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BEHAVIOR OF CLAYS ASSOCIATED WITH LOW-RANK COALS
’ IN COAL-CLEANING PROCESSES

H. F, Yancey and M. R. Geer

Seattle Coal Research laboratory, Seattle 5, VWash.
Bureau of Mines, U. S. Department of the Interior

About 65 percent of the 400 plus million tons of coal produced in the United
States annually is mechenically cleaned to remove the inorganic impurities before
being sent to market. The removed impurities, principally shale and clay with
some pyrite, average about 20 percent of the raw coal treated. Nearly 95 percent
of the tonnage treated is dealt with by wet processes in which water, suspensions
of solids in water, or occasionally celcium chloride solutions are employed. Dif-~
ference in density between coal and impurity is the basis of these processes.

Of major importance in the separation is the competency of the impurities,
that is, the resistance of the impurities to size disintegration in water. In
general, the impurities are more resistant in geologically older coals or those
in effect made older by metamorphism. If the impurities suffer reduction in par-
ticle size when immersed in water, the separation of organic from inorganic mate-
rial becomes more difficult. Recently the Scientific Department of the National
Coal Board (Great Britain) undertook a fundamental investigetion of the interac-
tion of shale and water and also developed an empirical method of assessing shale
breakdown or disintegration (1).

Comparatively little is known about the behavior of the clay and shale 2550=
ciated with subbituminous coal 2nd lignite because experience in upgrading them by
the more efficient wet-beneficiation methods is limited. These lower-rank coals
occur in the western states where energy requirements in the past have been rele-
tively small, and supplies of alternate fuels have been abundent. Now however,
these coals, which comprise the bulk of the Country*s reserves of minersl fuel, are
becoming of interest as sources of fuel for power generation and as potential
sources of metallurgical carbon and carbonization byproducts, Thus, their behavior
in preparation processes may soon become important. :

The more common tendency of geologlcally younger shale associated with low-
rank coal to disintegrate and form slimes or suspensions in the wet-tleaning opera-
tion has been examined in our coal-preparation labératory during the treatment of a
subbituminous coal and a lignite from Washington and a subbituminous coal from
Oregon. Yot only was it found that particle-size disintegration through softening
and dispersion of colloidal matter was of importance, but also thet the lattice
structure of the particular clay minerals which rendered it susceptible to swelling
and ‘consequent reduction in apparent density was of great significance.

Thermel Analysis

Differential thermal analyses (DTA) of the principal interbedded impurities
in the three coals are shown in figure 1. These data characterize all of the clays
as bentonitic, with sodium and calcium montmorillonite minerals predominating. One
characteristic property of montmorillonites is their extremely smell particle size
and hence the ability to form fairly stable suspensions in water. :

Interpretation of the DIA curves in the figure 1s considered to characterize
sample 1, from the Big Dirty Bed, lewis County, Wash., as principally sodium mont-
morillonite; sample 2 from the Southport bed, Coos County, Oreg., contains meinly
calcium montmorillonite with some 1llite; and sample 3, the lignite from neer
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Figure 1., Differential-thermal-analysis curves.

Figure 2. (Left to right). Swollen clay in 1.50 to 1.60,
1.60 to 1.70, and 1.70 to 1.80 density fractions of subbitu-
minous coal from lewis County, Wash., size 3/t to 1 1/2 inches.
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Swelling is due to water penstration between the lattice layers.
ing tabulation shows the extent of relative swelling of the princi
the three coals, as determined by & commonly used swelling test (2

Yo
~—Samele Noo and source ~ 4hours
1. -~ Big Dirty bed, Wash. 100
2, - Southport bed, Oreg. 75
3. - Toledo lignite, Wash. 25

ase,

The follow-

gal impurities of

)i}

24 hours

114
75
25

The clay from the Big Dirty bed was hand picked from a 1.5 to 1.6 specific
gravity fraction. Its swelling i1llustrated the megnitude of the demsity change
that might be encountered in cleaning young coals, and also explains why clay was

present in the 1.5 to 1.6 fraction.
Washington Subbituminous Coal

The first coal examined was from the Big Dirty bed in lewis County, Wash., a
deposit with sufficient reserves of relatively low-cost coal to be of interest for
onsite powver generatlion, despite its low grade. It is subbituminous B in rank, and

in the raw condition has the following analysis:

As recelved  Moistwrefres

Moisture, percent 20.0

Volatile matter, percent 28.6
Fized carbon, percent 27.9
Ash, percent 23.5
Sulfur, percent - 0.6
B.t.u., per pound . 7240
Ash-softening temperature, °F. ——

35.8
%08
29.4

0.8
9050
2250

The fresh coal is strong, resists degradation, and has a Hardgrove grindability
index of 35 to 40, depending on its degree of freedom from impurity.
dry, however, the coal rapidly develops shrinknge cracks and becomes gquite friable.

If allowed to

.Washability Examination., A 28-ton sample of coal was obtained for examina-
tion, about 3 tons for specific-gravity analyses, and the rest for cleaning trials.
Special precautions were observed in preparing the samples for float-and-sink tests
to insure against drying, which would have altered the particle size of both the
coal and the clay. All sizes of coal coarser than 20 mesh were tested in aqueous
solutions of zinc chloride, using each 0.1 interval in specific gravity from 1.30
to 1.80. Material finer than 20 mesh was air-dried and was tested in organic

1liquids of the same densities.

Of special interest in these analyses, shown in table I, was the abnormslly
high ash contents of the specific-gravity fractions between 1.40 and 1.80, particu-
larly in the coarser sizes, occesioned by the swelling nature of the clay. For v
example, in the 4~ to 2-inch size, the 1,70 to 1.80 fraction analyzed 75.4 percent
ash, whereas about 50 percent ash would be normal; similarly, in the next lighter
fraction, the ash content was 65.9 percent, instead of the usual 40 to 45 percent,
These high ash contents confirmed the visually observed anomaly that free pleces of
clay, derived from partirgs within the coal bed, were present in all specific-grave-
ity frections heavier than 1,40, Figure 2 is a photograph of several of the denmsi-
ty fractlons of the 3/4- to 1 1/2-inch size, showing the presence of clay.



TABLE I. - al f Big Dirty bed
C ativ
Specific Veleht- Ashl  Welght-  Ashy
: S1ze. inches _2ravity = percent percent percept percent
4 to 2 Tnder 1.30 10,4 6.7 10.4 6.7 :
Welght, 22.2 percent 1.30 to 1.40 59.5 13.5 6949 12.5
1.40 to 1.50 12.1 32.5 82.0 15.k ‘
1.50 to 1.60 6.0 54,7 88.0 18.1
1.60 to 1.70 3.8 65.9 91.8 20.1
1.70 to 1.80 1.8 75.4 93.6 21.2
Over 1.80 6.4 80.9 100.0 25,0 .
2 to 1/4 Tnder 1.30 8.3 6.4 8.3 .
Weight, 58.2 percent 1.30 to 1.40 5641 11.8 64, 11.1
1.40 to 1.30 13.3 28.7 7747 1k,1
1.50 to 1.60 5.k 43,9 83.1 16.1
1.60 to 1.70 2.6 57.8 85.7 1 17.3 .
1.70 to 1.80 2.0 70.6 87.7 18.5 .
Over 1.80 12.3 84.3 100.0 .
1/4 to O Under 1.30 1.7 6.3 1.7 6.3
Weight, 19.6 percent 1.30 to 1.40 45,2 8.4 45,9 8.3
‘ : 1.40 to 1.50 12.4 19. 5945 10.7
1.50 to 1060 6.9 29-5 66-"" 12,7
1.40 to 1,70 3.9 39.3 70.3 14,1
1.70 to 1.80 2.4 Lo.7 72.7 15.2
over 1.80 27.3 81.9 100.0 334

i7 Moisture-free btasls
i

from the 4~ to 2ainch slze fraction and were tested 1nd1v1dualiy in solutions of %
zlnc chloride, with the results shown in the followlng tatulation. u

N
Moisture-free S
Specific gravity  lWelsht-percept  _ash, percent
1.40 to 1.50 18.8 52.9 : HA
1.50 to 1.60 22.9 72.6 U&%
1.60 to 1.70 16.3 85.8
1.70 to 1.80 10.9 88.3 :
Over 1.80 31.1 89.1

The ash content of 52.9 percent for the lightest particles showed that imbedded
coal was present, tut the high ash contents of the other demsity fractions indicated
that they were essentlally pure clay.

Cleaning Trials With Jig. The jig employed in .the cleaning trials was a scale
model of a full-size Paum-type jig in every respect except that it had separate
elevators for the drev and hutch refuse. The draw product was removed from the upper
surface of the screen, and the hutch passed through perforations in the screen. The
jie Zas a 3-cell, single-compartment unit having a nomiral caracity of 5 to 6 toms
per hour.

The jig was adjusted to remove only the impurity of over 1.65 specific gravity.
Operation was entirely on fresh water, all of which was metered. Except for tke

negligible proportion entrained in the refuse products, all this vater left the
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system as the overflow of a 6- by 20-foot drag-settling tank in which the washed
coal was dewatered; this overflow was sampled continuously to determine the amount
and pature of the suspended solids.

The amecunt of coarse clay observed entering the jig in the feed compared with
that leaving in the draw refuse made it evident that much of the clay was belng
¢isintegrated In the bed and either was reporting to the hutch or leaving as flnely
divided solids suspended in the water. Occasional partlcles of clay, ranging up to
1/2-inch size, were observed in ‘the washed coal.

The fellowing tabulation shows the material balance for the trial and the qual-
ity of the p'rouu'*ts.

Molsture-free

Product Welght-vercent ash, percent
Washed coal 76.b 16.9
Draw refuse 7.5 72.4
Hutch refuse ) 5.0 68,4
Slimes 11.1 737
Total 100,0 29.9

The slimes, that is, the solids suspended in the water, amounted to 11.1 percent of
the jig feed, nearly equaling the combined amount of the draw and hutch refuse. The
high ash content of these sollds indicated they were predominantly clay.

The effectiveness of the jlg in removing impurity is shown in the following
tabulation:

‘Size, inches Sink 1.70 in washed
‘.apd mesh _ml.m_
2 to 1/% 0.5
1/4 to 20 2.4
20t0 0 31.1

Although the removal of impurity from the size coarser than 1/4 inch was excellent,
and elimination in the 1/4-inch to 20-mesh fractien was falr, the washed coal finer
than 20 mesh was badly contaminated with clay. Many clay particles that did not
disintegrate fine enough to become suspended in the water, and were not coarse
enough to be drawn down into the refuse bed adhered to coal particles or were me-
chanically entrapped in the coal.

The recovery efficlency of the cleaning trial was 96 percent; that 1s, the
yleld of washed coal amounted to 96 percent of the theoretical yleld of coal of
that ash content shown to be present in the feed by specific-gravity analysis.
This efficlency is rather low for a separetion at 1.65 specific gravity, and is
attrituteble largely to the poor elimination of clay In the finest sizes.

Cleaning trial With Dense-Medium Pilot Plant. The dense-medium pilot plant,
in which a suspension of magnetite in water is used, comprises a 24- by 30-inch

drum-type seperating vessel, a 12-inch densifier, & 12-inch magnetic separstor,

and a 26-inch by 9-foot vibrating screem, together with necessary pumps and con-
veyors for handling materials, all a.rranged in a conventlonal flowsheet. The sepa-
rating vessel 1s a scale model of s widely-used commercial unit, With a L4-ton-per-
hour feed rate and the medium flow employed in the tests, the concentration of coal
in the separating btath and the retention time were roughly comparable to those in
full-scale equlpment.




The feed for this cleaning trial was 2- to 1/4-Inch in size. Difficulty was

experienced in screenlng at 1/4 inch, even though strong water sprays were used om
the vibrating screen. The sticky pature of the clay precluded effective removal

of undersize. The material balance for the trial follows: .

Moisture-free

Product Weicht-tercent .ash, percent
Washed coal ] 82.9 18.1
Refuse 9.0 79.0
Magnetic-separator tails 8.1 71.8
Composite feed 100.0 27.9

The amount of magnetic-separator talling was considerably higher than generally
encountered because of the poor feed preparation mentioned eariier and the un-
stable nature of the clay. .

At the start of the trial the medium, which had a specific gravity of 1.69,
contained 7 percent of nonmegnetic materisl and hed a viscosity of 5.3 centipoises.
At the end it contalned 25 percent of nonmagnetic material and its viscosity was
7.7 centipolses. In a commercial plant unusually high medium-cleaning capacity
would have to be provided to maintain medium of suitabdle quality.

Numerous pleces of clay were observed in the washed coal. Although most of
them were finer than 1/2 inch, and many were smaller than the 1/4-inch bottom size
of the feed, some plastic pleces coarser than 1 inch were presemt. The clay was
present in larger amounts and coarser size than in the washed product from the jig.
-The layer of float materlal in the dense-medium Bath is relatively quiescent and
therefore soft pleces of clay that would be disintegrated by the shearing anmd
scrubblng action in a jig bed passed over the dense-medium bath in thelr origizal
form. A specific-gravity analysis of the clay contaminating the washed ceal (re- .
noved by hand picking) is shown in the following tabulatico.

Specific eravity Height-percent

~.

