) ~ 

;::s,~ ~~ ~N. t:$1;)) ·~ M t0 

~] 
~ <:) ~ ~· <:) 

~t: ~~ ·~ M ~ ~ M 
~~. t:$ I» ~ 

·~ A&' ~~ &~» ~N~ 
·><= A.. tQR:l 

ILL.HE Q* Q I I 
KAOLINITE Q* Q Q I I 
QUARTZ Q* Q I I 
MUSCOVITE ·.· I I' 

. CARBONATES l Q l I 
CALCITE Q I Q I I 
SIDERITE. I '1 I 
IRON DlSULFIDES Q Q l I 
PYRITE I 
MARCASJTE. I 
SPEfALE.IUTE. I t 
RUTiLE I I 

Q = Quanti'tative· deterini'nati'ons (±3 .... 40%} 

I = Idehtff1cat16n only posstble 

FoPmUZae 

variable 

A 1 '+ ( S i '+ 010 } (OH} 8 

SiO . 2 

KAl'+(AlSi 3010 }(QH}2 

variable 

CaC03 

FeC03 

FeS2 

FeS 2 

Fe~2 
ZnS 

Ti02 

1r 111 ite was determined quantitatively usi:ng the standard1zat1·on 
equation established for the Pocahontas No •. 3 coal, and kaolinite 
and quartz 're,r"e determi.'ned from P;ttsburgh coal equat;·n.,s.-



Taf>le 19 

Mineralogi·c analysis of the. Oistri:ct 3 Pittsburgh coal float-sink fractions and head samples. 
Mi nera 1 va 1 ues were obtai ned by :<-ray Fowder Diffraction, and are expressed as weight-percent 

of the 1-:>w temperature .ash. 
L:J L&J 1-' L&J c:: 1-...... LLJ 1- <C L&J ...... 

L&J z N 1- ...... lLI ~ 1- z 1- ...... 1- ...... ::£ 1- Vl ...... <C ...... ...J c:: u 0 - c 1- en 
Specific . ...J 0 ~ ...J ...J IX ...J <C (,/) 

...J ~ :::::> <C 0 > LLJ ~ ~ 
Sample Gravity ...... a u c 0.. LL <C tr::l 

Number Size Fraction Fraction UJt.%1 UJt.% UJt.% UJt.% UJt.% UJt;:.% %nc2 %nc %nc 

780037 +1 inch 1.50 Float 21 23 16 2 3 20 1 4 10 
780038 '+1 inch 1.40 FZoat 19 15 17 2 3 27 2 1 14 
780039 +1 inch 1.60 Float 38 8 17 14 10 8 1 4 0 
780040 +1 inch 1. 80 Float 50 5 24 6 4 1 0 5 0 I 

v.l 

780041 +1 inch 1.8G Sink 35 lJ 20 9 3 18 1 2 0 0 
I 

780012 1 X J,; inch 1.5G FZoat 27 23 17 2 2 17 1 1 4 
780013 1 X J,; i'Y'..ch 1. 4G Float 26 13 19 4 2 24 2 1 4 
780014 1 X J,; ir..ch 1.6G Float 26 11 19 1 3 28 2 2 9 
780015 1 ·x J,; ir..ch 1. 8G Float 34 7 19 9 6 22 1 2 0 
780016 1 X J,; ir.ch 1. 80 Sink. 33 10 21 9 2 14 9 1 0 

780017 J,; inch X 8 mesh 1.50 FZoat 26 28 15 4 3 18 1 '1 3 
780018 J,; inch X 8 mesh 1.40 Float -28 20 B 6 2 24 1 1 0 
780019 J,; inch X 8mesh 1.60 Float 25 12 19 6 2 33 2 1 0 
780020 .J.i inch X 8 mesh 1. 80 Float 25 7 1:3 11 4 28 2 1 4· 
780021 J,; inch.X 8 mesh 1.80 Sink 37 9 2::1 9 2 20 1 1 0 

1 WeiG·ht percent of the low tempera'l;ure ash. 2 · Staniia.rd CU!'Ves UJere not avc:i Zab le. and 
therefore these mir.eral-8 are e:x:pressed as 
.percent of the net ~ourrt:: or! aZZ minerals. 



