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MECHANICAL AND RELATED PROPERTIES OF SOME EASTERN COALS

A. A. Terchick, R. W. Shoenberger,
‘B. Perlic, and L. F. DeRusha

U. S. Steel Corporation
Applied Research Laboratory
Monroeville, Pa.

In the mining, preparation, handling, and utilization of, coal, the .
mechanical characteristics of the coal influence both its breakage and the operation
of the equipment used. Numerous methods have been %eveloped to measure the hardness,
strength, and grindability properties of coal.ls2, . One of these methods, the
Hardgrove grindability test, has been widely used to determine the relative ease
of grinding coals. This grindabiliE* index measures the hardness, strength, and
fracture characteristics of coel.ls Further evidence %Sat this empirical 1ndex
measures a physical coal property was proposed by Brown. Consequently, the
Applied Research ILaboratory of U. S. Steel determined the Hardgrove grindability
indexes of channel samples from mines in the Pittsburgh seam in the Pocahontas
seam, and 1n eastern Kentucky seams (High Splint seam, Winifrede seam, and C seam).
These data were obtained to provide information for the selection of face equipment
in mining and of facilities for the greparation of coal. In addition, the relative
abrasiveness, microtumbler strengthf and Brabender hardness (power required in
grinding) of each coal were determined, because these characteristics should also
have an important bearing on the selection of equipment.

This paper presents the data obtained from the four types of tests; the
results of each test are related to the chemical and petrographic properties of
the coals and also compared with one another. In addition, the paper presents a
brief discussion of the application of mechanical properties to the coal industry.

Thé sources of the coal samples used in this investigation are listed
in Table I. All samples were full-length channel samples. The Mine No. A, B, C,
and D samples from the Pittsburgh seam represent four channel samples that were

" blended without crushing. The other channel samples were treated as single samples.

The samples, which weighed about 200 pounds each, were processed by the method

_ shown schematically in Figure 1. All samples were air-dried to about 1 percent

moisture content. The proximate and sulfur analyses, listed in Table II, were
determined by AST™ procedures. The petrographic analyses, 3bble III, were conducted
according to the standard method developed by U. S. Steel.6 )

The Hardgrove grindability test was conducted according to ASTM standard
D409-51. The Hardgrove apparatus has eight l-inch balls that roll.on a stationary
ring and are driven by a rotating ring above. The index represents the weight
of material passing 200-mesh sieve after 60 revolutions in the machine. The repro-
ducibility of the index obteained on a sample should check within 2 percent.

The Brabender hardness test was con%ugsed in the Brabender Plastogzraph
adapted for operation as the hardness tester. '’ This instrument has a cone mill
and an electrodynameter to rotate the grinding element. A 200-gram sample of minus
4 mesh or 16- by 30-mesh coal was fed into the crusher. The power required by the
crusher in grinding the coal was. recorded in respect to time by the electrodynameter

* See references. ' :
** Also known as microstrength index.
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in the form of a diagram. The area drawn in this diagram is used as the hardness
injex, which is expressed in kilogrammeters. The standard deviation for the entire
range was found to be + 6.5 index points.

The microtumbler test (resistance to degradation by abrasion and impact)
was conducted in an apparatus consistlgg of 2 stainless steel tubes, 1 inch in
internal diameter and 12 inches long The two tubes are mounted on a frame that
can be rotated at a constant speed. Duplicate 2-gram samples of llh- by 28-mesh coal
were placed in the tubes with twelve 5/16-inch diameter steel balls and tumbled for
800 revolutions. The breakage was then determined by a sieve analysis and the
amount of plus 100-mesh material was recorded as the microtumbler strength. In
this test using coal, the standard deviation was + 1.3 index points.

The abrasion test was conducted on an apparatus consisting of a mortar
that holds the charge of coal, a shaft 3n arm assembly to hold the wearing blades,
and a drill press to provide rotation. The test consists of rotating the four
removable blades at 1500 rpm for 12,000 revolutions in a 4-kilogram sample of minus
4-mesh air-dried coal. After each test the wearing blades are thoroughly cleaned
and weighed. The weight loss sustained by the blades in milligrams is used as the
index of abrasion. The standard deviation was + 1.7 index points over the range
tested.

Mechanical Tests

The results obtained from each of the four tests used to measure the
mechanical properties of the coal are presented in Table IV and compared with one
another in the following discussion.

