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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



-8 -

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

.
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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.



- 28 -

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
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' 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,

P IR e W



T, e — e

T AT

e A e I

[§

- 55 -

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



" 0,501-NOILVOIXO SAVD

»
L o
8
P~ . m 90 — JUNLYNILNIL
= m 4 m wy 008 09p 020 096 ote  oo¢
2 3t ~. 3 " [3
N PoE g | M 3 3 3
g 2 e m & m ] -
E & i K = 1 3
L ( g
14
n we m ﬂ “ -" “ Y m
\ 3 13 il E
_. I / o1 4
L1 fig] } \ 1 m
* _.— ’ ! \ M
3
N 03 0% \ \ _.W z m
©
YO0 3NLVIOA MOT-NOLLYOIXO HIIM XION! 40 IDNVHD ' I< 1% /S I
S3DIONI ONINOD SNOINVA JO NOSINVANOD ) ' / 18 Is|Z o
@-(1 LyvHD } LTJ _W 2 ¢ <
\ / K 1318 a
1 " 1k g
1 1, 1 n o
W£8F LY v
R . n/a o1 3
9,501 -NOLLVAIXO SAV * . |
' - t 0z x
] 30 m ° ° ot | \ M
1 / 5
i -
g ' / 0¢
1 ] o 1 <l\ 222V IV
Y [ ! ;| waoz
M a8 v + T oo
3 9 m ot m | !
& g3 1 / 1531 ¥3LINOISYId
£ 3 m ' 1 00z y13s30
x
e 2 m. TR - .
-2 <] E V { V0D FHAVIOA MOT YWOHY IO
g % ] / o0s aNY
. 4 890 1V Y00 3LV I0A WNIGIN YHOHY IO
v ] o ) \ /00002 Y02 HYLN*ICISANNAS
E \ . o001
m . | LHVHO
—e o wee 3

V0D JOISANNNS -NOILYAIXC HLWA X30N! 40 FONVHO
SIADIONI DNINGD SNOTHYA 40 NOSIHVLNGD

V-11 LUYHO




- 57 -

SHIIM -3NLL FOVHOILS

9 |4

Heam co- l/

—— e

3 —

N

~

<

~

~

/
usan o %9/

3

~

AIRAN

(

V0D JQISANNNS ~3ZIS JT01L¥Vd VOO 0 S193443
39VHO0LS NI ALIOINTS WNWIXYI NI ZONVHO

Al LUYHO

PO D

3LONIN 434 SNOISIAIQ “TVId- LNSWIAOW WNNIXVA

SHIIM -3WIL JOVHOLS

9 14

uIv ¥aoNN OAOIT

™

N

o1

Sy .
® #Qb S
vy

QJN/

O~

O3

3

[-]
~

V0D IAISANNAS HSIW SE -

3OVUOLS NI ALIQINTS WANIXYN NI 3ONVHO
11 LUYHO

LANIN ¥3d SNOISIAIG TVIQ-LNIWIAOW WOWIXYM



- 58 -

s = T T T g————

TYOS LY T0A NNIGIW LNIJY3d

1A LHYHO

ool 08 0 - ov 0z

o

== os

/] z oL

\ ~\ 001

X\\ \\>

/ 00z
/ .
/ oor

7§33 A i

\\ ooL
\\ de 0001
Rt ouou
— P
b~ =% sasas
ooot
000L -
000'0t
SONIT8 YOO FTAYI0A WNIQ3W - JAISANNNS
NOILLSOdNOO NI 3ONVHO HLIM ALIQINTS NNWIXYW Ni 39

NVHO . -

JLANIN H3d SNOISIAIG TTIA~LNINIAON nnmxvn'-

AN319 NI Y00 FTILVTOA MO IN3OH3d

001 08 - 09 oy 03

~. 4«8.3//

. SAN3IT8 WwOD JNLVIOA MO -I0ISANNNS
" NOILISOJINOD NI 3ONVHO HLIM ALIGINTA WNWIXYW NI 3ONVHD

A 1HVHD

00}

ALNNIN H3d SNOSIAIG TVI-ANINIAON WNNIXVN



- 59 -

ON318 NI V0D TULVI0A WNIA3N AN3IMId

01 0% 09 oy 03 4]

o

S

(Ammmmuwww !

o — e |v|:iVN| [ SR OSSO (OPURS P I BN N —

SAN3T8 V0D u:.._.—440,> WNIQIN-TTNLYTIOA MO
NOILISOJNOD NI 3ONVHO HLIM ALIGINTd WAWIXYIN NI 39NVHO

THA 1HVHO

0%

-2
001

003

oo

ooL
0001

o003z

e A e e e e o M e an s mn o M e

3LNNIN H3d SNOISIAIQ TVIG-LNINIAOW WNRIXYW -

oot

AGN3T8 NI VOO H3THION LN3OHId

or

[:22 o

o1

W3s
Aﬂﬂ

-]
o~

¢

\

| §3W3S

o
~

1=3
e
JLNNIN ¥3d SNOISIAIG TVQ - ANIRIAON NNARDVYN

g

SANIT8 V0D Y3HIOM -IAISANNNS

.NOILISOdWOD

Ni JONVHO HLUM ALIQINT WNWIXYIN NI 3ONVYHO

A LHYHI

(114

{



- 60 -

QN8 Nt 3LINOSTID INIONId
Ll 21 6

9 M € [+

bowomme=m==q-

JTNIVI0A NNIGIN - u.__i._b\

|||||| T ANy

I PN

ol

oz

R

\

0ot

SAN3T8 JLINOSTNO-INIVIOA MO8 JLINOS O -IAISANNNS

000t

NOILISOdWOD NI 3ONVHO HLIM ALIGINTS WNWIXYW NI SONTYHO

X 1HVHO

JLONIW ¥3d SNOISIAIQ TVId-LNIWIAOW WONIXYW

V0D 9NIONITE 1NIDHId

09 o ot 03 o1 °,
.
4I
N
<
~
. [ ORI U !
FNvI0A [~
wor|
BN ol
//
~
<
R
- . /I
P—— - S
/ ] N, 0“
— =y N
w1
: At B RN
/ /I
/ II
.
=" 0A ‘0IN €/2 i St |+ 4
“10A MO €11 - ’ -7
. - -
-
-
o
-
rd
-
> oot
-7 anieoa
-’ LULE
.
.
P
.
rd
002

© STVOD FLVTIOA WNIG3K 8 MO HLIM IMSANNNS
NOILLISOJWNOD NI 3ONYHO H1IM ALiaiNTd WONIXYW Nt 3ONVHO

Xt L¥VYHD

JLONIN H3d SNOISIAIG TIVIC-LNIMIAON NONIXYN



IVRHILUW ONIONITE INIOH3d IVIYALYN ONIONIIE VL0l LNIDW3Id

00 or o oz o o ool 09 09 oy o Y
] i T T
1 i
e - - 4 E —¢
H |
e : o L ! .,
_ !
“ 3 “ h
x ‘ !
z B e g L
(= '
£ v
= : , t
g by ||L,ﬂoclc N 1# SN Y
z %,
2 TS N % .
\ 3 N
o [T VOTUINUIUUN SUENUSURUIIPIT SUP. . DS Savpupeapemm—" .15
N 7 ! ~
Q N
! m - — - e N 02
2
(7]
3 SR "
bl 2LN08TI8 J— $
. M K 2LV I0A ROT s B4L) ¢ FICIBANNNG %3420} o
z / ™
A —oor
I &
3 002
SON3T 30O WNTTOHL3d-HTTHION B 300 KNTI0HL3d-0ISANNNS 3 1-30
NOLLISOJNOD NI 3ONVHO HLIM ALIGINTS WANIXVIN NI 3ONVHO LINOSTIO HLIM STY00 3TIVI0A MOT-3TISANNNS
. . . NOILISOJMNOD NI 3ONVHO HLIM ALIGINT WINIXYIN NI JONVHO
NX LUVHD o X LUVHO

ALNNIN ¥3d SNOISIAIG TVKI-LNIN3AOWN NAWIXYW

e e L e ) e A e nl'»rr&rllvlr).\l\ e 7 S



o~

—me— e~

\

- 63 -

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 -8.1 T2

1



Coking-Pressure and Modified-Tumbler-Index Results
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Table IV

(Conducted in 30-Pound Test Oven)

Coal

American éea.m

Washed )
Site No. 1 Zone 1
(Raw) Zone 2
‘Zone 3
Zone 4
Zone 5
Site No. 2  Zone 1
(Ra.w) Zone 2
: Zone 3
Zone b -
- Full Seam
‘Pratt Seam, Mine A
Washed
Site No. 1 Zone 1
(Raw) Zone 2
Zone ‘'3
Zone 4
Full Seam
Mary Lee Seam
Washed .
Site No. 1 Zone 1 -
(Raw) © Zone 2
o Zone 3
Zone 4
Zone 5
Site No, 2 Zone 1 -
(Raw) Zone 2
: © Zone 3
Zone k&
© Zone S

Pratt Seam, Mine B

Washed

Pratt Seam, Mine C

Washed

¥  One & moisture content.

OHP P HH

Coking
Pressure,

Esi .

.
AN OO VO RNNNVOO

O0.0I-‘O

PR RREERERED
ol FwroOOP

e
o

Oven Bulk Density,*

Modified
Tumbler Index

b7

1lb/cu ft cum % @ 3/k in.

H 68
T

46 66
T sh
45 &4
ks 65
45 58
2 :
1

s 59
: .m; 58
48 &5
iy g .62
46 50
b5 62
48 2k
k9 70
2 2
1

50 50
46 61
b1 26
49 50
L;; 70
65
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" Figure No. 1

EFFECT OF ASE CONTENT ON BULK DENSITY
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Figure No. 2
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Per Cent Ash in Coal
(dry basis)
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A Figure No. 3 . ' .
RELATIONSHIP OF VOLUME CHANGE IN THE SOLE~HEATED OVEN AND MAXIMUM FLUIDITY
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Figure No. &4

RELATIONSHIP OF VOLUME CHANGE IN THE SOLE-HFATED OVEN TO VOLATILE MATTER AND
ASH CONIENTS OF WASHED COALS - '
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Figure No. 5

RELATIONSHIP OF CONTRACTION IN THE morm-EeHU OVEN ‘TO ASH AND VOLATILE MATTER CONTENTS
. OF PRATT BEAM MINE A, COALS .
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COMPARISON OF SITE AND ZONE SAMPLES FROM AMERICAN SEAM MINE
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Figure No. 6
COMPARISON OF ZONE SAMPLES FRCM THE PRATT SEAM, MINE A
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Figure No. 8
COMPARISON OF SITE A.ND ZONE SAMPLES FROM MARY LEE SEAM MINE
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Sole-Heated Oven

Modified - -‘Tumbler Index Cum, Per Cent on 3/l-Inch
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Legend
Pratt, Mine A, washed

Pratt, Mine C, washed
American, washed
Mary lee, washed
American, raw

Mary Lee , raw

Pratt, Mine A, raw
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THERMAL CONDUCTIVITY -OF CARBONACECUS BRIQUETTES

A. S. Blen, O. Phillips, and M. Wolkstein

Newark College of Engineeriﬁé, Newark, New Jersey

Introduct lon

The purpose of this work was to determine the effect of temperature
end bricuetting pressure on the thermal conductivity of briguettes made
from bituminous coal, anthracite, and petroleum fluid coke. The bri-
quettes were formed: by pressing these materials with suiltable blnders.

In spite of the Dromising future for carbonized bricuettes of these
materials there is a dearth of fundamental and- systematic data on their
properties, such as thermal conductivity. There is a need particularly
for thermal conductlivity date which would be: used for the proper desizn
of briguette carbonizing retorts znd briquette using furneces. Conse-
quently 1t was felt that any further study, such as coverea by thils paper,
will go-a long way towards upgrading this process from its present stage
as -an art to one based upon sound technological principles.

Briquetting " y
Coals having the propertles shown in Table I were dried In an oven

at 225°F znd ground in a hammer mill through a 3/64" screen. .The bitumi—
nous coal was then contacted with air at 5509F.until it was adequately
oxidized to reduce coking power as observed by the ASTM free swelling
test. The petroleum coke also shown in Table I was dried end ground in

a ball mill for 15 minutes.

.. The pulverized coals and coke were blended with suitsble binders, .
i.e., coal with coal tar pitch .and coke with coker bottoms. The proper-
ties of the binders which were chosen.on the basis of practical considera-
tions as to general avallabllity and adequacy are. shown in Table. II. )

. The mix was then pressed in a hydraulic press to form a cylindrical
briquette, 3%" in diesmeter, and approximately 1" thick. Briquetting-
pressures of 1000, 3000, 4000 and 5000 psig were used to determine subse-
cuently the effect of pressure on thermel conductivity.

Table I - Prooerties of Carbonaceous Materials .

’ Anthracite Bituminous Coke
Fixed C - o .. 80.1% 72.3% 86.8%
" Ash o - : - 15.4% 6.5% : 0.0%
Volatile ) 4,1% o 19.5% 6.1% .
3ulfur . . 0.4% - 0.7% 6.1%
Table II - Properties of Binders
Pitch Coker Bottoms
Conradson C 45.8% ’ 33.0%
Ultimzte Analysis - Carbon - 94,09 : 84.0%
Hydrogen - 5.1% ' 8.5%
" Sulfur = 0.6% o 5.2%
Ash' : . 0.2 . - .

%present address: Chemlcal Construction Corporatibn, New York, New York

i%_Pres.enii address: Sclentific Design Corporation, New York, New York
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Carbonization
4 1liner was made to it an ordinery laboratory muffle furnace in

order to drive off the volatile matter and designed to carbonize the bri-
quettes at various temperatures in an inert’ atmosphere -of nitrogen. ' The
nitrogen was preheated in the outer section of the liner before comina in
contact with the briguettes. The furnace was heated at a rate of 3° to
59F per minute for the petroleum coke and anthracite, while for the bitu-
minous coal this heat-up rate was maintained up to 900°F and reduced to
1°F per minute above thls temperature. Txperience with these materials
had shown that, if these rates were zdhered to, cracking due to too rapid
vaporization of the volatile metter and shrinkage of the briguettes could
be avoided. The purpose of this vrocedure wezs to drive off the volatile
matter s0 that it would not subsecuently foul the cénductivity cell =nd
so that the dimensions of the test snecinen could be Dtabilized 2nd be
accurately measured prior to the determiration: .

Thermal Fonauctlvitv
The thermal conductivity cell used in these determinat ons was based

on that described by J. S. Finek (1, 2) modified to snable these determina-

tions to be conducted in an atmosvhere of nitrogen in order to prevent
combustion of the samples. A -cross-section diagram of the cell is shown
in Pigure I with an enlarged view showing the relative locations of the
thermocounles, test heater, :uﬂrdc 2nd samnle in rizure II.

. The test heater element wes’ 1mbedded in a 3" dlameter alundun nlate
end delivered 250 watts at 110 V. In the same vlate was a guard heater
21" wide, which formed a ring around the test heater. The bottom guard
heater was separzted from the other heaters by 23" of diatomaceous earth.
Atop each of these hesting elements was ah 1sothermel plate of 3/4%
silicon cerbide in which‘chrcmel alumel thermocouples were imbedded.. The
samples, which, after shrinkage during Carbonizin* weredlizhtly over 3"
in diameter, were placed on the test heeter 1sothermal plate and covered
by an additional silicon carbide isothermal plate.

The housing was 22" in diameter by 23" oversll height. The cell was
sealed by a 14" flan:e ‘cover 1n order to make 1t gas tight. A water
cooler, to provide an adecuate temoerature differential, was attached to
the fdange cover. : : . . :

The inside of the cell housing was lined with 5" of 2000°F castable
insulation. The spaces between the cell comoonents and the liningz were
filled with loose diatomaceous earth.

The heaters were controlled oy means of nowerstats, 45 amp, llO Vv for
the guard heaters and 7.5 amp, 110 V for the test heater. The power imput
to the test heater was measured by = 0-500 ma milliemeter and 0-50 V volt-
meter at low power levels znd 100/200 watt dual range wettmeter at higher
levels. ‘This wattmeter was accurate to ‘% watt. -

The actual temnerature differential across the test plece was
measured by stainless steel sheathed chromel azlumel thermocouoles at the
polnts indicated in Figure II.

: The formula for thermal conductivity in a steady state system ia as
follows: ' .
#2

thermal conductivity
quantity of heat transferred
thickness of sample

where

o DR R
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cross sectional .area of heat transfer

A
t = temperature differential across sample

In order for this equation to be vzlid certain conditions must be
met. 1) The system must be in a state of thermsl equilibrium. 2) The
heat flow must be normal to the cross sectlionzl area through the entire
height of the sample. -3) All thé heat generated in the test heater and
ornly this heast must flow- through the sample. 4) The temperature differen-
tizl must be reasonably small. The guarded hot plate cell used in this
study substantially satisfied the first three conditions, eand minimized
the 111 effects of the fourth.

If the first condition is satisfied by maintalning. the cell at
constant tempereture for a reasonzbly lonz pveriod of time and the third
condition is satisfied by mzintaining the test, ring guard ard bottom
guard 1sothermal plates at eosentiﬂlly the same temnerature, thus negating
any lateral or downward thermal driving forces.

' . It can be shown by the followin: analysis thet the second condition
is =also satisfied' .

Tne heat generated 1n the t st heater flows upward into the test
sample except for a small amount which flows into the. gap between the
Ting guard and test heaters and then flows. upward. (see Figure II) By
placing an isothermal plate on top of the test sample there is little
tendency for heat migration toward point 3, since the temperature at
points 3 and 4 are now. essentially eoual. With this top plate the heat
flow will tend to diverge toward point 3 due to the -difference in conduc-
tivity in the test sample and the insulating material above the ring guard

-plate 2nd the resultant’ temperature difference at points 3 and 4. The

same analysis would hold for the heat generated in the ring guerd heater.
An additional item which effects the direction of the flow of heat from
the ring heater is the effect of heat losses. Heat losses from the ring-
will affect the flow of heat through the test sample if. they become exces-
sive. However, with adequate insulation the adverse effect of end losses
can be kKept within the limits of experimental accuracy.

The fourth condition must be somewh2at satisfied because the conduc-
tivity 1s actuzlly a mean value between the conductivity at hot znd cold
fzce temperatures. The use of this value assumes that a linear relztion-
ship exlists between conductivity and temperature.

The values for thermal conductivity determined in this study are tabulated
below in Table III and plotted in Figure IXII. In a2ll cases, except were
noted, the briguettes were pre-carbonlized et approximately the same tempera-~
ture as the conductivity determination.