Specific 
Sample Gravity 
Number Size Fraction Fraction 

780023 8 X 28 mesh . 1 •. 30 FZoat 
180024 8 X 28 mesh 1.40 FZoat 
180025 8 X 28 mesh 1.60 FZoat 
180026 8 X 28 mesh 1.80 FZoat 

. 780027 8 X 28 mesh 1.80 Sink 

780028 28 X 100 mesh 1.30 FZoat 
780029 2B .X 100 mesh 1.40 FZoat 
780030 28 X 100 mesh . 1. 60 FZoat 
180031_ 28 X 100 mesh 1.80 FZoat 
180032 28 X 100 mesh 1.80 Sink 

780022 -100 mesh feed aoaZ fraction 
7"80036 CZeaned aoaZ head sampZe 
780043 Feed coal head sample 
780035 Refuse head sample 

I.IJ ..... -....1 
....1 
1-i 

7Jt.%1 

20 
19 
16 
23 
27 

29 
25 
11 
8 

33' 

"29 
31 
25_ 
20 

Table 19 
(continued) 

L&.J ..... -z: N ...... ..... 
....1 c::: 
0 cc 
~ .::::> 

0' 

wt.% 1Jt.% 

28 16 
16 18 
11 18 
7 17 
7 18 

21 . 16 
25 17 
13 18 
9 15 
6 14 

10 18 
19 19 
12 17 
8 19 

L&.J 
L&.J c::: I:-UJ I:- cc L&.J -..... - L&.J 0.. ..... . z: - :E t: V') ·- cc u 0 c ..... V') 

....1 ....1 ·g: ....1 cc V') cc 0 UJ 0.. cc u c 0.. LL.. cc CXl 

1Jt.% 1Jt.% 1Jt.% %na2 %na %na 

4 3 24 1 1 3 
4 3 36 3 '2 0 
6 2 43 2· 2 0 

13 5 .25 2 9 0 
14 2 24 2 3 0 

3 5 12 1 1 12 
3 3 13 i 1 2 
5 2 28 2 2 . 9, 

11 4 23 2 2 26 
25 4 -16 1 l_ 0 

1 5 8 1 1 26 
6 .2 20 1 2 0 
5 2" 28 1 2 ·a 

10 2 23 0 2 15 

-1 . Weight -percent of the lo7J t~erature ash. 2 Standard curves 1Jere not available~ and 
therefore these minerals are e:cpressed as 
percent of the net counts on aZl mineraZs. 

I 
tN 
...... 
I 
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could not be developed~ 

In the Illinois No. 6 coal samples., 10 minerals ~1ere detected .(Table 1~), 

but standardization equations could only he developed for calcite and pyrite~ 
I 

Illite, kaolinite, and quartz produced strong, usable, peaks on the diffracto-

grams, but the range from minimum to maximum percent-of-net-counts of each 

nd.neral was too narr(n-1 to allow linear regression to be .applied accurately •. 

Therefore, in calculating mineral abundances in the Illinois No. 6 coal the 

illite standardization equation established for the Pocahontas Ho. 3 coal was 

adopted, and the kaolinite and quartz equations for the Pittsburgh coal were used. 

These equations were applied because the Pocahontas ~lo. 3 samples prQvided. the 

only illite standard curve, and because the abundances of kaolinite and quartz 

in the Pittsburgh coal most paralleled abundances in the Illinois ~lo. ~ coal. 

Using the standardization equations developed in P-.eport !~o. 8 for the 

Pittsburgh coal, and in thi~? report for the Pocahontas Uo. 3 and Illinois No. 6 

coals, all raw XRPD mineral data (percent-of-net-counts) were recalculated to 

weight-percent values of the LTA, and tabulated. 

The XRPD Mineralogic analys~q of the Pittsburr,h coal and its fractions 

are pr~ented in Table lC) as weight percents of the l.'!.'A. Percent-of-net-

count values for feldspar, apatite, and bassanite were included for relative 

trend interpretations only •. In this coal illite, kaolinite, quartz, and 

pyrite were the qua!ltitatively important minerals in the LTA. Calcite,. hm-1ever, 

was a predomina,te mineral in the 1.80 float and 1.80 sink fractions of th~ fin~r 

coal ~izes. Oth!?r mineral trends in the float-sink fractions are apparent in 

Table 19, but care must be exercised in these interpretations because of. the 

large expected analyti~al errors for some minerals (Table 7 of Report No. ~). 