In the Hardgrove grindability test the Pittsburgh-seam coals showed
indexes from 59 to 63, the eastern Kentucky coals from 41 to 51, and the Pocahontas-
seam coals from 90 to 105. Note that the lower the index, the more difficult i1t is
to grind tae coal., These data are in good agreement with those reported by the
Bureau of Mines. )

The Brabender hardness test gives a measure of the power requirement in
grinding the coals; thus, the index represents the work done in grinding the sample.
The higher the number the more power is required to grind the sample. As expected,
an inverse relationship exists between the Brabender hardness index and the Hardgrove
grindability index (Figure 2, Table IV). The correlation with the values obtained
from the minus 4-mesh coal was much better than with those from the 16~ by 30-mesh
coal, even though the Hardgrove grindability test requires 16- by 30-mesh coal.

This test showed the differences amongz the coals from three different locations,

as well as considerable variability within each location (Figure 2). This variability
may be significant since the extreme values ranged more than would be expected by

the standard deviation.

Since the microtumbler strengths of coal indicate the resistance to degrada-
tion by abrasion and impact, the natures of this test and the Hardgrove test are very
similar. This simllarity is clearly shown in the excellent correlation obtained
between the results of these two tests (Figure 3). Hence, this test can be used to
czlculate the Hardgrove grindability index, or vice versa.

The results Sb)the abrasion test are also presented in Table IV. Comparison
wita the previous work is limited since that. investigation included only one coal,
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a Pittsburgh-seam coal, in common with the present study. However, the indexes for
coking coals were similar. The relationship between the index oi abrasion and
srindability is shown in Figure 4. From this relationship, these tests must be
measuring different properties of the sample. The comparison of these resalts will
be Jiscussed further hereafter.

factors Affecting the Hardness,
Abrasion, and Grindability of Coal

Because ot the similarity oi the Hardgrove grindability, Brabender hardness,
and microtumbler-strength tests, only the results relating the grindabllity index
with the chemical and petrographic analyses of the coals are presented. The relation-
ships of the index of abrasion and the chemical and petrographlic analyses are discussed
separately.

Hardgrove Grindability

Fizure 5 shows the relationship of coal rank (expressidl+ y volatile-matter
content) to the grindability index. Confirming published data,™’ the index increased
as the volatile-matter content decreased. The trend is then reversed with coals having
volatile-matter contents of less than 23 percent. Since tgi average reflectance of
the vitrinoids correlate with the volatile-matter content, a similar relationship
was obtained in Figure 6 between the average reflectance and the grindability index.
This relationship of r%nk ﬁ?d grindability index may be assoclated with the porosity
and elastic properties 3,1 of the various rank coals.

12,13)

The effect of ash content on grindability is shown in Figure 7. The low-
volatile coals tended to become more difficult to grind when the ash content increased.
However, ash content had no apparent effect on the grindability oif" the high-volatile
coals. The low-volatile coals are much softer or more friable than the high-volatile
coals and relatively easy to grind; therefore, an increase in hard ash material would
make the low-volatile coals harder to grind. 1In contrast, a higher percentage of
ash in the high=volatile coals would have little influence on the grindability, since
the coal substance is apparently harder than the ash. Other investigators reported
that additions of ash to coals having indexes from 60 to 110 tended to increase or
decrease the index to 75.15? However, ash content per se does not exert a primary
effect on the resistance to grinding, because the type of mineral matter is the main
determining factor.

. The effect of petrographic constituents on the hardness or strength of
N R - ; 58 or Streng:

coal has been known for some time.™’ In a more recent investigation darréﬁon
liscussed the effects of petrographic composition in the breakage of coal.t
At the ARL,17 the total tough coal was related with the microtumbler strength,
woich has been shown to correlate well with the grindability index. Therefore,
the summation of the micrinoids, resinoids, and exinoids (previously termed total
tough coal) was correlated with the Hardgrove grindability indexes. The relationship
is shown in Figure o. A good correlation was obtained vith the high-volatile coals
from tie Pittsburgh seam and eestern Kentucky, where the grindability index decreased
as the amount of mierinoids, exlnoids, and resinoids increased. In the low-volatile
cozl samples from the Pocahontas seam, the grindability index increased as these
macarals increased. An examination of the data of these low-volatile coals (Tables
IZ and III) indicates that those samples with the least amount of micrinoids,
sxirciis, 2nd resinoids are associated with the highest rank (Figure 5) and highest
as: coatents (Figure 7) of these low-volatile coals; whereas those with the greatest
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amount Of micrinoids, exinoids, and resinoids are associated with the lowest rank
(Figure 5) and lowest ash contents (Figure 7). Therefore, the correlation citsined
for the high-rank coals is doubtful, particularly when the small range (approximately
8 to 14 percent) of the amounts of these entities are considered.