T4BLE III o
Material Brig. Mean K Materiazl  3Bric. Mean K
Press. Temp. 3™/ Press Temp. 31U/
PSIG .OF HR -OF - T2/ S P31G OF = HR-OF-7T2/
: I
inthracite 1000 295 2.69 Coke 1000 285 4.10-
" 3000 287 2.51 . 2000 293 3.80
5000 284 2.87 5000 309 - 3.92
1000 890 - 4.09 . : ) 4000 726 3.36
"3000 894 . 3.76 . © 1000. 888 2.97
5000. 916 3.80 : 3000 928 2.82

5000_-1271 5.36 . 3000 1277 2.56



Material - Brig. = Mean . : K
' Press- Temp.. - ~_BTU/
PSIG  OF ER-°F-FT2/
_— ]
Bituminous 1030 263 . 1.36
3000 - 278 1.23
.5000 277 .. 1.18
3000 591 1.18
1000 941 2.91
3000 880 3.28
5000 865 ~2.88
© 5000 1234 5.61
1000, 1465 9.98
1000, 475 7.10
1000 1116 8.0

¥These bricuettes. were carbonized ét 1600°F to show effect of temperatures.

4 study by Batchelor et al (3) on briguettes formed from 25% Pittsburg
seam bituminous coal, 63.5% low temperature char of this material, and
11.5% pitch is substantlally in agreement with the results of the present
study on bltuminous coal bricuettes. In both cases the material was pre-
czrbonized. : ,

Table ;1»
L . K-BTU/HR-CF- FTZ/IN
Temp: °F Batchelor et al Present atqu
300 1.8 1.2
600 1.8 1.2
900 . 2.4 3.0
1200 4.8 5.6
1500 9.6 10.0

The only other thermal conductivity date found there the results
were determined at elevated temperatures is that of Terres (4) on pleces
of English coking coals. The values are in reasonable agreement with the
present study. The work of Eeletzki (5) on pulverized coals is also in
good agreement conslderinz that his values were determined at room tempera-
ture and to be compared to the current study should include a temperaturs
coefficlent.  This datsa together with that of Batchelor et al 1s shown in
Flgure IV. ' ' '

An attempt to show the effect of temperature alone involved the
measurement of conductivities on a briquette which had been carbonized at
1800°F. The conductivities of this brigquette at lower temperatures were
considerably higher than the conductivities of briguettes carbonized at
the temperature of the conductivity determination. (See Figure V)

From the above discussion, it will be evident that the values for
~thermal conductivity determined in this study are values which include
the effect of temperature and the effect of carbonlzation. For design
conslderations this 1is the most useful conductivity value.

F
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An sttempt was also made to determine the effect of briquetting
pressure on the thermszl cenductivity. Samples briouetted at three
different pressures were mezsured. at 300°F and 9009F, end the variszilons
found were well within the accuracy of the determination and thereifore
could not .be attributed to differences in briquetting pressures.

As a result of these tests, it 1is felt that the conductivity of
briquetted cozls is dependent on the nature of the base material only
slightly modified by the binding agent and independent of the pressure

effects of briquetting. Cther propertles probably enter into the picture,

such as particle size, but these were beyond the scope of this study.

It is possible to formulate ecuatlions for the conductlvities of
fluild coke and anthracite, within the range atudied, but the equation
for the curve for bituminous cozl would require e factor related to the
coklng power of the coal. The eqguations for fluld cokxe and snthracite
include only a temperature factor since the carbonaceous base in these
cases has not undergone any substantial thermal change. If the study
could have been continued to higher temperatures, the coefficient of
thermal change would probably enter into these equations also.

These conclusions are guite rezsonable since the bituminous coal
undergoes fusion and loses 1its particulate nature on carbonizing, while
the other materizls remain perticulate even at much higher temperstures
then encountered in this study. They do, however, give up volatile
matter consisting mostly of hydrogen indicating e destructive distilla-
tion which could probably. affect the thermsl conductivity.

The eguations for the thermel conductivity of the briquetted materisl

based on the curves shown in Figure III are as follows: -
inthracite B ' |
300-1200°F -- K = 2.30 + 1.0 x 1073t & 9.0 .x 10~7t2

Bituminous Coal

300°- 600°F -- K°
6000- 900°F -- K
9000~ 1200°F -- K
1200°~ 1500°F -~ K

1.20
0.0049t = 1.59
0.0087t - 5.01
0.0150t - 13.70

Fluid Coke - . o _ ' .

300-12000F -- K = 4.32 - 1.42 x 103t _
K 1s the thermsl conductivity in BTU/HR-OF - PT2/IV
t 1is temperature in OF.

The average deviation about the mean value for these determinstions
1s § to 8% by measurement. The absolute accuracy, as calculated from
possible errors in the measurement of temperature and heat input, is
in the order of 15 to 20%. This is well within the limits required for
engineering work and owing to the very speciallzed nature of the
briquettes and the high degree of varlatbn found in the characteristics
of coals, 1is about as accurate as would be required.
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THERMAL CONDUCTIVITY VS MEAN TEMPERATURE FOR BRIQUETTES MADE FROM
ANTHRACITE, BITAMINGUS COAL AND PETROLEUM FLUID COKE.
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THE COMPACTION OF SEMI-PLASTIC MATERIALS

H. R, Gregory

.Coal Research Estéblishment, National
Coal Board, Stcke Orchard, Cheltenhanm,
England. '

.INTRODUCTION

For many years coal research scientists have been trying to flng &n

‘economic ‘method of briquetting bituminous coal without a binder,

The conventional briquetting processes for coal involve the use of pitch or
bitumen as. an_adhe51ve, this is undesirable for obvious reasons.

While it has for many years been possible to briquette bituminous

-coal without a-binder, no process has been operated commercially for any

length of time, either because the preparation requirements for the coal
were too stringent - for example, the coal had to be micronised - or
because the compaction pressures demanded were too high for ‘economic
operation. ' :

Research at the Coal Research Establishment of the National Coal
Board at Cheltenham has sought to remove the need for extremely fine
grinding of the particle and the need for the comparatively high pressures
of 12 to 15 tons per square inch. A technique has been evolved which
works well with British bituminous coals and it has now been applled to many

coals from the Commonwealth

This compaction teehnique is useful not only with coal: indeed the small
financial margins which are available in the coal industries of the world
limit this application of the process. After all, where the :total process
cost cannot exceed 20/- to 30/- per ton, there is no possibility of refined

'technlques wnich requlre machines of some complexity.

It has been shown that the process can be applied to good effect upon
catalysts as used in the petroleum and chemical industries, to reactor

' graphite, iron ore, and many other materials which are loosely termed

"semi-plastic".

This peper considers a few aspects of this research and describes some
developments whlch have led to the bulldlng of small pllot plant

THE PRINCIPLES OF COMPACTION

In order to obtain a compact of high strength it is necessary to ensure
that the compaction technique is effective in bringing about .the necessary
increase in density and that the compact suffers no damage during extraction
from the mould. With coal, at any rate, the strength of a compact for any
given size distribution and any given mode of preparation is related to the
dernsity of the compact. The density and the strength are determined by the
pressure which is applied, but ultimately they approach limiting values which
are not exceeded by further increasing the pressure. .The limiting density
of the compact falls short of the density of the material of the powder by
an appreciable margin, say 4 to 20 per cent, depending on the material used
(see Fig. 1).
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This failure to achieve complete compaction arises in two'ways. First, as

" the briquetting pressure is applied it is opposed by forces set up in the powder

and by frictional forces on the walls of the mould which resist the movement of the
particles and prevent intimate.contact between the surfaces of the particles. {
Second, when the external pressure is removed the deformed particles recover b
their shape elastically, in part at least, and the compact expands; the voids

within it increase and residual strains remain. A large elastic recovery

or a low Young's Modulus is associated with a weak compact.

It has been found that the density of a powder compact cam be materially
increased for a given applied pressure, if, whilst still under load, it is »
subjected to shear strain: the strength is increased and the elastic recovery
is reduced. The gain in strength with the application of additional skear
strain under load may be substantial but the full benefit is obtained omly if -
the shear strain is introduced under maximum load, .

The compact made in this way may possess greater density and strength than
the limiting values obtained by simple pressing, but whether the compact is made
by simple pressing or by introducing additional shear strain under load, the
strength and density are still related by the same single curve.

The usefulness of additional shear strain varies with the rheological
properties of the material. In the case of a very plastic substance having
a negligible elastic recovery, shear strain has little to offer. At the other
extreme, anthracite dust or silica sand, both of whichk are highly elastic and
show a very great.elastic recovery, say 30 per cent, form no compact at all
with or without additional shear strain. The advantage of the process is found
to be with materials lying between these extremes, materials which may be termed
semi-plastic. Coal is a typical example. The introduction of shear strain
improves the briquette by some 5 to 15 per cent as measured by porosity, and
the strength is increased by a factor between 3 and 15 (see Figs.d and 2).

The meaning of shear strain as applied to an elastic body is well understood

(ref. 5, and see Fig, 3a) but its precise meaning when applied to a particulate
‘mass is not so obvious. Consider a mass of coal particles in which spherical

lead shot are embedded to form a matrix. When pressure is applied to this mass

of particles compaction will occur, and at a specific pressure the lead shot

will plastically deform to register the deformation of the particles in the

neighbourhood of the shot. The spherical shot will have become ellipsoidal -
and a measurement of their ellipticity will give the angular shear strain which

has occurred above the threshold of pressure at which the shot began to deform.

There are several ways in which the ellipticity can be measured and the
angular shear strain thus derived. For example, the compact may be made in : ¥z
an aluminium mould which is X-rayed at various pressure levels; the X-ray
‘photographs will show the ellipticity of the shot from which the shear strain
can be calculated, or by a somewhat tedious analysis shear strain may be derived 5
from the translation of the shot. Fig. 3b is a series of X-ray photographs
showing the deformatlon of lead shot in such a briquette,

It is possible in the laboratory to make apparatus which will apply a
known amount of shear strain more or less uniformly throughout a mass of ,
particles: such an apparatus is a rotary shear box (see Fig. 4) or an annular -
shear box (see Fig., 5). Experimental work with this type of apparatus permits,,
a fairly accurate examination of the effect of shear strain to be made and is ’
typical of the apparatus used to obtain the compactiorn curves previously mentioned.
There is a theoretical limit to the amount of shear strain that can be introducedj
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at high shear Strains and with unfavourable stress distributions slip-rlane failure
results. The onset of slip-plane failure is determined by an equation familiar in

‘s0il mechanlcs

8 = < tan ¢ +: C

& 1is the ultimate shearing stress of the briquetted material,
o is the principal stress normal to-the plane of failure,

¢ is the angle of internal friction, "

C 1is the cohesion of the material.

where

The locus of the slip plane is formed by a series of points at which the
value of s in the above equation is exceeded by the imposed shear stress.-
An examination of the photograph of the lead shot markers. shown in Fig. 3b
will show the onset -of slip-plane failure at A, Here the slip plane passes
through the shot itself, which has been torn apart by the excessive shear
stresses present at that point. This photograph also illustrates the very
large elastic rebound whkich .causes difficulty in extraction: unless the
compaction forces are released evenly the large differential expansion which
results will cause obvious or incipient cracking in the briquette. Additional
shear strain improves compaction and reduces elastic rebound, but in order to.
obtain the greatest benefit ‘the ‘additional shear straln must take place at or
near the maximum pressure level, -

Shear strain applied at pressures below two-thirds the maximum is, in

. the case of coal, valueless. Fig. 3c shows the effect of shearing at low pressure.
.For an unsheared  specimen the briquetting sequence was compaction under increasing

pressure alorg the curve a to f, followed by elastic recovery and expansion along

‘the curve f, g, as the briquetting pressure was released. For a specimen subjected

to a small shear strain early in the briquetting cycle, the sequence was compaction
along the curve a to f, as far as b,. followed by a reduction in the por051ty

b to h, whilst shearing takes place at constant pressure. After shearing the
briquetting pressure was again increased but the porosity remained substantially
constant until the pressure reached the level required to'achieve this porosity

in the unsheared briquette.

" A possible explanatlon of this is that a specific briquetting pressure is
associated with a given area of contact between the coal particles.  If this
contact area is increased by the application of shear strain, greater pressure
can be -carried by the particles before they have to-bed down further. From this
it is seen that to obtain the greatest improvement in briquette quality (as high
density implies high strength) additional shear-strain must be applied at as high
a pressure as possible, If the briquetting pressure is increased after shearlng,
the briquette may well "forget" that it has been sheared.

. The art of making high—density compacts may therefore be ‘summarized as
the introduction of the highest possible shear strain at the maximum pressure,
the upper limit of shear strain being set by the development of slip-plane
failure. This conclualon applles to a wide var1ety of materials.

-THE SEVERAL METEODS OF CARRYING QUT. THE PROCESS

- Two pleces of apparatus .of great use in the laboratory have been illustrated
in Figs. 4 and 5, but neither of these can be applied to the briquetting of a

‘cheap raw material such as, for example, coal - either because the frictional

resistance inherent in the apparatus is too great, or because of mere mechanical
complexity, or because the operational sequence is too difficult., Therefore,

" although these pieces of apparatus produce the most uniform distribution of
‘angular shear strain, and do this at maximum pre§sure,bthey are pf doubtful value
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to a commercial process, and alternatlves which are theoretlcally not so
desirable have to be used.

The germ of a commerc1al,process.i5'to be seen in a two-stage compaction
process in which a mass of particles placed in a mould is first compacted with a
plane-ended punch and ther with a punch profiled as in Fig., 6. The first
compact made in the mould exerts a very comsiderable lateral thrust on the
walls of the mould, and therefore although the plane punch is removed, ‘the
particles are still under considerable load when the profiled tool is pressed
into the first-formed briquette. The shear strain which then occurs does so
under very considerable pressure, This method of manufacture was used to
. form the lead-shot-marker briguette of Fig. 3b. From this photograph it will
be seen that the distribution of shear strain is by no means uniform: the .
centre core undergoes very high shear strain.whereas the cornmers are friable:

This method of compaction can be developed into a commercial machine

in which a composite plunger is used to form a powder into a briquette.
Fig. 7a shows a simple form of composite plunger. This has two working parts,

an outer annulus and an inner core, which are locked together hydraulically
untll the average pressure over the cross-section of the briquette has risen
to a predetermined level near the maximum (4 to 6 tons/sq.in.). At this
point oil is allowed to pass from the locking cavity to a reservoir, the core
of the plunger moves forward in relation to the annulus and so causes the
required angular shear strain. The setting of the pressure level at which oil
‘is exhausted from the locking cavity is important because shear strain must be
made to occur under the highest possible loading. Briquettes made by this
duplex plunger possess the qualltles of hardness expected from them, but there
remains the problem of extracting them from the mould without damage, and this,
indeed, poses more difficult problems than those associated with their
compaction. .

- It has been noted already2 that differential release of load will lead
to incipient or obvious cracking of the compact: this, as well as air
entrainment, is a frequent cause of "decapping'. The only solution is the
uniform release of residual strain. A4n anvil jack is therefore arranged to
co-~operate with the duplex plunger on its return stroke -so that the briquette
is subjected to a small longitudinal thrust while it is extracted from the
mould. The Poisson ratio effect comes intoc play and release of strain is
very nearly uniform. In the improved plunger shown in Fig. 7b the briguette
is made in the extension of the annulus. This arrangement has the advantage
that the briquette, when undergoing its initial compression before the
application of shear strain, is virtually pressed from both ends so that its
density is more uniform and the shear strain, when applied, is more useful.

It has the furthe~ advantage that extraction is made easier and the anvil jack,
essential to the first system, is eliminated. During extraction the centre
core of the plunger has to move forward to maintain the IOngitudinal load upon
the briquette at 2 tons # 10 per cent while the sides formed by the annulus
‘are w1thdramn. This still presents a difficult hydraulic problem,

. Each stroke of the duplex ram produces one briguette which may weigh .
%2 1b. A commercial press has to produce these at many tons per hour.; One
design of such a press comprises an arrangement of four duplex plungers
operating in moulds set in two twelve-station rotary tables, This permits
powder to gravity-fill over three stations while it is pressed at another
station and ejected at a fifth. The whole assembly is hydraulically operated,



= e

———— P

=93
tolerances are small and the speed of operation has necessarily to be high, A

cycle time of 1 second was the aim set for a large 5 ton/h experimental version
illustrated in Fig. 8. It is not yet a reliable machine but it has produced.

"briquettes of excellent quality at 5 ton/sq.in. pressure.

The hydrﬁulic complexity of the turntable presses based on the duplex

© plunger made it important to develop simpler methods of applying shear strain

under load. It was considered wise to sacrifice both the quality of the
product and the low power cost to gain simplicity. The expansion press, shown
diagrammatically in Fig. 9a is the result of this policy. = The briquette
emerges as a long rod which has-to be broken into suitable lengths; a simple

breaker plate can do this.

The pressure/travel curves of the duplex plunger and the expansion press.
are compared in Fig. 10. The power cost of expansion is approximately twice
that of the duplex plunger; this is accounted for by the high frictional
re51stance of the brlquette rod as it moves: through the nozzle.

Apart from considerations of mechanical simplicity, power cost and quality
of -product, the" expansion press has one great advantage over the duplex-plunger
press - it is insensitive to fill. The duplex-plunger machine, even though it
is hydraulically powered, requires that the variation of fill shall not be
greater than + 3 per cent, whereas the expansion press.is equally effective
whatever the fill, It is also possible -on the expansion press to vacuum-fill;
the punch is surrounded by powder which, because the. punch is withdrawn at
high speed, is forced into the mould under 15 1b/sq.in. pressure and is thereby
to some extent compacted. - It is surprising that a powder with a free bulk '

.density of O.4 when fed 1nto a mould in thls way ‘has a den51ty within the -
'mould of 0.7.

Because the ekpanéion press is iﬁsenéitive to fill;ﬂand because it is
easy to fill the mould, the principle can with comparative ease be applied to
a mechanical press (see Fig. 9b) “and: such a press is probably more suited to

" the engineering skills available in the briquetting plants of the coal 1ndustry '
‘than hydraulic presses which need special care in assembly and skill in -

malntenance. The expansion press is not, however, quite as slmple a tool as it
appears at first sight. The system is inherently unstable: there is a tendency
for the. briquetting pressure to drift either up or down so that the machine
stalls or briquetting pressure is lost completely. To overcome’ this, control

,ifof the back pressure by a system which is continuous or pulsed is essential.
. The pressure in the ram applying the lateral force to the four-split flexible’

nozzle has therefore to be linked via a simple servo. control to the pressure

-developed by the main punch. A typical example of a pulsed control is shown

in Flg. 1.

