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THE SEPARABILITY OF PIRITES PARTICIES IN
SCGE FULVERIZED COALS

by WUillem van Hees
Research Department,

Baltimore Gas and Zlectric Company
Baltimore, Maryland

Abstract

The manner of dispérsion of pyrites particles in pulverized coal, and
their separability from the carbonaceous matter was studied.

The pyrites content was determined in forty-one pulverized ccal sazples,
and in the heavy fractions of these samples obtaired in a density separation in a
liquid medium. Two of these samples were segregated into sieving fractions.
These fractions were also subjected to pyriies determinations and density sspara~
tions.

Hore than one half of this group of samrles vas chosen from among high-
sulfur-content coals. . ' :

Velues for the removal in the heavy fraction of pyrites, ash and com~ -
bustible matter, are tabulated. '
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depesition oi‘ slaa in boils crs, the combustion pro
par "blC les, the composition amd properties of fly ash, and rclat

A ccmuonly occuwrring
d b is usually present in lump ceal in tue form, of discreet
bands, as inspection of polished fc.Cv.u will rev eaT-—)Sl Ceceasi onally, tiie
tas will ’:e found in forms that exceed millimeter or even centimeter sizs.
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The purzgose of this investigetion was to gati:er data frem which conclu-
ions couwld be drawm about the manner cf dispersion of ryrites in pulveiized coal,
and atout the limiting valuec for the physical seperability of pyrives from the
cartonraceous matter. Literatwre search did not-yield such information.

Two pulverized ccals were studied in deteil. In sieving fractions, as b
e whole coal powder, pyrites content wes determined., The pulverized
cczls and their sie fractions were also subjected to density separations in 2
1iquid mediwme Subssguentls, a greup of coals consisting of thirty-nine semples,
inc ud_.. ng twenty=Lo bian-sal.uf—contenu coals frcm several states, was studied,
separations end pyritss determinations were made in oxder te cobtain data
for"bhe caleulation of the percentage of the pyrites removed {rom each sample in
the heavy fraction. In meny-cases ash determinations were made as well, This led
to the calculation of the percentages of ash and combustible matter that were re-
moved in the heavy fraction during the density separation.

thod U 197-3C, of the American Society for Testing Ieter1¢152) was
used to cobtain sieving fractions from the pulverlaed coals., rractions 25 nesh,
not menticned in this procedure, were &lso preparede

411 density separations were done with & mixture of carbon tetrachloride
and xylene, having a density of 1,150 g/ml. This density chosen after it was
found that at lower densities a'apreciable quantities of light crganic particles
will fail to be separated from the heavy, partly or wholly inerganic particles
that are removed in the sink fraction. Somewhat higher densities did not influence
to a greal extent the percentzsge of a powdered coal sample that would sinlk.,
¥*

The word "pyrites" in this work is intended as a temm of reference meaning iron
disulfide in the form of pyrite or marcasite. o
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The fluid mixture used was chosen tecause sharp separations were more
readily obtainable in it then in other mixtures that were tried.

The separations were made 'dth samples of 5 grams of pulwerized coal, in
500_ ml stoppered conical separating funnels. These pyrex funnels had a generziing
angle of nsarly 17°. After intrcducing the powder into the funnel, 290 ml of den-
sity £lwid were added, the funnel stoppered and well cheken, and {inally clamped in
a vertical position. After one hour the ceontenrts were carefully shaken in such a
manner that tie upper part of the vessel would Te well wetted, the floating fracticn
thoroughly disturbed, btut the heavy fraction left essentially undisturbed. after
cne mors hour, this procedure was repedted; the fumel was then left untouvched wntil
a clear separation had come about. Ths first 50 ml of fluid and sedireni were drawn
off at the bottom and filtered; the weight of the sediment was obbzined after drying
to constant weight at 100°C, The fleat fractions were similarly reclaimed quantita-
tively.