1.30 to 1.40 3.4
1.40 to 1.50 .7
1.50 to 1.0 13.3
1.60 to 1.70 35,0
1.70 to 1.80 25.9
Over 1.80 15.7

The recovery efficlency for this test was 39.0 percent, indiceting that there
was 11ttle loss of coel in the refuse rroduct. In comparing this efficiency with
that of the jig, however, 1t must be borne 1n mind that the jiz was treating mater-
lal down to O slze, whereas the dense-medium equipment only treated material coarser
tban 1/4 1inch, :

Washington Lignite
Ancther deposit investigzted because of its potential for amsite power gemera-

tiom, 1s a 1iznite cccurring zear Teledo, in Lewis County (2). The analysis of the
raw coal follows: '

=
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As recelved Molsture-free

Moisture, percent 34.1 ———
Volatile matter, percent 22.6
Fixed carbon, percent . 19.3 29 Z
Ash, percent 24,0
Sulfur, percent o5
B.t.u., per pound 5,070 7 ?00

When fresh the lignite 1s tough and resists degradation, but on drying it disin-
tegrates practically to a powder. The bed contalns numerous partings of clay; most
are friable compared to the coal., Thus, as shown by the specific.gravity analyses in

_ table II, the impurity tends to concentrate in the finer sizes. Material finer than

TABLE II. - -gravit a W 0 te
: 1/ ative
Specific Welght- Ashy Welght- Ash
2)zes, Anches and mesh —&xavity percent percent percent percent
1-1/2 to 20 Under 1.40 49,3 17.3 49,3 17.3
Welght, 95.6 percent 1.40 to 1.50 17.0 242 66.3 21.1
1.50 to 1.70 16.4 3.8 82.7 25.6
Over 1.70 17.3 75+9 100,0 4.3
Under 20 Under . 1.40 R 9.4 v 2.4 9.4
1.50 to 1,70 23.6 32.4 39.6 26.3
Over  1.70 60.4 C76.4 100,0 56.6
Composite, 1-1/2 to O Under 1.40 . 45,9 17.3 45,9 17.3
Weight, 100.0 percent 1.40 to 1.50 16.4 31.7 62.3 21.1
1.50 to 1.70 16.3 43,1 78.6 25.7
Over 1.70 21.4 76.0 100.0 Bl
'i7 Moisture-free basis

20 mesh contained 60 percent of sink 1,70, compared with 17 percent in the plus-20-
mesh size.

4 cleaning trial on this material in the Baum-type jiz provided the results
summarized in the following tabulation.

Profuct Weleht-vercent  Ash, percemt

Washed coal 75.1 25.1
S1imes 10.7 70.5
Total . 100.0 36 b

This clay did not swell ‘enough to cause a troublesome decrease in denmsity, but
1t disintegrated readily in the jig bed and became suspended in the water. Thus,
10.7 percent of the jig feed, nearly equaling the combined amount of draw and hutch

~ refuse, left the system with the overflow of the washed-coal drag-settling tank.

Oregon Subbltuminous Coal

. The third e€oal investigated was from the Southport bed, Coos Bay fileld,
Oregon. It is subbitumlnous B in rank and does not weather or slack as readily as
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the two discussed rreviously. 4Ap analysls of the raw coal 1s shown in the following
tabulation. .

4s recelved  Molsture-free

Moisture, percent 16.2 ———
Volatile matter, percent 29.2 34.8
Fixed carbon, percent 364 L3,5
Ash, percent 18.2 21.7
Sulfur, percent .8 <9
B.t.u., Der pound 8,673 10,350

The coalbed contains a 7- to 8-inch parting of clay whick swells readily, is
rather friable, and therefore contaminates predominately the finer sizes of coal.
Ag shown by the specific-gravity analyses in table III, the fraction finer than 20

TARLE III. - ) alyse aw_Coos 1
Y Ty el
Specific Welght-  Ash, Welght- Ash o

Size, inches and mesh —=xavity _ percent percent percent percent
2 to 20 Under 1.40 73.2 9.1 73.2 9.1
Weight, 92.1 percent 1.40 to 1.50 10.4 20.6 83.6 10.5
1,50 to 1.70 345 37.1 87.1 11.6

Over 1.70 12.9 81.2 100.0 2046

Under 20 Under 1.40 49,0 8.0 49,0 8.0
Welght, 7.9 percent 1.40 to 1.50 11.0 18.4 60,0 9.9
1.50 to 1.70 7.1 32.9 67.1 12.3

Over 1.70 2.9 80.3 100.0 34.6

Composite, 2 to O Under 1.40 71.3- 9.0 71.3 9.0
Welght, 100,0 percent 142 %0 1.50 10.% 20.4 81.7 10.5

. 1.50 to 1.70 3.8 ¥.5 az 5 115

Over  1.70 4.5  81.0 100.0 21.7

1/ Molsture-free basis

mesh contalned 22.9 percent of heavy impurity, whereas the coarser size contalned
only 12.9 percent.

The behavior of this clay in the laboratory Paumetype jig differed from that of
the other two descrived previously. When exposed to water, much of it disintegrated,
but not to the fine particles that become suspended in the water. The disintegrated
particles were of the size that reported predominately to the hutch product. As
shown 1n the following tabulation, 5.8 percent of the feed, representing a substan-
tial portion of the total clay, was removed as hutch refuse.

Molsture-free

Product Welght-percent - ash, perceqnt

Washed coal 83.2 11.9
Draw refuse 7.6 68.7
"Hutch refuse 5.8 56.9
Slimes Febs- : 93.3

Another 3.4 percent of the feed was virtually pure clay suspended in the sverflow
of the washed-coal drag-settling tank. '
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This clay differed from the others in another respect also. More of 1t formed
plastic masses into which particles of clean coal become imbedded. These aggre-
gates of clay and coal were 1light enough to cause them to report to the clean-coal
product, thus interferring with elimination of the clay.

Conclusions

Experience in cleaning only three low-rank coals affords little basls for gen-
eralization, because coals are inherently variable, each one presenting its own
pecullar preparation problems., However, the simllarity in the characteristics of
the clays assoclated with these three coals suggests that these properties may be
common to many of the clays associated with low-rank coals.

The pronounced tendency of these clays to disintegrate in water, to farm plas-
tic masses, and to swell with resulting decrease in density, have definite implica-
tions 1n terms of the design and operation of preparation plants. First, water
clarification will be difficult and costly, involving extra filter capacity or set-
tling ponds. Flocculation may be a preprequisite for acceptable filter capacity or
adequate settling. Second, owing to a combination of particle size, stickiness,
and swelling, this type of clay cannot be eliminated 1n washing as completely as
the usual shales. Third, the jig offers certain advantages in dealing with clays
that swell. The shearing, scrubbing action of the jig bed disintegrates and sus-
pends 1n the wash water pleces of clay which otherwlse would report to the clean
rroduct, leaving final elimlnation of the clay to a subsequent liquid-solid sepa-
ration. In a sense, the jig acts as & combination log washer, classifier, and
gravity-concentrating device.

Aclmowledgement

This work was cai-ried out in cooperation with the School of Mineral Engineer-
ing, University of Washington. Heary M. Harrls, ceramic engineer, of the Bureau's
staff made the DTA and swelllng examinations.
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DISTRIBUTION OF MACERALS IN THE PRODUCTS OF
VARIOUS COAL CLEANING PROCESSES

Shiou~chaun.Sun and S. M. Cohen

Pennsylvania State University
University Park, Pennsylvania

Coal is comprised of several petrographic constituents, which are called
maceralsl3 in analogy with the minerals in a rock. These macerals, differing from
each other in their physical and chemical properties, govern the technological
properties of coal. For example, in the case of coking coal, the carbon-rich
"carbinite" macerals such as fusinite, semi-fusinite, and micrinite are inert on
heating, and consequently reduce the caking index. The hydrogen-rich "hydrinite"
macerals like exinite, resinite, and alginite decompose on heating into plastic
melt and tar. In contrast, the maceral vitrinite constitutes the actual coking
principle. : ’

For the sake of more efficient. utilization, numerous attempts have been
made in research labora ories for separating coal macErals by means of controlled
crushing and 5121n , heavy liquid separation ’ , and flotation :7:11 but
no similar study has been made in commercial coal preparation plants. The obJect ’

_of this work was to determine the effects of various concentration methods on the

distribution of macerals in the products of two Pennsylvania bituminous coal cleaning
plants. Also determined were the sulfur and ash contents of the fractionized maceral
concentrates.

gﬁgerimental.

Fach coal sample was first crushed and pulverized to minus 100-mesh and
then ground to minus 10-micron. ' About 5 grams of the ground sample was mixed with
200 ml. of an aqueous zinc chloride solution in a glass bottle, and agitated for

.14 hours. The resulting suspension was separated into fivé different "maceral

concentrates" according to the float-and-sink method of Figure 1. A centrifuge

was used to ald the separation. The concentrates thus obtained were washed, dried,
weighed, . analyzed chemically for their ash and sulfur content, and examined microscopi-
cally for their petrographic. composition.

} The procedure of microscopic examination consisted of mounting each maceral
concentrate with paraplex. The mounted sample was polished, and then examined under
a Leitz, Panphot microscope with 750X resultant magnification and arc illuminstion.

A series of traverses, one millimeter apart, were completed on each block until a
total of 300 entities had been identified and counted. The results, as glven in

Table I, were used as a basis for calculating the distribution of macerals in the

products of various coal cleaning processes.

Results and Discu551on.

Figure 2 shows that the percentage recovery of macerals in the two Pennsylvania
coal cleaning plants decreases in the order of exinite, vitrinite, micrinite, fusinite,
and minersl matter, irrespective of the employed concentration method. This is caused,
in the case of gravity concentration, by the increase of the density of the macerals
in the same order. The reason for the different floatabilities of the macerals lies
in the variation of their chemical composition, as indicated partly in Figure 3. A
detailed explanation has been given in a previous publication.
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Figure 2 shows also that the relative effectiveness of the various
concentration methods for separating the desired macerals vitrinite, exinite,
and micrinite from the undesired maceral fusinite and mineral mastter decreases
generally in the order of heavy media, Rheolaveur, tabling, and flotation. This
is due, as shown in Table 2, chiefly to the decrease of the particle size of
coals treated by these processes in the same order. Fine coal particles, having
a tendency of indiscriminate flocculation, are more difficult to clean than coarse
ones. Comparing with particle size, the influence exerted by the petrographic
composition of the tested coals 1s relatively insignificant, because of limited
variation. The summation curves3 show that vitrinite is more selectively upgraded
by all the tested concentration methods than the rest of macerals.
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Coal sample as
received

4

Crushing and grind
to minus 10-micron

:

J

Zn€l, solution
density 1,225

Float=-1
) Rich in exinite .

Sink

1

ZrCl, solution
density 1.35

__% Float-2
Rich in vitrinite

|

Sink

4

ZEl, solution
density l.45

Float-3
—> Rich in micrinite

[

Sink

4

ZoCl, solution
density 1.55

Float=4

o d Rich in fusinite

1

Sink

Rich in mineral matter

?1gure 1. The Float-and-Sink Method Used
for Fractionizing Coal Macerals.
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Figure 2. The Upgrading of Macerals With Various
Concentration Methods in Two Pennsylvania Bituminous
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Table 1.
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The Petrographic Composition ¢of Fractionized Maceral

Concentrates, as Determined by Microscopic Examination.

Fractionized . .Volume Percentage of petrographic constituent :
maceral : Mineral | Intended
concentrate |Exinite |Resinite |Vitrinite [Micrinite | Fusinite | matter constituent
Exinite 5 5 67 4 18 1 10%*
Vitrinite 1 10 79 6 3 1 79
Micrinite 4 1 72 12 10 1 12
Mineral Trace Trace 16 2 12 70 70
matter
* Iﬁcluding resinite.
Table 2. The Particle Size and Petrographic Composition of Feeds
for the Various Concentration Processes of Two Pennsylvania Coal
Cleaning Plants. {Volume %)
Particle Plant A Plant B
size and
petrographic
composition | Heavy Rheola- Heavy Rheola-
of feed media veur Flotation | media veur Tabling
Particle 178" x 6" |3/8" x 0| =48 mesh | 1/4" x 8" [1/4" x 0]1/8" x O
size )
Exinite 6.26° 7.50 5.30 6.95 8.59 9.57
Vitrinite 53.60 64.07 60.52 57.56 62.18 '65.61
Micrinite 4,20 5.72 6.64 4.79 4,22 4,99
Fusinite 9.81 8.38 11.21 8.17 14.31 7.65
Mineral 26.21 14,34 16.36 22,52 10.69 12.22
matter
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FACTORS IN EVALUATION OF NEW METHODS OF LIBERATION AND SEPARATION
OF PYRITE AND OTHER MINERALS FROM COAL

Maurice Deul

.Bituminous Coal Research, Inc.
121 Meyran Avenue at Forbes
Pittsburgh 13, Pennsylvania

Introduction

Present methods of coal cleaning are based on one or more of these common
factors: » '

(1) appearance - as in hand cleaning
(2) shape and toughness - as in Bradford-type rotary breaker

(3) specific gravity - as in pneumatic cleaning, jigglng, and
heavy medla separation

(&) surface phenomena - as in froth-flotation or oil agglomeration

Electrostatic separators are widely used in mineral beneficiation, especially for
beach sands, but have not achieved much acceptance in the goal industry.

Before considering factors involved in new methods of liberation and sep-
aration of mineral matter from coal, the limitations of the methods already in use
should be recognized. These limitdtions are mainly economic but some are based upon
a distinct lack of appreciation for the mode of occurrence of mineral matter in coal.
Iarge sizes of coal can be economically cleaned by simple gravity methods and suit-
able products are prepared for the market by crushing and screeuning the cleaned
coal. . Fine coal is either (a) cleaned separately and blended with larger sizes,
(v) blended uncleaned with larger sizes, (c) rarely cleaned and sold as a separate
product, or (d) discarded. With ever increasing application of ‘mechanical mining
techniques the larger proportion of fines produced now prohibits any coal to be
discarded other than extreme fines, and even these fines, because of water clari-
fication problems, are being recovered at some preparation plants,

There is no problem in beneficiation where mineral matter in the form of
large pieces of roof and floor rock, thick partings, large concretions or leunses
of clay, shale, and pyrite are the common impurities, Ordinary jigging or the use
of a sand cone will readily remove these gross impurities from the ccal. Separation
and removal of large, tough, tabular pieces of rock and mineral is simply performed
by the Bradford rotary breaker. The details of these devices and almost every other
coal preparation apparatus are given in "Coal Preparation," edited by D. R.

Mitchell.

Fine coal cleaning may be cousidered from two different viewpoints, de-
pending ou the nature of the coal and its associated impurities and depending on
the ultimate market. Where a low grade coal is being processed the fine coal may
not require cleaning prior to blending with other coal unless the perceantage of
non-combustibles is so high as to severely affect the quality of the entire blend.
For premium grade coal, especielly metallurgical coal, the fines may represent an
apprec1able percentage of low-sulfur coal - an 1rreplaceable commodity.