A very tenuous trend of greater illite in the L'!.'A of the higher specific gravity 

fractions was interpreted. Y-aolinite constituted a greater proportion of the 

l.TA in the lower specific. gravity fractions, especially in the fine sizes. 
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Quartz appeared in these samples as being distributed equally in all LTA1 s. 

Pyrite was present in its greatest proportion in the LTA 1 s of the middle gravity 

fractions (1.60 float), and this trend was accentuated in the finer coal size~. 

Bassanite occurred in the lower specif:f.c gravity (very lmr ash) coal fractions. 

Apatite displayed·a size-related trend, and appeared most abundant in the +1 inch 

coal size. 

The XRPD mineralogic analyses of the Pocahontas ~lo. 3 coal and its. fractions 

are presented in Table 20 as weight-percents of the LTA. Percent-of-net count 

values for feldspar (specifically orthoclase)' hassanite, and muscovite uere 

included for relative trend interpretation only. Illite, l:.aolinite, anrl quartz 

were the quantitatively important minerals in thts coal, thoug~ siderite, pyrite, 

feldspar, arid calcite were important in certain size and specific gravity fractions. 

Illite constitute'd a proportionally greater amount of the LTA 1 s of the hi0llCr 

specific gravity fractions. l~aolinite displayed an opposite trend, being 

proportionally greater in the LTA Is of the lm..Ter specific gravity fractions. 

Quartz content increased proportionally to the specific gravity of the coal; 

but generally showed a reiative decrease in the l.~n sink (ractions. In the ? 

mesh and larger coal sizes, siderite displayed a distinct trend to be pro­

portionally greatest in the LTA of the 1.30 float fractions. Pyrite and feldspar 

displayed similar trends in the+ 1/4 inch and+ 28 mesh coal, respectively. 

The XRPD mineralogic analyses of the Illinois ~!o. 6 coal and its fractions 

are presented in Table 21. The weight-percent of the LTA values are presented · :. 

for illite, kaolinite, quartz, calcite, and pyrite, hut the sporadic occurrence 

of siderite allowed only presence-absence information to be tabulated. Illite, 

kaolinite, quartz, and pyrite were the quantitatively important minerals, hut 

calcite occurred in significant amounts in the LTA 1 s of the finest coal fractions. 

Illite and quartz appeared to be equally di:>tributed in the LTA1 s of all fractions 

of this coal. Kaolinite constituted a larger propor.tion of the LTA of the lower 



Ta.bl e '0 

Mineralogic analyses o7 t,e. District 7 Pocahontas Nc.3 co~l floaf:-sfnk· fract·:ons .:md head samples. 
Mineral values were o~tained by X-ray Powder Di1ffractton, and are expressed as wetght-percent of 

the law temperature ash. 

LLJ LLJ LLJ 
I- LLJ ~ I- I-- LLJ I- c:( - -· LLJ z: N I- - LLJ 0. z > 

I- - I- - c:: I- V) c:( 0 - _.. c:: (.) LLJ - c V) (.) 

Specific -'· 0 c:( _. c ~ _. V) V) _. 
~ ::J c:( - >- LLJ c:( ::J 

Sample. Gravity - 0 (.) V) 0. LL. co ::E 

Number. Size· Ft:action Fraction U)t.%1 rz.tt.% wt.% wt.% wt.% wt.% %nc2 %nc %nc 

780050 +1 inch 1.30 Float 9 35 10 4 14 10 19 6 3 
780051 +1 inch 1.40' Float 25 33 13 5 7 3 8 2 5 
780052 +1 inch 1 .. 60' Float 27 28 27 7 0 l 2 2 6 
780053 +1 inch 1.80 Float 26 18· 50 1 0 0 2 0 4 I 

VI 

780054' +1 inch 1.80 Sini<. 34 21 35 2 1 0 2 1 5 ... 
I 

780055 1 X~ inch 1.30 Float 5 39 10 4 19 7 18 - 2 6 
780056 1 X~ inch 1.40 Float 24 33 13 4 5 2 10 2 7 
780057 1 X~ inch 1.60 Float 27 26 30 6. 0 2 2 2 6 
780058. 1 X~. inch 1.80 Float 25 22 40 4 0 2 2 0 6 
780059 1 X~ inch 1.80 Sini<. 35 29 10 4' 8 0 6 5 13 