Pyrites determinations were made zccording to a modificationé)\of a method
described by Mottd/ . Ash was determined by the method of ASTM D 271-L3°/, Zrrites
and ash vere determined in samples before a density separztion had bteen made, and in
the flcat fraction after such a separation. The pyrites content and ash content of
the sink fractions could then be calculated. (Recovery of the sink fractions from
the filter paper for direct determination of these quantities, would have been un-
satisfactory because of the small amoumts invelved.)

In the tabulaticn of data, "sink loss®™ rerresents the percentage of the
dry powdered coal that -sinks in the density fluid. "Pyrites reroval®, "ash reroval®
and “combustible loss"™ express the percentages of the original pyrites, ash and com-
bustible contents respectively, that are fcund in the heavy frazcticn of the density
separation,

Description of Samples

Samples from a muber of different mines were used. They may be arranged
in two groups. The first group, tabulated below, consists of bitwrincus cezls from
Pennsylvania and West Virgiria. If more than one sample from a mine was used, this
is indicated by the number following the name of the mine.

TABLE I

First Group of Coal Samples Zxamined

Ne. Neme of Mine State of Origin General Classificaiion
1 Williams (2} West Virginia Fairmont

2 Rich Hil11 (2) Pennsylvania District No. 1
3 Arkwright - wWest Virginia Falrmont

L Purseglove West Virginia Fairment

5 Rosedale West Virginia Fairmont

6 Indien Creek (2) Pennsylvania District No. 1
7 Kano West Virginia : Fairmont

8 Badger : West Virginia _ Fairmont

9 Compass West Virgirda Fairmont
a0 Lymn . West Virginia . Fairmont .

11 i amond Pennsylvania : Hstrict llos 1
12 Clymer Pennsylvania . District No. 1
13 Erensburg Pemnsylvania - District Yo. 1

14-16 Composite Sarples (3) - Run of IMill
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‘The samples of this group were 211 ground in the same commercial mill, It
is probably impossible to obtaln powders with the same particle size distribution
from different coals, even if the factors that influence the operation of the mill,
insofar as thev do not stem from the ccal, could be kept constant. Furthermore, the
propertics of the various coals differ widely (grindability, hardness).

Of this group, an average of about §0Z of a sample passes a 100-mesh
sieve, and nearly 605 passes a 200-mesh sieve.

The sscond group of samplss, identified in Table VI by their states of
origin, was 2 selectlon of high-~-sulfur-content coal samples 'supplied by the U. 3.
Sureau of Mines.® This group of samples was ground in a labcratory type mill., in
average of about 88% ol a sample passes a 100-mssh sieve, and about 82% passes a
2C0~mesh sieve. '

Data and Discussion

A11 experimental data presented are averages of at least two replicate de-
terminations; derived data are based on these averages.

TASLE II

Particle Size Distribution, Percent of whole Coal Powder

Fraction . Williams Rich Hill
€325 mesh 36.45 L3
325-200 23465 2L.70
200-100 27495 22.%
100-50 *® _ 11.00 7.13

50-3 " . 1.50 36

0-16 .12 .03

TABLE ITI

Pyrites Percentage in Whole Coal, Sieving Fractions
and in Float and Sink Fractions of These Sieving rractions

¥illiams - Rich Eill
Whole Coal: 1.65 Whole Coal: 1.78

Sieving whole Whole
Fraction Fraction Floats Sinks Fraction Floats Sinks

<325 'mesh .53 039 25.2 1059 -52 211'7
200-325 1.80 .29 27.0 1.95 I 15.5
100-200 * 2426 31 27.7. 2.60 .13 .6
50-1C0 " 2 38 031 L6.6 3.37 .22 Lo.5

Pyrites content of the sink fractions of the sieving fractions varied from
1L.6% to 46.6% (Table III). With the exception of the finest fractiom, 2% least
8L.8% of the pyrites of each fractvion:was found in the corrcsponding sink fraction
(lable Iv)o