Fine coals, down to about 48 mesh, may be cleaned on concentrating tables,.
or by froth flotation, a process which is restricted almost exclusively to the pre-
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mium low-sulfur coals. With a sufficient number of cells it appears that there is

no lower limit to the size of the coal cleaned by froth flotation. Two methods of

washing fine coal that have recently been introduced from abroad are modificatious
and extensions of the equipment already used in coal preparatio? glants - the
feldspar jig 2) and the Dutch State Mines heavy medium cyclone.(3

Some concept of the magnitude of fine coal cleaning is to be gained
from inspecting the data in Table I which shows the tonnages and percentages of
bituminous coals and lignite mechanically cleaned in the years 1948 and 1958.

TABLE I. COMPARATIVE DATA FOR BITUMINOUS COALS A%B)LIGNITES
MECEANICALLY CLEANED DURING 1958 AND 1948

1000's of Net Tons Percentage of Total
1953 1948 1958 1548

Jigs 115,321 87,500 bh .5 L8.L
Concentration Tables 18,142 4,360 7.0 2.k
Classifiers ‘ 8,793 18,304 3.4 10.1
Iaunders - 6,768 156,768 2.6 9.3
Dense Medium Processes 52,735 20,638 20.4 11.4
Jigs and Tables 10,076 5,252 . 3.9 2.9
Other Combinatiouns 28,318 11,816 10.9 6.5
Pneumatic 18,882 16,216 7.3 9.0

Total . 259,035 180,680 100.0 100.0
Percentage of Total Coal -
" Production Mechanically

Cleaned 63.1 30.2
Percentage of Refuse Dis-

carded From Raw Coal 19.3 16.0

These figures, taken from the Bureau of Mines Yearbook for 1958(u) are the latest
such complete data publicly available. The twofold increase in the percentage of
coal mechanically washed from 1948 to 1958 is not at all surprising since the rate
of mechanical mining and machine loading has sharply increased during the same
time interval. Consequently, fine coal cleaning has become increasingly important,
‘and statistics on fine coal cleaning facilities show an upward trend in the appli-
cation of the older, established methods of fine coal cleaning. Acceptance of the
newer techniques of fine coal cleaning, such as application of the feldspar jig,
heavy media cyclones, and the recently repopularized froth flotation of coal fines
has not yet reached the level that significant trends can be evaluated - but there

can be no doubt that there will be an increase in the use of these techniques. Data

from "Coal Age"(5 show that during 1959 seven froth flotation plants with a com-
bined capaiégy-of 313 tons per hour were contracted for by the coal industry, while
"Coal Age" shows that during 1958 eight froth flotation plants were contracted
for, of which six bad a combined capacity of 149 tons per hour with the capacities
of the other 2 plants not disclosed. A capacity of 462 tons per hour may not seem
impressive, but the aggregate capacity of these new plants alone, operating at two
shifts a day for only 200 days, becomes more than 180,000 tous a year.

The application of these techniques to fine coal cleaning has resulted
in & decrease in the waste of a valuable raw material, and with proper care,at no
reduction in the quality of the coal shipped to the' consumer.
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New Factors

All commercial processes for cleaning coal are based upon practical appli-
cation of standard washability tests. Generally these sink and float washability
tests are adequate for coal preparation plants which are designed to meet specifi-
cations based on these tests. Factors that have not been considered in the design
of coal cleaning plants are: .

(1) Size distribution of mineral particles in the coal.

(2) Spatial arrangement of minerals through the coal substance.

(3) Differential grindability of coal and its constituents, and the
influence of mineral matter composition on coal grindability.

Size of Mineral Particles

The size of mineral particles and their distribution is fundamental to
the washability characteristics of any coal. In making routine washability tests
at any predetermined specific gravity the sole controlling factor as to whether a
free-settling particle will report to the sink or to the float fraction is the
proportion of high-specific-gravity mineral matter in that particle. Where a large
fragment sinks because a small single grain of mineral mattér is included, it is a
relatively simple matter to recycle that particle to a crusher and to make the
separation on a second pass. But where a similar large particle contains an equiv-
alent amount of mineral matter as many small dissemivated grains, rather than as
one large grain, simple crushing will fail to release sufficient mineral particles
from the coal to permit a clean separation by gravity methods. Fortunately, this
has not been the situation for many of the commercially important coals, otherwise
beneficiation by the relatively simple means heretofore developed would not have
been possible. The issue now is to what extent does this condition prevail in coals
which cannot be beneficiated to a more desirable level of ash and sulfur content by
conventional coal cleaning methods?

An estimation of the relative size of mimeral grains in coal .can be made
from grain counts and size measurements of minerals in surface sections of coal by.
micrometric methods. In the example to be cited only measurements of pyrite grains
were made because of the emphasis on sulfur in the project for which the research
was conducted. Polished surface sections were made of samples of five test coals
and of separates prepared from these cogls as described here:

(1)~rnn run-of-mine coal crushed to 1/2" x O"

(2) float fraction (1.58 Sp. Gr.) of 30 mesh x 0" coal
(3) sink fraction (1.58 Sp. Gr.) of 30 mesh x 0" coal
(&) flnat fraction (1.58 Sp. Gr.) of 1/2" x 30 mesh coal

Micrometer measurements were made on at least 500 to 1000 pyrite grains from samples
prepared from each of the separates described for all five test coals. These data
are summarized in Table II. While gquantitative as to the size of pyrite grains
relative to each other, the data do not take into account the grouping or bunching
of pyrite grains at any particular locus or along a particular plane.

From the data in Table II it can be seen that a very large percentage of
pyrite particles are extremely small, with from 70 to 98 percent of the measured
particles smaller than 20 microns in diameter: Yet, with such a range of sizes,
the relative weight percentage of these particles ranges from a low of about 1.3
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weight percent to a high of about L2.7 percent. This means that, except for the
Kentucky No. 1l coal, the amount of pyritic sulfur in pyrite grains less than 20
microns in size is negligible. In contrast, for three of the coals, most of the
pyrite is in grains larger than 75 microns (plus 200 mesh). This information can
be used in two ways: to show-that dissemination of fine grained minerals through-
out a coal could, if no moderating,factors are involved, completely abrogate estab-
lished coal cleaning practice; and, to show to what extent these mederating factors
have influenced coal cleaning. Knowing this, it may then become possible to apply
this information to improvement of coal cleaning processes and to the beneficiation
of coals, which, despite inherently desirable properties and characteristics, con-
tain t00 much fine grained pyrite and other minerals to permit their utilization in
the premium markets,

Arrangement of Minerals in Coal

Table III shows what might be expected from certain coal-pyrite mixtures
if all the pyrite were uniformly disseminated. Such expectations would be most dis-
‘heaTtening to any preparation plant manager. For example, with two percent by volume
of pyrite, all the sample would sink at specific grav:.ty 1.25, and all would floa.t
at specific gr: gra.vity 1. 30.

TABLE III. SPECIFIC GRAVITY FACTORS FOR MIXTURES OF PYRITE AND COAL

‘ S W% calculated Specific
Vol. % Pyrite - Wt. % Pyrite = Pyritic Sulfur Gravity of Mixture
1 L.ok 12,16 1.238
2 S 7.8 k.18 ‘ . 1.276

b .8 7.9 1.352

Assume: Sp. Gr. Mineral-free Coal = 1.2, Sp. Gr. Pyrite = 5.0,
Sp. Gr. Non-Pyritic Minerals = 2.5 -

Table IV is & somewhat more realistic array of figures showing what coal
producers would be faced with i1f all the mineral matter in coal was present in a
highly disseminated form. The ash and pyritic sulfur figures in Table IV are equiv-
alent to that of many fine, high grade premium coals mined today. But imagine what
a dismal future any producer would have if a coal with 10 percent ash and almost
two percent pyritic sulfur could not be greatly beneficiated by washing at a 1. 30
specific gra.nty?

To know that the washability of coals is dependent upon the amount and
distribution of minerals in coal is.not enough. What is necessary is ai understand-
ing and appreciation of how the minerals occur in every hard-to-wash coal of poten-
tial value. Research on methods to beneficiate these coals, though not immediately
successful, must result in technlques that would enhance tbe washability character-
istics of all other coals.

Microscopic examination of polished surface sections of coal shows that
the minerals in coal, and especially pyrite, are largely present in some regularized
pattern. Despite the seeming randommess of occurrence of pyrite and other minerals,
low power magpnification shows individual pyrite grains to be concentrated in planar
distributions which are roughly, and often ideally, parallel to the bedding plane
of the coal. Tais is illustrated in Figures 1, 2 and 3. Pyrite, which is so clearly

recognized in photomicrographs taken wit_h reflected light ] is representative of the
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occurrence of other m&.nerals which are interbedded with the coe.l,» but which may have
& differeat origin.( o _ A

TABIE IV. SPECIFIC GRAVITY, FYRITIC SULFUR AND ASH DATA FOR
MIXTURES OF MINERAL MATTER, PYRITE AND CQAL

Non-Pyritic :
Minerals Pyrite Pyritic Sulfur - *Theoretical Ash

Vol. % Wt. %2 Vol. % Wt. % Wt. % Wt. - Sp. Gr.
1 2.6 -- -- - 3.1 1.213
1 1.9 1 k.0 2.1 k.3 1.251
2 3.95 - 1 3.95 2.12 7.k 1.264
L T7.75 1 3.87 1.94 10.1 1.250
2 k.02 0.5 2.01 1.09 6.0 1.245

O T T . T . T T

Assume: Sp. Gr. Mineral-free Coal = 1.2, Sp. Gr. Pyrite = 5.0, Sp. Gr. Non~
Pyritic Mlnerals =2.5
*% Theoretical Ash ¥ 0.5 + Wt. % Non-Pyritic Minerals + Wt. % Pyrite (0.73)

The ready separation of coal from mineral partings witbin the coal bed is
an example of the kind of bonding weakness that commonly exists between the layers
of material which comprise a complete coal bed. Upon handling and primary crushing
further breakage takes place along similar planes. When coal is crushed to even
finer sizes by some differential method, to take full advantage of the planar ar-
rangement of minerals on a microscopic sca.le it will then be possible to design
economical cleaning plants for fine coal. In such a plant coal will be reduced to
fine sizes according to predetermined procedures based on mineral relationships es-
tablished for that coal. Subsequent separation will depend upon the market for which
the coal is being prepared .

Iimitations in Application of New Factors

One of the principal reasons these new factors have not been given serious
consideration in the solution of coal cleaning problems is that very little is kunown
about the minerals im coal other than that they are undesirable impurities. Another
limitation may perhaps be related to the first: there is. a lack of qualified per-
sonnel now engaged in research on these problems. Investigations of the nature of
the minerals in coal and of the variations in the mineral matter content of coal beds
on a systematic basis should have been supported for many years.

There has been too much concern with sudden changes in bed characteristics
which may result in increased ash content or increased sulfur conteut of prepared
coals, and not enough interest and concern for the careful accumulation of data on
minerals in coal which might indicate why these variations in mineral matter content
and sulfur content -do occur. Before new methods of liberation and separation of
minerals from coal can be applied on a wide scale, a great deal of data must first
be developed so that engineering can be applied most effectively.

As in any other widespread modern industry, standards and standard tests
provide a common basis for exchange of information and intelligence for the coal
industry. Rigid or nearly rigid adherence to standard tests is a commendable prac-
tice. And this may be especially true if there has been a battle over the acceptance
or modification of the standards., Yet it appears that for many tests the data are
merely recorded, collated, reported, and subsequently filed for reference. If the
tests are at all worth-while doing then the data from thesé tests should be evaluated

.




- 25 -

and re-evaluated so that further testing or re-amalysis of the data may have greater
significance. One such test is the Hardgrove grindability test. Recent testing of
the Hardgrove grindability method indicates that mineral matter is an important
factor in determining the Grindebility Index, and that perhaps high mineral matter
content coals (high ash coals) are given Indexes that are too high.

Recommendations

A diecussipn of significant factors followed by a discussion of the limi-
tations in the application of these factors would be valueless without a few recom-
mendations as to what should be done. These are a few recommendations:

(1) New methods of evaluation of coal cleaning methods should be based

on tests other than simple sink and float.

(2) Size reduction methods must be developed for coal which will permif
maximum liberation of mineral matter, while at the same time limiting the amount of
extreme fines produced

(3) Sieving fine coal has been costly, but newly designed sieving machines
are now being offered which will permit close sizing with a high throughput at rel-
atively low cost. Air cleaning of such closely sized coal should be investigated.

"(4) Although many coal cleaning machines now on the market have established

‘certaln lower size limits for feed material, it 1s possible that where good libera-

tion of pyrite and other minerals can be assured this lower limit can be pushed yet

‘lower. For example, the Dutch State Mines heavy media cyclone will treat fine coals
- down to 48 mesh or at best €0 mesh. At such sizes satisfactory products have been

prepared, but the 1imit could be pushed to 100 mesh or possibly even to 1kO mesh if
the prime consideration was to separate coal, with specific gravity of about 1.30,

-from pyrite whicb bas a specific gravity of 5 0.
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Figure 1. Euhedral pyrite crystals
in Meigs Creek No. 9 coal from
Harrison County, Chio.

p—————t = 4Q Microus

Figure 2. isseninated pyrite in
Meigs Creek No. 9 coal from
Harrison County, OChio.

—4 =40 Microns

Figure 3. Disseminated pyrite in
Meigs Creek No. 9 coal from
Harrison County, Chio.

—— = 40 Microus
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SOME PRACTICAL CONSIDERATIONS FOR THE APPLICATION

OF COAL PULVERIZATION AT COKE PLANTS

J. W. Leonard and J. D. Clendenin

United States Steel Corporation
Applied Research Laboratory -

Monroeville, Pennsylirania

During recent years, the United States Steel Corporation as focused in-
creased attention on coal-pulverization practice at coke plants. 1-5)* ~ Coal pulveri-
zation at coke plants offers two opportunities for steel-plant cost improvement.
First, coal blends that are known to give cokes of good strength may yield, through
pulverization, additional increases in strength, such increases resulting in increased
hot-metal production at the blast furnace. Second, by pulverization of poorer coking
coals the amounts of the more costly and less readily available blending coals may be
reduced without & loss of coke strength.