Index of Abrasion

The test results indicated that the rank or the petrographic composition
of.the coal did not show significant relationships with the index of abrasion, the
ash or foreign material in the coal being mainly responsible for the abrasion. The
relationship of ash content and index of abrasion is shown in Figure 9. Other !
investigators have reported similar conclusions.l;10 However, the difference at the
same ash content level for coal of similar characteristics are significant, as
indicated by the standard deviation of the test. Additional studies are required
to determine the causes for this variation.

Referring to Figure 4, the relationship of these two indexes can most q
likely be associated with rank for the grindabllity index and ash content or mineral
matter for the index of abrasion. For example, the eastern Kentucky samples possessed
the lowest grindability index with the highest volatile matter and tough coal, while
the index of abrasion of these samples was low because of thelr very low ash contents.

Application of Mechanical Properties

At the ARL the power required by a mining machine to rip coal was
qualitetively related to Eg&rographic properties of the Pittsburgh-seam coal and
microtumbler strength.l7’ Because of the excellent correlation between the {
grindablility index and the microtumbler strength, the Hardgrove grindability index J
should also show the power required for mining coal with a continuous miner. Since i
the petrographic analyses showed only a good relationship with the grindability index ‘
of high-volatile A coals, additional studies would be required on higher rank coals
t0 determine the influence that their petrographic composition has on the strength !
of coal or the power requirements for mining this type of coal.

It is interesting to note that the British have been studying the
rheological behavior of coal to provide basic data in the design of coal-winning |
machinery. ?ome fundamental studies have related coal Blgwing force,l9 dust :
formation, and the penetration resistance to a wedge 1) to the strength properties |
of the coal. Evans came to the conclusion that friable coal fails in shear and hard |
coal falls in tension. His results indicate that blades should be kept very sharp \ {
* to efficiently plow hard coal, sharp blades not being so necessary for friable coals-22/ i
In another study, the friction Bg&ween coal and metal surfaces was found to be f
influenced by the rank of coal. The relationship to rank was similar to that .
obtained with heat of wetting, Knoop hardness, compressive strength, tensile strength
in bending and impact strength. Brown and Hiorns have summarized this British work.2

This investigation as well as others2h) indicate that the basic information
on the strength properties should be useful in the design, selection, and operation
of equipment used in the mining, preparation, handling, and utilization of coal. .
Of particular interest in $he last-named field has been the study of the breakage |
or comminution of coal.2’5
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Summary

The test results showed that the Hardgrove grindability indexes ¢l ths
low-volatile coals {rom the Pocahontas seam were from 90 to 105, those <f the -
volatile coals from the Pittsburgh seam from 59 to 63, and those oi the cuals <
eastern Kentucky from 41 to 51. The Brabender hardness indexes and the microtumtlier
strengths of these coals correlated with the grindability indexes. However, the
Brabender hardness index did show considerable variability between samples from the
same seam or location. The index of abrasion appeared to measure diiferent properties
of the samples and did not show a significant relationship with the other indexes.

The rank of the coal influenced the grindability index as shown in the
published data. The index increased as rank decreased; but the trend was reversed
with coals having volatile-matter contents {dry ash-free basis) of less then 23
percent. The ash content appeared to decrease the index of the low-volatile coals
but did not have an effect on the index of high-volatile coals. In contrast, the
amount of micrinoids, exinoids, and resinoids correlated well with the grindability
index of these high-volatile coals, but their influence on the index of low-volatile
coal is doubtful.

In the index of abrasion, the coal substance apparently contributed little
to the abrasion, the ash or foreign material in the coal being malnly responsible
for the abrasion.

Previous work at the ARL had shown qualitatively that the petrographic
composition and microtumbler strength could be related to the power required by
a continuous miner. In this investigation the grindability index has been correlated
with both microtumbler strength and petrographic composition, so that this index
could also be used. Additional study would be necessary for relating the indexes
of high-rank coals to actual practice in the mine.

These results and those of other investigators have indicated that basic
information on the mechanical properties of coal should be useful in the design,
selection, and operation of equlpment in the mining, preparation, handling, and
utilization of coal.
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Table II

Proximate Analysis of Mine Channel Samples
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Tough Coal

Table III

Vitrinoid Type

Petrographic Analysis* of Mine Channel Samples
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semifusinoida, reactive

SFI = semifusinoids, inert

mineral matter

F = fusinoids

SFR
MM

* M = micrinoids
E = exinoids
R = resinoids
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Figure 2.
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Figure. 1. Sampling Procedure
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Figure 3. Relationship of Microtumbler Strength and Hardgrove Grindability Index
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Figure 5. Relationship Between Hardgrove Grindability and Coal Rank
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Figure 6. Relationship Between Hardgrove Grindability Index and Rank
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