The methods: of applylng shear straln under load 50 far described require
the use of a reciprocating motion for applying the load, whereas the briguetting
of a low-cost raw material is more appropriately carried out in a continuous’
manner in a double- or ring-roll press. These possibilities have not been
overlooked, but it seéms unlikely that a pocketed roll can be used to introduce

" high angular shear strains in this essentially two-stage process. The ring-roll

press3, on the other hand, has some promise. The possibility of causing
differential slip between the inner-roll and outer ring of such a press has been -
examined but it is difficult *o simulate the feed and discharge arrangements’ :
without a fairly large-scale press, and this has not yet been done.
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PROGESS VARIABLES

Before discussing process Varlables, the 1nf1uence of Whlch w1ll vary
greatly with .the material belng compacted it .may be wise to con51der the
mechanism by which high density in a compact may be achieved. Adhesion may
well result from a combination’ of mechanlcal 1nterlock1ng, the development of
Van der Waal -forces, and hotspot fu51on or welding. In any evert it is
necessary to have substantial plastlc deformation of the individual partlcles,
in order either (a) to create new clean surfaces and to bring these surfaces
sufficiently close together for molecular forces to develop, or (b) to bring
about mechanical- 1nterlock1ng

Under ordinary condltlons, many of the partlcles from which it is
required to form compacts, will fail in compression by brittle fracture.
If, however, conditions are such that a hydrostatic state of stress can
develop these otherwise brittle particles will deform plastically. It is
well known, for example, that a carbon rod under tensile test can be made
to elongate and 'nmeck' in the manner of a mild steel spec1men if 1t is
subjected to hydrostatlc pressure during test.

The technique which has been(described of introducing angular shear
strain under load favours the plastic deformation of otherwise brittle
material by breaking down internal arches within the particulate mass forming
the compact and causing thereby the development of a hydrostatic state. of
stress. But clearly the process variables should be arranged to give the
greatest opportunity for plastic flow to develop moisture content, temperature,
particle 51ze, particle shape, will all play thelr part in this.

Con51der moisture content as a single independent variable; in all
probability for a porous material the ease with which a particle plastlcally
deforms will-increase with increasing moisture content. But at the same. time,
excessive moisture on-the surface of the particle will form a contaminating
film to prevent the surfaces approaching one annther, and soc developing a
molecular bond. For this reason there is likely to be, with many materials,
an optimum moisture content. Fortuitously, with most coals, this happens to
be at or near inherent moisture content level. Moisture will have a secondary

- effect as-a lubricant.

Rising temperature generally increases the ease with which particles
deform and unless this rising teémperature is associated with, let us say,-
oxidation of the surface, which will act =s a contaminant, increasing
temperature will favour the production of a dense compact. Again there is
usually an optimum temperature because some adsorption of gas or vapour often
occurs to form a contamlnant film,

Particle size is of consequence because small particles are shown by
microsquashing techniques to deform more readily than large onmes. Surface
energy considerations may have a bearing upon this. Generally speaking,
finely divided material of laminate form will produce the greatest strength
and the highest density.

The photomicrograph (Fig. 12a) of a coal briquette shows the plastic
deformation which occurs in the large particles of brittle coal giving rise
to a laminate structure. There is evidence that the plastic deformation is such
that the surfaces of the particles.are brought very close together (see Fig. 12b)

and you will note the remarkable difference between the structure of the briquette

made with and without additional shear strain, (Figs. 1l2c and 12d).

AP . 25
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Fig. 12e is a photomicrograph of a brlquette made at. an elevated temperature
of 420°C at which the exinite has melted or become very plastic indeed to form
a matrix holding the more rigid partlcles together: so formlng an lnterlocked
structure -of great strength. :

Increa51ng pressure will obv1ously increase the density of the compact to
that point at which internal arching and the frictional resistance on the walls
of the mould make further increase profitless. It is obviously of ecomomic
importance to use the lowest poshible pressure and this varlable is not therefore’
of real importance in this discussion.

Restating the obvious: the greatest density and the greatest strength of
compact will be obtained by selecting those conditions of moisture ccentent,
temperature, particle size, etc., which favour plastic deformation but which do
not give rise to the’ formatlon of contamlnant film upon the surface of the

'partlcles.

ey COST OF THE PROCESS

The process was developed for -use with bituminous Brltlsh coal ‘and the
financial margin was not greateér than 20/- to 30/ per ton. It was therefore -
of paramount importance to devise machines and a preparation technique which.
were of the least complication. It was essential to look carefully at existing

" preparation techniques and to develop high speed. special purpose brlquettlng
‘machines. A sample costlng for bituminous.coal is given in Table I,

Where the financial marglns are not s0 tlght full advantage can be taken
of the substantial gains in strength which are available - in the case of coal
it was imperative to use simple robust machines which were unable to introduce
the shear strain in a uniform manner - process perfectlon had to be sacrificed
to achleve economic 51mp11c1ty. )

CONCLUSIONS ‘

- Numerous attempts have been made in the past to brlquette bltumlnous
coal without a binder, but no process has been commercially succeasful. In

" this case research has devised a process which eliminates the need for fine

_grinding and high pressure previously essential. Machines have been developed -

for laboratory use and for commercial use in the coal 1ndustry of the United.

;Klngdom.

'The compaction technique. which is described is appllcable not only to

coal but to semi-plastic materials gemerally, and it may be that the effectiveneas

of the technique ¢an be more completely realised with high cost materials such
as catalysts and metal powders, than with coal, where only the most crude

. appllcatlon of the process can be contemplated.

ACKNOWLEDGEMENTS

- The work whlch is described has been carried out at the Coal,Research
Establishment, Stoke Orchard, Cheltenham, England, under a programme formulated
by the  National Coal Beard, London, and directed by Dr, D, c. Rhys Jones. It is
publlshed by kind permlssion of the Dlrector-General of. Research S

The work reported results from the effort of a small research team whlch has
seen the project through from the laboratory to the pilot plant.



R

The author is indebted to Dr. B.A. Lilley for information in support of

Fig. 3c and to Dr, L. Griffiths for his petrographic studies.

Theories of compaction are many and diverse; the opinions put forward,

therefore, in this paper do not necessarily reflect the considered view of
the Establishment but WElgh. heav:Lly upon the author's conscience.

REFERENCES

l.

2a

3.

Sutcliffe, E.R. TU.S. Pat. 1,267,711 (1918). Finely ground coal below
200 B.S.S. mesh subjected to high compressive load.

Ten Bosch Octrooien N.V. Brit. Pat. 450,633 (19%6). A éompression :

-matrix for making briquettes or tablets from fine-grained materlals

or materials in powder form.

Ten Bosch Octrooien N.V. Brit. Pat. 440,811 (19%6). Method for the
manufacture of briquettes from normally non-ccherent substances, ’
particularly coal dust, lignite dust and the like,

Spooner, E.C,R. - Chem, Engng. Min. Rev., 1949, 403, 41.
Briquetting by Krupp-Herglotz Ring-Roll Press. Flne grinding of
coal and pressu.res of 12 ton/sq.in. - 17 ton/sq.in.

Piersol, R.J. Bull. I1l. geol. Surv., 1948, No. 72; Ill. Geol. Surv,
Rep. of Imvest., 1936, 41. Pt. I, Smokeless Briquettes; Impacted -
without Binder from Parfially Volatilized Illinois Ceals. ’

Timoshenko, S. Theory of Elasticity (New York, McGraw-Hill, 1934).




- 97 -

TABLE I
A Sample of Process Costs - United Kingdom -~ 1959

These costs refer to a commercial plant forming
binderless expansion briquettes 2% in. in diameter
from high rank coal (volatile matter content 12-20%).

1. Throughput

2. Capital Costs

Coal Handling

Coal drying, grinding, pressing,
(including spares)

- Briquette handling

Instruments

Site preparation: roads, railway,
foundations, buildings, offices, etc.

10% Contingency

Interest on capital during
_construction « 5% for 6 months
Working capital, 10% @ 100/~ per ton

Total investment

Capital investment
per ton/year

3. Operating Costs (per ton of input)

Wages

Power and Heat

Repairs and Renewals

Overheads and General Expenses

Depreciation (plant written off
' over 10 years)

Interest 5%

Total cost of carrying out
the process

125,000 tons/year

£80,000
200,000
20,000
15,000

140,000
50,000

£505,000

£12,000
60,000

£577,000

£4.6/ton/year

2/9d
L/6g
1/9d4
1/64

8/0d
5/0d

25/6
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FIG.1. - The relationship between briquetting pressure and FIG.2. - The variation of bﬂ-‘l‘":t’ strength with applied
density of briquette. X shear strain. .
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(m)Shear deformation due to
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FIG.3{a). - Shear stroin - defined a3 ox.
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OFIRST __PRESSING WITH _FLAT PLUNGER

ELASTIC REBOUND

2 TONS-SQUARE INCH 4 TONS-SQUARE INCH & TONS-SQUARE INCH LOAD REMOVED

SEE LARGER PHOTOGRAPH
@ SECOND PRESSING WITH SHAPE _PLUNGER

ZERO LOAD 2 TONS-SQUARE INCH 4 TONS-SQUARE INCH 6 TONS - SQUARE INCH LOAD REMOVED

FIG.3(b). - Photograph by X-ray
of lead-shot markers in two-plunger
briquette.
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7-' SERRATIONS TO
/ / GRIP BRIGUETTE
/ 203 MOULD ROTATING AND
265 TURNING COMPACT compacy
WITH ITSELF —

Note :
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PRESSURE

FIG.4. - The rotary shear box.
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FIG,6. - The double-plunger method.
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FIG,7(a). - A eimple form of composite plunger MK I.
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CORE (BEFORE FINAL
COMPACTION)

ANNULUS

/ MOULD
. / ’

FIG.7(b). - Improved composite or ziuplex plunger MK II.
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NN NN

J

A

—_—— —_—
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EXPANSION DUPLEK PLUNGER

PRESS PRESS

. FIG,10. - Pressure-travel curves of duplex plunger and
expansion press.
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SPHERICAL SEAT OR
HINGE i
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FIG.9(a). ~ Diagrammatic illustration of expansion
' principle.
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8 - Hydraulic plunger press.

FIG

FIG.9(b). - Mechanical expansion press.
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FIG.12(a). - Photomicrograph of Tirpentwys briquette showing
deformation of vitrain particles A, B and C and grain.
Orientation (dry) magnification 33.

FIG.12(b). - Photomicrograph of Binley briquette made at 110°C
showing plastic deformation of vitrain with evidence
that the particles are within 0.2 microns (the limit
of resolution) (oil, thin section), Magnification 310,




- 104 -

FIG.12(¢). - Photomicrograph of coal brigquette:
' no sdditional shear strain,

FIG.12(d). - Photomicrograph of coal briquette: 4
72°@ of additional shear strain,
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F1G, 12(e). - Photomicrograph of briquette made at 420°C showing
exinite bridging (0il), Magnification 130,
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BASIC NITROGEN IN COQALS
J. D. Brooks and J. W. Smith

. Division of Coal Research )
Commonwealth Scientific and Industrial Research Organization
P.0. Box 3, Chatswood, New South Wales, Australia

INTRODUCTION

The organic structure of a wide range of ccals contains about 1.5 to 2.0
per cent of nitrogen, but little is known about the type of grouping in which this
occurs.

Previocus investigators found that extraction of a lignite with boiling di-
lute acid removed about twenty per cent of the nitrogen, mostly as amino acids (1),
but only 5 per cent of the nitrogen of higher-rank coals could be identified.by this
method. Solvent extracts of a bituminous coal were found to be only slightly sol-
uble in aqueous acid (2). Pyridine carboxylic acids are formed at an intermediate
stage in the Kjeldahl nitrogen determination (3) and heterocyclic nitrogen compounds

_are present in distillation products of coals. Hence it has been assumed that much

of the nitrogen is present in cyclic structures. However, heterocyclic nitrogen

" could not be detected by exhaustive methylation of a coal, even after hydrogenation

(4). _ -

The sorption of perchloric acid from ahranhydrous perchloric-acetic acid

" mixture (5) has been used in these laboratories for the estimation of basic groups

in pitch and tar fractions (6). The same reagent can be used for the detection of
basic -groups in coals, if the coal is first dissolved or dispersed in an acidic or
neutral solvent. Phenol, «&-naphthol, and phenanthrene were found to be suitable
for this purpodse. The perchloric acid reacts with primary, secondary, and tertiary
amine groups, including cyclic bases of the pyridine type, but the very weakly basic
or acidic nitrogen structures of the thiazole, oxazole, pyrrole, indole, carbazole,
or triazole types are not determined. ) )

EXPERILMENTAL

The ultimate analyses of the coals and viirains examined are given in
Table I, The finely ground coal (0.4 gram, minus 200 B.S. mesh) and phenol (10
grams) were gently boiled together under reflux for two hours under nitrogen, then
cooled and washed into the titration vessel with 40 ml. of glacial acetic acid. 5 ml.
of 0.2 N perchloric acid in glecial acetic acid was added and after 10 minutes the
excess perchloric acid was titrated potentiometrically with pyridine (0.2 ¥) in
glacial acetic acid, using a combined-glass-calomel electrode. The basic nitrogen
content of the coal was calculated from the amount of perchloric acid consumed.

It was established that none of the perchloric acid was consumed by oxida~-
tion of the coal: the same titration value was obtained with one coal after the
perchloric acid had been replaced by sulphuric acid in acetic acid.

In the determination of total nitrogen the accuracy was .1 per cent of the
total. A similar level was reached in the titrations, and the values of percentage
bagsic nitrogen recorded in Fig. 1 are thus accurate to within about * two per cent

for the bituminous coals.
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DISCUSSICN AND CONCLUSIONS

Pig. 1 shows that for a wide range of coals about fifty to seventy per cent
of the nitrogen is in a basic form.  When the vitrain samples with carbon content
83.6 to 88.4 per cent were dispersed in phenol, or oC-naphthol, 57 to 62 per cent of
the nitrogen was found tc be basic, the percentage rising regularly with increasing
carbon content. For vitrains containing more than 89 per cent carbon the basic
nitrogen value appeared to be much lower. An interesting difference was noticed
when the same set of viirains was titrated after being dispersed in boiling phenan—
threne. With increase in carbon content from 83.6 per cent to 88.4 per cent the
nitrogen content was found to decrease regularly from 32 per cent to 21 per cent, tut
it then rose to a maximum of 54 per cent in a vitrain containing 89.5 per cent carbon.
The b351c-n1trogen values for this last sample and for the vitrains of still higher
rank were greater>when phenanthrene was used instead of pherol as the dispersing
agent. This result doubtless reflects the greater solvent power of phenanthrene for
high-rank coals. In o€ -naphthol, high— and lower-rank bituminous coals gave al-
most the same values. of basic nitrogen as in phenol.

The coals containing less than 80 per cent carbon were not petrographically
homogensous and showed z wider scatter of results than the vitrains. Even so, the
proportion of the nitrogen in coals that is basic does not vary widely in a range
from brown coal to high-rank coking coals.

Sharp end-points were obtained in the back titration of the excess perchloric
acid except with the brown coals, for which originally very high values of basic
nitrogen had been obtained, some being apparently greater than 100 per cent of the
total nitrogen. This effect was thought to be due to the presence in the coal of
inorganic ions ("humic" salts), since it is kmown (7) that metallic salts of carb—
oxylic acids titrate as bases under the conditions of the experiments. The brown
coals examined contained .about two.milli-equivalents per gram of carboxyl groups,
partly neutralized as inorganic salts (8). After treatment of the brown and sub-
bituminous coals with dilute aqueous ac1d, sharper end-points were obtained and the
observed values of basic nitrogen were 50 to 73 per cent of the total.

The titration was not affected by the presence of carbonate minerals in some
of the coals; such salts are not decomposed by the anhydrous acid used.

. On an atomic basis, the total nitrogen groups vary from 0.7 per 100 carbon
atoms in a brown coal to 1.7 per 100 carbon atoms in a high-rank cokdng vitrain.
Over the same range, the variation in total oxygen groups is from 26 per 100 carbon
atoms to 2.9 per 100 carbon atoms. In the low-rank coals nitrogen forms only a
minor proportion of the functional groups, but in the high-rank coking coals oxygen-
and nitrogen~containing groups aré present in similar amounts. The two types of
groups may affect the mode of %thermal decomposition of the latter coals during car—
borization to a similar extent.

The oxygen is more readily driven off from heated coal than is tke nitrogen.
With a coal containing about 89 per cent carbon, the variation of oxygen and nitro—
gen content (expressed on an atomic basis) with increasing temperature is as given in
Table II.

The greater retention of nitrogen at higher temperatures is perhaps an indjca—
tion that, unlike oxygen, it is present in cyclic structures in the original coal.

In conclusion, the present investigation has shown for the first time that
a major proportion of the nitrogen in a wide range of coals occurs in the form of
basic primary, secondary, and tertiary amine grcups. These may occur in cyeclic
structurses.
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Efforts are now being made in these laboratories to determine the type of
nitrogen—containing groups in carbonized.coals.
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TABLE 1

ULTIMATE ANALYSIS AND BASIC NITROGEN CONTENTS OF COALS (PER CENT, D.A.F.)

" Coal

Dawson Valley
Kemmis Creek™
Bulli®

Bulli®
Tongarra

Bulli
m *
Tongarra

. . %
Wengawilli

) *
3orehole
Borshole

Callide
‘Collis
Callide
Ravensworth
Muja
Collie
Morwell
Yallourn

*  Vitrain

Coal

500°C. coke
T700°C. coke
900°C. coks

91.4
90.3
89.5
88.8
88.4
87.7
87.4
85.3

844

83.6

79.9
799

18.7
78-4
75.2
T4.3
70.3
67-9

4.4
5.1

. . " v .
MW O NN =

BRUABRBRADS
.

