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COAL FRIABILITY TESTS

PREFACE AND REVIEW
. R. E. Gilmore*

This report comprises the results of friability tests on coal conducted
at the Fuel Research Laboratories of the Department of Mines at Ottawa
during 1932, 1933, and 1934, The tests had the dual objective of devel-
oping a method for testing the comparative handling properties of ton-lot
samples of coal incident to “an investigation of the chemical and physical
characteristics of different sizes of coal from Canadian collieries”’, and
also of comparing different laboratory friability methods in connexion
with the program of the ‘“Coal Friability’”’ Sub-committee of the American
Society for Testing Materials (A.S.T.M.). The function of this sub-
committee is to advance a method or methods for the determination of
the friability of coal which may be adopted, first tentatively, and which,
according to the rules of the Society, may eventually be accepted as a
“standard method” of test.

It is realized that the most practical and comprehensive method of
ascertaining the comparative handling properties of coal in respect to
friability is to examine by screening or other suitable method, shipments
at different stages during mining, preparation, and transportation from the
mine seam to its ultimate use by the consumer. In fact, it is by observa-
tions during these stages that the general handling qualities of coals
as mined and marketed are known, However it is realized that, due to
the widely varying friability of coals and to the varying handling
they receive, comparisons are general only, and that the standardizing of
such a large-scale test method is not so simple and practical as it would,
on first thought, appear. Therefore, in the opinion of the members of
the sub-committee and its sponsors, what is required is a laboratory method,
or methods, that may serve as a definite measure of the comparative
friability of coals. Such a laboratory method should be simple and
the apparatus sufficiently inexpensive so that it would find ready use at
collieries, as well as in testing laboratories of the large consumers of coal, and
in government, university, and other coal-testing and research laboratories.

Two methods of laboratory procedure have been considered, namely;
(a) the measuring of the work done to break down a coal from a given
size to a definite lower size, and (b) the performing of a uniform amount
of work on the sample and then measuring the reduction in average size
of the coal lumps or particles. The latter method has to date received
more attention than the former, and the tendency is to endeavour to
apply to coal the main features of the standard A.S.T.M. shatter and
tumbler test methods for testing coke, in which a fixed amount of work is
applied to the sample and the breakage expressed as either a friability or
a size stability index.

*Superintendent of Fuel Research Laboratorics, and Chairman of Sub-committee XI on Cosl Friability
A8 T.M. Committee D-5 on Coul and Coke, 1
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RELATION OF FRIABILITY, GRINDABILITY AND SCREEN SIZE

Friability is an important factor in the selection of coal for various
uses, and is closely associated with grindability and screen size. For use
in ordinary household furnaces and hand-fired steam boiler installations,
it is generally appreciated that sized lump coal having high size stability
is a premium fuel, whereas for use in mechanical stokers, by-product
coke ovens, ete., the coal may vary widely in friability. TFor use as pul-
verized fuel a very friable coal is desired, providing that its rank, grade
and storage properties are satisfactory. As to the relation of friability
and grindability, tests at the Fuel Research Laboratories indicate that
while the grindability indices for different sizes of the same coal may not
vary appreciably, grindability does vary directly with friability for a given
size of different coals. The details of this general relation will not be
discussed further in this report. :

In order to measure the friability of & coal as mined, it would obviously
be necessary either to pack and carefully ship sections of the seam to the
testing laboratory, or to conduct tests on the freshly mined lumps in the
mine or at the pithead, with as little handling of the coal as possible from
the time it was removed from the seam. It is evident that in coal mining
and preparation operations, the tendency is for the weaker lumps to be
broken first, the breakage varying directly with the relative friability of
different coals mined. This breakage of the weaker lumps progresses
every time the coal is handled during trangportation, storage, and marketing,
so that the unbroken coal eventually delivered to the consumer represents
the more stable lumps of the original coal as mined. Furthermore, the
breakage of the larger lumps is lessened by the cushioning of the smaller
lumps and fines during handling. Hence, interpretation of friability tests
on lumps of a given coal should be made with a knowledge of previous
handling, and the screen analysis of a representative sample of the supply
of coal from which the lumps for test are taken should be known and

recorded.
DEFINITION OF TERMS

By “Iriability of coal”, as the term is used in this report, is meant
the readiness of coal to crumble or to break into smaller pieces. Iriability
is a physical characteristic of coal rather than chemical, and implies size
deterioration or degradation due to breakage along fracture lines, or due
to inherent weakness in the coal lump, big and small. Slacking due to
loss of moisture by natural or artificial drying is not to be confused
with friability, although it may be the cause of size degradation, especially
in the case of low-rank lignite coals. The antonym of friability, as applied
to coal, may be said to be “size stability’” and, on the assumption that
friability may be measured by an index or percentage, it may also be
assumed that the complement of a given friability index will be the corres-
ponding size stability index. Since these and other terms are repeatedly
employed in this report, explanation of terms used are in order here.

Weight, and Size Degradation. Per cent weight degradation, Dw, and
per cent size degradation, Ds, are terms introduced by Smith*?, for ex-
pressing the friability of a coal as a single number or index. As deseribed
by him, Dw is a measure of “true” degradation and was used for expressing
the relative degree to which the coal lumps and particles are reduced in
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weight during test, whereas Ds, a measure of apparent degradation, is
employed for expressing the relative extent to which the coal is reduced
in screen gize. A given lump or lumps of coal may suffer breakage with
consequent loss of weight, without being degraded in respect to size,
because of the more or less wide variation in the size of lumps in the indi-
vidual screen sizes selected. Despite the fact that Ds fails to show “true”’
degradation, it is congidered to have practical advantages over Dw in that
it is related to sereen sizing and, therefore, would apply to the commercial
preparation of coal. According to its author, Dw “‘expresses the reduction -
in average weight per piece which the test coal undergoesin being dropped,
as a percentage of its average weight per piece before dropping”’, and
the term “per cent size degradation’ is likewise to be defined as the
reduction in average size of the coal lumps, effected during test, as a
percentage of the average size in the sample tested. The similarity of
other terms to this is elucidated below.

Friability, per cent, is the term introduced by Yancey and Zane" for
expressing “per cent degradation in size”. As defined by these inves-

+matnna

UV R AV ERRATUM
Page 3. For
dine Friability, per cent =(original average size —final averagesize) X 100 original average
READ

Friability, per cent = (original average size —final average size) X 100
L ] original average size. R
originally expressed in millimetres, but the use of inches ana vne arivu-
metical mean of the passing and retaining sereen openings, especially for
round hole screens, were considered satisfactory. Although identical with
“per cent size degradation’” and ‘“‘percentage size index reduction”, the
term ‘‘friability, per cent’” has been adopted in this report for repeated use
in the context and in the tables.