Prior to any discussion of coel pulverization, it is important to realize
that an optimum pulverization level (commonly reported in terms of % minus 1/8-inch
coal) exists f3r each coal or coal blend and that overpulverization can be detri-
mental.l Optimum pulverization for a given coal or coal blend generally will give
some’ loss of bulk density (or coke production) with a corresponding increase in coke
quality (or strength). Except with dry coals, however, overpulverization results in
appreciable loss of bulk density and may reduce or give little improvement in coke
strength, particularly the Hardness Factor, for normally coking coals. This loss of
bulk density can be substgnti 1ly recovered by adjusting the moisture content or by
appropriate oil addition. Also, means for increasing the drop velocity of the
coal into the coke ovens are helpful. For poor coking coals, increased coking rates
are useful. The primary objective in pulverizing coals is the improvement of coke .
quality to give more intimate contact between the coal constituents. Thus, pulveri- -
zation permits homogenous mixing and intimate contact between the various constituents.

Once the need for a coke-plant coal-pulverization system has been established
and the optimum pulverization level has been' determined by carbonization tests, the
aiext objective should be to attain in a practicable manner the required level of
pulverization. However, this should be achieved so as not to exceed the minimum
allowable increase of fine "bug dust” (arbitrarily defined as minus 100-mesh coal)
over that level present in the unpulverized coals. Attainment of this objective will
minimize the amount of bug dust in the coal and the loss in bulk density. Minimizing
the amount of bug dust minimizes the loss of coal during pulverization and during
carbonization, with attendant improvement in plant housekeeping and safety.

Coke-plant coal-pulverization systems fall into three basic types, as 1llus-
trated in Figure 1. These are (1) single-pass systems in which all coal to be pulver-
ized is passed only through pulverizer mills, (2) prescreening systems in which the
fine (commonly, minus 1/8-inch) coal is recovered by screening and in which the
screen overproduct is pulverized and mixed with the recovered screen underproduct,
and (3) closed-circuit systems in which screens are used before and after pulverizers
to coptain all oversize coal for repulverization until the coal is fine enough to
be released from the system as screen underproduct.

As these systems increase in complexity, there 1s a corresponding improve-

ment in the control of pulverization level. Table I illustrates the increased
pulverizatlion that.can be achieved for a given coal by progressing from the single-

* gee References.
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pass to the - prescreening to the closed-circult systems. However, 1f the single-
pass system were used to bring the level of pulverization.at 1/8 inch to 86 per cent,
the amount of bug dust would have been considerably greater- than the 12.3 per cent
attained with the prescreening system. Also, by using the more elaborate closed
.circuit system, even greater improvements in the’ level of pulverization and in the
control of bug dust can be realized

In pulverizing coals for blending, the low-, medium- and high-volatile
coals attain an optimum pulverization level at widely varying pulverizer -mill speeds.
These mill speeds range from about 4500 feet per minute (fpm) rotor-tip velocity
for certain soft and friable low-volatile coals to ‘about 8000 fpm rotor-tip velocity
for hard high-volatile coals. These mill-speed ranges were established by using
impact-type coal pulverizers instead of hammermills, ‘since the former lend themselves
more readily to speed variation and give a more predictable and significant change in
pulverization level for a change in mill speed. Also, for a gilven pulverization
level, impact-type pulverizers will produce less bug dust than hammermills.

It is a popular, but perhaps obsolete, coke-plant practice to pulverize all
coals -by using hammermills (or hammermills with grates removed) operating at the same
speed. The above conclusions, together with experience at coke plants, supoort
the observation that operating pulverizer mills at a single speed will overpulverize
the softer blending coals. Normally, the single-speed operation is .suited for pulveri-
zing high-volatile coals, but because.of the high mill'speeds used, overpulverization
of the low-volatile coals results in, and is largely responsibele for, exess production
of bug dust. :

The detrimental effects of pulverizing a softer end a harder coal at the
same mill speed (6300 fpm rotor-tip velocity) are shown in Table II. High-volatile
coal was satisfactorily pulverized, but low-volatile coal was overpulverized. The
amount of bug.dust in the low-volatile coal was almost doulbe that in the high-
volatile pulverized product. The improved pulverization that cen be achieved by . .
pulverizing softer coals at lower mill speeds (4400 fpm) and harder coals at higher
mill speeds (5300 fpm) is siown in Table III. High- and low-volatile coals were
pulverized to give the same amounts of. bug dust.

For most American coke plants it appears that the use of a prescreening
system incorporating impact pulverizers at two mill speeds 1s worthy of consideration.
In large pulverization installations, fixed-speed mills (or direct-drive mills)
may be used provided that a lower and a higher mill-speed section is available for
handling the various coals. For smaller installations where the same series of
mills must be used intermittently to pulverize the different coals to be blended,
variable-speed drives are recommended. This permits preselection of optimum mill
speed prior to pulverization of the individual low-, medium- or high-volatile coal.

Because of its merit, the combination of prescreeéning with two mill speeds
in coke-plant coal pulverization has been adopted by the United States Steel
Corporation.and is being applied at the Corporation 5 large, new coal-pulverization
facility et Gary Steel Works, Gary, Indiana. :

In coke plants where pulverization is applied, but where a complete
change from the older single-pass systems is not Jjustified, it may be desirable to
equip the mills with impactor-conversion assemblies and variable-speed drives. This
practice can reduce the bug-dust level and improve control of pulverization.

Generally, with these older fixed-speed, single-pass pulverization systems,
control of pulverization 1s sought by changing the clearance between the mill rotor
and 1lmpact surface, However, tests indicate that feed raté may offer a more
attractive means for pulverization control. It appears that for each mill studied,
increased pulverization will be accompanied by increased bug dust, but beyond a
certain m{ll feed rate (regardless of mill speed or setting) both pulverization and
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bug dust decrease. The "reversal” of this trend 1s no doubt the result of portions
of coal going through the mill unpulverized. The feed rate at which this reversal
occurs (reversal-point feed rate) 1s at or near the manufacturer's so-called nominal
rated mill capacity. Tests indicate that feeding a mill at a rate that exceeds the
reversal point and approaches the mill stall point will result in an approximately
equivalent percentage reduction in both the pulverization and bug-dust levels. (The
stall point of most pulverizers occurs from 50 to 100 per cent above their nominal

-rated capacities, and at a number of plants, mills are being run at these levels.)

Therefore, the attainment of a feed rate between the reversal point and the stall
point, obtained by choke feeding, offers a means for reducing the amount of bug

dust and Iincreasing mill productivity, but is achieved with some reduction in level
of pulverization. This reduction is not great and the new level of pulverilzation
may be consistent with requirements. Table IV illustrates the effect on size-consist
vhen the pulverization reversal point is exceeded.

Conclusions

From the data presented above, it may be concluded that the most effective
method of using pulverizers in a single-pass system is to design the machine rotor
speed to exceed that necessary to produce the desired pulverization level and then
choke-feed the machine to depress pulverization back to the desired level. This
practice will give both desired pulverization and significant bug-dust reduction.
In those coke plants where the older fixed-speed, single-pass mills are in use,
hard, high-volatile coals can be pulverized to a greater degree by feeding at a
rate approaching the nominal rated capacity of the mill. Excess bug dust resulting
from the soft, low-volatile coals can be reduced by increasing feed rate above the
rated capacity of the mill to a value approaching the mill stall point. Therefore,
by menipulating the feed rates of these older systems, pulverization and bug-dust
levels of the different coals can, to a limited degree, be made to approach more
closely the desired value for any given mill setting.

In this review it has been pointed out that in any of the three types of
coal-pulverizing systéems, mill speed and mill feed rate are the primary variables

Ain controlling pulverization level and bug-dust production. Proper application of

these concepts to any of the three systems should lead to practical improvements in
pulverization within the 1limits of the particular system employed.
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Figure 1

THREE BASIC TYPES OF COAL-PULVERIZATION SYSTEMS FOR COKE PLANTS
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FREPARATION AND COKING RESEARCEES AT BHEF CENTRAL FESEARCE LASCRATORIES
Thomas G. Callcott

Central Research Laboratories
The Broken Hill Pty. Co. Ltd.
Shortland, 2N, N.S.W.

INTRODUCTIOR

The Permian coels of the Newcestle district of N.S.W. yield weak coke, but those
mined in the Southern N.S.W. coalfield yield quite reasonsble metallurgical cokes. Our
problem has been to establish methods whereby stronger cokes can be made from these
coals, particularly those from the FNewcastle area. Certain aspects of the work concerned
with this problem form the subject matter of this paper. A related aspect is dealt with
in the paper by J. Gregory to this Symposium.

There are four major phases to the production of metallurgicel coke, firstly, the
mining and transportation of coals, usuelly to washeries; secondly, the washing,
blerding, grinding and delivery of the ground coal to the goke ovens' bunkers; thirdly,
charging the ovens, coking and quenching the coke; and, finally, delivery of the coke,
perhaps screened and crushed, to the blast furnace. Factors pertinent to the quality
of blast furnace coke arise at each stage, end modification of the processing opera-
tions at an earlier stage may introduce changes that eventually effect the quality of
the blast furnace coke.

Research work cen be imvalidated by a lack of knowledge of such effects at the
production scale or by a failure to reproduce on the smaller reseerch scale, cocnditions
leeding to nearly similar materials and processing for the four steges in coke produc-
tion. In our case, the second (preparation) stege has presented the most immediate
possibilities for plent developments. Our reseerch has thus been concerned with this
stage to a greeter extent than the others.

2. COAILS AND PROPERTIES

A summary of the analyticel and carbonisation characterisfiss of the Newcastle
coals is given in Table 1. Although Brown, Callcott and Kirov 1) have shown that
Seyler's Chart 47B is applicable to Australien comls, the use of Parr's basis to
express results is not sound. The commonly used dry-ash-free basis is even less sound,
end, so, N.A. Brown and the writer have studied the direct determination of mineral
matter asd of its water of constitution after modifying the C.S.I.R.0. slow combustion
method(2 « In Table 1, the d.a.f.; Parr and direct dmmf ultimate analyses of "float"

_and "sinks" fractions of Victoria Tunnel coal are compared, The laboratory carbonisa-

tion tests refer to 10% ash washed csal samples. The penetration plastometer is similar
to that described by Nedziekiewicz(3),

Some or all of the parameters of the laboratory coking tests of the Eewcastle
coals have peen found to depend on the mean particle size and the gige distributionm,
on the proportion of mineral matter and on the extent of oxidation€43. At present, it
seems that the rate of oxidation is on? Sf the few characteristics of these coals that
mey vary appreciably between the cosls!5),

Results such as those of Table 1 suggest that the bright coals of the Newcastle
coelfield are unlikely to yield good blast furnace cokes after convemtional preparation.
The common coke strength indices of a steelworks blend of these coals, and the better
ones made at Port Kembla, are given in Table 2. :

The predominant coal minerals(s) are interlayered montmorillonite-illite, ksolinite,
and quartz. The proportions of these minerals depend on the seam and ply; but, for some
prlies of the seams, they are comnsistent. The water of constitution of the mineral
matter in coal samples varies from %% to 13%. Much of the mineral matter is finely
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disseminated in the coals.

The possibility of "selective" breskage, of one or another form(7) has been exam-
ined. In shatter, no significant selectivity could be detected. Swing hammer mill tests
bave not so far substentiated any major "selectivity' in breakage; but it seems possible
that some differentiation between the minerals and coal may develop. The differentiation
was however, never more than slight for feed samples with less then 20% ash and most
probsbly, arcse from the differences in density affecting the size classification
efficiency of the mill rather than from appreciable differences between the natures of
the disintegration patterms for mineral snd coal particles or differences in their
respective strengths. :

3. EAER MILL STUDIES

The beneficial effect on coke strength mdlces of charging fmely ground Newcastle
coals to coke ovens hes long been lknow. ? 3f*‘ect was qug.ntltatively esteblished by
subsequent pilot scale and plant scale trials(8 It was found, however, that plant
hammer mills could not attain the required levels of fineness without serious loss in
output rates.

The writer has reported(9) on the early stages of e mathematicel analysis of the
grinding mechanism of swing hemmer mills and eyerimentel studies using high speed cine
photography. The breskage in & 5 tph test mill due to the impact of 3% 1b. hammers at
11000 ft./min. was very mild: for example, a 505 +1 in. product on feeding 1005 =2 +1 in.
coal. The passage of the hermers past a breaker bar was shown to be equivalent to closed
circuit grinding; and the probability of breakege was epproximately proportional to the
square root of size for sizes smaller than % in.; constant at 0.6 for larger sizes. The
proportion retained above the bresker bar, for further breakage, varied as the fourth
root of particle size. -This work suggested that the region above breaker bars (i.e.
above the point of narrowest gap between hammer end -bar) acts essentially as a means of
redirecting particles into this zone. The efficiency of removal of particles which are
already sufficiently small, is particularly poor and considerasble attention to the design-
of the recesses gbove breasker bars may be needed before it is improved.

Work on this espect and on the design of more suitable scréens (grids), after the
bresker bars, is in hand. Results to date suggest that a considerable reduction in the
proportion of very fine particles in the mill output may be achieved.

Fig. 1 shows a typical path for the discharge of a lmm particle from a model of a
hammer mill fitted with grids. ‘The heater tip speed was much slower ther normal hammer
tip speeds. These photographic -studies showed that the classification efficiency will
remein low so long as the particles must change substantially their direction of flight.
This feature also lowers mill cepacity; and increases the percentage of fines by
undesirable further breskage of particles already sufficiently small.

One alternative to the use of different types of grids is to replace them by
adjustable breaker bars and recesses that efficiently redirect particles. The Hazemag
mill may be a step in mill development along these lines, It remeins to be seen whether
- the scavenging efficiency of hammers sweeping past bars can be drastically improved.

An alternative to the improvement of hammer mill gnd systems is the coupling of a
mill with en externsl classifier.