¥ Atoms/100

Carbon Hydrogen Nitrogen Basic N

1.9 0.09
0.61

1.6 0.13
0.58

1.8 0.47
0.98

1.5 0.88
1.7 0.98
' 1.06
0.36

1.6 ©  0.76
1.6 0.99
0.32

1.9 1.12
0.55

.2 1.29

o1 1.19

1.15

. 0.68

1.3 0.88
1.5 0.74
1.2 0.87
1.9 1.13
1.1 0.75
1.3 0.69
0.7 0.43
0.6 0.43
 TABLE II

C Atoms

2

Basic N2

Total N2 (%

5
32
8
36
26
54
58
57
62
21
48
61
20
60
30
59
5T
55
32
69
50
14
59
59
52
63"
70

0 Atams/100 € Atoms

Solvent

Phenol
Phenanthrene
Phenol
Phenanthrene
Phenol
Phenanthrene
Phenol
Phenol

o€ ~Naphthol
Phenanthrene
Phenol
Phenol
Phenanthrene
Phenol
Phenanthrene
Phenol
Phenol

ok =Naphthol
Phenanthrene
Phenol
Phenol
Phenol
Phenol
Phenol
Phenol
Phenol
Phenol




. BASIC NITROGEN, %6 OF TOTAL
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FIG.1— PROPORTION OF NITROGEN IN BASIC FORM IN COALS
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ETHR OXYGEN TN GO

J. N. Bhaumik, A. K. iukher jee, P.K. Hukher jee
: and A.Lahiri

Cemtral Fuel Research Institute, P,0.Jealgora,
Chanoad, India

Recent workl on the state of oxygen in coal structure has estaolisned
that the major part of oxygen occurs in the form of functional groups, such
as -COUH, -0k and ~»C0, However, a substantial percentage of axygen, is
believed to be present probavliy as ether or in heterocyclic combination
particularly in high rank coals, although direct experimental confirmation
is lacking. In the present paper an account is given of the investigations
that have been: cerried out to elucidate the state of oxygen in such combi-
natlons.

Treatment of coal with hyiriodic zcid at an elevated temperature
should result in the break-down of ether structure and the ether oxygen
will appear as -OH groups. In case of aryl ethers ths -OH groups formed
on HI treatment will be a direct measure of the ether oxygen. But if
mixed ethers are present, the alkali hydrolysis of the HI treated product
will result in the formation of further quantity of <OH groups. Therefore

.the estimation of ~OH groups in two stages, as stated above, will give a

quantitative measure of the different types of ether oxygen in coal. The
course of reaction may be presented as follows :

FOR' + HI eROH +R'I  ..... (1)
R'I +X0H <RWH K .....(2)"

The above method has been applied to =stimate the ether oxygen
present in coal. However, it is well-known that in case of uasaturation,
the treatment with HI will lead to the addition of hyirogen and iodine
to the unsaturated carbon atoms. The iodine thus combined will undergp
alkali hydrolysis with the formation of hydiroxyl groups. Thus it appears
that on the basis of HL treatment and subsequent hydrolysis alone it is
not possible to obtain unequivocal evidence regarding the presence of
mixed ether in complicated structures like coal, which is likely to
contain unsaturation in its structure., To eliminate this uncervainty,
unsaturation in coal wasg estimated by the metnod developed oy the authors
earlier?,

Experimerntal

In the present experiments, vitrains from different ranks of coal were
selected, The samples were refluxed with hydriodic acid ( 8 c.c. of HI
per gn. of coal, sp. gr. of 8l = 1.7) for a period of 8 hours at 130°C
and then washe d free of hyriodic acid. The product was subsequently
‘analysed for hydroxyl groups.

Zstimation of "-O=" groups :- apout 1 gn. of the sé.mple was accurelely

"weighed and acetylabed with acetic anhydride {20 c.c.) and fused sodium

acetate (15 gm.) {oy refluxing for 3.5 hours at 140°C, The acetylated
product was wasied free from acids armd hydrolysed by 20 p.c. ¥CH solution.
The product was next acidified with conceniratea sulpnuric acid and the
acetic acid liberated was distilled oif and titrated against standard

(see over)
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alkali, The p.c. of oxygen as -OH in the HI treated sanmles wWas calculated
on the initial coal basis. .

A second part of the HI treated sample was hydrolysed by agueous KOH
(2.5 %) solution under reflux. The product . thus obtained was acidified by
hydrochloric acid, washed free of chlondes,a.nd’cbe H_QH" eonuent. was' sub-
sequently estlmated by the above method.

Lhe mnc.t%ona_q_ oxygen groups in vitrains were estimated by the conven-
tional methods? The carboxyl and the carbonyl groups in the vitrains were
found to rémain unaffected by HI-treatment.

for the .estimation of unsaturation in cgal, axidation by potash Permanga-
- nate in dilute agueous solubion was employed®., It is known that Kin0y in
dilute aqueous solution brings about hydroxylation of ethylenic double donds,
provided that the reaction is mot carried too far ami tne temperabure does
not exceed Q°C, The reaction is test carried out in neutral medium, Two -
hydroxyl groups are tormed per one unsaturation linkage. .

-~ a e f i i o M o

TABLE - I
r Ky L S B
Coals Yo ! g H { %1 ! 55 I %0 (5
£ 3 { { { difference) °
§ { 1 f {
A 79.4 506 C 1.9 0.6 125
- 33.0 i 5.8 2.3 "85 8.4
C 88.0 5.2 2.3 0‘5 ' l&oo
TABLE - IT
; S S SO T % —7
Coals ¥ Total 1 -0 i ~C0- { ~u00H § otal reactive 5 Unaccountsd
{ Oxygen { (xygen § (xygen . quygen { Gxygen [ fo or Oltygen
| R X F A { s Pon
A 2,5 - 60 L6 0.8 8.4 41
B 8.4 L2 0«5 0.2 L.9 3.5
¢ 4o Lz . g2 0-0 L 2.5
TABLE - III Sy
Distribation of ether oxygen in vitiains
(expressed on initial d.a.is ‘coa.L’ basis)
Coal ] ‘Total unreac-} .Increase in } Increase in { P.C, (xygeni F.o.of .
) tive oxygen %1 % oxygen as {5 oxygen as { as ether { unreac-
H { -UH after nI- § -CH on subse- § - f vive
1 ! treatment § quent hyarolysmﬁ - § onyeen
1 i | . i 3 as edier
A& L1 2.3 2.9 2.3 56,1
B 3.5 2.2 Nil 2.2 62.8
¢ 2.5 1.6 iy 1.6 8.5

(see over) -

{

Py
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TABLS - IV

Incrsase in oxygen p. c. as -OH on permanganate . (a.8. f. )
coal basis) oxidetion

Coals Increase in p.c.
oxygen as -OH
after KU, oxi-
dztion

2.1

Nil

Nil

mxm»:xr.«l

ow s

Resuilts and Uiscussion -

. The elemental composition as Vell as the distribution of oxygen in different
furnctional groups of tne vitrain samples is oresented in Tables I and IL. the
increase in hydroxyl contents after HI treatment as well as after subsequent

© alkali ~ nydrolysis is shown in Teble IiI. It was stated carlier that the .

increase in UH groups after HI - treatment is to be attributed to the ether
linkages, and as such, the increase in oxygen p.c. as "-UH" gives a direct
neasurs of ether oxygen present in coal. .In case of mixed.ether, however, the
,alkali hydrolysis of the HI treated product will lead to tne Lorm..t.mn ox
‘additional amunt of "-OH" groups.

From an msaecuon of the Table II1 it is evident that coals or high rank
(3&¢C) contain only aryl ethers ard the inerease in oxygen p.c. as "=Gd"
airecily mecsures the percentag: of ether oxygen. In case of low rank coal
(A}, hovever, the formation of a signilicant arpunt of nyuroxyl groups on
alkaline hydrolysis nrooavly J.nd:Lca\. s the presence of mixed ethers, assuming
that the hydrolysis steop of the iodo-derivative goes to complétion, the .

' ‘indrease in -Uil contents on alkaline hydrolysis should be equal to that obtamed

on sl-treatment. The spoarent discrepancy between the two values, as evident
from Taoble III, may therefore be ascrived either to experimental errors or to
some complicating factor. From Tavle iV it will be secn that unsaturation occurs
in coal of this particular rank. The addition of-HI to the double bornds leads
to vhe formation of -Uii groups on subsequent nydirolysis. It appears,therefore,
tnat for coals of low rank, the formation of -Ud groups on hydrolysis of the HI
ireated product is partly due to the presence of unsaturation, Thus, for low
rank coals, tae anaarent lack of ug“’e"lent betwesn the values of nydro.cyl grouns
oy be .largsly explained in terms of unsaturation. = It may therefore be concluded
that a significant percentagz of ether oXygen is present in coals of different
rank and tnat ths low rank coals are cheraclterised by the presence of mixed ‘ethers.
It viould appear that about 60 p.c. of the total unreactive oXygen in coals of
different ranKSa.rA present in evher comoination,
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METALLURGICAL COKE MANUFACTURING METHOD
BY BLENDING RAW BRIQUETTE

Hiroshi Joh and Shiro Ida

‘Technical Research Institute of Yawata Iron and Steel Works,
: Yawata Iron and Steel Co., Ltd., Yawata Japan :

1. Introduction :
For making metallurgical coke high caking coal is generally
blended with coal charge at high ratio. i
an investigation; 1) have hitherto been made with an inten-
tion of saving high caking coal without degrading the quality of coke
produced. : :
The methods attempted in Japan are as follows:-

(1) Coke breeze blending method. 2)

A small quantity of coke breeze, pulverized under about 0.012" is
blended with the coal charge. _

(2) Coalite blending method. 3% :
Coalite pulverized under some 0.012" 1s blended with the coal
chargs. , . ' o .

(3) Bojun Tan method. &) o . :

Low grade coal with high volatile matter is swelled with oil in

low temperature. : ’

(1) and (2) were applied to practical operation for some period,
but at present they have been stopped using for economical reasons.

There is no prospect of (3) being used in practical operation,

-notwithstanding it was an excellent investigation. Formerly, we in-

tended to manufacture for many years metallurgical coke directly from
low or non-caking coal with high volatile matter, using these coals as
main raw material. . : »
: At the first stage 1t was clarified that coking property of these
low grade coals was much improved by briquetting under comparatively
low pressure (2845-35551by4n2). Based on this fact, we could produce
good metallurgical briquette coke (size: 1.65" x l.éS" x 1.18",
strength: stability factor = 40-45 %, hardness factor = 72-74 %) by
carbonizing raw briquette at high temperature, when tiie raw briquette
was made from the mixture of low caking coal and non-caking coal
reasonably blended as main raw material. The result was already
published. 5). In this method the most important point is to keep the
quantity of caking constituents of raw briquette within constant
1imits. It is impossible however to use the ordinary horizontal
chamber oven, due to briquette coke (pillowshaped) of the product.

with the object of solving this problem we planned to carbonize
the mixture of raw briquette and the coal charge in horizontal chamber
oven, by blending raw briquette with the coal charge in coke plant.
It is desirable in this case that the coal charge and raw briquette
should melt each other during carbonization and good lump coke bg
produced as the result. 7

We should like to call this method "Metallurgical coke manufac-
turing method by blending raw briquette." :

. The present investigation is in the process of study, and not yet

‘in the stage of discussing its economical value.

Next, mention is going to be made of the main paints of this
method, as it seems to contain some technically interesting problems.

2. Characteristics of raw coal:
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Table 1 shows thae charscteristics of the representative coals
selected out of coals, that are used in a coke plant of Yawata Iron &
Stael Works. 'Pitch in Table 1 is produced in the same plant, and used

as binder in making raw briquette.
v Table l: Characterigticts of Raw Coals

: , . ' . {Index of
: Items | Proximate Quantity of
Raw ‘Analysis Fuel | S |Button|{Caking Con-
Materials A V.nl F.C Ratio| (%) | No. |[stituents*6)
‘ : o b o (€.1.) ($)
American Coal with . 5
medium V.M.~ 5.02] 23.11| 71.87 3.11|0.68| 8.0 90.5
American Coal with : -
low V.M. 6.70 16.56| 76.74| W.64{0.70| 6.0 83.6
Kyushu Coal A : :
(low caking coal) | 6.89 40.56|52.55 1.30{0.61} 3.5 80.1
Kyushu Coal B - :
(low caking coal) | 5.6 42,44 51.92| 1.22{0.69] 5.0 88.9

In thig case, moisture contents of base coal and briquette are
severally 8 %, 4 %, and the size of the base coal 13 <1/4" as in an
ordinary case. As seen in Table 2, the proper size of raw coals for
briquette 1g <1,/8". :

Table 2: Characteristics of Base Coal and Raw Briquette

Items Screen Andyds of RawMatarials - | Proximate Analysie

Ba : A * | Buttont| Gakin
Cn3¢R Blending Ratla " S (%) (%} (’S‘, Ko Iudexg

- .o G AT T~ |a0353 Jo.023% .
Briquelts (%) > G T T ooss| 0023] esiz|<012 A |V.M| F.C.

American Coal ’ 1
with medium V.M. 40
Kyushu Coal A 50| T-5 |13-8 10-0{15.0|23-5|30-2| 6-83 |33-47)59-70|0-64 5-0 | §8.7
Kyushw Coal B 10
American(oal ! .
. | with nedium V.M. 60 ‘
Base Coal No.2 Kyushu Coal A 30| 5-0 |12-5| &516-0|2(-0|39-0| 668 |30-32]63.00|0-65| 6.0 |84.0
KyushuCoal B. )0 '
Kyushu CoalA. 72
Kyushu Ccal8. 10

Base Coal Mo.l

* |Raw Briquette | AmericanCoal 0-3] 99| 90|10-6|18-6|51.6] 872 |38-22]5506| 0-61| 3.5 | 894
with lLow V. M. lg .
Pitch

The mixture of high caking coal and low caldng coal, prepared so
" as to contain 40-60 % high caking coal in it is adopted as base coal,
with which is blended raw briquette, and the final mixture is the coal
charge, Table 2 shows blending ratlos and characteristics of two ’
kinds of base coal and raw briquette. And the size of raw briquette
1s;4/5" (length) x /5" (breadth).x 13/25" (heightﬁthis has been made

specially smaller so that raw briquette may mix well with base coal.

* After 9g of dried coke breeze (48-65 mesh) 1s.mixed with lg. of
dried coal (<65 mesh), the mixture is carbonized at 1742477.0p,. for
minates. Coke produced 13 sorted out by screens of 35 mesh and
mesh. Supposing Ag is the quantity of coke over 35 mesh and Bg
the quantity of coks assed 35 mesh but not through mesh ‘screen,

the caking index (C.1.) can bs cbtained by the following formilas

c.I. =—A§TB—1 100 (%)

S e mn
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" -The brigquette was manufactured in a pilot plant with capacity of
5 tsday. ' '

3. Size of raw coals for briguette:

Blending ratios of brigquette with the base coal (No.l seen in
Table 2) are as shown in Table 3. There are three different sizes of
raw coals for briquette: <1l/4n, <1/8"; and <1/16", excepting that
size of pitch is always kept <1l/4%,

After briquette was blended at the rate of 30 % with the base,
coke was manufactured in 500 1lb. testing coke oven, and then crushing
strength and tumbler strength of coke were examined. As_shown in
table 3, the proper size of raw coals for briquette is <1/8".

Table 3: Relation between Size of Raw Coal for Briquette
and Strength of Coke, Blended Raw Briquette

Blending Ratlo of Base.
Coal ang Raw Briquette | Size of Raw Strength of Coke (%)
% Coal for Bri-| Crushing |[Tumbler Strength
— quette Streng th** Stability Hardness
Base Coal{Raw Briquette ) Factor Factor
70 30 . <1/4n 91.8 53.0 67.8
70 30 <1/8 92.6 - 52.6 70.3
70 30 <1/16" ‘ 92.7. 53.1 704

L. Bulk density of the mixture of base coal and briquette:

Investigating the bulk density on the mixture of base coal and
briquette, it was clarified as shown in Chart 1 that the bulk density
was developed with the increase of blending ratio of briquette with
the base coal, and reached max. value, and then got down.

( Chart 1 )

It is expected from the above-mentioned result that the quantity
. of coal charge per chamber increases by blending briquette with coal
charge in practical coke oven. ’

5. Coke manufacture by a 500 1lb. testing coke oven:

Coke manufacture was carried out in a 500 1b. testing coke oven,
blending briquette with No.l and No.2 base coal in various ratios
“under conditions that one charge is 660 1b., flue temp. of coke oven
'2102-2156°F, and carbonization time 17 hrs. v

The crushing strength of coke produced is promoted a little,
compared with the use of base coal only as shown in Table % in case of
blending briquette. S

Besides, hardness factor increases and reactivity 7) becomes
smaller. :

From these facts, it is clear that the quality of coke 1s improv-
ed by blending briquette. Moreover, it is favourable that the size of
coke has become smaller by this blending.

** JIs K. 2151-1957 . :
drum ($59" x length 59") rotates in 15 r.p.m. for 2 min., putting
22 1b. of lump coke (>2") in it. Coke is sieved using various
screens. BEspecially 19/32" index 1s important and the crushing
strength 1s generally indicated by this index.
Generally speaking, the range of crushing strength for metallur-
gical coke is 91-93 %.
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As a natural result the blending ratio of high caking coal in the
total coal charge-has decreased, in proportion to the augmentation of
briquette blended.' For.example, the using rate of high caking coal
has been 30 % as shown in the No.(k4) in which briquette was blended at
a rate of 30 %. ‘

. It is recognized from the results that high caking coal is able
to be saved to some extent. HMoreover, the prototype of briquette was
not observed in lump coke on the occasion of blending briquette under
30 %, due to the perfect melting of briquette and base coal diring
carbonization. ‘ - -

6. Swelling pressure test: - : :

Swelling pressure test was examined for the purpose of comparing
the result on the two kinds of samples i.e. mixture, blended briquette
with base coal at the rate of 30 % and coal charge (blending ratio:
high caking coal 50 %, Kyushu coal 50 %, Yawata Iron & Steel Works in
August, 1958). .

Swelling pressure was measured in Kopper's movable coke oven 8)
under conditions that flue temp. is 21920F, carbonization time 16 hrs.,

.and one charge 660.1b. Swelling pressure of mixture, blended bri-

quette was a little smaller than in the case of ordimary coal charge,
as seen in Chart 2. . .

. ( Chart 2 )

7. Other tests:

Firstly, quality segregation of -coke in a chamber of coke oven
was studied on the mixture (blending ratio: base coal 70 #, briquette
30 4), in the case of coke making by blending briquette with base coal.
It was explained as the result that there was no particular fear of
quality segrigation of coke, by mixing base -coal and briquette. o

Secondly, we tested the by-product on the mixture, in comparison
with the case of the base coal only and it was ascertained that yield
of tar, light oil in gas and gas has been improved slightly in the
case of blending briquette, excepting that the yileld of-ammonium sulf-
ate decreases. ' . . .

8. Summary: :

Several experiments were carried out to establish the manufactur-
ing process of metallurgical coke, in which while the blending ratio
of - the high caking coal with the %otal charg= 1is smaller than in ordi-
nary case, the quality of coke obtained should be not inferior to the
ordinary blast furnace coke. For this purpose, the raw briguettes
made- from low caking coal as main raw coal were blended with the base
coal which was almost the same in blending ratio of high caking coal
as the coal charge in ordinary coke plant. : -

The following results were obtained.