780067 ~inch X 8 mesh 1.30 Float 8 4L 10 3 10 0 15 11 8 
780068 ~ inch X 8 mesh 1440 Float 23 34 18 2 4 3 9 1 6 
780069 ~ inch X 8 mesh 14 60 Float 24 27 23 5 5 2 5 3 6 
780070 ~ inch X 8 mesh 14 80 Float 30 24 27 8 0 1 1 3 5 
780071 ~inch X 8 mesh 1.80 Sini<. 30 20 34 2 1 2 3 3 6 

1 Weiqht percent of the low t~e~ture ash.. ~ Standard .curves were no~ avaiLable, and 
therefore these minerals are expressed as 
percent cf the net coun~s on all mine~ls. 



Table 20 

{continued) 

1.&.1 1.&.1 1.&.1 . 1- 1.&.1 0:: 1- 1-- 1.&.1 1- < - -1.&.1 z: N 1- - 1.&.1 c.. z: > 1- - 1- - 0:: 1- en < 0 - ...J 0:: u 1.&.1 - c en u Specific ...J 0 < ...J c 0:: ...J en en ...J ~ :::>. < - >- 1.&.1 < ::::> 
Sample Gravity - c:r u en c.. . LL.. co :E 

Number Size Fraction Fraction wt.%1 wt.% wt.% wt.% wt.% wt.% %nc2 %nc %nc 

780072• 8 X 28 mesh 1.30 Float· 18 45 10 3 6 4 10 5 10 
780073 8 X 28. mesh 1.40 Float 26 29 26 3 2 2 6 0 7 
780074 8 X 28 mesh 1. 60 Float 23 31 21 2 6 2 6 2 7• 
780075 8 X 28 mesh 1.80 Float 24 24 28. 5 6 3 2 3 5 I 

VI 780076 8 X 28 mesh 1.80 Sink 31 21 32 5 1 1 3 2 5 V1 
I 

780099 28 X 100 mesh 1.30 Float 29 41 10 5 4 7 6. 0 9 
780100 28 X 100 mesh 1.40 Float 26 35 12 4 1 4 9 ·0 8 
180101 28 X 100 mesh 1.60 Float 27 34 21 2 2 2 5 0 7 
780102 28 X 100 mesh 1.80 Float 23 25 25 4 4 3 6 2 7 

-780103 28 X 100 mesh 1. 80 Sink . 37 19 19 17 1 2 3• 1 1 

780060 -100 mesh feed aoal jraation 38 24 17 11 2 1 3 2 3 
780049 Cleaned aoaZ head sample 40 22 26 2 1 0 2 2 4 
780090 Feed aoal head sample 32 28 21 6 2 2 4 0 4 
790164 Refuse head sample 31 21 34 2 1 0 2 2 8 

1 Wei~rht . peraer.t of. the low temperatux-e ash. 2 Standard curves were not available, and 
. therefore these minerals are ~ressed as . . 
percent of the ·net aount on all minerals:~ 



Table 21 

Mineralog.ic analysis of the District 10 Illinois No.6 Coal float-sink fractions ~nd· he~d samples. 
Mineral values were obtained by X-ray Powder Diffraction, and are expressed as weight-percent of 

the low temperature ash. 

UJ 
~~ IJ.J ·- IJ.J ..... 

IJ.J z N ..... IJ.J ·-..... . - ..... - 1:- 0:: - ...J 0:: u - IJ.J 

Specific ...J 0 c( ...J ~ c 
...J ~ ~ c( >- -Sample Gravity - 'c::t u 0.. V'l 

Numbe-r Size F-raction F-raction wt. %1 !JJt.% lJt.% wt.% wt.% 2 

790149 +1 inch 1.30-Float; 40 16 22 6 19 
790150 +1 inch. 1.40 Floa-t 21 12 25 6 14 
790151 +1 inch 1. 60 Floai; 4 1(o 22 5 35 
790152 +1 inch 1. ao Floai; 21 10 20 6 30 p I 

VI 

790153 +1 inch .1. 80 Sink 37 9 26 4 13 0\ 
I 

790154 1 X% inch 1 • .'50 Float. 33 16 22 5 21 
790155 1 X% inch 1.40 Float. 39 13 24 5 19 
790156 1 X% inch 1. f.JO Floa-f; 19 12 22 7 25 
790157 1 X% inch 1. 90 Floa-t 24 11 21 7 30 
790158 1 X% inch 1.80 Sink 37 9 25 4 15. 