4. ATR CLASSIFICATION FOR COKING

" Screens as external classifiers for hammer mills have been used in Europe to
prepare coal for charging coke ovens(10 ])- It appears possible that some additional
benefits and more flexible operstion may attend the coupling of a suitable air clessifier
with & hammer mill.

4 small commercisl sir separator, made avai lable by courtesy of International
Combustion Australia Itd., was modified at the B.E.P. Centrsl Research Laboratories,
(hereafter CRL). After a number of trials and ad justments, it was fourd that, at various
settings, separations with the efficiencies showm in Fig. 2 could be attained; but '

N
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relieble estimates of the potentisl capacif of such units were not possible with this
equipments A convenient cheap unit (Fig. 3) was made to estimate capacity and confirm the
separation efficiency results.

From the work, the following tentative conclusions were drswmt

Ea) Output rates of about 100 tph (and perhaps more) are feasible with 16 ft. dia. units;
b) Particular attention must be paid to the evenness of the air distribution around the
coal distributor plate;
(cg Coals containing 2 in. lumps can be hendled;
Total moisture contents up to 12% can be handled without detectable loss in
separation efficiency, but the coal should be ociled (about % gal./ton) and a special
scraper device is probably essential to prevent build up on the wall.

Since this work was based on a 2'6" dia. unit and used feed rates of up to 20 tph,
it is far from fully developed as practical plant. However, it does seem one of the
possible alternatives to the use of extermal screens that could be used to control the
sizing of system outputs. Such pneumatic controls may prove more stable and consistent
than screen and mill or normal mill systems for the preparation of charges to plant coke
ovense. .

Since this work on an air classifier was fomgleted, an article on the pneumatic
preparation of coking coals has been published{1l It seems that the system used by
Lazovskii et al., is likely to be more easily developed to full plant scale than the
externel air separator technigue.

The 2'6" dia. separators did not break the feed coal to any appreciable extent, but
corresponding studies with a small laboratory air separator showed that considerable
breskage occurred when feeding ~& in. coal. This feature has prevented the use of this
unit in preparing coal for small scale coking tests.

5. BULK DENSITY AND SIZE SEGREGATION -

The influences of surface moisture and particle size on the bulk density of part-
iculate materials are well known. In coking practice, the interrelations between these
three factors become especially important where, one and perhaps more of the factors .
strongly effect coke strength. Fig. 4 shows the relationship between bulk density (ASTM
Box Test) and fineness (%.-18 BSS) for Newcastle coals tested at the B.H.P. steelworks.
Total moisture was fairly constant. Fig. 5 shows the corresponding relation between
fineness and the Rosin-Rammler distribution coefficient. Stability and hardness indices
of cokes from the coals increased by 5 + 3 and 2 + 1 units, respectively, for every extra
105 in cosl fineness. Another factor mey also have entered into the complex of relationst
segregation of particles with respect to size in the coke ovens.

Bulk density tests with air dried -% in. coal have shown evidence suggesting a
dependence of bulk density on feed rate and accompanying changes in size segregation.
Fige. 6 shows the "herringbone" segregation pattern developed on allowing randomly mixed
coal (large) and limestone (fines) to gravitate through various rectangular slots. The
bulk density of the discharged materisl did not depend on the feed rate (i.e. slot width).
It has not been possible to generalise these and other observations as regards segrega~
tion in coke ovens, but "herringbone' segregation mey occur in large ovens.

A direct assessment of the effect of segregation on coke strength was attempted with
C.R.L.'s 15 1b, coke oven (see later). The stability and hardness indices of the cokes
from segregated and non-segregated charges were almost identical; but the textures of
coarse and fine bands were clearly distinct. In view of the marked effect of coal size
on these indices, work to elucidate the apparent paradox is being carried out.

6. THE USE OF 15 1lb. TESTING OVENS '

Pilot (850 1b.) coke ovens are used at the Newcastle and Port Kfmb%a steelworks'
research departments, but the associated coal preparation facilities 12 fn3 coking units
are too large for the Central Research Laboratories. Small testing ovens 8 (Figs. 7, 8)
that coke 15 1b. of coal, have therefore been developed. At this scale, many different
preperation methods are easily studied and factors that normally interact (e.g. fineness
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and bulk density), can be controlled independently of each other. These small ovens,
also, provide an easy means of carrying out preliminary surveys prior to confirmatiom of
important observations at the steelworks.

The correlation of the cokes from the smsll ovens with those from plent and pilot
ovens is not yet completed; but appears good (Fig. 9) The reliable prediction of plent
coke qualities from those of 15 1b. oven cokes, also, necessitates a similar dependence
of coke qualities on various factors.

A series of 15 1b. oven tests to evaluate blending effects and those of certain
preparation factors has separated the relative significance of coal fineness and charge
density, as well as confirming the usefulness of this small test for complex blending
studies. '

The preparation of three blends (Table 3) of either 8 or 7 coals is outlined in
Fig. 10. The reproducibility of the preparation of the coels' samples is shown, by the
. ash variance (between samples within coals) of 0.16% (15 deg. freedom), to have been
satisfactory. Average ash percentages of washed coals correspond to those of Table 1.
The main advantages of the preparation methods weret reduction in amounts of coal washeds
the easy prevention of oxidation during storsge, and the ease of dewatering coal samples
before blending.

The high reproducibility of the characteristics of oven charges is shown by the
variances in Table 4. Rotary sample dividers (20 and 100 1b. capacity) were used.
Further evidence for the adequateness of the overall reproducibility of the coke tests,
is shown in Table 5. It appears from the significance of coking time variations (+ 2 hr.
test to test), that.greater control over the rate of heating and the wall temneratu:re—
time relationship is degirable.

The separate effects of fineness and charge density are illustrated by Fig. ll.
Apart from coking time (poss:l.bly a measure of heating rates), other variables were not
significant by virtue of either their comparative consta.nc'y or not m.fluenc:l.ng coke
qualities.

The effects of the controlled factors (coal fineness a.tu:i charge density) are simtlir
to those obseryed during plant and pilot-scale coking tests ) They also. sgree with the
trends deduced\8) from certain American studies. 4s a rough rule, ea.ch additional one
percent of coal fineness (% =18 mesh) leads to an increase of about stability units for
higher volatile blends of both Australisn apd American coals.

.The very close equivalence of the qualities of the cokes from the four blends
confirms the obvious deduction from Table 1t the Newcastle coals are too alike for blend
proportions to be very importante. This position appears to apply at the steelworks,
provided the percentages of ash for all components are reasonably close.

Since the 15 1lb, oven yields only about 10 1lb. of coke from the high volatile
Newcastle coals, some modifications of the ASTK tumbler test have been adopted. The drum
is the same as the ASTM drum except its length is 6 ins. The coke charged to the drum is
90% -3" 42" and 10% -2" #13" and the weight of the coke feed is 3 1/3 Kg. Results show
that these changes do not significantly affect the stability and hardness indices for
cokes from the Newcastle and Port Kembla steelworks; but, for run-of-wharf coke, the
reproducibility is worse than when using the standard test. The reproducibility using
cokes from duplicate oven tests appeers better than is obtainable with 3 1/3 Kg samples
of run-of-wharf coke,

The 15 lb. oven studies, which have involved well over 100 runs in recent months
indicate the utility of small ovens. Tirstly, they have shown that small scale prepara=-
tions can be closely controlled and that the greater independence hetween preparation
. factors, achievable with small scale work, can lead to results that facilitate the
appreciation of results gathered by pilot or plant scale work. Secondly, they have
shown that with proper control, 15 1b. ovens can be used for preliminary studies and, in
the future, they may enable the restriction of 850 1b. ovens to work immediately prior to
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plant trials. The successful use of these ovens depends on, (a), proper control over
preparation and charging, snd, on (b), a controlled coking programme appropriate to the
type of coal e.gs high or low volatile. Our observations in this regard suggest some less
specific needs than those of Price et 21(13); but there is a large measure of agrecment.
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TASLE. 12+ CHARACTERISTICS OF NEWCASTLE COALS, NORTHERN N.S.W.

COALS SEAMS: Borehole, Victoria Tunnel, Young Wallsend, Dudley.
COLLIERTES: Burwood, John Darling, Stockton Borehole, Lambton.
SIZE GRADING EX BRADFORD BREAKER: 0.74€X €1.06 in.; n = 0,75 + 0,05 (Rosin-Rammler Eg.)

Seam Percent Ash of Floats at 1.45 S.G.
" Borehole; Dudley to 10% d.b.
Victoria Tunnel 1 to 125 dJsbe
_ Young Wellsend 13 . to 145 d.b.

AVERAGE ANALYSES VASHED COALS (7 TO 14% ASH ALL COALS)

BASIS V. % C % % N% |8 9%(orz)] O + Errors
d-a.f. 3904 83.5 5.6 201 . . 0.45 8.35
Parr dmmf 38,7 84,85 5.55 2.15 0.4 7.05
Direct dmmf 38.8 84.4 5,55 2,2 0.4 7.45
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COMPARTSON OF BASES FOR FLOATS AYD SINES (Vietoria Tunnel Seam)

dry basis . i ) _ v
BASIS % Asn | % IBM Vi85 ch ¥ b % Srror}(Seyler
Floats daf 11.2 38.9 83.5 5.52 | 1.96 | 0.36 {. 8.49
Parr dmmf . 12.5 58.1 | 84.9 5.48 { 1,98 | 0.36{ 7.31 |1.2
Direct dmmf 12,1 | 38.3 84.5 5.49 | 1,98 | 0,40 7.67 |0.6
Sinks daf 5143 41,3 7604 |. 5.50 | 1.84 | 0.40 {15.85
Parr dmmf 58.2 35.4 | 88.1 5,17 | 2,12 | 0,38 | 4.21 | 5.7
Direct domf 56.4 | 38.4 | 84.1 5.50 | 2,03 | 0,37 | 7.75 |0.5
LABORATORY CARBONISATION TESTS {c.l0% ASH d.b. ALL COALS)
3.S. SYVELLING TNDEX % GRAY XTNG COKZ TYPE G4/Gs
TISSELER PLASTOHETER AUDIBERT-ARNU DILATCMETER
Initial Move. 380°¢C Initial Move. 396°C
Fusion 415°¢ Max. Contraction 30%
Log. Max. Fluidity 2.7-3.0 ¥ax, Contraction 438°¢
Max. Fluidity © 4359¢ Tlt. Dilation 40%
Resolidification 465% Ult. Dilation 465°C
PENETRATION PLASTOMETER (0.5 Eg/cm?)
Layer Thickness 25 mm ‘Top Temps. 330°C
Shrinkage 22 m Bottom Temps. 440%
BARDGROVE INDEX 55 '
TABIE 2: COXE STRRIGTE
= ‘ ‘ Percentage Index '
Coke +1%in. Shatter | +lin. Stability | +&in. Hardness
Newcastle ‘ -
(Northern N.5.W. Coals) VT 18 ‘ 83
Port Kembla
(Southern 1i.3.7. Coals) 8s 45 60
TABLE 3t 3LEND PROPORTIONS (DRY TEIGHT %)
ZLEND
COAL No. 1 No. 2 ¥o. 3
A 6.1% ¥IL FIL
B 10.1% 13.%% 12.2%
c - 9.1% 19.7%5 - BS%
D 16,25 - 13.55 13.7%
B 15.855% 14.1% 13.9%
F 12.0% 10.7%h 12,1%
¢ 20,85 20.8% 31.0%
H 10.15% 8.Fh 8.8%
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TABLE 4: REPRODUCIBILITY OF OVEN CHARGES
Ash % (dsb.) folsture % % «18 BSS Cherge Density
{total) (1bs./c.ft.)
Varience .04 .06 2 1/4
Dege Freedom 60 49 .20 30
PABLE 5: ANALYSIS VARTANCE OF FACTORTAL DESIGN FOR TESTS OF TWO BLENDS

Factors: &, 435 and 73% -18 BSS; b, 37, 43, 49 1lbs./cft; ¢ oven No.l & 2, d, Blend 2 & 3

Stability Index Hardness Index
Effect Hean Square Mean Square

Grand Mean 19,136.55 2470.5

ineness (4) 444..6 ' (sig) 313.2 Sig
h. Density Blg 0.04 194.6 Sig
h. Density (B2 8.7 2,0

ens c 7.2 2.87

lend D 73.8 §Sig\ 0.01

oking Time 17.9 Sigs . FeSo

es M/s 2,565; 10 d.f. 1.91

otal - © 19,755.17 3018.41

NOTE: Mean square of each intersction (e.ge 4B1D) wes estimated separately and unless
specified wes not significant at 10% level.

%

squares of other effect carried to average time.

If coking time significant, at 55 level; reduced res. m/s is given and meen
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PLANNING OF CENTRAL WASHERIES IN INDIA
FCOR PREPARATION OF COKING COALS*

by

G. G. Sarkar, A. K. Chakrabarty and A. Lshiri
Central Fuel Research Institute
P. O. Jealgora
Dhanbad, India

ABSTRACT

This paper 1s expected to cover washing problems peculiar to
the coals of India which are commonly high in mineral matter content.
This characteristic has required the application of two-product** washing
practice to achieve production of acceptable metallurgical coals. The
middlings product is used for generation of steam and electricity. ’
Central washeries require most careful design*** and planning of all the
Interrelated operatlions of mining, and transport of the raw coal, washing,
disposal of refuse, and shipping of the product to maintain satisfactory

- operation.

* Manuscript not received in time for preprinting.

*% A, Farquhar, "Beneficiation of Jharia and West Bokaro Coals by

Washing" Progress of the Mineral Industry of India (1906-1955)
Golden Jubilee Commemoration Volume, The Mining, Geological and
Metallurgical Institute of India, Vol. 21, Chowringhee, Calcutta 13,
pp. 206-250.