Size Index. This term, introduced by Dummett and Greenfield®s,
has been found serviceable for shatter tests on both single and mixed sizes.
It is derived by means of a planimeter from the screen analysis curve
where the accumulative percentage weight is plotted against the size of
screen openings, and represents ‘“the characteristic grading index’” of the
coal screened. It is baged on the mathematical observation that the area
under the sereen analysis curve is a measure of the size grading, being larger
for coarser and smaller for finer sizes. The method used by these men
and an alternative method for obtaining size indices of coal before and
after test is illustrated in Figure 1. ‘

Size Index Reduction, meaning the reduction of ‘“size index” by
handling, has been employed by Strong, Burrough, and Swartzman of
the Carbonization Section of the Fuel Research Laboratories, and is
especially adaptable for friability tests on mixed sizes. The difference
between the size indices of the coal before and after test is expressed ag
a percentage of the size index of the coal sample before test. The per-
centage size index reduction obtained in this manner represents breakage
during the friability test, as illustrated in Figure 1, and is identical with
“friability, per cent’’ and “per cent size degradation’’.
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weight during test, whereas Ds, a measure of apparent degradation, is
employed for expressing the relative extent to which the coal is reduced
in screen size. A given lump or lumps of coal may suffer breakage with
consequent loss of weight, without being degraded in respect to size,
because of the more or less wide variation in the size of lumps in the indi-
vidual screen sizes selected. Despite the fact that Ds fails to show “true”
degradation, it is considered to have practical advantages over Dwin that
it is related to screen sizing and, therefore, would apply to the commercial
preparation of coal. According to its author, Dw ‘“‘expresses the reduction
in average weight per piece which the test coal undergoesin being dropped,
as a percentage of its average weight per piece before dropping”, and
the term ‘“‘per cent size degradation” is likewise to- be defined as the
reduction in average size of the coal lumps, effected during test, as a
percentage of the average size in the sample tested. The similarity of
other terms to this is elucidated below. :

Friability, per cent, is the term introduced by Yancey and Zane" for
expressing ‘“‘per cent degradation in size”. As defined by these inves-
tigators, \‘ '

Friability, per cent = (original average size—final average size) X 100 original
average size. .
The average size of the coal lumps and particles is calculated from the
average areas of the square hole screen openings—the factor for a given
screen size being the square root of half of the sum of the squares of the
passing and retaining screen openings. The average of the individual
screen sizes and the average size of the coal before and after testing were
originally expressed in millimetres, but the use of inches and the arith-
metical mean of the passing and retaining screen openings, especially for
round hole screens, were considered satisfactory. Although identical with
“per cent size degradation” and ‘“percentage size index reduction”, the
term ‘“friability, per cent’’ has been adopted in this report for repeated use
in the context and in the tables.

Size Index. This term, introduced by Dummett and Greenfield®,
has been found serviceable for shatter tests on both single and mixed sizes.
It is derived by means of a planimeter from the screen analysis curve
where the accumulative percentage weight is plotted against the size of
screen openings, and represents ‘‘the characteristic grading index’ of the
coal screened. It is based on the mathematical observation that the area
under the screen analysis curve is a measure of the size grading, being larger
for coarser and smaller for finer sizes. The method used by these men
and an alternative method for obtaining size indices of coal before and
after test is illustrated in Figure 1. T

Size Index Reduction, meaning the reduction of ‘‘size index” by
handling, has been employed by Strong, Burrough, and Swartzman of
the Carbonization Section of the Fuel Research Laboratories, and is
especially adaptable for friability tests on mixed sizes. The difference
between the size indices of the coal before and after test is expressed as
a percentage of the size index of the coal sample before test. The per-
centage size index reduction obtained in this manner represents breakage
during the friability test, as illustrated in Figure 1, and is-identical with
“friability, per cent” and ‘‘per cent size degradation”.
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“Unbroken”, as employed by Nicollg, in Part I of this report represents
the lumps remaining on the smaller screen used in preparing the sample ag
a percentage of the weight of the sample tested. Although strietly speaking
it is not a measure of the lumps not broken at all during the test, it does
represent the proportion of coal unbroken to the extent that they are
retained on the smaller size sereen used in preparing the sample.

Size Stability Index A (SSI-A). This term is identical with “un-
broken” and is to be defined as the accumulative percentage of the dropped
coal remaining on the smaller size screen used in preparing the sample.
Though employed in this report in connexion with shatter tests, it is
applicable to other drop and tumbler test methods.

Size Stability Index B (SSI-B) is to be defined as the accumulative
percentage of the dropped coal remaining on the sereen lower and next
in the series to the smaller screen used in preparing the sample for test.
The series of screens implied are those tabulated below, the size of the holes
for every second screen of which bears the ratio of the square root of 4.
Hence, the screen size designating size stability index B is half
that of the larger screen used in preparing the sample. This index
is limited to the testing of lump coal having maximum and minimum
gize limits corresponding to successive screen sizes in the series and, like
gize stability index A, it may serve in both drop and tumbler methods for
gsingle sizes only. It is applicable to both round and square hole screens,
providing the successive screens bear a constant ratio to each other.

Mized versus Smgle Sizes. The term “mixed sizes” is used to desig-
nate mixtures or blends of two or more single sizes of coal. TFor example,
13- to 4-inch, £- to 1f-inch, 1}-inch slack, and 2-inch slack, are mlxed sizes,
Whereas 3- to 4-inch, 2- to 3-inch, 13- to 2—mch 1- to 12~1nch, 4. to 1-inch
and %-to 2-inch are, for the purposes of this report designated ag single sizes.

Size Stability Per Cent is the difference between 100 and any one of
the terms, per cent size degradation, friability per cent, or per cent size
index reduction, and is therefore the complement of any one of these three
identical terms. The term * size stability,” though opposite in meaning,
is considered preferable to friability, especially in drop shatter tests where
the breakage taking place is much less than in the tumbler test methods.
To those producers and distributors of coal who like to consider their
product as stable in respect to size and would not like to have it reported
and advertised as friable or liable to size degradation during mining and
transportation, the term size stability per cent would no doubt be preferred
to the term, friability, per cent.

To recap1tulate, it is assumed that any given friability index may have
a complementary size stability index and vice versa. A summary of the
terms defined above and their interrelation may be listed as follows:

Friability indices Size stability indices
(2) Per cent size degradation
Eb) Triability, per cent (d) Size stability per cent the complement of
¢) Per cent size index reduction any one of (pa ), or (e)

(e) S17e stability 1ndex A, an,
(f) Unbroken are identical.
() Size stablflty index B (SSI-B)
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SCREENS OR SIEVES

In the different methods advanced and employed by the various
investigators for testing the friability of coal, both square and round hole
screens have beenused. The shatter and tumbler test methods ® specified
by the American Society for Testing Materials (A.S.T.M.) for testing coke
Specif{ square hole sereens, and it is to be noted that square hole screens
have been favoured generally for such laboratory tests. For this reason
the sereens used in the tests reported in Part I were mostly of the square
hole variety, either made of wire cloth or stamped out of steel plate. The
square hole screens from which selected sizes were used in the comparison
" of different friability methods had the following sized openings (expressed
in inches): 3, 2, 1%, 1, 1-05, %, 0-742, 0-525, 1, 0-371, %, 0-263, 0-01186,
0-0058, and 0-0029, the sizes underlined being the regular Tyler wire

mesh screens, and those not underlined being the stamped steel plate
sereens.