(1) It was ascertained that the proper size of raw coals for briguet-
te to be blended with the base coal was under 1,/8". THe blending
ratios of the base coal and the briquette are as follows:

Base coal (high caking 40 %

Medium volatile American coal Lo 4

Kyushu coal A 4 50 %

u B 10 %
Briquette (high caking coal 10 %)

Kyushu coal A 72 %

oo B 10 3

Low volatile American coal 10 3

Pitch (as binder) 8 4



; —-]_22' -

(2) The bulk density of coal charge (base coal +'briquette) increased
: by blending the brlquette with the base coal.

(3) The qualities of coke produced in 500 1lb. test coke oven by car- -

bonizing the mixture, blended briquettes at the rate of 5-50 4
with the base coal, were generally improved by blending briquette
in other words the crushing strength and hardness factor were
increased and, moreover, the mean size and reactivity decreased.
Thus, it is possible for us to foresee that the saving of high
caking coal can be carrled out by blending briquette with the
base coal.

(%) In the case of blendlnv briquette with the base coal it was con-
sidered that the upper limit of the blending ratio of the bri-
quette was about 30 %, from- the observation of lump coke quality
and the security of pushing of coke from a chamber 1n coke oven

(5) It was attested by the experiment by 500 lb. Kopper's movable
wall oven that, when the briquette was blended with the base coal
at the rate of 30 %4, the expansion pressure durinr carbonization
were in the limits of safety.

(6) The segregation of coke quality has no trouble in the blending of
briquette under above mentioned limits and the yield of by-pro-
duc% is rather favourable by blendlng brlquette with the base
coa
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PILOT PLANT INVESTIGATION ON THE BRIQUETTING AND CARBONISATION OF SOUTE ARCOT LIGNITE

C. V. S. Ratpam, D. N. Sibal and C. L. Seshadri

Chemical Engineering Branch
Neyveli Lignite Corporation Ltd.
Neyveli, Madras State, India

1. INTRODUCTION

The Neyvell Ligmite Corporation Ltd. are now implementing an Integrated
Pro ject for the development of lignite resources at Neyveli, Madras State, India.
The lignite bearing area here is 100 square miles and the reserves are estimated
at 2,000 million tons (1). Tests done at Neyvelil and other laboratories have
indicated that the lignite is of very good quality and that it could be briquetted
\dthout a binder. Table 1 gives the analysis of South Arcot lignite. .

In the first. stage of developmert, the Integrat.ed Lignite Pro:ject consist.s
of the following schemes:

1) An Open Cast Mine, for producing 3. 5 million tons of lignite per anmum.

2) A Thermal Station with an installed capacity ot 250 Moo ‘I'he ’l'hemal
Station will burn pulverised raw lignite as fuel. =~ . o

3) A Fertilizer Plart for producing 152,000 tons of urea perannum by the
total recycle process, This plant is expected to be the biggest of its
kind in the world. ‘

4) A Briquetting and Carbonmisation Plant for producing 380,000 tons of
carbonised briguettes per anmum. This will be one of the biggest
" lignite briquetting and carbonisation plants in the world. The
carbonised lignite briquettes will be used mainly as domestic fuel
in South India.

When the Corporation started the developmernt of lignite resources, it did
not have adequate data to decide upon the type of equipment that skould be used for
drying, briquetting and carbonisation of lignite. It was considered risky to bass
the design of a large commercial unit on laboratory data alone. Too, experiments
conducted in Germany showed that it was not possible to conduct pilot plant tests.on
drying, briquetting and carbonisation at any one place, because all the equipment
‘were not available in any one laboratory. The technical opinion was that the weather
had a significant role to play in these processes and the best thing would be to
conduct pilot plant tests at Neyvell itself. Accordingly, a pilot briquetting and
carbomisation plant was installed at Neyveli. This was erected in a record time of
eight weeks and was put into commission on the 14th Kay, 1958.

2. DESCRIPTICN OF THE PILOT PLANT:

The pilot plant consists of a raw coal preparation section, a Parry dryer
in which the lignite is dried in an entrained state by hot inert gases, an extrusion
type briquetting press made by Messrs. Pawert AG. of Switzerland and a carboniser
‘designed by the U.S. Bureau of Mines. It also has tar and gas collecting systeums.
The arrangement of the major equipment in the Pilot Plant is shown in figure 1.

The plant was sapplied by the Technical Co-operation Mission (U.S.4.).
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The raw coal preparation section has a hammer mill with a throughput of 3
to 5 tons of raw lignite per hour. The dryer can handle upto 2.5 tons of raw lig-
rite per hour, when drying ligmite from 562 to 10% moisture. The briqustting press
can make briquettes of two nominal sizes, 65 mm. (23") diameter and 38 mm. (13") dia-
meter. The capacity of the press, when it makes 65 mm. diameter briquettes, is
about 1 ton of briguettes per hour. Wwhen it makes 38 mm. diameter briguettes, the
press capacity is of the order of 1000 lbs. per hour.

The carbomiser was dasigned to carbomisse continuously about 300 to 500 lbs.
of raw briquettes per hour. However, it was found during actual practice that it was
difficult to obtain satisfactory performance, when the carboniser is operated on a
contimious tasis. 3Such an operation gave too many fines in the product. Batch tests
have been done, using charges of the ordar of 1000 to 2000 lbs. of raw briquettes at
a time, :

3. DESCRIPTIONS OF THZ RUNS MADZ IN THE PITOT PLANT

Since the pilot plant came into operation, 26 runs on the dryer, 77 runs
on the briquette press and 44 runs on the carboniser have been made. The aim of the
investigations was to find out the optimum drying, briquetting and carbonisation
corditions for producing good carbonised briquettes for use as domestic fuel in
South India. The carbonised briguettes are expected to take the place of charcoal,
which is a commonly used domestic fuel in South India at present. Due to scarcity
of charcoal, the need for a substitute fuel is keenly felt. Under the prevailing
conditions, the fuel that is to replace charcoal has to be, as much as possible,
similar to charcoal in handling and cambustion properties. Otherwise, there is a
likelihood of consumer resistance, The volatiles in the carbonised briquettes have
to be low enough to cause no smoke in actual use, but high enough to facilitate easy
ignition of the fuel. The carbonised bricuettes also must have fairly strong struc-
ture, such that they can be transported over a distance of 200 to 300 miles, without
appreciable amount of degradation in size. ’

The variables that were investigated, were the followingi-

1) Size of the dried lignite for briquetting.
2) Moisture in the raw briguettes.
3) Size of the raw briquettes.
- L) Temperature of carbonisation.
5) Heating rate during carbonmisation.
6) Hethod of quenching of carbomised briquettes.
7) Influence’ of ash on thes strength of carbonised briguettes.

Laboratory scale experiments (2,3) indicated that best briguettes for
carbonisation could be produced by taking fine dried lignite with as low a moisture
content as possible and pressing it with as high a pressure as pogsible, No binder
is required for briguetting. However, scme evidence showed that better briquettes
wers obtained when the dried lignite had a size of 0-2 m.m. rather than O-1 mem. (4).
The arrangements in the coal.preparation section of the pilot plant was such that
much control could not be exercised on the sizing of raw crushed lignite. The only
control that could be had was on the shape, size and number of hammers in the hammer
mill., Initially the mill was designed to operate at 3000 RPk., which gave too fine
a paterial for drying and briquetting. The very fine dried lignite powder that was
rroduced could not be briquetted in the extrusion press., The speed of the hammers
was then changed to 1450 EPM,, which gave better results. Table 2 gives typical
sizes of the product from the hammer mill before and after the changes were
incorporated in the mill. The best briquetting results were obtained when the
=200 mesh material of crushed raw lignite was of the order of 3 to 4%. When the
© =200 mesh material was of the order of 9 to 10% in the crushed raw lignite, the
-200 mesh material in the product was of the order of 33 to 34%. This dried lignite
was too fine to be briquetted in the extrusion press of the Pilot Plant. When the
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=200 mesh material in the dried lignite was of the order of 18%, as was the case
after the modifications were carried out in the hammer mills, the dried material
could be briguetted easily in the press.

Moisture in the raw briguettes plays a significant role in the production
of good carbonised briquettes. Laboratory tests indicated that the lower the
moisture content in the raw briquettes, the strongsr and better were the carbonised
briguettes. However, in actual practice there is a limitation to the minimum
moisture content in the dried lignite, which is used for briguetting. Very low

-moisture in ths lignite will make it difficult to handle in the conveyors and.

briquette presses. It also produces 'a great fire hazard. High moisture content in
the raw briquettes will result in weak carbonised briquettes. Sometimes the raw
briquettes themselves will be weak. Zxperiments in the extrusion press installed

at Weyveli indicated that when the moisture content in the dried lignite is of the
order of 10 to 14 percent, good raw briquettes could be made. Actual experiments

in the carboniser have indicated that briquettes with 12% moisture.and below give
good carbonised briquettes. Table 3 gives the yield of whole carbonised briquettes, -
when the moisture content varied from 1C to 17%. The data are clear that when the
moisture content in the raw briquettes is between 11.7 and 12.7%, the number of

“whole carbonised briquettes is large.

The size. of raw briguettes plays a role in the production of lumpy
carbonised briquettes. For actual household use in South India, the briguettes
need not be of very large size at all. The preferable thing would be to have a
briguette which would be of 25 to 38 mm. in diameter and 25 to 38 mm. in thickness.
Two sizes of bricuettes were investigated in the Pilot Plant, viz. 65 mm, and
38 mm, {(diameter). ‘The thickness of the bricuettes in both cases.varied from 25 to
4O mm. It was found that invariably the yield of whole carbonised briquettes was
higher with the 38 mm. raw bricquettes. It was possible, in batch tests, to obtain
almost hundred percent unbroken carbonised briquettes with a -charge of raw briquet-
tes of 38 mm. diameter. Tables 3 and 4 give these results.-

The design of ths ca:boniser was such that it was difficult to measure tae
exact carbonisation temperature. The measurement was made of -what is called "gas
cross-over temperature". This temperature varied from 600° ! to 1210° F during the
tests under discussion. The carbonisation temperature was aspproximated from the
volatile matter conteant in the carbonised briquettes. When the carbonisation. tempe-
rature was about 650° C, the volatile matter in the carbonised briqueites was of the
order of 15 to 18% (moisture and ash free). These briquettes gave a smokelegs flame
and had good combustion properties. Lower temperatures yielded carbonised briauettes -
which had higher percentage of wolatiles, which resulted in these briquettes giving
smcky flame. It was not possible to raise the gas cross-over temperature of the
carboniser beyond 1210° F, This corresponds to a carbonisation temperature of about
750° C, The mimimum volatile matter in the carbonised briquettes obtained during
these tests was 8.5% (m.a.f.). The rate of heating was critical in all cases. The
heating had to be as slow as pssible upto about 250° C. Beyond that,the charge
could be heated at a faster rate. Figure 2 gives typical heating curves during
thess carboniser runs. The heating time in these runs varied from 6 to 21 hours.

In commercial operations, two types of quenching are used for cooling the

‘carbomised bricuettes, dry quenching with inert gases and wet quenching with water

sprays. DUry quenching methods are generally more expensive. Table 5 lists the
results obtained during dry quenching and wet quenching of carbonised brijuettes

made under identical conditions. The investigations showed that as far as the size
of the carbonised briquettes is concerned, the method of quenching had no significant

. effect, The onl; difference was that wel quenching increased:.the moisture content
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in the caﬁoorv sed bricuettes.-

The 'ash content in the raw lignite has a great in‘luence on the quality of
briquettes. The ash content in the raw lignite that was used in thasse tests varied
from 2,83 to 7.3%. As far as can be seen from the data collected during these runs,
although trhe variation in ash content did not have a promouncad 2ifect on ths shat-
ter index of carbomised briquettes, yet it greatly influenced tha tumbler irdex.
Table 6 irndicates these results. :

Table 7 gives the physical properties of raw briquettes and carbonised
briqusttes. The chamical and physical properties of these carbonised briquettas
are similar to those produced in Germany (5) and correspond to ths properties of
charcoal used in South India (6).

Le SUMMARY

Pilot Flant investigation on the drying, briquetting and carborisation of
South Arcct lignits showed that good carbonised brigquettes could be produced for use
as domestic fuel. Optimum conditions for drying, briguetting and carbonisation were
established. ) . i
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TABLE 1 - ANALYSIS CF SOUTH ARCOT LIGNITE

b)

c)v

Moisture
4sh

Volatile matter

Fixed Carbox_:

Carbom. .
Hydrogen .
Nitrogsn
Oxygen
Sulphur
Ash
¥oisture

CGross:
Net?

a) Proximate analysis:

A T

Ultimate analysis:

MM BAWBATLR

CaJ.orifiq values

Kool

51,00 - 56.00
2,20 = 3.30
2.0 - 24.93
19.'0“’ 20.59

29.48 ~ 33.60

: 2007 - 2-1‘0

0.2h - 0.29
8.63 - 9.2'
0.29 - 0.48 -
2.& - 3.30
51.00 - 56.00

2560 ~ 3165
2307 - 2902
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TABLE 3 = INFLUENCE OF MOISTURE ON THE YIELD CF
CARBONISED BRIQUETTES.

(Size of raw briguettes — 65 mm.)

Moisture in : ‘Yield of

the raw briqusttes - ‘ full briquettes
'702 : 907
16.2 . 17.2
'306 2909
12.7 19.6
12.0 . 53.0
11.7 48.0
11.4 - 38.0
11.0. , 357

"TABLE 4 - YIELD OF WHOLE CARBONISED BRIQUETTES
(frem 38 mm. raw briquettes) ,

Carboniser run ' 7 8 15 16 - 7%

‘ Temperaturs - Gas cross-

over® ~  T75 700 TI5 70 &30
Size of raw briquettes - . o -
diameter in mm. - 38 38 38 38 38

Moisture in the raw g
briquettes % 11 114 116 104 12,0

Yield of carbonised
briquettes:

+25me.,. B 100 100 100 100 9L

= 25 mm. % - — - b 6

#The temperature at the time of charging briqusttes in run No. 17
‘was 460° F. This explains the lower yield of full briquettes.
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TAELE 5 - INFLUZNCE OF METHOD OF QUENCHING ON THE SIZ= AMD STRENGTH CF CARBONISED

BRIQUETTES.
33 34 35 36
Run No. :
Gas Water Gas Water Gas Water Gas Water
querich- quench- quench- quench- quench- quench- quench- quench-
ed ed ed ed ed ed ed ed
Raw briquettess
Moisture 4 ' 1.4 11.0 " 13.2 13.2
Ash % YA 13.8 8.2 8.2
Carbormised briquettes: A
Temperature of gas’
cross—over °F 700 700 645 700
+ 3" % of product ©  80.2  86.7 . - 80.9  80.7  96.6 96uk  Ihel 923
Compressionv . .
strength kg/cm? 120 2 o 152, 186 . 181 16l 160 167
Moisture in carbonised .
briquettes % 2.1 LeS 1.5. 3.4 1.3 9.0 163 4eO
TABLE 6 — INFLUENCE OF ASH ON THE STRENGTH OF CARGONISED ERIQUETTES.
Run Nos. 30 17 20 L 25% 33
Raw briquettes:
Moisture % 12.4 12.0 12,0 12.7 13.2 1.4
Ash 4 5.9 7.5 8.2 8.9 9ol hely
Ash (Moisture free) 6.7 8.5 9.4 10 10.7  15.5
Shatter index 4+ 3/4% % 87.5 90.3 93.5 86,7 86.2  8L.8
Tumbler index + 3/4" % 82.6 761 2.4 676 ST 62,5

#Low tumbler index in this run is due to the cumulative effect of high moisture

and ash.
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NOTE ON CHARGING TEMFERATURE AND COKE QUALITY
REPRESENTATIVE STUDY RESULTS OF AMERICAN, AUSTRALIAN AND
JAPANESE COALS

C. E. Marshall, D. X. Tompkins, D. F. Branagen, J..L. Sanderson

Department of Geology and Geophysics
University of Sydney,
N.S.W., Australia

1. Introduction

During the past few years, the Coal Research Group of the Department of
Geology and Geophysics, University of Sydney, has been engaged upon studies
designed to assist in the better development and more economic utilisation of the
solid fuels. One of the most comprehensive fields of investigation in which studies
are still proceeding, is that of carbonisation; the principal concern has been to
investigate the factors affecting carbonisation and to improve coking characteristics
in relation to metallurgical coke production. The seams studied to date include
both established coking coals and some generally regarded as poorly coking and -
unsuitable for industrial use; they have beendrawn from American,’ Australian and
Japanese coalfields.

In 1955, the senior author, with a graup of American co-workers from the
Illinois State Geological Survey, carried out an intensive laboratory-scale investi-
gation of the petrographic and cokmg characteristics of the Illinois No. 6 and No. 5
coals (1). Subsequently, the Sydney research group embarked upon an extended
project of utilisation studies of some Australian seams which are of similar charac-
ter to the Illinois coals; interim stdtements of certain early results were submitted
to the Institute of Fuel (Australian Membership) Symposium at Newcastle, N,S. W,
in 1956 (2,3). More recently the project has been greatly expanded to cover a wider
range of both individual and blended coals, particular emphasis being placed upon -
the blending potential of selected Australian and Japanese seams.

In all this work, it is recognised that the laboratory scale study results
cannot be integrated directly with those of full scale industrial practice, but experi-
ence has shown that they may be correlated. Consequently, the laboratory methods
permit a relatively rapid, economic and critical assessment of the factors affecting
coking characteristics, and establish trends which may serve as useful guides to '
improved industrial practice.

2. Coking Potential

Broadly, the many related and mutually modifying factors which appear to
affect the coking potential of a coal may be grauped as (a% inherent petrological,
physical and chemical characteristics of the raw material; (b) induced modifications
of these characteristics brought about in the preparation of the oven charge; and (c)
conditions under which the coal is carbonised. Within and between these graips all
factors are subject to mutual variation; consequently critical assessment of coking
potential demands comprehensive, exhaustive and controlled studies.

The present paper deals only with one limited aspect of the influence of
carbonisation conditions upon coke characteristics, namely, the effects of charging
temperature upon the mechanical properties of the resultant coke. Other conditions
and standards adopted for these tests have been based upon much more comprehen-
sive studies, discussion of which is beyond the scope of the present paper.