¥ Through the courtesy of Mr. R, T. Abernathy and lir. J. J. Barnes, Central Zxper-
iment Station, Region V, U, S, Bureau of Mines, Pittsburgh, Pa,
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TABLE IV

Heavy Fractions Data i -

Hleavy fraction as § of Percentage of pyrites
corresponding sieving in a sieving fraction
fraction, remeved in sink frzction.
Fraction Willians Rich Hill Williams Rich Hill
- €325 mesh 1.96 Lel7 5645 £3.5
200-325 5667 11.20 8L.3 53.7
100-200 7.0 16.35 8743 9L.2
SO":I-DO " 7050 20.70 a7 09 9)4-3

This suggests that a large part of the pyrites in these two powdered codls was
present in a comparatively unencumbered state, and that a relztively small part of
the total weight of the pyrites was located inside of coal particles or attached to
relatively large coal particles. This was borne out by a microscopic inspection of
the sink fractions. To this purrose samples of these hezvy fractions were embedded
in blocks of lucite, which were then ground and polisheds Few pyrites particles,
»325 mesh, were attached to carbonaceous particles., Ione were found attached to
other inorganic materials. ’

Computation shows that the sum oi the amounts of pyrites that settle in
the heavy fractions is in excess of 80% of the pyritescontent of the original sam-
rle. A density separation removes 86.9% of tue pyrites from Williams whole rpowder,
and 90.8% of the pyrites from Pich Hill whole pouder.

Mo reason was found to extend this detailed work to other pulvarized
coals. However, the separability of the pyrites from other whole coal samples was
determined by the densiiy separaticn method mentioned. ' The data obtzined in these
separations, as well as tihie recults of pyrites and ash detemminavicns, and deriveqd -
data, are given in Tables V and Vi. The rangs of the different removal and loss .
percentages achicved with these forty-one coal samples at a density level of 1,550,
is apparent from the data presented in thiese tables. Pyrites and ash are in part
removed in the sink fraction; this heavy fraction varies from 3.853 to 21,633 of th
weight of the original sample, Thirty-twe samples had a'sink loss of less than 10%.

. The percenbtage of the pyrites that is removed, exprescsed on the basis of
the original pyritic sulfur content, varies from L7% to 91&.

Ash removal percentages vary from 273 to L6Z.
Combustible losses in the sink fraction range from 2.6% to 17.Lz.

Hardgrove grindability numbers have been tabulated when available. Taese
values, and information of geographic nature have only been given for the better
identification of the coals.

The various loss and removal Zata stem from one separation operation. If
the sink fraction is subjected tc an additional density separation in a fluid of the
same density as previously used, a part of the combustible matter can be rsclaimed.
This was not systematically investigated. In two cases (samples 1 and 2) the com-
bustible loss could thus be decreased by .7%, bowever. In these two cases, the
limit of separability by physical means, had been approached in one density separ-
ation. : .

It is not likely that many of the samples studied are truly representative
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for a coal sean or a mine.. The varying conditions under which coal has been formed
have caused an infinite nurber of different results. This makes it difficult wholly

the group that was studied. In view of the great variely in origin and type of coal
in this group of samples, a discuss
data is therefore omitted.

Conclusions

1) Pyrites particles in comnmercially pulverized coal are largely present
as fres particles, or as particles that are relatively unencumbered by cartonaceous
or other inorganic matter. This is also true for cocal pulverized to a somewhat
‘greater dezree in a laberatory type mill,

2) Part of the pvrites can be segregated from the pulverized coal by a
density fluid, Forty-one samples were studied. &t a density level of 1.450, the
percentage of pyrites removed veried from LT to 91%. At the same time, the ash
content of the powder was decreased by an amcunt varying from 27% to Li6%. This was
accompanied by a loss of combustible matter, ranging from 2.6% to 17.4%.
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