The “Illinois Shatter Test”” method recommended round hole screens
and recently the “Sub-committee on defining coal sizes and coal friability”’
of the Sectional Committee for the Classification of Coal has recommended
them in order to comply with their commercial use in the bituminous
coal industry. For this reason, in the development of a shatter test method
for coal as outlined in Appendix II of this paper, round hole screens were
used for size openings larger than % inch. The screens with openings 4
inches to 7 inch inclusive were made from steel plate 3 feet square
and fitted with a sheet iron frame 6 inches high. For openings % inch
and below, square mesh wire screens were used. A special sereen with
four round holeg having openings of 5, 6,7, and 8 inches respectively was
used for sizes of lump coal larger than 4 inches. The complete series of
screens employed in the supplementary shatter tests was as follows:

Round hole screen openings:
8-inch

Ratio (a) 8 to6 = 1.333
6-inch .
“ () 6 tod = 1-500
4-inch
“ (¢) 4 to3 =1-333
3-inch
“ ) 3 to2 = 1-500
2-inch
“ (e) 2 toll = 1.333
13-inch
“ (f) 1itol =1.500
1-inch
“ (@ 1 to $=1.333
$-inch
“ () 4to % =1-500
1-inch

Square hole screen openings:
3-mesh with 0:263-inch openings (3-inch)
6-mesh  with 0-131-inch openings (}-inch)
48-mesh with 0-0116-inch openings
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The 3-, 6- and 48-mesh screens were used in conjunction with the
round hole screens for screening the dropped coal. These square hole
screens are replaceable by the -, 3- and f4-inch round hole screens for use
in the shatter test method as designated in Appendix II, where, it is to
be noted, the 2-inch screen is added.

TFor the round hole screen sizes % inch and larger, it will be noticed
that the ratio of every second screen, viz., 8, 4, 2, 1 and %, or 6, 3, 1} and £,
is 2, and that the average of any two successive ratios designated (2) to (h)
inclusive, as above, is 1.414, the square root of 2. The choice of this
set of round hole screens for friability tests is significant in that when the
accumulative percentage of the dropped coal retained on either the smaller
screen used in preparing the sample or the screen next lower in the series
is chosen as a size stability index, the screen size so chosen will bear a
congtant relation to the original size of the coal tested. The following
table demonstrates the meaning and application of the two size stability
indices SSI-A and SSI-B, ag defined above.

SSI-A SSI-B

Size of coal tested Accumulative percentage
of dropped coal
retained on

L S 5 3" screen | 2" screen
A R o« 1y«
1 K 2 ittt e e et e e e ee e e 13« 1"«
B 1o« g«
- S g« oo«

Theindex A.is to be considered in view of itsrecommended use in the coke
shatter test as deseribed in Gas Chemists’ Handbook (2nd Edition, 1922),
but for coal the B index has been found to represent more consistent results,
as demonstrated in Part IT of this report.

EXAMPLES OF GALCULATIONS FOR PER CENT
SIZE DEGRADATION AND FRIABILITY PER CENT

The derivation of size indices of a coal before and after test and the
calculation of percentage size index reduction are illustrated in Figure 1.
Employing the same screen analysis data afforded by the (two drop)
shatter test on the 2- to 3-inch lumps of coal No. 4A, the method of cal-
oulating both per cent size degradation (Smith) and friability, per cent
(Yancey) may be shown in tabular form as follows:



Screen analysis Size degradation factors Friability, per cent
(round hole screens) (Smith method) (Yancey & Zane)
. Percent | Average s : Weight
Coal Weight, £ Unit Weight | Average o1z
size, recorded, glfl %(}’Ssl! hgllgtgl‘,a' size S-s " times sizg,g tlijgiege;lxtj-
in. 1b. size in, factor S-s mm. aTage size
Sample
X2 .. 50 1000 250 10(8) Joeveeeir]inrnnennns 44.89 44.89
Coal after dropping
2. 66-0 2-50 10(s) [/ 2 P 44.89 29-63
2 X 1...... 6% 12-5 1-75 7(s) 3 1875 31-43 3-93
1% § } ........ gg 1:25 5(s) 5 20-00 ?2%? (1)30
Teveereas . 5- il
ERO% N } 3%{ 3.0 } 0-75 3(s) 7 22'75{ 11-22 0-34
FX 00000, 3% 7-0 0-25 1(s) 9 31:50 4-49 0:31
Total, after dropping. ... ..vvvvevv.foereniins|onns oo 93:00 [.ovvvunnn. 36-56

100 X sum of weight X (S—s) _ 100 X 93
weight of sample X S T 50X 10

100 X difference between average size before and after test _
Average size of lumps in sample -

= 18-60

Per cent size degradation (Ds) =

Friability, percent =

100(44-89 — 36-56)

4489 = 18:55

An alternative method for calculating per cent size degradation, as
prescribed by Smith, is the multiplying of the weight of the sample and of
each screen size by their respective average screen hole diameter in inches
to obtain the average size of the coal lumps before and after test. The
average sizes in millimetres given above under per cent friability are the
sides of squares inscribed in circles of the arithmetical mean of the diameters
of the respective passing and retaining screens. This, it should be noted, is
the method adopted by Yancey and Zane!! for round hole sereens based on
the assumption that coal breaks into more or less cubical pieces, whereas
the average size for square hole screens as derived by these investigators
is the square root of half of the sum of the squares of the openings of the
passing and retaining screens, expressed in millimetres.

The agreement of the per cent size degradation and the friability,
per cent results as in the foregoing numerical example, with each other
and with the 18-5 percentage size reduction figure for the same coal sample,
asin Figure 1, demonstrates that all three of these expressions for calculating
the results of a friability test as a single percentage are, for practical pur-
poses, identical. The difference between 100 and 18-5, namely, 81-5,
will be the size stability per cent for this particular 2- to 3-inch size of the
coal tested.

COALS SELECTED FOR TEST

No. 1—Pennsylvania anthracite

No. 2—Welsh anthracite

No. 3—Pennsylvania bituminous

No. 4—Nova Scotia bituminous

No. 5—Alberta bituminous

No. 6—British Columbia (Crowsnest area) bituminous
No. 7—British Columbia (Nicola area) bituminous
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Coal No. 1 was chosen as a typical high-rank, hard and tough coal
with a high size stability index and correspondingly low friability value,
and No. 7 ag a lower rank (high volatile) bituminous coal with a distinctly
high friability index. Coals Nos. 2 to 6 inclusive, according to the shatter
test methods, had friability values intermediate between the two extremes.
Although the analyses of the seven coals selected are given, it should be
emphasized that it was the friability methods that were studied rather
than the coals. The order of the coals effected by the different friability
methods is significant, and the merits of the friability methods were judged
by the spread indicated between the indices of the different coals, and par-
ticularly of the least and most friable coals,

PART I—-COMPARISON AND INTERRELATION OF LABORATORY METHODS
FOR DETERMINING THE FRIABILITY OF COAL

This part of the report, by J. H. H. Nicolls, comprises comparative
friability tests on all seven coals. A list of the different friability methods
and their original use, whether for coal or coke, is as follows:

1. Small Jar Tumbler method advanced by the Fuel Research Laboratories at Ottawa,
and adopted in the Seattle Experiment Station of the United States Bureau of
Mines, for coal friability experiments.

. AS]%;Il{l 2( Coke) Drum Tumbler method, s modification of A.S.T.M. Serial Designation

94-29.