**% G, G. Sarkar, S. Sarka and A. Lahiri: Journal of the Institute of

Fuel, Vol. 33, No. 230 (1960) March pp. 145-150.
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PLASTIC PROPERTIES OF SUNNYSIDE COAL.
" CLEANING PLANT PRODUCTS, OXIDATION AND STORAGE
BLENDS WITH OTHER COALS AND WITH OTHER MATERIALS

Glenn C. Soth

Kaiser Steel Corporation, Fontana, California

Coal from the Kaiser Steel Corporation's Summyside, Utah, Mines has been the
principal source of coal for making blast furnace coke at Fontana since the start

of operations in 19L3. Requirements have increased from two batteries of coke

ovens supplying one blast furnace to seven batteries of ovens making coke for four
blast furnaces. There have been many changes in mining methods, in coal prepara-
tion, and in the use of the Sunnyside coal, but this coal still remains the major
source of coking coal for the Fontana plant. Experience in use during the years,

as well as laboratory investigations, has provided considerable information on the
properties of the Sunmyside coal and its behavior during carbonization, both alone
and in blends with other materials., These investigations are continuing, to provide
better coke, both with respect to chemical properties such as ash and sulfur content,
as well as for the physical properties, Better coke gives increased iron production,
lower coke rate, and the ultimate object, reduced cost of hot metal,

Early operations at Fontana showed that satisfactory blast furnace coke could not

be produced from straight Sunnyside coal. 1) It was necessary to obtain other better
coking coals or other materials for improving the size and strength of the coke and
to reduce breeze. Changes in coal supply have included purchase of extensive proper-
ties in the Raton field in northern New Mexico and use of Koehler mine coal from
there. Sources of supply have been developed of purchased medium and low volatile

coals for blending with the Sunnyside coal to improve the size and strength of the
coke,

It is common practice to blend low volatile coal with high volatile coal for in-
creasing the size and strength of the coke, (2 However, there is no production of
low or medium volatile coal nearer to Fontana than the Crested Butte field in
Colorado or the interior province coals of the Arkansas-Oklahoma region. Coals from
these areas must be shipped by rail; thus the freight cost becomes a very important
factor in the economy of operations. Details of the coal handling practice at
Fontana have been described recently.(3)

MINING AND COAL PREPARATION

The Sunnyside coal is produced from three separate adjoining mines, Raw coal from
all three mines goes to mixing bins to provide a feed as uniform as possible for the
coal cleaning plant, The combined coal is crushed to a top size of six inches and
the 6 x O coal passes through jigs for cleaning., The treatment of the float coal
from these jigs for dewatering results in several sizes of products, The 28 mesh x 0O
fines from the screens are further treated by flotation and the cleaned coal product
is recombined with the coarse clean coal for sﬂ%pment to Fontana., Details of the
flotation cleaning plant have been published,(

A11 of the cleaned coal is shipped immediately and in normal operation no coal is
stocked at the mine, Because of the practice of recombining all size fractions of
cleaned coal as well as no stocking at the mine for dewatering or drying, the coal
arrives at Fontana with 6 to 7% total moisture, the flotation product itself con-
taining 20 to 25% moisture, At Fontana all of the coal received goes to stock and
stock coal, LS - 60 days old, is used in the blend. Fears that Sunnyside coal could
not be held in stock even for this length of time without serious decrease in the
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already poor' cdking properties has not proven true in practice,
LABORATORY TESTS OF COKING PROPERTIES

Full-scale testing of possible blends is both difficult and expensive, so that labor-
atory tests to permit selection of the more suitable coals for blending is highly
desirable, A variety of laboratory methods have been described in the literature(5)
for assessing the coking properties of coals, ranging from tests on usual laboratory
samples as small as one gram to various pilot scale test ovens using 500 lbs. or
more per test.(®)(T) 1n general, laboratory methods, using rapid rates of heating,
are unsatisfactory for application to poorly coking western coals. Often such tests
. yield cokes, whereas testing at usual rates of carbonization does not yield a coher-
ent cellular coke residue. The Gieseler plastometer test, generally following the
proposed ASTM method,(s) has been found most useful for western coals. An illustra-
tion of Gieseler plastometer test results is given in Chart I for three different
types or ranks of coal. This illustration shows differences in maximum fluidities
attained during the test as well as differences in the temperature ranges during
which plastic properties were indicated. . .

Besides the Gieseler plastometer test, both the free swelling and the agglutination
tests(9) have been used at times. Results for these tests, compared to values for
the maximum fluidity shown in the Gieseler test, are given in Table I and shown
graphically in Charts II-A and II-B. The tests for these comparisons at various
levels of plasticity were done on 300 g samples of ~35 mesh coal. The original
sample was tested in the plastometer and portions taken for further grinding to -60
mesh and ~200 mesh for the free swelling and the agglutinating test. The remaining
gross portion of the sample was placed in a gravity convection drying oven at 105°C.
After a selected time interval the sample was removed, cooled, and a portion taken
for plastometer testing and other portions for grinding and testing by the other
methods, This was repeated until the extent of oxidation was such that no coherent
residue was obtained in the Gieseler plastometer test, :

The results showed different relationships for different ranks of coal, For purposes
of comparison it was found that, if the maximum fluidity in the Gieseler test was
less than 2 dial divisions per minute, the residue remaining after the test was

only a sintered button and 4id not exhibit the cellular structure associated with
coke, Thus,it was concluded that neither the agglutinating test nor the free
swelling test are satisfactory for assessing the coking properties of coals, but
could be used possibly to indicate major changes in the coking properties of a coal
if the general properties were known from Gieseler plastometer and other testing.

PLASTIC PROPERTIES OF VARIOUS SIZES OF SUNNYSIDE COAL

Plastometer tests were run on each of the sizes of coal obtained at the cleaning .
plant. The samples were taken ' at Sunnyside and were 10 to 15 days old when tested
at Fontana. The data obtained, Table II, showed the expected increase in moisture
with decrease in particle size, Other trends included decrease in wolatile matter
and increase in ash, The Gieseler plastometer results showed decidedly lower

. plastic properties for the finer sizes. '

Petrographic analyses of the Sunnyside coal had indicated that the coal was over 90%
clarain or Type III vitrinite. There were no appreciable percentages of harder or
softer constituents such as durain or fusain that might be expected to segregate in
the larger or finer sizes and to cause different coking properties by segregation.

Therefore, it was indicated that the finer sizes of coal produced at the mine had

;lr:ady undergone considerable weathering between'mining and delivery and testing at
ontana,
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OXIDATION TESTS

Results at this time were somewhat confusing, Although preliminary studies had in-
dicated that the Sunnyside coal was susceptible to rapid weathering in stock, actual
plant practice had shown little change in the coal in 60 days or .cften a longer
period of time. Gieseler tests of stock coal had shown considerable variation in
maximum fluidity, Table JII, but no apparent trends; average values were not partic-
ularly lower than averages for fresh incoming coal, Plastometer testing also was
giving confusing results., Duplicate testing, both to check individual samples and
to check the results obtained by different operators, d4id not show good agreement,
Further, tests of a series of samples such as blends of Sunnyside with other coals
did not show consistent results, Normal fresh Sunnyside coal had been found to give
maximum fluidities of the order of L0 to 80 divisions per minute, In the test data
shown in Table I the original sample had a maximum fluidity value of only 19 and two
hours at 105°C had decreased this value to only 5.7 divisions per minute, indicating
rapid oxidation.

It was decided to make a careful examination of the change in plastic properties with
time for =35 mesh Surmyside coal at room temperature. A sample of about 150 grams
of =35 mesh Sunnyside coal was prepared as rapidly as possible and then tested
immediately. The sample was then set aside in a rubber stoppered glass bottle and
tested weekly. The results of this test work are shown in Chart III. 4s shown in
this chart, only one week in this condition had decreased the maximum fluidity from
60 to only 21 divisions per minute. Subsequent testing showed further comsiderable
decline in maximum fluidity but at a decreasing rate. In view of these results a
second sample was prepared and tested daily, The results showed a decrease in max-
imum fluidity from 60 %o 33 with only 2L hours standing at room temperature, and
further decrease to about 20 after one week, These results explained the lack of
agreement in duplicate testing and may explain in part the considerable variation
shown in the maximum fluidity of plant control samples. In view of these results a

standard time program of sample preparation and of testing was formed,

A variety of methods have been described in the literature for preserving samples of
coal for future study. These include storage under an inert atmosphere such as
natural gas, filling the air space in the container with water, and freezing the
samples, Except for the use of an inert atmosphere, these methods often would re-
quire further treatment of the sample that may produce changes as great as would
have occurred during storage under air, Also, as shown in Chart II, storage under
natural gas served only partially %o deter the oxidation and the decrease in the
plastic properties.

Because six samples is about the maximum number that can be tested by one operator
in one plastometer in an §-hour work day, and because of the various difficulties
of preserving samples, a group of tests was run to study the change in plastic pro-
perties with respect to particle size of the coal being preserved, The results are
shown in Chart IV. The data obtained indicated that 1/L" was the minimum particle
size for a sample that was to be held even for the few days of a testing program,

It may be noted at this point that same of these same difficulties were experienced
in coking tests with a 500-1b, test oven, It is customary to obtain a relatively
large sample of coal for use in a series of tests in order to eliminate variations
that might occur in separate samples. It was found that Sunnyside coal, ground in
the laboratory hammermill to approximately 75% ~1/8" and preserved in covered steel
drums, showed decided changes in coking properties within two weeks storage,

PLASTIC PROPERTIES OF BLENDS OF SUNNYSIDE WITH LOW WOLATILE COALS

Only after the rapid change in plastic properties of -35 mesh Sunnyside coal at room
temperature was understood was it possible to obtain satisfactory results for plastic
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properties of blends of Sunmyside coal with other materials, As shown previously .
in Chart I, the plastic temperature range for Sunnyside coal extends from about 335°
to L60°C. Many true low volatile coals, on the other hand, show plastic properties
in the Gieseler test in the range WhO to 505°C. Only a small temperature interval
of perhaps 20° is comon' to these two types of coal. .

The change in maximum fluidity with change in composition of blends of Sunnyside with
two different low volatile coals is shown in Chart V. The maximum fluidity shown
for the Sunnyside coal and low volatile coal "A" was approximately the same at 50 to
60 divisions per minuts, However, adding this low volatile coal to Sunnyside coal
produced a rapid decrease in the maximum fluidity with increase in the percent of
the low volatile coal used to a minimum of approximately Z% divisions per minute at
a composition of about 75% Sunnyside and 25% low wolatile coal. The second series
of tests was run using low wolatile coal "B"™ of much lower maximum fluidity. The
same type. of curve resulted except that the change in maximum fluidity with increase
in percent coal "B" was greater than when the more fluid low volatile coal "A" was

used,

A minimum value for the fluidity of a blend of coking coals cannot be given because
the quality of the coke is influenced by many other factors besides fluidity, How-
ever, plant practice had shown that at times during the year, particularly in the
fall, the coke gquality decreased. - This decrease in quality with. increase in breeze
was found to be related to the decrease in the maximum fluidity shown by the mixed
coal being carbonized. Attempts to improve the coke quality by increasing the per-
centage of the low volatile coal were not very successful and the reason for this is
shown by the coéursé of the curves given in Chart V., Increase in the percent low
volatile coal decreases the fluidity of the mixed coal,

PLASTIC PROPERTTES OF BLENDS OF SUNNYSIDE WITH MEDIUM VOLATILE COALS

Medium volatile coals are less desirable .from the economic standpoint for blending
with Sunnyside coal., Higher percentages of medium volatile coal are required to
obtain a given increase in the size and strength of the résulting coke, The carhon
return in carbonization is lower' than obtained from low volatile coals. Nevertheless,
the generally excellent coking properties of medium volatile coals have been found

to be desirable for use at Fontana for obtaining better fused cokes and reduction in
breeze. : ' ' '

The results of Gieseler plastometer tests of blends of Sunnyside coal with two &iffer-
ent medium volatile coals are shown in Chart VI, It may be seen that the change of
maximum fluidity with change in composition is not linear. For practical purposes
only the parts of the curves from O to 20% medium volatile coal additions have been
of practical interest. Additions of medium volatile coal in this range cause little
increase in the maximum fluidity of blends with Sunnyside coal., However, in compar-
ison with the use of low wolatile coal, it is significant that the maximum fluidity
actually increased or remained the same and did not show the very marked decrease of
Sunnyside-low volatile coal blends, . ' )

PLASTICITY RELATIONSHIPS -USING KOEHLER COAL

The Koehler coal from the Raton, New Mexico, field had been used at various times
even before purchase of the property by the Kaiser Steel Cerporation in 1957. The
Roehler coal shows considerably better plastic properties than the Sunnyside coal
although the proximate analysis indicates approximatély the same rank of coal, Table
IV. Also, coke produced from straight Koehler coal is appreciably larger and
stronger than is obtained from Sunnyside coal, The Gieseler plastometer test shows
approximately the same temperature range of occurrence of plastic pro?erties. Blends
of Sunnyside and Koehler coal showed a linear change in maxipum fluidity with change
in composition, as illustrated in Chart VII. Blends of Koehler coal with low

|
1
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volatile or with medium volatile coals showed the same general changes in maximum
fluidity with change in composition as described for the blends using Sunnyside coal,
Thus, in general, Koehler coal can be substituted for Sumnyside coal,

PLASTIC PROPERTIES OF BLENDS OF LOW AND MEDIUM VOLATILE COALS

Tests were made of blends of medium volatile and low volatile coals for basic infor-
mation of blending., The resulis are shown in Chart VIII. As would be expected, due
to the great variety of both low and medium volatile coals, a great number of combin-
atlons are possible., The results shown in Chart VIII represent only two series of
possibilities, These results indicated that addition of medium volatile coal to low
volatile coal produced appreciable increases in the maximum fluidity when only 20%
medium volatile coal was present, This result might be expected from the greater
coincidence of the temperature ranges of plasticity compared to blends of Sunnyside
with either low or medium volatile coal. Above 20% addition of medium volatile coal
very great increases in maximum fluidity were shown although it is probable that these
increases are due to a considerable extent to the swelling that occurs during the
testing of such blends.

. THREE-COMPONENT BLENDS OF SUNNYSIDE, LOW, AND MEDIUM VOLATILE COALS

Plant practice had shown that blends of Sunnyside and low volatile coals were satis-
factory only part of the time; at other times the fusion of the blend became poor
resulting in excess breeze production and decrease in the tumbler test hardness
factor. Use of only medium volatile coal with Sunnyside is not desirable because
greater percentages are required for a given level of size and strength. These two
considerations resulted in the practice of using both low and medium volatile coals
for blending with Sunnyside coal. The relative percentages of low and medium vol-
atile coal are changed, depending upon the economic conSLderatlons ad the coke
requlrements at a glven time. .