However, it should be stated that detailed studies have shown that coal par-
ticle size consist is often a very significant factor in determining the physical
qualities of the coke produced. Under the conditions of study developed the majority
of normal, medium to high-volatile bituminous coals which have been investigated
to date appear to yield most satisfactory cokes when the raw material is reduced
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by controlled breakage to pass i mesh, with the minimum production of finer sizes,
Standardised procedures of size reduction, however, do produce differences in final
consists, a response to variations in the physmal and petrographic characteristics
of the seam material. :

3. Coke Production and Te stiniMethods

The methods of laboratory-scale production testing and evaluation developed
for the coking studies of the Illinois seams have been described elsewhere (1), and
compare closely with those more recently applied to similar investigations of the
Australian and Japanese coals. For the purposes of the present study, coal charges
of approximately 700 grams, prépared according to a standard procedure, were
coked under various conditions of charging temperature, final soaking temperature,
and length of coking period. The coal charges, contained in closed, cylindrical
refractory retorts, were heated in a silit-rod (Globar) type of electrical furnace
with accurate thermostatic and program control. All coke runs were made in
quadruplicate. The "strength' characteristics of the resultant cokes were examined
by laboratory scale adaptations of the mdustrtal shatter, tumbler. and micro-mechanical
tests.

The combmatlon-of "“strength'' tests used was conSLdered to be most sutable
in the circumstances, as shatter and macro-tumbler stabil'ity index results are
conditioned largely by the macro-structure of the coke (joints, cracks, pore-
dimensions and ''wall'-thickness) while micro-mechanical strength and macro-
tumbler hardness largely indicate the strength of the coke substance itself. That
these laboratory tests were adequately discriminatory is evident from the study
results summarised in figures 1-8. --

In the following discussion, "optimum'' as referred to coke quahty implies
maximum attainable values for the mechanical strength indices, Unfortunately it
is seldom that all'these strength indices .attain their respective maxima under
precisely similar conditions. Consequently the "optlmum” of quality in any coke
must represent a compromise, most suited to the consumer's particular requirements.
Similarly Yoptimum! conditions of coking are described by those particlar circum-
stances in the thermal cycle which appear to contrfbute to the development of the
highest mechan1cal strength 1nd1ces :

4. Factors in the The rmal Clcle of Cokmg

The factors considered to be of importance in the the rmal reglme include
a) Oven temperature at charging )} particularly in relations to the plastlc
b) Rate of heating .. ) range of the coal.
c) Final coking temperature
d) Period of coking, both overall and at final temperature of carbonisation.
Limitations of space preclude any adequate discussion of all these factors
although they are certainly important and mutually disturbing. However as an
essential introduction to the main theme (the effects of oven temperature at charging
upon mechanical strength characteristics of the coke produced) the following brief
and qualified resume of the’ general effects of the other factors in the thermal cycle
is included. o

Final Coking Temperature

For the majority of "normal" bituminous coals examined so far, increased
final coking temperature is accompanied by improvements in coke quality in respect
of both macro- and micro-mechanical indices, until a particular "optimum'' tem-
perature of coking is attained. Carbonisation temperatures above the "optimum!''
for each particular coal, invariably have resulted in severe deterioration in the
macro-mechanical indices of the coke. In the laboratory studies, for most of the
coals prepared under "standard'' conditions, the particular "optimum" temperature
of final carbonisation lies between 1000°C and 1200°C, although in some cases
further improvement in mechanical strength may be induced by even higher temper-

atures.
In the case of the Illinois coals, Yoptimum" final coking temperature proved

‘
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to be 1850°F (1010°C); for the Australian and Japanese coals, 1200°C has emerged
as the most nearly satisfactory temperature of final coking. :

Duration of Coking

The majority of the coals studied appear to yield *optimum?* cokes when
‘"'soaked* at the final coking temperature for a relatively short period. In the
laboratory studies, periods of more than two hours at maximum temperature of
carbonisation were usually accompanied by definite deterioration in the coke strength,
although this invariably improved again with further extension of time to approxi-
mately 10 hours. As such prolonged 'soaking' was not con31dered practicable, the
two hour final soaking period was adopted as standard.

Under "standard soaking conditions, the coke produced usually exhibited a
f'steely’, bright lustre and a minimum of breeze

Rate of Heating

In coking, rate of heating must be related to the initial temperature and heat
capacity of the oven on charging, the oven temperature increment per unit of time,
and the thermal conductivity of both the coal charge and the progressively develop-
ing zone 6f coke, quite apart from the thermal characteristics of .any reactions
involved.

The influence of oven charging temperature upon coke-strength character-
istics is discussed later as the principal theme of this paper. It is-sufficient to
observe here that the higher the oven temperature upon charging, the more rapid is
the initial rate of heating, a factor which appears to be of particular importance in
relation to the plastic temperature range, plasticity and volatile evolutlon character-

istics of the coal.

In the laboratory studies, the initial rate of heating of the - charge was mcreased
by mtroducmg the coal into the oven at successively higher temperatures., There -
after, dependent upon the characteristics of the equipment available, standard rates
.of temperature increase were maintained at 3.6°C/min. (American-coals)and
3.4°C/min. (Australian and Japanese coals) to 1000°9C, followed by slightly reduced
rates of heating to the maximum "'soaking" temperatures. These figures closely
approximate mean rates of temperature increase established in pilot oven studies,
and were accepted as "standard! but sub_;ect to later mvestlgatlon

5. Charging Temperature and Ccke Quahtx

" Representative analyses of the American, Australian and ‘Japanese coals
which formed the subject of this study are quoted in Table 1. S

TABLE 1 - Analyses of.Coal» _

Seam Prox. An. (% a.d. coal) ' Ult. An. (% d.a.f. coal) B.S.

‘ - - - Index
Moist. Ash. Vol. F.C. C. H. N. s o

No.6 Coal, Illinois 7.8 8.6 34.8 48.8 80.8 5.5 1.9 - - 4
.No.5 Coal, Ilinois 5.2 10.9 34.4 49.5.82.3 5.5 1.9 1.6 87 3%
Liddell Coal, N.S.W. 3.0 8.0 36.8 52.2 82.4 5.8 2.3 0.4 9.1 23
Borehole Coal,N.S.W. 2.5 . 9.9 32.6 55.0 82.4 5.4 1.7 0.5 10.0 5
Bulli Coal, N.S.W. 1.1 7.2 22.2 69.5 39.0 5.0 1.9 0.3 3.8 8
Akahira, Japan 2.8 5.5 41.8 49.9 82.3 6.2 2.3 0.6 8.6 5
Futase, Japan 3.0 8.4 38.2 50.4 82.3 6.0 1.5 0.3 9.9 1%
Takashima, Japan . 2.2 .5.9 43. 6 48.3 83.8 _6.3 1.4 0.6 7.9 7.

' Illinois seams Nos. 5 and 6, the Liddell and Borehole of New South . Wales, are

quite comparable in chemical constitution and similar in overall petrographic
character; the Bulli coal of New South Wales and the three Japanese samples were
respectively. of somewhat higher and lower rank.
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Standard charges of each of these eight coals (controlled bulk and size
consist) were introduced into the coking oven, of which the initial temperature
was increased by successive increments to the particular final coking temperature
adopted as optimum for each coal. In all cases, after charging, the oven tem-
perature increase was maintamed at the standard controlled rate until the soaking
temperature was attained.

With the exception of the Bulli and Takashu’pa ‘coals, all those examined
revealed generally similar trends. in the relationship between coke strength and
oven charging temperature. In gene ral, the majority of the strength.indices
improved progreSSively, reaching maxima for various particular charging tem -
peratures ranging between 400°C and 1000°C; the decline in the strength index
beyond the maximum was frequently precipitate. In the case of the Bulli coal,
increased charging temperatures produced an initial deterioration in the strength
indices of the coke, which thereafter 1mproved to their particular maxima before
declining rapidly.’ The Takashima coal in general exhibited deterioration in
macro- strength indices and improvement in micro- strength characteristics
with increased chirging temperature.

Though frequently having pronounced effects upon the other strength charac-
teristics, the temperature of oven charging assumed most critical significance
in relation to shatter and stability indices - both measures of the coke macro-
structure. Severe deterioration of one or both of these indices is not infrequently
;accompanied by slight improvements in the strength of the coke substance, as is
made evident by increased micro- strength and resistance to abrasion.

(a) The American Coals

The most significant feature of these study series, results of which are
shown graphically in Figures 1l and 2, was the critical effect of charging temper-
atures in excess 0f.450°C and 540°C respectively on the shatter and stability
indices. Progre551ve increases in charging temperature from 25°C to these
critical values were accompanied by modest though erratic general improvements
in shatter and some reduction in stability for the'No. 6 coal; a general, gentle,
but varying deterioration in all macro- strength indices occurred in th.e case of
the No.5 coal.

When charging was carried out at temperatures progresswely higher than
those indicated, both shatter and stability indices of the cokes produced from each
of these coals exhibited a general and rapid decline. In each case thé deterior-
ations were accompanied by slight improvements in resistance to abrasion and -
micro -mechamcal strength, the trends being more strongly marked in the higher
ranges.

It appears significant that in each case the critical charging tempe rature
(450°C for No. 6 coal and 540°C for No. 5 coal) is within or just adjacent to the
plastic tempe rature range of the coals. It is considered that when charged at
successively higher temperatures, these coals are subjected to an ever-increasing
rate of temperature, increase up to, through, and above the plastic range, and are
thus afforded less and less time for-volumetric and other adjustments before the
"'setting' temperature i5 reached. The consequent accumulation of stresses and
the development of increased _]omting and fracturing is indicated by the decrease in
macro-mechanical strength.

The toughness 6r hardness of the coke substance (resistance to abrasion and
micro -mechanical strength) does not appear to be related to the heating rate in
any particular range, and increases slowly with the rise of charging temperature.

Apart from the effects upon strength, increases in charging tempe rature
were accompanied by marked and progressive improvement in the colour and lustre
of the resultant cokes, which were also of rather smaller size consist.

(b) The Australian Coals

As in the case of the American coals, charging temperature again assumed
particular and critical significance in relation to coke shatter and tumbler stabi-
lity indices, but serious and progressively increasing impairment of these factors
did not occur until it exceeded 800°C. Unlike the [linois seams, there was no

o
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serious and continuing decline in macro-strength of the coke produced, with
charging temperatures lmmedlately above the coal plastic range. However, the
Liddell coal (Fig. 3) did exhibit a slight depression of all three mac ro-mechanical
strength indices associated with a charging temperature of 500°C which is slightly
above the setting point. Progressive increases in charging temperatures to 800°C
were accompanied by definite improvements in the macro- and micro- strength
indices of-the coke produced. Higher charging temperatures induced serious
deterioration in macro-strength.

The Bulli coal (Fig. 5) returned a severely weakened coke when charging was
carried out at temperatures of 200°C (very low macro-tumbler mdlces) and 400°C
(depressed shatter and micro-mechanical strength); charging at increasing tem-
peratures between 400°C and 800°C produced general and progressive improvements
in the coke strength with well defined deterioration thereafter. Optimum micro-
strength was obtained from coke produced by charging at air temperature. The
plastic range of Bulli coal is approximately 390°C to 480°C.

The Borehole coal showed continuous and progresswe improvement in all
macro-strength indices of coke produced with increase of charging tempe rature
up to 800°C FFlg 4);. thereafter shatter index declined abruptly although tumbler
stability did not deteriorate until the charging temperature exceeded 1000°C.
Charglng temperatures above 800°C were accompanied by accelerated improvement
in coke micro-strength.

In each of these coals, the hlgher chargmg temperatures were accompa.med
by considerable lmprovement in both colour and lustre of the coke produced

(c) The Japanese Coals

For. the three Japanese coals, variations in chargmg temperature produced
three generally quite different trends in overall and particular variation of ¢oke
strength. ' The Akahira coal behaved in a manner broadly comparable with the
Illinois coals Nos. 5 and 6; the Futase revedled trends rather similar to those of
the Borehole coal of New South Wales; the Takashlma coal could not be readily
compared with any other coal as yet studled

. The Akahira was the only one of the eight coals d.‘LS cussed he re which did not
show an essentially parallel trend of shatter and stability indices throughout the
greater part of the charging temperature range, . The resulis of the macro-r
mechanical tests of the Akahira cokes suggest that a progressive increase in
chargmg temperature to 1000°C brings about the formation of a joint or fracture
system in the coke which is progressively more susceptible to rupture from impact
but progressively less susceptible to abrasion. Micro-strength indices improved
slightly and erratically with increased oven temperature at charging..

In the case of the Futase coal (Fig. 7) all macro-strength indices unproved
with increased charging temperature up to 600°C; thereafter the shatter index
declined rapidly, followed by tumbler stability for temperatures exceeding 800°C.
Micro-strength variation was erratic and not evidently significant.

The Takashima coal yieldéd a coke of superior macro-mechanical strength
if charged to a cold oven. Progressive increases in the initial oven temperature
to 800°C brought. about a very substantial and progressive decline in these charac-
teristics, after which there was a slight improvement. A somewhat erratic but
definite improvement in micro-mechanical strength is evident in response to
increased charging temperatures.

Variations in the appearance and size characteristics of Akahira and Futase
cokés corresponded closely with those of the American and Australian groups..
The Takashima, however, showed no significant variation throughout the range in
either friability or the fragmentary character of the coke yield; only lustre
improved as higher charging tefnperatures were employed. E

Summary and Conclusions

From this present brief review of as yet incomplete studies, it is evident
that the program of temperature increase during carbonisation has a profound and

possibly particular effect upon the mechanical properties of the coke produced
from any "coking" coal. Optimum qualities of macro- and micro- strength are
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seldom developed together under any single coking regime. Consequently, both
coke producer and consumer must accept a compromise on quality characteristics,
according to their particular requirements and the inherent limitations to controlled
coking. On the other hand, it is evident that much may be achieved in the control
of coke quality through careful selection and preparation of the raw coal.

For certain high volatile bituminous coals (e.g. [linois Nos. 5 and 6, and
Futase), charging to the oven at temperatyres even modestly in excess of their
plastic range may well induce serious deterioration in the macro-strength charac-
teristics of the coke. Other bituminous coals may, with minor exceptions yleld
substantlally improved cokes when charged to an oven of which the temperature is
300 or 400°C higher than the plastic range {e.g. Liddell, Borehole and Bulh)

Some coals may yield cokes which apparently deterlorate progressively in macro-
strength characteristics with any increase of charging temperature above that of
an air-cold oven.

No significantly progressive dete rloratlon in coke micro-strength character-
istics has been observed as accompanying increased oven temperature on charging.
On the contrary, in the majority of cases, the strength of the coke substance
appears to improve with mcreased initial oven tempe ratures, partlcularly in the
higher ranges. :

It is - suggested that variations in coke character may be significantly influenced
by rates of heating as related to the plastic range, plasttcrty characteristics, and
gas evolution characteristics of the coal concerned; these in turn reflect the petro-
graphic constltutlon, type distribution and rank of the seam. Further work is
proceeding in this field of inve stlgatlon : :
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RESEARCH INTC METHODS OF IMPROVING BLAST FURNACE COKE QUALITY
’ AT B.H.P. NEWCASTLE, AUSTRALIA -
WITH SPECIAL REFERENCE TO THE EFFECT OF BENTONITE

J. A. Gregory

The Broken Hi1l Proprietary Company, Ltd. '
Newcastle, N. S. W., Australia

The high ash, medium to high volatile co ng coals avallable in the
vicinity of the Iron and Steel works at Newcastle\'’/yield a very poor guality
blast furnace coke by most world standards., Thils factor, combined with
rapld expansion of the Company®s production facilities, has emphasissd the
need for extensive Invegtigation of methods of improving the gqueality of the
coke mage from these coals,

Fine grinding of the coal charged to the ovens at Nswcastle has
been of recognised practical benefit, and in fact, commion plant practice for
some thirty five or more years, 2'3'&)and the grind specification over this
period has gzensrally varied between the equivalent of 507% to 707 minus 18
mesh B,S.S. which 1s very fine by most standards., However, with the
expansion of the company'§ research activitizs and the installation of pilot
scale research equipment(Q), it was considered desirable to investigate the
effect of coal grind and the use of additives 1in more detail.

An early stage of this research comprised experimental and full
scale oven tests on the effect of coal grind on.coke strengthe In addition,
many series of tests comparing the effect of verious additives previously
investigated, such as char made from non-caking coals, were carried out over
a range of coal charge sizings. In the course of the shove investigations,
obgervations mage in relation to the-effect on coke strenzgth of Wyoming
bentonite and the bventonitic dlayshales asgsociated with the unwashed coals
resulted in the concentration of a good deal of research effort on mineral
matter associated with both northern and southern New South Wales coal seams,

Consideragble detailed research on the effsct of additives sucsh es
cher, coke-=brsarze, iron orse; and limesicns has veen carried out which fully
confirmc the advantazes of char. addition in comparison with other recognised
methods of coke strength improvenent.s However, 1t is not intended to
descrite this work in any detall here, save to compare the coXe strength
data with that obtainred in the invegtigation of firer grinding and bentonite,

EXPERIMENTAL OVEN TESTS ON UNWASHED COALS

In Novemher.i956, as part of a long renge program of improving the
quality of plest furnace coke used at the Newcastle steelworks, investigza-
tions of the coking characteristics of the northern coal seams and varia-
tions between the same seams at our several collieries were commenced,

These experimental oven tests were carried out prjor to the instsllstion of
the Pilot Scole Cosl and Ccke Research Laboratory 53, and consequently,
close control of such charge varilables as ash content end coal zrind was not
elways possible, A large nurber of oven tests were of necessity caprried out
in an attempt to clarify the effect of the many variables encountered.
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The results of a series of csarlier experimental oven tests are

shown 1n figure 41, in which the trend 1n relationship vetween coke strength
indices and coal Qrind are shovn.