. Box Tumbler method advanced by Professor E. Stansfield of the University of Alberta
for coal friabilit?r tegts.

. Drum (Boxz) Tumbler designed and employed at the Fuel Research Laboratories to
correlate the drum and box tumbler methods as per 2 and 3, and to study modifica-
tions of testing procedure.

. Sheffield (Coke) Abrasion Tumbler method as described by Mott and Wheeler® and as
used in the Carbonization Section of the Fuel Research Laboratories for coke
abragion fests. - .

. A.8.T.M. (Coke) Shaiter Test method as per Serial Designation D141-23.

. Illinots Shatter Test method advanced by Professor C. M. Smith of the University of
Illinois for friability tests on coal.

Tollowing is a summary of the details of tests by six of these methods:—

N>

Time tumbled, number

Tactors varied in tests

Method Amount and size of coal | of dro‘gls",3 :ﬁ;lgl;ature of hore deseribed
Small Jar Tumbler....|1000 grm. 1 X 1}-inch|7200 revs., 8 hr., both|Size of lumps, time tum-

A. 8. T. M. (Coke)
Drum Tumbler

Box Tumbler

Sheffield (Coke)
Abrasion Tumbler

S. T. M. (Coke)

A, S T,
Shatter Test

Illinois Shatter Test..

lumps (square hole
gereen size)

22 1b., 2 X 3-inch lumps
(square hole screen
gize)

1000 grm.1 X 1}-inch
lumps (square hole
screen gize)

2cu.ft., 2 X 3-inch lumps
(square hole screen

gize)

50 1b., 2 X 8-inch lumps
(square hole screen
gize)

60 lumps, 25 X 3-inch

conl (round hole screen
gize)

shattering and attri-
tion

50 revs., 2 min., mostly
shattering, some ab-
rasion

Tumbled until 20 per
cent through % inch,
mostly shattering

690 revs. in 83 min. both
shattering and ab-

ragion

Dropped 6 {t., four times,
practically all shat-
tering

Dropped 10 ft. once,

practically all shat-
tering

bled, cushioning,
weight of charge, 2-
vane versus 3-vane
frame, and iron versus
porcelain jar

Time tumbled

Size of lumps, cushion-
ing, and size of holes
in apparatus screen

Time of tumbling and
gize of coal

Size of lumps, number of
drops, effect of cush-
ioning and weight of
sample.

Size of lumps, number of

drops and weight of
gambple
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All Methods Serviceable. Specific conclusions for the several variations
of the different friability methods examined are given in the summary
at the end of Part I. A general conclusion of the comparative tests is
that, since the seven coals are placed approximately in the same order in
respect to friability by selected modifications of the different methods,
any of these methods may be considered satisfactory for determining the
relative friabilities of coals. In addition to the illustration of this con-
clusion in Figure 2, the minimum and maximum friability indice for the
least and most friable coals respectively may be summarized as follows:

Friability, per cent
Method Difference
Minimum Maximum
Small Jar Tumbler........... 27 EConl No. D.vvnnen. 70 (Coal No. 6).......... 43
A.bSl.T.M. (Coke) Drum Tum-| 31 (Coal No. 1)..........| 76 (Coal No. 6).......... 44
er
Box Tumbler............ovvus. 741 revs. gCoul No. 1)....] 38 revs. (Coal No. 6)..... 708 revs.
Box Tumbler (Drum)......... 109 revs. (Coal No. 1)....| 26 revs. (Coal No. 5)..... 83 revs.
Sheffield (Coke) Abrasion..... 11 gCoal No. D)evevnnnne. 02 (Coal No. 6),......... 51
A,8.T.M. (Coke) Shatter Test| 18 (Coal No. 1)......... 57 (Coal No. 7). vuvvnn... 39
Illinois Shatter Test........... 13 (Coal No. 1)......... 38 (Coal No.7)..vvvnn.nn 25

Shatter versus Tumbler Test Methods. In the shatter test methods
the breakage is mainly caused by impact of the lumps dropping a com-
paratively long distance on a hard surface, whereas in the tumbler test
methods both shattering and abrasion (i.e. attrition) by the lumps falling
short distances and against one another take place. That appreciably
more brealage occurs in the tumbler tests than in the shatter test methods
is evident by the higher friability indices shown by the former. It will be
noted that by the two shatter test methods, listed last in the tabulation
immediately above, the friability indices range from 13 to 57 for the least
and most friable coals with the medium friable coals varying from 23 to 30,
whereas by the first two tumbler test methods the range is from 27 to 75
for the least and most friable coals, with a corresponding variation of
40 to 50 for the medium friable coals. This means that nearly double
the amount of breakage takes place in the tumbler tests to that which
tales place in the shatter tests, and for this reason the conclusion may
be drawn that the tumbler tests are more suitable for testing the inherent
weakness of coal lumps after a certain amount of breakage of large lumps
from which they were derived has taken place, than they are for testing
the comparative friability of the different commercial sizes of lump coal
as mined or with the minimum amount of handling. Iurthermore, in the
opinion of the writer, although a tumbler test could no doubt be developed
suitable for such lump coal, the tumbler test methods, especially those
requiring 1000 grammes or so of 1-to 13-inch size for best results, should be
considered as tests that indicate comparative friability of lumps after
a certain amount of handling has taken place and during preliminary
plant-crushing operations rather than friability indicative of general
handling properties of run-of-mine or screened lump coal from the colliery
to the retailer’s yard. Shatter tests, on the other hand, would serve better
to indicate the relative stability or resistance to breakage of different
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single or mixed sizes prior to plant crushing, and a shatter test in which
the breakage approaches that occurring in the commercial handling from
the mine to the consumer should be the aim of the investigators along
this line.

PART II—SUPPLEMENTARY SHATTER TESTS

The supplementary shatter tests reported in Part II were made
according to A.S.T.M. (Coke) Shatter Test method and are supplementary
to those reported in Part I as having been made by this method. For
these extra tests, fresh lots of three coals designated as 1A, 4A, and 7A,
corresponding with coals Nos. 1, 4, and 7, previously used, were em-
ployed, and these represent the least, medium, and most friable of the
serles of seven coals originally selected for friability tests. In addition
to sereening tests on 500-pound lots of the three coals to ascertain the rela-
tion of square and round hole screen sizes, five series of shatter tests were
conducted as follows:—

Tests on 50-pound samples of different single sizes of each coal, with sereen analyses after

the 1st, 2nd, 3rd, and 4th drop, followed by similar tests with screen analyses of the
dropped coal after the 2nd and 4th drops.
Determination of the duplicability of the 2- and 4-drop modifications of the shatter test
method using 50-pound samples of the 2- to 3-inch size of coals 1A and 4A.
Comparison of concrete floor versus iron plate as base of apparatus.

Application of shatter test to mixed sizes of coal using the following sizes of coal 4A,
namely, $-inch slack, 2- to 13-inch lumps, 14-inch slack, 13- to 4-inch lumps, and minus

4-inch coal.

The conclusions of these supplementary shatter tests are summarized
in Part II immediately preceding Tables XXII to XXV inclusive, in
which the detailed results are given. They need not be further sum-
marized here.