790159 %inch X 8 mesh 1.30 Float 25 13 23 5 23 
790160 %inch X 8 mesh-1.40 Float 8 12 24 5 20 
790161 %inch X 8 mesh 1.60 Float 22 14 22 6 24 
790162 % inch X 8 mesh 1.80 Ftoa.t 24 14 21 8 25 
790163 % inch X 8 mesh 1.80 Sink 48 10 24 7 16 p 

1 Weight percent o! the tow i~eratuPe ash. 2 "-" indicates the mineral vas not 
detected, and "P" ir.d:icat~s the 
minera! ~us prgsent. 



Table 21 

(continued) 

L&J 
'I- LIJ ...... LIJ 1:-

LIJ z N ''I- bJ ..... 
1:-. ...... . ..... ...... 1:- a:: ..... _, a:: (,.) ..... LIJ 

Spe·cific 
_, 0 .. cC _,_ a:: c=t _, 

·~ 5- ·< > ..... 
Sample Gravity - 0 0.. V'J 

Rumber ·size Fraction Fraction· urt •. %1 ~t.·% . ~t.% ~t.% ~t.% 2 

790166 ·a X 28 mesh 1.30 Float 43 18 22 4 21 
790168 8 X 28 mesh 1.40 Float 30 14 24 5 17 
790167 ·-s .:X 2{] ·me·sh 1.60 Float 33 14 '23 ·.9 '14 
790169 8 .·x 28 mesh 1.80 Flo.at 33 14 .22 8 17 I 

~ 

790170 s·x 28 mesh 1.80 Sink 23 9 2i 16 12 "'--I 

790171 .:28 X 100 mesh 1.30 Float 44 18 22 6 16 
790172 ·28 X 100 mesh 1.40 Float 41 15 22 ·10 11 
790173 '28 X 1()0 meeh 1.60 Float 40 15 .. 24 6 11 
790174 28 X 100 ·mesh 1.80 Float 40 15 24 8 11 
790175 .28 X 100 mesh 1.BO Sink 30 10 19 .'21 11 

790176 -,100 mesh feed coal fmction · 29 14 24. 7 12 
790165· Cleaned coal head sampZe 24 12 21 14 16 
790047 Feed coal head sample 0 9 ·22 10 2.0 .. 
790419 Refuse head sample · 41· 10 25 6 l2 p 
·800039 Black-wter slu.rTy fines 0 9 27 5 7 p 

1 Weight percent of the l~ temperia'f;ure ash. 2· 11
-

11 indicates the mineral ws not 
detect'e4~ and upn indicates the 
minem.l w.s present. 
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specific gravity coals. Pyrite, in the larger coal sizes, was greatest in 

the LTA's of the middle gravity fractions, but in the finer size coals was 

greatest in the LTA's of the 1.30 float fractions. . . 

Though ~he previous discussions concentrated on. distributions of minerals 

in the LTA's of the size and specific gravity fractions of three specific coals, 

some generalizations are possible which shottid aid in interpreting the preparation 

plant and pilot" plant cl~ning of these coals •.. Illite· and quartz constitute the 

majority of all LTA' s whether of cleaned coals or refuse. Some minerals display 

the property of being highly Sl:!par:all:!u lntu e:J.ther the cleaned coal or the rcfuoo, 

especially when fine coal. sizes are cleaned. Calcite and kaolinite are prime 

~xamples in that kaolinite is greatest in the J.TA' s of the cleaned coal, and calcite 

is greatest in the LTA is of the refu.q e. Hinerals such as apatite and siderite 

are most effectively separated into the cleaned coal and refuse only when large 

coal sizes are cleaned. 

Mineral abundapce distrib~tions in these float-sink cleaning tests can be 

better explained when the weight-percent of the.LTA values are r~calculated into 

weights of each mineral, in each fraction, resulting from one ton of coal cleaned, 

This type of analys:ts will allow a realistic interpretation of the distribution of 

minerals in the size and specific gravity fractions. 
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