Lctually, three-component blends of Sunnyside, low, and medium volatile coals result
in a variety of curves between the individual two-component series of Sunnyside-
medium volatile and Sunnyside-<low volatile, Two relationships are shown in Chart IX.
When equal quantities of the low apd medium volatile coals used were blended with
Sunnyside coal, the change in maximum fluidity with change in percent blending coal
added showed a decline in maximum fluidity but at a much slower rate than shown by
using low volatile coal alone. When the relative percentages were changed to 1/3
low volatile and 2/3 medium volatile coal, the maximum fluidity shown by the blend
with Sunnyside coal showed essentially no change in maximum fluidity over the pract-
ical range of addition of the blending coal. -

OTHER COALS AND MATERTALS FOR INCREASING THE FLUIDITY OF BLENDS

Except for a relatively few areas in Colorado there are no known operating mines in
southwestern United States producing high fluidity coking coals. The use of such
coals, of course, would be essentially substitution of the high fluidity, probably
high wvolatile, coal for Sunnyside rather than replacement of the expensive medium and
low volatile coals being used., Exploration in the Kaiser Steel Corporation's Raton
properties has shown extensive deposits of both high volatile coldng coal of excellent
plastic properiies as well as deposits of medium volatile coals also of excellent
plastic properties, Use of these sources awaits future development,

Besides other coals, some natural asphalts or bituminous materials are available
western raw materials. A number of these materials have been tested, Although such
materials become highly fluid during carbonization, not all of them show the same
ability to improve the coke quality. It is probable that the differences in effects
on plastic properties are related to differences in the plastic ranges of these
bituminous materials together with variations in the rate and manner of decomposition
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and devolatilization.

One such natnral bituminous; naterlal that has been used in emergency on the plant
scale basis is Gilsonite(10) obtained from northeastern Utah, It was found in
plant practice durmu perlods when the coals on hand did not possess sufficient
fluidity, that 3% to 5% Gilsomite could be blénded with the coking mix successfully
to reduce the plant coke breeze yield, Chart X shows the increase in the maximum

fluidity obtained by blending Gilsonite either with Sunnyside coal or with low vola-
tﬂle coal, and comparative results are indicated for the benefits in increasing
fleidity obtained using medium volatile coal., It is svident that small percentages
of Gilsonite cause decided increases in the maximim fluidity shown by coals in the
Gieseler plastometer test,

Chart XI illustrates the apollcatlon of Gilsonite to a plant coal mix. Addition of
174% low volatile coal to Sunmyside decreased the maximum fluidity from L2 divisions
per minute for straight Surny31de down to only 20 divisions per minute. Additions
of Gilsonite' to this 823% - 173% blend caused rapid increase in maximum fluidity
with increase in Dercent u11aon1t Only L% Gilsonite was required to raise the
fluidity of the coal blend up to the value shown by the Sunnyside coal itself, Fur-
ther small increases in Gllsonite brought the maximum fluidity to over 100 divisions
per minute, Carbon return.is very low for Gilsonite and the delivered cost is high
so that Gilsonite has not been used on a cont1nu1ng basis,

USE OF INERT MATERTALS FCR IMPROVING THE QUALITY OF COKE OBTAINED FROM SUNNYSIDE
CcoAL

There has alwazys been active interest at Fontana in finding substitutes for the ex-
pensive low and medium volatile coals that have been'required to improve the coke
quality for satisfactory blast furnace performance, It has also been recognized that
the possibilities for success were small because Sunnyside coal, coked alone, does
not yield completely fused coke, Pebbly seam and, at times, con51derab1e portions

of poorly fused'agglomerate rather than true coke are found, Thus, this coal could
hardly be expected to absorb inert or non-coking carbonaceous materials without fur-
ther considerable increase in breeze., Even with excellent coking coals such inert
materials have been found to give variable results depending on source and composi-
tion, For example, some varieties of anthracite have been used successfully for
incorporation into c?kigg blends for increasing coke size and foundry coke production
at fast colcing rates(ll , but only certain anthracites have been feund suitable for
this application. At Fontana many varieties of char, anthracite, petroleum coke,

and other inert materials have been tested, generally with poor results.,

An example of the effects on the plastic properties is the use of petroleum coke as
a blending material for increasing the coke size and strength, Chart XII shows the
relationships between maximum fluidity of the blend and the percent petroleum coke.
As might be expected, increase in percent petroleum coke caused decrease in the max-
imum fluidity of the blend. However, it is interesting to note that the rate of
decrease of the maximum fluidity is less than shown by equivalent additions of low
volatile coal. Test work is under way at present to examine the plastic properties
of blends of Sunnyside and Koehler coals with inért materials, but using Gilsonite
and other natural high fluldlty materlals for increasing the plastic characteristics
of the blends.

CONCLUSION

A knowledge of the plastic properties of the Sunnyside coal has been found useful in
explaining experiences in the use of the coal both alone and in blends with other
materials., This information has also been beneficial in the selection of other coals
for blending and in the determination of suitable blends., However, it is recognized
that plasticity is only one factor in the selection and use of coals for carboniza-
tion. The Gieseler plastometer test has been found most: useful for the
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determination of the plastic properties of coals and blends of coals and for the
detection of changes in the plastic properties. The understanding of the suscepti-
bility of the Sunnyside coal to rapid changes in plastic properties at room tempera-

- ture, for fine particle sizes, has been very important for obtaining satisfactory

results for duplicate tests and for series of samples. Such rapid change in plastic
properties at room temperature may be of importance for other laboratories to con-
sider where difficulties have been experienced in obtaining duplicate results or

" consistent values for plastometer testing. These effects may become increasingly

important in the estimation and use of other higher rank coals because of the in-
creased mechanization of mining and finer coal production, cleaning of finer sizes,
the use of heat drying to reduce the moisture content of coking coals before shipment,
and the stocking of finer coking coals.
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. COMPARISON OF GIESELER PLASTOMETER MAXIMON,
FREE SWELLING INDEX, AND AGGLUTINATION TEST INDEX

SUNNYSIDE COAL: V.M. LO%, ASH 7%, SULFUR 1.2%

SAMPLE

Original
2 hours at 105°C

L " L

n
n
n
"

2333 3

n
= [=g
3 %3 3=

"

' 1OW WOLATTLE COAL: V.M. 18%, 4ASH 8%,
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L hours at 105°C
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. MVALYSES AND PLASTIC PROPERTIES OF VARIOUS SIZES OF
SUNNISIDE COAL FROM THE CLEANING PLANT

ANALYSIS (DRY BASIS)

-

GIESELER PLASTOMETER TEST

"H20 VLN, g F.M. .1 D/M MAX. SOLID. MAK.

S . g - g °c C___ ¢ °C__pM
én x 1-5/8" 3.4 k2. 339 370 k29 LS9
1-5/8" x 1/2" L8 L0.3 339 367 L29 LS9
1/2" x 3/16" 7.9 LoO.1l - 3L7 369 L8 LS9
3/16"x 28 mesh 8,4  39.5 -3hh 372 L26 Ls9
28 mesh x O 22,2 366 387  L27 LSS

39.2

il 5,
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TABLE III

SUNNYSIDE COAL RECOVERED FROM SIOCKPILE
COAL APPROXIMATELY 60 DAYS IN STOCK

SAMPLE SIZE CONSIST P.MAX,
NO. #28 MESH -28 MESH /28 MESH -28 MESH
1 88 12 38 9
2 8L 16 LS 9
3 8L 16 25 L.B
L 7h 26 35 3.3
5 78 22 37 4.9
6 82 18 65 9
7 8L 16 35 5.0
8 85 15 us 11
g 82 18 50 7
10 88 12 57 10
1 83 17 32 1
12 81 19 Lo . 10
TABLE IV

PROXIMATE ANALYSES, SULFUR, AND GIESELER TEST DATA

GIESELER PLASTOMETER TEST

CCSTITUENT  AKALYSIS (DRY BASIS)
V.M, F.C., AsH SuL. F.M. .1 O/M MAX. SOLID. MAX.
o % % ___% %__r °C °C . °C °C D/M
COALS:
Sunnyside LO.L  52.9 6.7 1.21 333 368 L26 LS8 60
Koehler ' 37.7 L9.8 12.5 .71 330 365 W27  Lhé2 200
Med,.Vol.(0Okla.) 26,1 66,9 7.0 1,07 377 383 453 soh 2700
Med.Vol, (W.Va.) 23,9 69,9 6.2 .58 38k 351 L67 5ok 1900
Med.Vol.(Colo.) 23,1 69.1 1.5 68 386 395 Lé62 507 2000
Low Vol.(Okla.) 19.6 72.3 8.1 .73 k25 k30 L7k SI11 160
Low Vol,(W.Va,) 18.L 75.6 6.0 .72 k2s L27 L6 510 65
Low Vol, (Ark.) 17.7 7h.bh 7.9 .38 Lh2 LL6 L82 509 22
Low Vol.(Ark.) 17.3 7L.0 8.7 +95 LkL2 LLé L87 507 7
Petroleum Coke - 12.2 87.6 .2  1.15 No Fusion
77.7 21,9 b .19 Too Fluid To Test

Gilsonite
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THE RELATIONSHIP BETWEEN_THE CHEMICAL AND PLASTIC PROPERTIES OF
ALABAMA MEDIUM-VOLATILE COALS AND THEIR CARBONIZATION BEHAVIOR

B. R. Kuchta and J. D. Clendenin

United States Steel Corporation
Applied Research Laboratory
" Monroeville, Pa.

Because coke quality is a significant factor in the efficient operation of
blast furnaces, coke-plant operators are continually striving to produce the highest
quality coke possible. No less important to the operators, however, are those char-
acteristics of the coals or coal blends that influence the coking pressure and the
ease with which each charge can be pushed from the oven. The difficulties in pushing
coke from the ovens have been classifiedl)* into two general categories: (1) those
inherent in the particuler coals or coal blends and (2) those due to plant practices.
Apart from the difficulties attributable to plant practices, insufficient contraction
of the coking charge at the end of the cdoking cycle is undoubtedly the most common

" reason for coke being hard to push from the oven. Insufficient contraction can be

caused by elther a lack.of sufficient contraction inherent in the coal or coal blend,
or by incomplete carbonization of the coal charge in the oven.

The expansion-contraction data obtained from a sole-heated oven 1s usually
used to provide an .indication of this aspect of the coking behavior of coal charges.
As was pointed out recently,2) a minimun contraction of 7 per cent in the sole-heated

. oven at the plant-operating bulk density is considered the limiting value for avoiding

trouble caused. by pushing difficulties. Other investigators3; L) have shown that
volume-change characteristics (or expansion-contraction properties) are related to

the chemical and plastic properties of a wide range of coals. However, investigationss)
on coking-strength evaluations indicated that more workable relationships could be
established if the correlations were confined to a narrower range of coals or coal
blends. Accordingly, U. S. Steel's Applied Research Laboratory undertook a program

to determine whether this concept was applicable in relating the volume- -change
characteristics of several Alabama medium-volatile coals to their chemical and plastic
properties.. Such a relationship would be extremely useful at U. S. Steel's Fairfield -
plant in Alabama.

Source and Identification of Coals

Thirty coal samples, 5 washed and 25 raw-mine samples, were examined for
chemlcal, plastic, coking, and volume-change properties. The samples were obtained
from the Pratt, American, and Mary ILee seams .of the Warrior Coal Field in Alabama.
The 5 washed samples were obtained by taking representative gross samples of about
250 pounds each of freshly mined coal from between 5 and 10 mine cars at the
unloading station of each of 5 mines. These samples were crushed to pass 2-inch
square openings and were experimentally washed to approximate the actual commercial
preparation of the respective coals. The 25 raw samples were taken from different
zones in the vertical face of the coal seam at specific site locations in the three
seams, see Table I. Each sample was chosen by visual inspection of bright and dull
coal in the seams, to give differences in coal type. .

Experimental Procedures

In the preparation of the charges for carbonization tests, all coals
were dried to a nominal moisture content of 1 per cent and pulverized to a l/h-inch
top size. '

* See References.
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. The carbonization tests were conducted in the 30-pound test oven and in a
sole-heated oven at the Applied Research Laboratory. Tests in the 30-pound test
oven were conducted at the fast rate (1850 F) described in a previous publication.?
The sole-heated oven used is similar in construction to the Bureau of Mines sole-
heated oven6)'except that it 1s heated by four Globar heating elements and changes

in the volume of the coal charge are continuously recorded by means of an inductance-

bridge type instrument (also known as a differential transformer). The cokes pro-
duced in these ogens were tested according to the U. S. Steel Modified Tumbler
Test procedure.

The proximate analyses and mineral-matter contents of the varlous samples
are shown in Table I. For purposes of comparison, it was necessary to correct
the as-measured volatile-matter contents of the coals to the Parr true-volatile-
matter content basis.T) .The plastic properties of the coals are given in Table II.
The volume change (expansion or .contraction) in the sole-heated oven and the
relative stréngths of cokes from this oven are presented in Table III. The coking
pressures and the strengths ‘'of the cokes from the 30-pound test oven are listed in
Table IV. .