TWO METHODS SELECTED FOR SPECIAL CONSIDERATION

As the friability tests reported in Parts I and II progressed, it was
apparent that two methods, namely, the Small Jar Tumbler and the
AB.T.M. (Coke) Shatter Test methods, had sufficient advantages over
the others to warrant their selection for special consideration. This was
on the assumption that at least two methods, requiring different amounts
of sample and size of lumps, could be advanced for tentative consideration
by the A.S.T.M. Sub-committee on Coal Friability. Accordingly, in
Part I special attention was paid to the Small Jar Tumbler method, the
reagon being, first, that it was a method which would allow the use of
the jar mills already available in coal testing laboratories using the pebble
mill method for preparing pulverized coal samples for analyses; and second,
it has already been employed in two state university laboratories, namely,
North Dakota and West Virginia, as well as in the Seattle Experiment
Station of the United States Bureau of Mines, and at the Fuel Research
Laboratories, Ottawa, where it was introduced and found useful for study-
ing comparative friabilities of coals and cokes. Likewise, in Part II,
the A.8.T.M. (Coke) Shatter Test method received special attention for
the purpose of ascertaining what modifications, if any, should be made
to make it suitable as a standard method for determining the friability of
coal. The fact that the shatter test apparatus is available in testing
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laboratories throughout the United States and Canada owing to its being
specified in A.S.T.M. DI141-31—Standard Method of Shatter Test for
oke—is also a reason of prime importance for its special consideration.

It is the purpose and intention of the writer to point out here the
merits of the two methods selected rather than to enumerate the less
attractive features of those not selected. Some factors influencing their
non-selection may be briefly mentioned, however. The A.S.T.M. (Coke)
Drum Tumbler method, even after reducing the number of revolutions
to 50, requiring two minutes only, did not afford results on the 2- to 3-inch
lumps of any additional value to those obtainable on the 1- to 13-inch
coal by the Small Jar Tumbler, and in respect to cost of apparatus and
simplicity of test procedure the Small Jar Tumbler method was considered
preferable. After due consideration, the principle of performing a uniform
amount of work on the sample and then measuring the breakage using
screen analysis data appeared to be preferable to the principle of measuring
the work done to break down coal lumps from a larger to smaller size, in
terms of time required to reduce the lumps to a given size. The latter
is the principle involved in the Box Tumbler and the Drum (Box) Tumbler
methods, and it is for this reason that these methods have not been con-
gidered so satisfactory as the Small Jar Tumbler and the A.S.T.M. (Coke)
Shatter Test methods. The Sheffield (Coke) . Abrasion Tumbler test
method has features that make it attractive as a coal friability method,
nevertheless, despite the finding that it had merits superior to the A.S.T.M.
(Coke) Drum Tumbler because of the wider range of friability, the Small
Jar Tumbler was preferred to it, on account of its requiring a more costly
apparatus and a more elaborate procedure for making a test. The Ilinois
Shatter Test was judged as satisfactory as the A.8.T.M. (Coke) Shatter
Test, but the latter method was considered preferable, mainly owing to
its already being a standard A.S.T.M. method.

APPENDICES I AND Il

In these appendices the two methods selected for further special con-
sideration are presented somewhat in the style adopted in A.S.T.M.
“Standards” and ‘“Tentative Standards’” publications. Appendix I, it
will be noticed, is entitled “Tumbler Test for Coal”, for testing the relative
friability of lump coal, and Appendix IT, “Drop Shatter Test for Coal”’, for
testing the relative size stability of different sizes of coal.

Tumbler Test for Coal. The details of the method as now recom-
mended are much the same as employed in the four government laboratories
veferred to above. There are two important modifications, however, that
need to be specially mentioned, namely, that the tumbling time be one
hour instead of three hours, and that, providing four jars fitted with frames
are available, the tumbling of four 1000-gramme lots of the 1- to 1%-inch
coal sample proceed simultaneously and the required screen analysis be
made on the 4000 grammes of tumbled coal, instead of each individual
lot. The latter modification, which is recommended because the capacity
of a single rack tumbling frame is usually four jars, is, however, optional
for use when the supply of the sample is ample. The use of iron jar
or jars with the same inside dimensions of the porcelain jars is also optional.
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By this method friability indices expressed as friability, per cent will range
from about 20 for low friable coal to 60 or higher for very friable coals,
with indices slightly less than 30 for the medium friable coals reported.

Drop Shatter Test for Coal. The apparatus required for this method
is essentially the same as that described in A.S.T.M. D141-23, namely,
Shatter Test for Coke. However, modifications in design, of both the
box from which the coal is dropped and the superstructure for raising and
lowering the box are recommended. The height of the box may be reduced
from 15 inches to half this height, and the vertical iron standards sup-
porting the box should be attached to the sides of the bottom cast iron
plate. Two drops are recommended instead of four as specified for tests
on coke. A feature of this method is that it is applicable for testing
different sizes of the same coal as well as a given size of different coals.
When a standard size of different coals is to be specified, as in the method
for coke, the 3- to 4-inch round hole screen size of coal is recommended.
The screens adopted are round hole screens selected from those specified
in A.8.T.M. E17-33, in which selected series the ratio of alternate screens
is the square root of 4. The breakage by the two-drop modification of
this method using the 3- to 4—1nch gize is approx1mately the same as in
the one-hour tumbler test using the 1- to 13-inch size. The stability of a
given coal, however, increases as the size of the lumps decrease, and for
the same size, namely, the 1- to 13-inch size, the stability by the Shatter
Test method is appreciably greater than in the Small Jar Tumbler test.
It is for this reason that the expression of the results of the Drop Shatter
test in terms of size stability per cent as specified in Appendix IT is preferred
to the term friability, per cent. The hard (non-friable) coals will show by
this method size stability per cent values of about 90 for the 3- to 4-inch
lumps, and values of 60 or lower for the same size of the very friable coals.
The corresponding size stability per cent for a medium friable coal will be
midway between these two limits, that is, about 75.

Recording and Reporting of Results. Tabular forms for recording the
data and for calculating the results of tests are given in Appendices I and IT
for the tumbler and drop shatter tests respectively. In both methods of
test, the average or mean openings of the retaining and passing screens
used to obtain the different screened products are given in inches. The
(weighted) average size of the coal before and after test is designated as S
for the larger sample size, and s for the smaller sized product after tumb-

ling or dropping. 100 (S—s)
—8),
———S——_‘

In the Tumbler Test—“Friability, per cent’’ = and in the

Drop Shatter Test—*‘Size Stability per cent” = 100 X s.

Numerous tests on the 1- to 13-inch size of different coals by the Small
Jar Tumbler method demonstrated that the accumulative percentage
passing the #-inch screen agreed remarkably well with the calculated
friability, per cent. This is the complement of size stability index B
(SSI-B), the accumulative percentage remaining on the screen with openings
half the size of those in the larger size screen used in preparing the sample.
Degpite the findings that in the drop shatter test the SSI-B did not agree
so closely for the larger sizes of the medium and very friable coals as it

990492
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did for the smaller sizes of these coals and for all sizes of the more stable
coals, it is recommended as optional for reporting the results. Therefore,
for the tumbler test, the accumulative per cent passing the 2-inch screen
to be reported as the “S-inch friabilsty index” is specified as optional and
likewise in the drop shatter test, the reporting of the SSI-B accumulative
percentage simply as the size stability index is optional. These are recom-
mended as alternative terms, in the belief that they would be welcomed
by the so-called practical coal operators in preference to the term friability,
- per cent or its complement size stability per cent, which requires con-
giderable calculation.