It can be seen that 1nchaslng the fineness of grind of the coal
charge has resulted in an increase 'in .the strength of the coke as measured
by tnhe A.S.T.M. Stavility, hardness, and shatter indices, These results
indicated the possibility_of'increasing the stability of the coke from less
than 20 to over 30 by increasing the fineness of grind., Coke of 30 stabil-
ity has previously only been:obtzined on a production basis at Newcastle by
adding approximately 251 lower volatile southern N,S.W, strongly coking coal
to_ the northern blends, Theé incorporation of this southern coal, although
resulting in improved vlast furnace operation, has generally been considered
en expensive answer to the provlem of improving Newcastle blast furnace coke
quality., The results obtained by finer grinding suggested therefore, an
alternative method to the use of southern coal. However, it was also
reaiised that there existed a number of practical problems in relation to
achieving and nandling on a produﬂtlon scale grinds finer than 70% minus 13
mesh,

FULL SCALE FINE GRIVD TESTS ON UNWASHJD COALS

Iin mnbpuary to Aprll 1998, ten series of flne grind trials were
carried out in the . full scale ovens at Newcas8tle.. The bulk of these tests
were cgrried out’ using Lembton -Collizry, Victoria Tunnel Seam, Burwood
Colliery, Borehole Seam and Burwood Dudley Seam coals in the unwashed condi-
tion. Facilities were not available to carry out tests on individual seams

£ter washing, but it was possible-to test.the effect of coal grind on the
tnen current northarn blend ex the: washery and the final test in this series
was conducted on such a sample washed to 1474 asha. The overall result of the
effect of cosl grind on coke strength for- this series of tests, on cozls
ranging from 4132 ‘to 249 ash content) is shovwn in figure 2, Calculation
showed that these full 'scale oven tests gave a close correlation with the:

results obtained in the expehimental oven on northern coals at a similar
ash level, - . .

Promising though these results were in regard to the effsctiveness
of finer grinding, the discovery of the beneficial effect ¢f g 211 percen-
tages of bentonite and bentonitic shales in northern coals‘<s°/, provided
reason for caution in assessing the effectiveness of fine grinding. 1In
addition, during the tests, considerable difficulty was experlenced in
handling the very finely zround coal charges, which is a further important
considergtion in r°59ﬂd to finer *rlndirg.

|
1,
!
!
{

A closer examination of the results of the full scale fine zrind
tests on Victoria Tunnel, Dudley and Borehole seam coals showed that there .
were at least three varisbles which could be contributing to the increase
in coxe strength, the other two being ash content and coal ssam variation.
Fine grinding had been most effective with the high ash Dudley seam coal,
and least effective with the 1over ash Borehole seam coala,

In addition, later investigations snowed that of the cosl seams
tested, the Dudley and Victoria Tunnel seams containing tentonitic clay-
shales gave the best results on finer grinding, whereas the Borehole seam
containing relatively little bentonite gave the least improvement,
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Becauss of the number of varisbles that could e contributing to
the efrectiveness of fine grinding, it was clsar that ths problem of signifi-
cantly and economically imrproving northern blast furnace coke guality by

finer grinding was more complex than orizinally thoughtl.

EXPERIMENTAL AND FULL SCALE OVEN‘TESTS ON WASHED COALS.

(a) EIxperimentsl Oven Fine Grind Tests

In 1959 full scale wet washing of the fine coals on Deister tables
pleped dry tables'und the ash in the washed coal to the commercial ovens
redaced from 153 to 11ﬁ. Blast furnace operation benefited considerably
m the reduction of 4% in coal ash, hsw°ver, there was a Tall-off in coke
‘nngtn In spite of the Tact that the 4 reduction in ash gave seversl-
ints increase in coke A, 3.T.ke. nardness index, the A,3,T.M. shatter and
stability were reduced someswhat and there vas' a maﬁked increase in the

ount of spongy coke nroducedo

L]
}-O cr"’f‘.’J (]
Ow'o-'

vt o Fhod

F‘J

Tne ogportunltj was taken to carry out exper.men,al oven fine grind
tests on these current washed coals of 417 ash. Two series of tests were
carried out, each on a ten ton sample from the full scale washery. AS
anticipated, finer grinding was somewhat less effective with these washed
coals, However, it was also found that.in the experimental oven, these
washed coals gave considerably o tter guall ty coke at coarse coal grinds
than did the full scale ovens, ~Although the reasons for this improvement
WEre aosoure,.‘t was clear that ressonably strong coke could be prodiced
in the -experimental oven at (by our standards), relatively coarse coal grinds
of tnP order of uoﬂ to JOp minus 18 mesh BeSeSe

(o) Fulil Scele Oven Tests qomggring Flnp Grindl Ckar -and Bentonite

Sincs mid’ 1030, some 8~O exnerimental oven - charges of approximately
850 1bs each had been coked in investigation of various measures taken to
improve coks guality, and it had been concluded that .the most promising
avenues of further investigation were finer grinding, 5% char addition and
1% Bentonite addition. These three methods although presenting thelr own
individual problems as regards full scale apnlication, were considerably
more effective in the experimental oven that say, iron ore, coke bresze or
limestone additions.

Therefore, a number of full scale oven charges were nrepared at the
Jorks Research Laboratory (as described in more detail in the next section),
in order to confirm the results obtained in the experlmental oven, The
results of these tests are given in table I.

TASLE L.

Full Scale Oven Tests Comparing Fine Grind,
Char and Bentonite Addition.

Description of ©  Coal Grind - A, S,T,M. Coke Physical Test Data

Chargs ¢=188, S, Ss 1% Shatter . 1"3tability  Z"Hardness
8 Control Tests 40/55 "63/7h 46/24 - 68/71
“(Ranze) _ . .
Mixsd Chargze L8 A ‘ 19 . 68

o agditions)

1% Bentonite . QB f6 ‘ 3L 72
5% Caar Ly . 82 38 - 68
Fine Grind : 65 . 77 ‘ - 29 o 73
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From Table I it can b2 seen that the experimental oven findings
were confirmed, Although 1% bantonite addition was not the most effactive,
it was decided to carry out further tests with smaller percentages of
bentonite, If sufficiently effective in improving coke strenzth, less than
1% bentonite addiition would offer a simple method of carrying out full scale
blast furnace trisls with stronger coke to determine the valus of the latter
in relation tc operation of owr Hewcastle blast furnaces,

NTAL aND FULL SCALE OVEIN TE3IT3 OV THE EFFICT OrF BENIONITE

EAFZRINED
QN COKE QUALITY

The discovery of the beneficlal elflfect of a small percentage of
ventonite on Newcastle coks sirength was made in May 1953 in the newly
installad Pilnt Sczle Coal and Coke Rassgreh Lakorgtory (figure 3), and
vecame the Tirst mgjoyr g@search program using this éguipment, As has vaen
reported slsewhera\2s?si/, a considerable number of sxperimental oven tests
(figures L) wers carrisd out in invegiigation of the sffect of both Jyoming
bentonite and the bentonitic sheles associated with the Newcastls coal ssams.

Py

From thege gxperimental testsy, it was shown that, z2lthough
variabls in propertiss, ths local tentonitic clayshales associatzd with
tha coal sesms approached §yoning tentonite in their czpacity to affsct an
improvament in the sirength of Vewcastls cokee It was alsc shown that 14
nentonite added to the lower volatile strongly coking southern N, 3,.77. coals
had a marked detrimental effect on ccKe guslity.

YMmen the opporiunity arose to carry out full scale oven tests to
confirm these effscts, 1t was decided to concenirate initially on the use
of Wyoming Tentonite in order to kesp tha test variables to a minimun,
(a2} fFull le Oven Tesis Prepared at ths 'Vorks Reseorch Latoratory
1 iral Hixer . : - -

The firsi full scale oven test with 17 of “yoming tentonite added
to the coal was carried out in March 4950 . and resulted in such a marked
improyvement in coke guality that atiention was concentrated on thz sddition
of only 1/h4% to 1/2% of bventonite, These tests were carrisd out by with-
drawing £ull oven charges Trom the battery bunkers using the spare charging
machine, 4fter charging the necegsary conircl tests, z full oven charge was’
transferred t0 a lorry at ground levsl and taksan to the pilot plant labora=-
tory where the dry ventonlte was caprefully blended using a spiral ritbon
mixer, The mixed chargs was bagged and retarned. to, the bsttery where the

four hundred bags (approx.) wers nolsted to the top of the battery and emptied

into the cannisters of the charger. The‘resqlts of the physical tests
carrisd out in triplicate on the cokes produced in this manner are given in
Table 2, S B : ’ :

T43LE 2.
FUiL SCALE OVEN TESTS JITH BIWTONITE
Description” Coal ‘Grind - A, 3,T.i. Coke Physical Test Data
of Chnarges ¥ ~18B.5.5. 41z" Snhatter: 41" 3tability: " Hardness;
& control Tests . LG/55 69/74 16/ 20 68/70
(Rang2) ' - , , _
1, Bentonite L3 76 o 34 72
+% Bentonite 5L 77 37 74
17 Bentonite 4 ' 77 31 70

=Y ARt

I

e
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From table 2 it can be seen that a marked improvement in coke
strength has resulted from addition of either ¥%, 3% or 1% bentonite,
The prun-of-oven coke produced at Newcastle from the current washed coal
of approx.i1¥ ash and 39% volatile matter (d.a.f.) besides giving poor
coke strength, of the order of that shown for the control tests in the
tables, contains an excessive amount of sponge coke, = The addition of even
a 4% ventonite resulted in virtually complete elimination of this sponge
and a less fingery coke vroduct, Figures 5 and 6 i1ilustrate the difference
in sppeerance of the cokes produced with and without bentonite addition,
These photos sre of a single bag of each coke selected at random. ZXven in
a casual examination of the cokes, there could be little hesitation in
selecting the one contalning bentonite. '

(t) Full Scale Oven Tests Prnpared al Coke Oven Hammer Mills with no
Separate Mixing, .

The next serlies of f1ll scale oven tests were aimed at determining
the simplest practical method of adding the bentonite to the coal in
enticipation of a full scale test in the blast furnaces over an extended
periode It was decided to test the effectiveness of the hammer mills
elone in mixing the bentonite with the coals, A small hopper and vibrating
feeder were set up to feed bentonite on to the stream of coal feeding into
the hemmer mills, For the tests, sufficient coal was run through the mill
to £il1l a sample bin (3 oven charges). Two or three control charges with-
out bentonite were prepared and charged, followed by three charges with i%
to 5? dry bentonite powder added to the coal stream,

The results of the first test series carried out by adding the fine
dry bentonite at the hammer mill are given in table 3.

TABLE :

FULL SCALE OVEN_TESTS ADDING 24 BENTONITE
L AT THE HAMMER MILLS

Description A, S, Ty e Coke Physicsl Test Data:
of Charge: 1% Shatter: 1" Stabilitys X" Hardnesss
Control © 65 - 13 72
" : oL 15 73
4% Dry Bent. 13 24 74
" 67 24 72
" 68 ' 2L 72

From the results of the above test, 1t was apparent that the coal
used was of poorer quallty than normal as reflected in the physical tests
on the control charges. The test was repeated using the same technique of
adding the bentonite at both I% and 3¢ levels of sddition. The results of
these test series are given in table L.
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TABLE -

FULL SCALE OV“ TESTS ADDING 5% ANMD
) BEN”ONI_ T THE HA“MHR MILLS
Description - 'A.é;T M' Coite Physical Test Data: .
- 0f Charges - " 414 Shatter: 1% Stability: X' Hardness:
Control Tests .- 65 : 47 72
" 1" 63 . 15 70
n " 67 16 73
14Dry Bents . 75 ' 27 71
. 1] H] ‘ 70 ) 30 75
B 1 . : 73 E 24 72
Control Tests 65 17 ' 72
" ’ 65 : 18 - o 4
"o L 63 17 74
3%ry Bent,, - 70 . - 23 ' 7
" " 75 - : 30 70
W 51 30 7

These full scale oven tests (table h) confirmed that %% to 3%
bentcnite could be added to the stream of coal entering the hammer mills
with results comparable to tnose obtained by careful mixing.. .

DISCUSSION '

" Based -on.the results obtained in experimental and full scale oven
tests, it is planned to carry. out trials in the coke ovens and ovlast
furnaces at Newcastle over an extended period. The Newcastle plant has a
nominal capacity of 300 tons/hour of washed coal, We will aim at I# ary
bentonite addition to the ¢oal stream entering the hammer mills, That is,
we will be adding 1 ton/hour .of ash forming material to the coal; and it
must be admitted that the benefits obtalned need to be sufficient to justify
such an unusual precedent.

However, there is no doubt that bentonite maraedly improves Hew—
castle blast furnace coke quality. We therefore, have the opportunity of
answering the age old question concerning thé benefits of coke quality on
blast furnace operation, by a simple practical process, Undoubtedly,
valuable information will be obtained. i .

Qur .aim as regards the coke strength in the blast furnace trial
will be to produce a sponge free coke of the order of 75 shatter (1i"),
30 stability and 70 hardness, ihether we can achieve this specification
will depend to a large extent on the degree of control we can exercise over
the uniformity of addition of the bentonite to the cosl stream entering the
hammer mills, and on the co0al grind obtained in the mills, In most of the
full scale oven tests carried out to date, the cosl grind has been below 50%
minus 18 mesh B,S.S. which is generally considered coarse for our types of
coal, We know from experience that the beneflcial effects of finer coal
grind and bentonite addition can te combined to give a stronger coke., Dur-
ing the trial therefore, we will aim to maintain the coal grind above 504
minus 18 mesh (the minimum accéptable figure under normal conditions), which
should ensure our achieving the desired coke strength indices.
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There are many questions in our minds regarding the possible
significance of the effect of bentonite on coke strength which can only be
answered by further research and the proposed full scale trial,

On the fundamental side, there is the question of the mechanism by

which bentonite affects an improvement in the gquality of the high volatile

northern N,S.%, coals. At the moment, our thinking favours the theory that
the lon-exchange .capacity of the bentonlite favourably effects the stability
of the bonding constituents in these coalss On the other hand, we have ths
contrast in effect on the lower volatile southern N,S5.W. coals which in a
limited investigation,. have shown a marked deterioration in coke strenzth
with ventonite addition, '

The soi't clayshales associated with the unwashed northern N, 3.l
coals have been shown to possess bentonitic properties to varying degrees,
some to a marked extent, The addition of 1% of bentonitic clayshale
removed from the unwashed coal before washing and re-addsd to ths washed
cozl hes zlso resulted in a marked increase in coke strength. However, it
is apperent that the beneficial properties of these claysnales are lost
during coal washing, because after wasning to 11% ash, these coals in
practice, should contain sufficient of this clayshale to give an increase in
coke strength. That an increase in coke strength has not resulted in
practice is attrivuted to 1lcss of ion-exchange capaclty of the clays during
washing. This aspect offers az further interestinz field of research,

. There remalns something to e learnt regarding the best method of
adding tentonite to the coal. 4 limited amount of work has been carried
out on the addition of the bentonite in slurry form in both water and oil.
The bentonlte can be dispersed readlly in the oil used for bulk density
cont"ol, but it was considered that in this Torm, the ion-excharnge canscity
misht pe lowerad teo such -an sxtent Ly the oll that the effect on the ccke

strength wonld be less marked. Results obtaired to date with oil dlsper-
gicn have been viarisble end further rssearch is required on this point,

~Water slurries of bentonite have given much the same order of
improvement in coke strength as the dry ©tentcnite additicns, However,
although Ty no means proven conclusively as yet, it 1s our impressicn that
the moisture content of the coal may pley an important role in the effect--
iveness of the dry ventonite agdition. That is, the coal charges with
higher moisture seem to give stronger coXe with thz dry bentonite addition,
However, this 1ssue is somewhat clouded ty other variables at the moment,

Oon the production side, w2 hope to obtain an answer to the question
of the relative merits of cokes of 30 stsbility and 15 stability in the
vlast furnaces at Newcastle. If the trizsl is successful from the point of
view of control and coke strength and little effect it shown on blast
furnace operation and productlon, then we will need to revise our assess-
ments of what constitutes blest furnace coks guality. On the other hand,
snoulé blagt furnace overation benefit significanily from the use of the
bventonite coke, we will be a further step Torward in the cozsmon goal of
improving blast furnace procht1v1ty by the use of tallor made raw mater-

ials,
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The Experimental Coke Oven,
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Fige 6: - Full Scale Oven Test £% Bentonite Addition.
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SOME PROBLEMS RELATING TO SOUTH AFRICAN COKING COALS
AND THEIR BEHAVIQUR DURING CARBONISAIION.

B. Moodie.

FUEL RESEARCH INSTIIUTE CF SOUTH AFRICA,
PRETORIA.

INTRCDUCTION.

One of the main provlems of the carbonisation industry in
South Africa is the limited choice of coking coals suitzble for car-
bonisation purposes.

The existing coking coal reserves can be described as con-
sisting of medium ash, high volatile coal. The proximate and ulti-
mate analyses of a number of the more important coking coals are
given in Table 1.

. TABLE 1.
Proximate and Ultimate Analyses of Some
South African Coking Coals.

Proximate Analyses($)(air-dry) Ultimate Anal.(%)(D.A.F.}

Colliery - ToL. <. Vol.

: qu Ash Mat Tot.S No. C H 0 Mot .
A éTransvaal 2,7 10.4 32.9 0.7 3 . 83.0 5.3 8.9 38.1
B 2.6 10.3 34.0 0.7 3% 83.5 5.4 8.9 39.0
Cc ( " 2.2 13.1 30.9 0.5 3 . 84,0 5.1 8.5 37.0
D( Natal ) 1.3 12.0 31.0 1.4 6 85.5 5.3 6.0 37.5
E ( " 3 0.9 13.7 22.9 1.5 7 88.1 5.0 3.7 27.1
F( " l.1 12.5 22.9 0.9 4 88.3 4.8 4.3 26.9
G ( " ) lol 14'-9 2008 008 4'2' ' 88.5 : 407 402 . 24-2

Practically all coals intended for carbonisation are
mechanically cleaned to yield a product with an ash content of
about 12 per cent. The Transvaal coals used for this purpose are
only weakly coking. They yield a very inferior product when car-
bonised on their own, but acceptable. coke can be produced by blend-
ing with a small percentage of certain Natal coking coals. These
are of a sllghtly higher rank as the result of the maturing effect
of intrusive dolerite sheets some distance either below or above
the coal horizon.

"Economic consideratlons "and the desire to conserve coking
coal reserves have determined the current policy whereby most of
the metallurgical coke in South Africa is produced from blends
having weakly coking coal as main component. The total tonnage of
such blends carbonised during 1959 was 2.2 million tons* repre-
senting nearly 70% of all coal carbonised for the produotlon of
metallurglcal coke in this country.

A typical blend is:

Weakly coking coal: _ - 75%
(usually a mixture of various weakly coking coals)
Coking coal .. 25%

(normally a mixture of coking coals).
A. THE PETROGRAPHIC COMPOSITION OF PREPARED COKING COALS.

The .../
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The South Afrlcan coking coals are characterised by the
presence of very large amounts of inert material. For the micro-
scopical examination of these coals the incident light technique
has therefore been found preferable,to the transmitted light tech-
nique currently used in the U.S. A1)

The petrographical analyses of some South African coking
coals are given in Table 2.

TABLE 2.

Petrographlc Analyses of Some South
African Coals.