In the sole-heated oven tests, significant differences in oven bulk
densities were noted for various charges, with coals of lower ash content showing
generally lower bulk densities than coals of higher ash content, as illustrated
in Figure 1. Moreover, because the coals of higher ash content were more resis~
tant to pulverization, the coarseness of the higher ash coals, expressed as the
per cent retained on 8 mesh, was Breater for these coals than for those of lower
ash content, Figure 2. Therefore, because_bulk density affects the as-measured
volume change, these values were corrected”’/ to a constant bulk density of 55
pounds per cubic foot and to 1 per cent of the as-charged coal retained on 4
mesh, to present the test results on a comparative basis. A reference bulk density
_ of 55 pounds per cubic foot was used because this 1s approximately the highest level
that can be attained with air-dried coal in commercial practice. Bulk density also
influences coking pressure, but at the lower pressures encountered with these coals
the effect 1is small, :

Chemical and Plastic Properties of Coals

Most of these coals are classified as medium-volatile in rank. A few of
the raw mine samples and the Pratt seam, Mine A, washed samples were on the border-
line between medium-volatile and high-volatile A in the American Society for Testing
Material (ASTM) classification.9) The ash content of the raw samples ranged from
about 3 to almost 26 per cent, and the sulfur contents from 0.6 to 5.6 per cent,
Table I. The ash contents of the washed coals ranged between 7 and 11.7 per cent,
and the sulfur contents between 0.8 and 1.7 per cent. The Pratt-seam coals showed
the highest sulfur contents. ’

The plastic properties of these coals ranged from medium to high fluidity,
Table II. When the sole-heated-oven volume-change results, Table III, were plotted
against the Gleseler maximum fluidity, two principal behavior groups were evident,
Figure 3. All coals having maximum fluidities above 10,000 dial divisions per
minute (ddpm) were contracting within a range from about 5 to 30 per cent. Those
coals having maximum fluidities below 10,000 ddpm ranged from mildly contracting,
through neutral, to moderately expanding'at about 2500 ddpm fluidity. The raw
and washed Pratt Seam samples from Mine A; the raw American Seam, Site No. 2
samples; the raw Mary Lee Seam, Site No. 1 samples; and the washed Pratt Seam,
Mine B samples all showed fluidities above 10,000 ddpm. The remaining samples
showed lower fluidities. Therefore, the-differentiation of coals observed as a
result of the Gieseler Plastometer fluidity measurements indicates that the plasto-
meter test may be useful in distingulshing between volume-change behavior groups in
these coals. These result? are in general agreement with the relationship shown by
Naugle, Davis, and Wilson™ for coals ranging from low volatile to high-volatile A.

S B o b e o
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Volume Change

The volume changes of the 30 samples after carbonization in the sole~
heated oven were found to correlate with (1) volatile-matter contents for samples
containing similar ash contents and (2) with ash contents for samples with similar
volatile matter contents. :

The volume change of each of the 5 washed coals used in this program,
along with selected Bureau of Mines datalo is plotted in Figure 4 against the
corresponding volatile-matter and ash contents on the dry basis. For the 5 Pratt-
seam coals (Mines A, B, and C) and 1 American-seam coal the volume change varied
linearly from slightly expanding to strongly contracting as the volatile matter
increased for ash contents between about 6 to 9 per cent. This same relationship
1s also evident for the 3 Mary lee seam coals, which had a higher level of ash
content of 11 to 12 per cent. In contrast to the washed coals, the raw Pratt-seam
coals from Mine A, taken from the same site in the mine, and the washed sample from
this same mine (all plotted in Figure 5) showed contraction varying linearly with
ash content when true volatile-matter contents ranged between.30.8 and 31.8 per
cent. These same general relationships were evident for the other coals used in
this program except that the individual effects of volatile matter and ash were
masked by one another. .

General relationships within narrow ranges of volatile matter, similar to
those noted above, were reported by Brown3) for Pennsylvania and West Virginia
coals; for these it was also shown that separate relationships existed between the
expansion and the Kolatile matter of two low-volatile coals. Later work by Naugle,
Davis, and Wilson”/ also showed this same type of relationship, except that ex-
pansion was plotted against the dry, mineral-matter-free fixed-carbon contents of
the coals. The fixed-carbon content, calculated on the dry, mineral-matter-free
basis should give a similar relationship to that with the true volatile-matter
content, because the fixed-carbon content is simply 100 minus the volatile-matter
content determined in the proximate analysis.

An examination of the volume-change behavior of the variocus raw samples
in terms of thelr site and zone locations in the mine provided the following results.
In the Pratt Seam Mine A samples, contraction decreased from top to bottom of the
seam as the ash contents of the zone samples decreased from top to bottom. These
relationships are shown in Figure 6. In the American seam samples the volume change
of the Site No. 1 zone samples varied from strongly expanding at the top of the seam,
to mildly contracting about one-third down from the top of the seam, and back to
moderately expanding in the lower two thirds of the seam, Figure 7. Although the
ash contents of these samples were relatively low, the mildly contracting zone had
the highest ash content. 1In the Site No. 2 zone samples from this mine, the top and
bottom zones were strongly contracting (about 17 to 20%), whereas the two middle
zones were only moderately contracting (about 9%4). The ash contents of these samples,
all below 8 per cent, more than doubled between top and bottom.

In the Mary Lee Seam samples, the Site No. 1 zone samples changed from
mildly contracting at the top of the seam to strongly contracting between about
one-fourth and one-half way down from the top, dropped to mildly contracting about
three-fourths of the distance from the top, and increased again to strongly con-
tracting at the bottom, Figure 8. The Site No. 2 samples were almost neutral at
a bulk density of 55 pounds per cublc foot in the sole-heated oven. The volume
change varied from incipilently contracting at the top of the seam to mildly ex-
panding between the top and about one-quarter of the way down from the top of the
seam, to mildly contracting between one-guarter and one-third of the way down, to
incipiently expanding between two-thirds of the way down from the top and to mildly
contracting at the bottom. )
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Coke Strength

Because there was insufficient coal in each sample for carbonization.
tests in the Laboratory's 500-pound oven, an attempt was made to evaluate the
strengths of the cokes from the sole-heated oven, Table III, and those of the
corresponding cokes from the 30-pound test oven, Table IV. These relative strengths
were plotted, Figure 9, in terms of the Modified Tumbler Index. The correlation
coefficient for the relationship shown in Figure 9 was 0.9%. 1In general, the cokes
from the two ovens maintained similar relative positions: coals that produced strong
cokes in the one oven also produced strong cokes Iin the other oven. Because of the
wilde differences in coking rates in the two ovens, the relationship that is valid
for these coals cannot be expected to be generally applicable to other coals,
especlally to less strongly coking coals.

The influence of the ash contents of the raw and washed coals on the
strengths of the test-oven cokes can be distinguished when the data are examined
critically, but the full effect ismasked and 1s difficult to establish conclusively
because of the interrelationship between the ash content and the degree of pulveri-
zation of the various charges, shown in Figure 2. 1In the present tests, the larger
average-particle size of some coals, particularly those in which the inert-type
materials present are resistant to pulverization, resulted in more abredable cokes
with lower Modifled Tumbler Indexes than those produced from coals of smaller
particle size, see Tables IIT and IV. Other coals of relatively high ash content
produced cokes of strengths equivalent to or greater than cokes from coals of
lower ash content, apparently because the inert materials present in the former
were reduced to smaller particle size than those in the latter. When coals of
similar ash content, either high or low, showed marked differences in degree of
pulverization, those of coarser size-consist usually ylelded test-oven cokes of
lower strength.

Summazz

The chiefzfesults of this investigation of the possibie correlations
existing between the carbonization behavior of these coals and their chemical
and plastic properties were as follows:

(1) All coals, both raw and washed, can be classified in two broad
fluidity and volume-change groups: (a) those showing fluiditles above 10,000 ddpm,
all of which were contracting, and (b) those below 10,000 ddpm, but above approxi-
mately 2500 ddpm, which were mildly contracting, neutral, or moderately expanding.
Thus, measurement of fluidity in the Gleseler plastometer may be 2 means of
classifiylng similar coals into at least two broad groups, according to the relative
volume change observed 1n the sole-heated oven.

(2) For ash contents within narrow limits and for the range of volatile-
" matter contents determined in these coals, volume change in the sole-heated oven
showed a linear change with dry-basis volatile-matter content. Likewise, for coals
of a narrow range of true volatlile-matter contents, contractlion increased with
increasing ash content. Consequently, it should be possible to correlate the
volume change of these coals with their chemical properties. However, because
variations existed in the raw and washed coals from the various seams used in this

investigation, and are known to exist in practice, it is natural to expect variations

in both the volatile-matter and the ash contents of these coals. It would appear,

therefore, that a useful method of estimating the comparative pushing characteristics

of these coals from an examinatlon of their chemical properties should result from
the use of the relative volume change obtailned from a multiple correlation with
corrected ash and volatile-matter contents.
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‘ (3) A significant correlation existed between the Modified Tumbler Indexes
' of the cokes produced in the sole-heated oven and those produced in the 30-pound
test oven.

the separate and full effect of ash content was masked by particle size, which has
an important influence on coke strength, because increased ash content in the samples
tested also indicated an increased amount of coarse, pulverization-resistant, inert-
type, intermediate-gravity materials in the coal. The practical significance of this
relationship is probably limited because the washed coals used in practice have

ash contents that may not vary enough to appreciably affect the coke strength.

‘ (4) The influence of ash content on coke strength was evident. However,
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© Table I

Proximate Analyses and Calculated Mineral-Matter Contents (Dry Basis)

Coa.'L

American Seam

Washed

Site No. 1 Zone 1
(Raw) Zone 2
Zone 3
Zone 4
Zone 5
Site No. 2 Zone 1
(Raw) - Zone 2
. - Zone 3
Zone k4

Full Seam

Pratt Seam, Mine A

Washed
Site No. 1 Zone 1
(Raw) Zone 2
Zore 3
Zone 4
Full Seam
" Mary Lee Seam
Washed
Site No. 1 Zone 1
(Raw) _Zone 2
Zone 3
Zone 4
Zone 5
Site No. 2 Zone 1
(Raw) . Zone 2
Zone 3
Zone 4
Zone 5

Pratt Seam, Mine B

Washed

Pratt Seam, Mine C

Washed

Proximate Analysis,
vt %
Volatile Fixed
Matter Carbon
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‘Table IT

; : ) - Plastic Properties

Gieseler*
Maximum Fluidity

Plastic Range, C

. Dial Divisions } Softening Solidification
Ccal . ’ Per Min . At C Temperature _Temperature
Arerican Seam . :
Viashed 7,400 hho 380 515
Site No. 1 Zone 1 4,000 458 391 50k
(Raw) Zone 2 3,400 ' sk - 385 503
. - Zone 3 3,800 : 459 390 502
Zone 4 2,800 - 476 . 390 - 506 .
Zone 5 2,700 . Is0 385 505
. Site No. 2 ° Zone 1 18,500 . 438 376 Te) T
k " (Rew) . Zone 2 12,000 - ‘ 439 kyet k82
, o .- Zone 3 © 18,500 437 371 k93
- Zone L : 16,500 T b3k 375 s
‘ Full Seam 18,500 N 373 hol
' Pratt Seam, Mine A v ‘ o _
.  Washed . 16,500 - 436 348 496
. Site No. 1 Zone 1 © o 1k,000 o oh32 350 . k489
. (Raw) . Zone 2 20,000 437 356 503
Zone 3 17,500 - - - 432 355 - 486
Zone b4 20,500 - : L3 354 - o7
N | Full Seam 19;000 . . . 437 357 500
! Mary Lee Seam ‘ A _ )
: . Washed S 9,500 ' L2 - 362 hos -
Site No. 1 Zomel . . 12,500 kL8 3N koo -
"~ (Raw) . Zone. 2 15,000 : 5 370 2
. ' - Zone 3 21,500 2 370 . S
v .- Zone 4 _ 12,000 . oyt 361 k9o
) -  Zon€ 5 14,000 436 -363- 489
1 " Site No. 2 _ Zone 1 o 3,500 ook 36T - k99
. (Rew) . Zome2 3,500 . 458 - 369 500
\ . » Zone 3 .- 5,000 - M6 4 364 Lo8
P . Zone 4 7,000 R TV S 371 - boly
A ' ..+ 'Zone 5 8,500 - h.l|.6 .' 362 ' et
) ~ Pratt Seam, Mine B
\ Washed ) N 6,000 : 449 391 502
. Pratt Sesm, Mine C
E ' Washed 113,000 - 439 . 368- 500

# No washer was used on the Gieseler. plastometer ‘;eto'rt to prevent swelling,
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Table ITI

Sole‘-He'ated Oven Test Results

Volume Change

(as Measured),

%
Maxdmum  Final

Oven

Bulk Density,*

Corrected
Volume Change,

Modified Tumbler

Index of Coke

* One % moisture content.

Coal 1b/cu £t (at 55 1b/cu ££) Cum % + 3/kin.
American Seam
Washed _ -k 55 -2.9 75
Site No. 1 Zone 1 : -3.8 48 +11.3 Th
(Raw) Zone 2 +#1.5 ~0.5 51 +7.9 7
Zone 3. ~7.8 53 2.7 56
Zone L -3.6 51 . “+7.8 5
Zone 5  +1.0 -0.7 52 +5.9 69
Site No. 2 Zone 1 -20.6. 48 -17.1 62
(Raw) Zone 2 -13.5 48 -9.1 58
Zone 3- -18.7 50 -8.9 66
Zone & . -27.8 51 N 20,7 43
Full Seam -18.8 50 - -9.0 57
Pratt Seam, Mine A -
Washed ' -25.2 52 -20.1 68
Site No- 1 Zone 1 -32.2 56 © =31.9 . 55
" (Raw) Zone 2 - -27.7T 52, . -22.8, 36
Zone 3 -20.6 52 -1k, 7 T2
Zone b -15.4 52 -10.3 T2
‘Full Seam -30.0 56 -29.9 14
Mary lee Seam v
Washed ' C #0.3 . =3.9 5k 0.0 73
Site No. 1 Zone 1 - -9.1 53 ° -3.4 58
(Raw) Zone 2 -20.6 56 -19.9 24
Zone 3 -21.4 58 -21.8 43
Zone 4t - =12,1 51 -4k 67
Zone 5 -2k.3 53 -20.0 18
Site No. 2 Zome 1 -5.1 53 -0.6 Th
(Raw) " Zone 2 41,3 -2, 53 +3.5 70
 Zone 3 -8.0 5k ~4.9 45
Zone 4 -3.4 53 +0.8 69
Zone 5 ~-T.2 53 -3.2 69
Pratt Seam, Mine B .
Weshed ‘ +3.1 +1.0 55 +1.6 75
Pratt Seam, Mine C
Washed -9.0 55 