The use of these optional terms is restricted to the size specified in
the tumbler test, and to single sizes only in the drop shatter test, and the
series of screens specified in each method must be used, whereas the cal-
culated friability, per cent and its complement size stability per cent are
applicable to both single and mixed sizes, and variation in the screens is
allowable. Hence, in the tumbler and drop shatter test methods as finally
adopted, it will be advisable to specify either the accumulative percentage
on a given screen or the calculated (friability or size stability) per cent
for reporting the results of test. As explained in the footnotes on the
first page of each of the appendices, the drafts of the regpective test methods
are preliminary only and for the details eventually adopted the reader is
referred to the latest editions of “Tentative Standards” or ‘“Book of Stan-
dards” of the American Society for Testing Materials.
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PART I

COMPARISON AND INTERRELATION OF METHODS FOR THE
DETERMINATION OF FRIABILITIES OF COALS

J. H, H. Nicolls

INTRODUCTORY

During the past few years various methods have been proposed for
determining the friability, or readiness to break, or, conversely, the size
stability, or resistance to breakage, of solid fuel. Such a property is of
interest principally to the mine operators and distributors of coal, because
of the amount of small sizes that will be produced from a friable coal during
mining and shipment, necessitating screening in many cases. It is, also,
of some interest to the retailer and consumer when the questions of break-
age during delivery and of .dust produced during the filling of house-bins
are considered.

According to present indications, the classification of coal in North
America is to be based principally upon the results of chemical analyses.
However, such physical properties ag ability to form an agglomerate and
liability to disintegrate during exposure to the weather are very likely to
carry some weight in classification. Since coals of different ranks vary in
friability, either in the total amount of breakage or in the quantities of
certain sizes produced, it is not unlikely that friability may also be a useful
adjunct to the scheme of classification finally adopted.

It was with this idea in view that the series of tests herewith described
wasg carried out. This is composed of two drop tests, in which the breakage
is due almost entirely to shatter or impact, and five tumbling tests in which
breakage is due to abrasion or attrition; in three of the tumbling tests
there is also a certain amount of shatter effect. Three of the tests have
been accepted as standard when used for coke, one of them 2 7 8 8 10%
has been employed for coal to some extent in Canada and the United
States, while the other three have been confined to one or two laboratories.

The purpose of this report is to describe in some detail various tests
carried out in the different forms of apparatus upon certain selected coals,
and a number of modifications of these tests. The information thus
made available may be of service in comparing and correlating friability
values obtained by various methods, as has already been done by Yancey
and Zane! It is hoped that, from this and other available information,
a standard test, or tests, for the determination of friability of North Ameri-
can coal may be selected or developed.

Description of Test Methods

Small Jar Tumbler Test>s Sometimes Called the “Small M4ll Method.”
(Plate IIT). The apparatus consists, primarily, of a cylindrical porcelain
jar such as is often used, when charged with quartz pebbles, for pulverizing

*References cited throughout this section will be found on pago 14
09949—23
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coal samples. The jar is uniformly dimensioned, being some 7% inches deep
and having the same measurement for its internal diameter. A cylindrical
iron frame consisting of two rings, connected by three strips of iron which
project into the jar as vanes or shelves, is fitted into the jar, which is
otherwise empty. This is fixed, as nearly in the centre as is feasible, by
means of wooden wedges. The frame is constructed of 2-inch by 3-inch
material, with the exception of the shelves which are made of iron of $- by
g-inch size. The length of the frame is 63* inches, and its diameter 6F
inches. The vanes or shelves, which are supported by brackets attached
to the inner surfaces of the rings, are § inch from the wall of the jar,
so that they actually project 1% inches into it. Rivets are used in making
the frames, rather than bolts, so as to occupy less space and to keep the
shelves rigidly attached. :

A charge of 1000 grammes (plus or minus 10 grammes) of coal, passed
through a screen with 13-inch square openings and retained upon one with
l-inch openings, is usually placed in the jar for a test. The jar is closed
by a set-in porcelain lid, resting upon a heavy rubber gasket, and sealed
tightly according to the customary procedure with such jars, that is by
means of a bolt working against the lid. The bolt is set in a crossbar, the
ends of which are held by a brass strip which fits around the body of the
jar. TFor tumbling, the jar is laid in a horizontal position in a rack, and
rotated about its cylindrical axis at the rate of 40 revolutions per minute.
The racks usually employed hold from four to twelve jars, and at least four
tests are made at the same time for each fuel.

According to the procedure considered as standard in the series of
tests herewith described, the coal is tumbled for three hours. (It is,
however, believed that it may be advisable to decrease the time to one
hour, or at least to 2 hours.) After tumbling, the coal is thoroughly
screened, either by hand or machine, upon square-mesh sieves having
openings of the following dimensions, in inches: 1:05, 0-742, 0-525,
0-371, 0-0164 (35-mesh), 0-0116 (48-mesh), 0-0058 (100-mesh), and 0-0029
. (200-mesh). It has been found satisfactory to screen the broken coal from
all four tests at once, and to report the average values obtained.

A.S8.T.M. (Coke) Drum Tumbler Test.® (Plate I.) The apparatus has
been developed as standard by the American Society for Testing Materials,
under Designation D294-29, so that it will not be described in detail here.
It consists of a steel drum with an inside diameter of 36 inches and an inter-
nal length of 18 inches. Two iron shelves, each 2 inches deep, extending
across the drum and 180° apart, are riveted to the periphery of the drum
for the purpose of picking up the coal, and then dropping it. For intro-
ducing and removing the coal the drum is provided with a manhole, the
cover for which is made so that its inner surface is flush with that of the
drum. It is mounted on two journals, or trunnions, flanged on to its
ends, so that its shell is entirely hollow except for the two shelves. It is
made to rotate at the rate of 24 revolutions per minute.

Coal passing through a 3-inch square mesh screen and retained on a
2-inch screen was used in this tumbling test. As recommended for the
coke test, 22 pounds (approximately 10,000 grammes) was the standard

*Ag the jars are not of absolutely standard size, the measuroments of the frames may be slightly varied to suit
individual cases.
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quantity used. However, because of the comparative friability of coal,
the number of revolutions of the tumbler was reduced from 1400 (1 hour)
to 50. After tumbling, the coal, which could be completely removed
with a brush, was screened, and its friability calculated as desecribed later.
The following screens were used: 2-inch, 1i-inch, l-inch, 0:742-inch,
0-525-inch, 0-263-inch (3-mesh), 0-131-inch (6-mesh), and 0-:0164-inch
(35-mesh).