Microlithotype Analysis (%) Maceral Analysis(%)

Colliery vt Cl1 V.I. 1.8, Pu C.S. Vm Ex 1I1m V.M.
A(Transvaal) 27.5 6.0 23.0 38.5 0.5 4.5 55.8 14.4 25,0 4.8
c n ) ©  19.5 7.5 31.4 39.6 0.3 1.7-47.9 12.0 35.2 4.9
D (Natal) © 26.9 4.0 33.3-30.2 1.3 4.3.51.9 9.3 33.1 5.7
E (" ) 20.9 2.7 30.7 38.7 2.2 5.8 51.0 10.4 31.2 7.4
F (" ) 16,27 2.7 30.9 42.1 2.7 5.4 42,3 14,0 37.7 6.0
B (" ) 7.8 = 53,3 36,0 0.2 2.7.45.0 12.4 2.0

39.8

Exinite is rarely found to be associated with the vitrinite.
Only relatively small quantities of clarite are therefore present
in the coal. 'Normally the clarite content varies between 2 and 7
per cent in the coking coals and any value-higher than 7 per cent
can be regarded as exceptional. The small amount of exinite
present in the coal (usually less than 20 per cent) is found asso-~
ciated with mixtures of vitrinite and inertinite. This gives rise
to large amounts of claro-durite and duro-clarite, generally
described as intermediate or transition material.

' Vitrinite in its free form i.e. in bands, is falrly

common but the bands are rather thin and the vitrite content sel-

dom exceeds more than 25 to 27 per cent in a microlithotype analysis. ,
The normal amount is of the order of 20 per cent. At least half of !
the total amount of wvitrinite occurs admixed with other macerals.

- Another very common entity is the microlithotype vitriner-
tite which consists of an intimate mixture of inertinite (mainly
semi-fusinite) and vitrinite. This microlithotype is usually very
consistent in composition and contains few or practically no other
macerals, It occurs in very large quantities in some South African
coals, notably the non-coking coals, as much as 60 per cent having
been recorded in certain instances. PFor practical purposes this
microlithotype is recorded separately whereas durite, which occurs
only in small quantities (seldom more than 8 per cent), is grouped
and determined together with the intermediate material. 4

Fusite occurs sparsely and is generally highly mlnerallsed
The friable variety is rare.

Since virtually all the coals intended for hlgh temper- J
ature carbonisation are mechanically cleaned the amount of carbon-
aceous shale is relatively low in them. Minute nodules of clay

which cannot be separated from the coal by normal mechanical clean- ’
ing processes are assocliated with practically every mlcrollthotype, .
even in comparatively low specific gravity fractions. These mi- -

croscopical nodules of clay give rise to the typical high ash con-
tent of the South African coals. ’

B .../ ' f¢
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3. THE CCIiROSITIOQON OF SPECIFIC GRAVITY FRACTIONS.

A study of the specific gravity distribution of the mi-
crolithotypes in -22 mesh coal grains of a weakly coking coal and of
two coking coals revealed a remaerkable similarity in the behaviour
of the nicrolithotypes. As can be expected, the largest concentration

of vitrite was found in the float materiel at 1.30 s.g. Values

ransing Iron 50 to 60 psr cent were obtained for the coking coals and
jus® ovaer 20 ver ceni for the weakly coking coal. The vitrite
concentration in both types decreased rapidly with increasing

spacific gravity so that the 1.35-1.40 s.g. fraction contained cnly

6 - 7 par cent vitrite. It then falls very gradually reacking a value
of about 2 per cent in the 1.70 s.3. sink materiai.

A similar distribution pattern was observed for clarite in
the weakly coking coal. Here the maximum concentration of clarite
was found in the 1.30 s.g. float material viz. 24.3 per cent. It
fell to 3 per cent in the 1,30-1.35 s.g. fraction and no clarite was
found in the higher specific gravity fractions. The 1l.30 s.g. float
material froam the two coking coals contained no more than 6 - 7 per
cent clarite. The concentration decreased fairly steadily with
increasing specific gravity reaching 2 value of zbout 1 per cent in
the 1.70 s.g. sink material, ' .

The behaviour of the intermediate material was similar to
thet of the vitrite. The maximum concentration in the 1.30 s.g. float
was appreziably higher for the weakly coking . coal than for the two
coking coals. o . . ’

’ The conceniration of the vitrinertite in the 1.30 s.g.
float material amounted to about 20 per cent for the coking coals
and less tkan 10 per cent for the weakly coking coal. It then in-
creased rapidly for all three coals, attained a maximum of between
70 and 80 per cent in the specific gravity range 1l.40-1.55 and de~
creased rapidly to 10 per cent in the 1.70 's.g. sink fraction.

. . The -concentration of the fusite remained practically con-
stant for all these coals through the specific gravity range and
seldom exceeded 5 per cent. '

- No carbonaceous shale. was present in any of the three 1,30’
specific gravity floats, It appeared in concentrations of 1 to 2
per cent in the 1.30 - 1,35 specific gravity fractions and there-
after the concentration steadily increased with increasing specific
gravity until it finally reached a maximum 6f between 80 and 90 per
cent in the 1,70 specific gravity sink material. . :

From the study of the specific gravity distribution of the
microlithotypes in the coals it appears: %l) That the microlitho-
types are very intimetely mixed. Thus .with very few exceptioas,
practically every microlithotype was represented in the whole range
of specific gravity fractions.(2) That the specific gravities of the
microlithotypes are dppreciably higher than those of European coals
of the same rank. The values, statistically determined, varied
within the following limita: ’ . ) . :

Vitrite 1.31-1.33

" Clarite ' 1.30-1.32
Vitrinertite 1.47-1.49
In;:{mediate materhl.38_1'4o
Fusite 1.44=1.54

Carbonaceous shale 1.63-1.65 : »
Tne possibility of contamination of the microlithotypes by quantities
of . clay, so minute that they could not always be observed under normal
magnification of 200 to 250, may have influenced these specific
gravities although very little clay was detected under normal
o : magnification ;../
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magnification in the samples of specific gravity fraction up to 1.50.
It is significant, however, that only slight variations in specific
gravity occurred for each microlithotype for all three of the coals.

The exception being the nighly mineralised fusite in the weakly coking
coal which gave an appreciably higher value than that obtained for the

fusite in the two coking coals. The coals originated from areas very
widely apart ané it is doubtful whether such cornstant results could
have besn obtained if the inclusion of minute quantities of clay had
had any profound influence on the specific gravity.

C. THE EVALUATION 02 COKING COALS.

A prediciion of the potential value of South African coking
coals, more specially tkhat of weakly coking coals, 1s frequently ren-
dered ratper difficult by their peculiar tehaviour.

Thus the widely used B.S.swelling test does not provide an
entirely reliable criterion. TFrom past experience with South African
coking coals 1t appeared that coal having 2 swelling number of less

than 2 was of very -doubtful value as a coking cozl although some of the

coals having suck a low swelling number can be used in the blernds
mentioned above., It was usually accepted that these weakly ccking

coals should have a swelliag number of 2 to 4, A higher swelling num-

ber provides no guarantee that the coal will yield satisfactory coke.
The fallibility of this test became apparent when specific
gravity fractions from 1.30 to 1.60 at 0.05 intervals of a reasonably
good Natal coking coal were tested in a dilatometer. The dilatation
of the coal vecame progressively poorer with increasing separation

specific gravity until the float coal finally gave only a contraction;

yet the swelling number varied from 64 in the case of the lowest

specific gravity fraction, to 4% in the case -of the highest s.g.fraction.
An evaluation on the basis of petrographic composition, pro-

vided the coal falls within the coking group for South African coals,

also offers considerable difficulties.: It has been found that the ratio

of active to inert constituents obtained from the maceral analysis

may give some indication of .the coal's coking propensity. If the ratio

of the sum of the vitrinite and exinite to. that of the inertinite and
the visible minerals exceeds l.4:1, the coal may exhibit reasonable
coking properties.  Coals having ratios of actives to inerts of more
than 2:1 can be expected to give a reasonably good coke when carbon-
ised. ' . : : .

Extens%ye testing of goking coals using the diligometers
of Audibert-Arnu®’and Hoffmann? , a8 well as the Gieseler plas-
tometer indicate that a reasonable contraction, dilatation and degree
of fluidity could be expected from most of the Natal coking coals,
Normally coal D (Table 1) gives 22 to 25 per cent contraction, 30 to
40 per cent dilatation and a maximum fluidity of about 3000 div/min.
when tested by itself. The behaviour of the Transvaal weakly coking
coals is at times difficult to predict from such tests, especially
when they are to be blended with Natal coking coals. Under test con
ditions the Transvaal weakly coking coals exhibit remarkably similar
properties. They all give a contracticn but no dilatation. In the
plastometer their degree of fluidity is very low. A blend of 30
per cent of coal D from Natal with 70 per cent of coal A from Trans-
vazl gave a contraction in the dilatometer of 32 per cent and a
dilatation of -28 per cent. The degree of fluidity was low with a
maximum of 14 div./min. If 5 per cent anthracite is added to coal E
from Natal the maximum fluidity drops from 900 to 700 div/min., if
5 per cent of coal A from Transvaal is added to coal E, the fluidity
decreases by 600 units. On the other hand, dilatometer tests indi-
c%ted that this mixture gave a better dilatation than the mixture
of coal E and’5 per cent anthracite. Summing .../
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Summing up, it may be concluded that as yet no simple test
brocedure is available giving conclusive evidence of the value of
weakly coking coals, especially when these coals are to be blended with
coking coals. Consequently, the only way of determining the value of.
the coals as .blend constituents has been to carry out coking experi-
ments, either in experimental coke.ovens or under normal full scale
operating conditions.

1t is envisaged that with the recently constructed 15 inch
and 19 inch wide, gas heated experimental coke ovens at the Fuel
Research Institute, ezperlmental'work will not only be facilitated
but that a much wider range of possible blends and operatlng con—
ditions may be investigated.

D, STUDIES.ON METALLURGICAL COKE

Due to the characteristics of the available coking coals in
South Africa the metallurgical industries have to use coke that '

.would probably be reéardea as being of low quality or unacceptable

for these purposes in Europe or the United States.

The deficiencies are mainly the high ash content, low
abrasion index, and to a lesser extent, low shatter index.

For economic reasons the ash in the washed: coal cannot be

~reduced to less ‘than: about 10 to 13 per cent, thus giving a coke with

an asn content of 15 to 17 per cent.

Various vi s have been -expressed’ about .the probable causes
of fissuring in coke?’/, and it is generally conceded that fissuring
is caused by excessive shrinkage. The opinion has also been exX—
pressed that a homogeneous ccal, in contrast to a blend, yields a
coke with less fissures. This may be true for low or medium volatile
coking coals, but experiments conducted with a homogenecus but high
volatile (40 per cent D.A.F.) ¢oal from the Transvaal yielded a
coke with an abnormally high amount of fissures. It appears that
the excessive release of .volatile matter is. the main cause of the
high shrinkage and may overshadow the effect of other factors such
as the difference in temperature between the oven wall.and cehtre of
the cven and the dlfferent rates of shrlnkage of the components of

a blend. . .

The poor. abrasion index is malnly due to the fact that the’
ﬂeaxly and/or non coking particles: (consisting mainly of inertinite)
in. the coal are not sufficiently bonded by the cell-wall material

‘in the coke or the bond may be 'so thin that its stréngth becomes less

than that of the partlcleSO/ In. cokes having an exceptlonally low
abrasion index many inert particles were found to be only .partly

-ponded. This possibility may be illustrated by reference to a

relatively low volatile (25 per cent D.A.F. ) coklng cdal  from Natal

‘which was found to contain a very. ‘low ratio of active to inert con-

stltuents, dlCTOSCOplCal examination of. the coke produced from this
coal gave evidence of very weak bonds between unfused partlcles and

‘the cell-wall material surrounding them.

. A study of the unfused and/or weakly fused ;coal partlcles

'in 50 samples of coke intermittently manufactured in an industrial

coke oven over a period of approximately six months led to the con-.

clusion that the particles of over 3 mm diameter were chiefly re-

sponsible for the low abrasion index. A 62 per cent corréelation
between the occurrence of such particles and the B.S.Cochrane Index
was obtained. The correlation between the total amount of unfused
particles of over 1 mm diameter and the B.S. Cochrane Index amounted
to 55 per cent. No correlation-was found for the 3 X 2 mm and 2 x 1
mm particles. The. particles of less than 1 mm diameter have probably
a beneficial influence on the coke strength. The general view-point
that "o g?e lends strength to the body" has been supported by other

authors . ) : Some 4
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E. SOME RECENT DEVELOFLENTS IN CONNECTION WITH COKE
RESEARCH IN SOUTH AFRICA.

In view of the fact that the strength of the coke depends
largely on the nature and composition of the coal carbonised and as
the choice of raw material is limited, attention is being given to the
improvement of the coke by other possible means. The greatest success
thus far has been achieved by preheating the coal prior to carbonisa-
tion. Preliminary experimental work in this direction yielded re-
sults '? many respects in-agreement with those reported by Perch and
Russel The coal charge was dried by means of superheated steam to
120-180°C, the operation taking from 3 to 5 hours.

. Carbonisation was carried out in an electrically heated
experimental oven with a capac1ty of 540 1lb,..2t a bulk density of
50 1b/ft2.

Two series of tests were carried out. Bach series con-
sisted of three tests viz.: (1) a blend charged with a normal moisture
content of ca. 7 per cent, (2) the sane blend dried at 120°C and (3)
the blend dried and preheated to 180°¢C.

The coal used -for the first test series consisted of a mix-
ture of Natal coking coal and three Transvaal weakly coking coals in
certain proportions. This mixture is known to give, according to
South African standards a reasonably good coke when carbonised under
currently accepted conditions. In .the second test series the mixture
carbonised consisted of a weakly coking coal and a coking coal in a
‘rroportion yleldlnv a very poor product under normal carbonisation
conditions. :
The bulk densities of the moist coal were 47.3 and 42.7
lb/ft3 for series 1 and 2, respectively. Thoze of the preheated coals
were 54,9 and 49.5 1b/ft’, respectively (see Table 3).

. The physical testlng of the coke revealed a considerable
improvement in'the B.3. .abrasion index of 'the coké manufacturedfrom
'the dried and preheated coal of ‘both test series, -The B.S. ‘shatter

indices (on the smaller screens had also been improved but not as
extensively as the abra31on 1ndex. The relatlve figures are shown in
Table 3. : ‘ .

TABLE 3.“
B.S. Shatter and Abrasion Results Pertainlng to
Cokes from MOLSt Dried and Preheated Coal.

i Serles 1. Series 2.
Description of Tesﬁ -~ " Dried . Preheat- - . Dried ZIreheat-
o ‘Woist - at . ed at Loist = at. ed at
= : 120°% 180°c : 1209C 170°C
Bulk density of coal ) T : ‘
- (dry basis) ) . . 47;5 . - 94 9 4-2.7 - 4’9.5
B.S.3hatter Index: o . : R
+01 - 67 - 64 63 66 70 . 6l
+15" ‘ 83 82 82 83 85 80
Co+l" 93 94 94 91 94 - 93
B.S.Abrasion Index - 66 79 79 63 73 73

Bulk density of _coke ) 26,1 28,5 29.0 27.3 29.3 28.6
(1o/ft3 air dry» . ' ‘

licrcscopical .../

/




e

- 163 -

Mlcroscopical examination of the various coke samples re-
vealed that the unfused particles-in the coke derived from the dried
and preheated coals were, in contrast with those samples derived from
the moist coal, generally better bonded and in most ¢ases completely
surrounded by cell-wall material. This was, presumably, due to the
higher bulk den31ty and reduced permeability to escaping volatiles
which result in better contact between all particles.

The possibilities of applying a system of selective crush-~

" ing and screen1n§ of the coking coals is also being investigated.

Preliminary wor has led to the conclusion that South African
coking coals, especially the weakly coking coals, are not very amen-
able to beneficiation by selective crushing and screening and that
any benefit accruing from such a process would probably be reflected
to only a slight degree in the quality of the coke.

Large scale experimental work to establish the effect of
selective crushing, carried out on a weakly coking coal from Trans-
vaal and a Natal coking coal has ‘thus far not yielded very encourag-
ing results. ' A comparison between the physical characteristics of the
coke derived from a mixture of selectively crushed and screened coals
"and a coke derived from the same mixture but normally prepared prior
to carbonisation indicates that no substantial 1mprovement in quallty
occurred. These results are recorded in Table 4.

TABLE 4.

B S Shatter and Abra51on Results Pertaining to Cokes
Manufactured from Coal Crushed and Screened in Stages.

Test 1. Test 2. Test 3.
T0% of A+30% As for Test 1 As for Test 1

Pescription 9f Tgsﬁ' of ‘D normal- ‘but A crushed but A crushed

_ . - crushing to -14mm to =3mm -

Bulk density of coal g PPN

B.S.Shatter Index:- ‘ o o

. +21 - 66 . 60 62
+15M ’ 82 o 78 79
+1" . 90 : -89 90
+3" 92.9 92.0 93.0

B.S.Abrasion Index 61 . : 60 61

Bulk density of coke ) 28.6 - 28.8

28.3%
(1v/£t3, air dry) ) -

It can be noted from this table that the bulk density of
the coal prepared in the normal way was higher than that of the
selectively crushed and screened coal. It is also significant that
the physical characteristics of the coke prepared from the dried
and preheated coals are substantially better than those prepared

from the selectively crushed and screened coals.

It would appear that the bulk den31ty of the coal charge
is of prime importance in the manufacture of coke, at least from the
types of coking coals available in South Africa. Whatever the
mechanism may be whereby improved coke results when the charge bulk
density is increased, it appears that the advantage achieved in this
manner may outweigh those of other refinements available in the
preparation of coking charges. S
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SELECTIVE PREPARATION OF COALS FOR CCKING*
by

J. Bandopadhayay, N. N. Das Gupta and A. Lahiri
Central Fuel Research Imstitute
P. 0. Jeslgora
Dhanbad, India

ABSTRACT

The selective preparation of coal for coking has’ been Intensively
studied during the past decade or so in various countries*¥*; however,
investigations on selective preparation were initiated more than 30 years
ago¥**, VWork on the Sovaco-Burstlein process*¢* brought renewed interest
throughout the world. Selective preparation is based.on differential
friability of the cosal macerals with separation of enriched fractions of
each by screening ‘and recombining these in proportions that are optimum
for the coals and coking process. Consequently, different coals present
special problems in selective preparation. 'In this paper the results
of work on Indian coals are presented. It would appear that selective
preparation should prove beneficial to many of the coals of India.

* Manuscript not received in time for preprinting.’
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