Box Tumbler Test. (Plate IIA.) The apparatus, with a very few modi-
fications, is onc designed by Stansfield and Gilbart of the University of
Alberta, and described in their correspondence with the Fuel Research Labor-
atories. It consists of a box 20 inches square by 8 inches deep, all inside
dimensions. Three sides of the box are made of Z-inch birch wood and
the fourth consists of a wire screen with 1-inch square openings. For pur-
poses of observation, the top and bottom of the box are made up of sheets
of heavy glass 18 inches square, centred and mounted in wood. In oper-
_ ation, the box is turned on end and rotated in a vertical plane. For this
purpose it is mounted on two journals, or trunnions, which are connected
to iron crosses spanning the glass sheets and attached to the wood sur-
rounding them.

To the side of the box next to, and behind (in order of rotation), the
wire screen, and six inches from it, there is attached an iron shelf at right
angles to the side of the box and projecting for 6 inches into the interior.
The width of the shelf is 8 inches, so that it may pick up all the coal under
test. There is also, in this side of the box, a trap-door, approximately
5% inches square, for putting in and removing the coal. The next side is
entirely plain, while the third side is covered by a %-inch steel plate on to
which the coal falls and is broken. Outside the screen there is fastened
a shallow sheet-iron trough, closed except for its end at the corner near
the sghelf.

Bither 13- to 1-inch or 1- to 3-inch coal is suitable for this test, 1000
grammes being the weight of the charge. The box is rotated at the rate
of 12 revolutions per minute. As the coal breaks, the small fragments
pass through the. 3-inch screen, out of the opening in the trough and into
a tray placed beneath it. The tray is set upon the pan of a suitable
balance, so that the weight of material smaller than %-inch is always avail-
able. When 20 per cent (200 grammes) of the coal has passed through
the screen, the test is complete. The friability of the coal is denoted
either by the number of revolutions of the tumbler or by the time elapsed
in seconds. It is clear that true friabilities would be arranged in the order
of the reciprocals of the numbers so obtained.

Drum (Box) Tumbler Test. (Plate I.) The apparatus was designed by
Gilmore, of the Fuel Research Laboratories, in order to study the combined
principles of the A.8.T.M. (Coke) Drum Tumbler and the Box Tumbler.
It consists, essentially, of a steel drum of 36-inch inside diameter and 20-inch
inside length. In the centre of each end there is cut an opening 22 inches
square. Inside the drum there are two circular plates, of 36-inch diameter,
made of Z-inch birch wood. In order to observe what takes place inside
the drum, a pane of heavy glass, 22 inches square, is let into the centre of
each of the wooden plates. One of the plates is attached to the end of
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the drum, while the other is movable. An oblong opening, 16 by 18
inches, is cut into the periphery of the drum. This can be closed, either
by a door made of double thickness sheet iron, with the inner sheet raised
so as to be flush with the inside of the drum, or by a round hole screen,
consisting of the piece of steel cut from the periphery of the drum drilled
with #}-inch openings. The round hole screen is covered, on the out-
side, by a shield or trough. One end of this trough—that facing backwards
when the drum is rotated—is left open so as to allow the broken coal to fall
out on to a tray supported on a balance pan, as is the case with the Box
Tumbler.

The wooden plate which is not fixed is attached to the end of the drum
by a set of four $-inch expansion bolts. Several sets of expansion bolts are
provided, in order to permit the study of the effects of tumbling coal in
chambers of various widths. To correspond with these sets of expansion
bolts there are shelves, each 6 inches deep, made so that each of them will
bridge the gap between the wooden plates at one particular setting. It
was decided that the most suitable position for these shelves was about
17 inches behind the open end of the trough. In addition, the tumbler
was equipped with two shelves, each 18 by 2 inches, in order to permit
tests in comparison with those in the Drum Tumbler. Like the Box
Tumbler, the drum is mounted on two journals, or trunnions, which are
connected to iron crosses spanning the glass sheets and attached to the
ends of the drum. For tumbling tests, the drum is mounted on the same
bearings as are used for the Drum Tumbler, and is rotated at a speed of
24 revolutions per minute. -

Sheflield (Coke) Abrasion Tumbler Test®. (Plate I.) The apparatus con-
sists of a hollow steel drum 18 inches in diameter by 18 long, designed to
cause abrasion of coke without any impact or shatter effect. In order to-
. confine the breakage to abrasion, the charge for a determination is fixed at
2 cubic feet. The drum is provided with an 8-inch manhole, the cover of
which is made in such a way that its inner surface is flush with that of the
drum. Like the A.8.T.M. coke tumbler, this drum is mounted on journals
or trunnions flanged on to its ends. The description of the Sheffield test calls
for 30 minutes’ rotation of the drum at the rate of 23 revolutions per minute,
or 690 revolutions. When the drum was set up in the TFuel Research
Laboratories, it was found to run at about 21 revolutions per minute.
Therefore, 33 minutes were chosen for the normal period of tumbling,.

A8.T.M. (Coke) Shatter Testt. (Plates I and IV.) This is a test spon-
sored by the American Society for Testing Materials, under their Designation
D141-23. The apparatus consists primarily of an open iron box, 28 inches
long, 18 inches broad and some 15 inches deep. The bottom of the box
eonsists of two equal-sized doors, hinged lengthwise, and meeting so as to
make a close joint. These doors are secured by some form of bolt that
is readily released, and open downwards and outwards in such a way as
not to impede the fall of the fuel under test.

For convenience, the box is attached to a frame in which it can be
lowered almost to floor level, or raised to a specified maximum height.
A charge of 50 pounds of coal, passing & 3-inch, and retained on a 2-inch,
square screen, is placed gently and evenly in the box, which is then raised
to the maximum height. Bixactly 6 feet below the floor of the box, when
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it is at the maximum height, there is a plate, of cast-iron or steel, at least
half an inch thick and with an area of 38 X 48 inches or larger. This is
surrounded by a wall of boards about 8 inches high. In the course of the
test specified, the solid fuel is dropped from the maximum height on to
the plate. 'The whole of it is gathered up, returned carefully to the
box, and again dropped. This procedure is continued until 4 drops have
been made, when the fuel is screened on square hole sieves, having sizes
of 2-inch, 14-inch, 1-inch, £-inch, 4-inch, Z-inch, and 0-0164-inch (35-mesh).

Illinois Shatter Testt. (Plate IIB.) This is similar to the A.S.T.M.
shatter test. It was included in the present series principally because of the
thorough, and readily available, description of its employment by Smith®5 of
the University of Illinois, in a study of the friability of certain coals of the
United States. The box used is practically identical with that just des-
cribed, having floor dimension of 30 by 18 inches. The test calls for 60
lumps of coal to be dropped once through a distance of 10 feet on to a
concrete floor.

For convenience, and because the availability of the standard test
apparatus for coke rendered this test unnecessary except for study, the
box employed was not made of iron, but of heavy wood lined with sheet
iron. The doors were weighted with lead so that they would quickly
fall away from the coal. The box was fixed, by means of scaffolding, so
that its floor was exactly 10 feet above a concrete pavement. Sixty lumps
of coal passing through a 3-inch round screen, and retained upon a 2%-inch
round sereen, (the weight of the coal being expressed in pounds) were em-
ployed for the test. (These were often Feplaced, during the tests here
described, by 55 lumps of coal of 8- to 2-inch, square, size, in which cases
square screens were used following the drop.) The lumps were spread uni-
formly upon the bottom of the box. In order to avoid scattering, a hoard
enclosure, measuring 72 by 60 inches, by 12 inches deep, was placed on the
concrete pavement go that its central point was directly under that of
the box. Following the drop, the broken coal was screened through
punched plates, or screens, with, respectively, 23-inch, 2-inch, 1%-inch,
i-inch, £-inch and %-inch round holes, and the finest sizes through 4-inch
and 0-0164-inch (35-mesh) square screens.

COALS SELECTED

Seven coals, ranging from tough, hard anthracite to distinctly. friable
bituminous coal, were employed in the tests. These were usually obtained
a8 mixed sizes, or run-of-mine coal, in lots of at least half a ton, and the
desired sizes screened out, generally without breaking up the lumps. On
account of the quantity of coal required, there was not a very wide field
for selection. Furthermore, it was difficult to obtain, from any one con-
signment, enough 8- to 2-inch (or 3- to 23-inch round) coal for the four
kinds of test in which this size is specified, particularly as each individual
test required many pounds of coal. Although it is realized that the
friability values obtainable would not necessarily correspond with those of
freshly mined coals, it would probably have been advantageous to employ
certain other coals, for instance the lower-rank Alberta coals and, perhaps,
a typical low-volatile-bituminous (semi-bituminous) coal. However, it is
believed that a sufficiently wide range was covered to form a basis for
comparison
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The following is a list of the coals tested.

1. Pennsylvania anthracite coal. A. typical hard and tough coal,
selected as a representative fuel of low friability. This is sold in large
quantities in eastern Canada.

2. Welsh anthracite coal. A. representative of the more friable type
of anthracite, which is sold in large quantities in eastern Canada.

3. Pennsylvania bituminous coal. This came from the Pittsburgh
seam in Fayette county, and is, presumably, typical of the Pennsylvania
bituminous coal imported into Ontario and western Quebec in large quantities.
Unfortunately, the laboratory supply of it was soon exhausted.

4. Nova Scotia bituminous coal. This is mined in the Sydney area,
and is representative of coal shipped in large quantities to Quebec and,
to a certain extent, to eastern and central Ontario.

5. Alberta bituminous coal. This came from the Mountain Park area,
and is typical of coal sold in considerable quantities in the western provin-
ces of Canada. It was employed, principally, in the Drum (Box) Tumbler
Tes{;, a(fiter the supply of large sizes of other bituminous coals was almost:
depleted.

6. British Columbia bituminous coal (a) from the Crowsnest Pass area.
This is representative of coal sold in the Canadian western provinces and
in the northwestern United States.

7. British Columbia bituminous coal (b) from the Nicola area. This is
believed to be sold very largely locally. It is representative of the high-
volatile bituminous coals which are affected by impact or shatter rather
than by abrasion. Such impact breakage is particularly marked by the
amount of the intermediate composite size designated as ‘““smalls’’, parti-
cularly in the tumbler tests. This coal sample was obtained from well
below the surface of a storage pile two years old.

The analyses of these samples, or of samples believed to correspond
to them, are shown in Table I.

STUDY OF THE METHODS WHEN APPLIED TO THE
SELECTED COALS

Tables IT and III, and the corresponding Figures 2 and 3, show the
applications of a selected modification of each test method to the various
coals. Except in the case of the Drum Test of the Pennsylvania bituminous.
coal and the Illinois Shatter Test of the Nicola coal, each modification is uni-
form throughout the tables. These tables, and the corresponding diagrams,
each contain the same information, but differently arranged so as to assist:
in studying the effects of the methods. The first table and figure group
together the results of each test method when applied to each of the coals,
and permit comparison and interrelation of the friabilities of the coals.
The second table and figure group together all the results obtained with.
each individual coal, and allow comparisons of the test methods.

In order to make them as clear as possible, both the tables and diagrams.
have been planned so as to allocate a definite position to each test of each
coal. In any cases where such tests are not available, columns have
purposely been left blank. The tables indicate the number of individual.
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tests carried out in order to obtain the average results shown. These
amount to 24 in one cagse. Table III contains a line designated ‘“variant”’,
which is composed of values that may vary when the one form of test is
applied to different kinds of coal, or of values that have been altered to
suit circumstances.

Throughout the tests, irrespective of whether the test under con-
sideration was of the nature of abrasion or shatter, all the material remaining
on the 0-742-inch screen was described as “lumps’’, that between 0-742-
and 0-0164-inch as “smalls”’, that between 0-0164- and 0-0029-inch as
“fines’’, and the remainder as ‘“dust”’. All the material on the 0-0164-
inch (85-mesh) screen was considered as produced by shatter or impact,
and the “fines” and ‘“dust” as due to attrition or abrasion. Recent study
of results has indicated that the 0-0116-inch (48-mesh) sereen is probably
nearer to the dividing line between the results of impact and abrasion
than is the 0-0164-inch screen, so that it has been employed, whenever
available, to define this line. The principal size divisions are shown in
the diagrams, though in some cases “fines” and “dust” have been com-
bined. There is also shown the quantity of material retained by the
smaller of the two screens used to prepare the sample, which has been
designated as ‘“‘unbroken’.

In addition to the determination of the various sizes, from ‘“‘lumps” to
“dust’’, produced during the tests, the “Iriability, per cent’’ was calculated
according to the formula %1 employed by Yancey of the staff of the
United States Bureau of Mines, and is shown in the tables and diagrams.
This is similar in principle to an earlier formula derived by Smith of the
University of Illinois. It represents the reduction in size of the coal
during a test procedure, and is determined by means of the calculations
.described in the following paragraph.

The average diameter of any square screen gize of coal is estimated by
obtaining the square of the length of the side of the hole through which
the coal passed, adding to it the square of the length of the side of the
hole upon which it was retained, dividing by 2, and extracting the square
root. This has been modified for round hole screens by estimating the
average diameter of any size of coal as the length of the side of the largest
square (or the diameter of the circle divided by the square root of 2) which
could be described in a circle of the mean diameter of the holes in the
sereens delimiting the gize. The ““friability, per cent”, of a coal, resulting
from a test procedure, is obtained by the following means. The percentage
of each size produced is multiplied by the average diameter of that size
and divided by 100, and the sum of the values thus caleulated is subtracted
from the average diameter of the original lumps of coal. The difference
(reduction in size) so obtained is estimated as a percentage of the original
average diameter. It seems to the writer that it will be entirely satis-
factory to shorten the calculation by taking the average diameter of all
the material smaller than 0:0164 inch and multiplying it by the per-
centage of this material. In a communication to the writer, Messrs.
Yancey and Zane suggested that the usefulness of their friability value
might be enhanced by appending to it a figure representing the sum of
“fines” and “dust’’, as above described.
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The values just described are all shown for the Box Tumbler Test,
though it seems that, if this test were perfect, all such values derived from
it might be expected to be identical. The critical value for the Box Test
is the number of revolutions made (or the number of minutes elapsed),
while 20 per cent of coal is passing through the screen which forms one
side of the box. This value is shown in both tables and diagrams, as
it is the proper basis by which to compare the friabilities of the fuels
submitted to the Box Tumbler Test.

In two cases the values shown result from procedures not quite in
agreement with what came to be regarded as normal. The first of these
is the Drum Tumbler Test of the Pennsylvania bituminous coal. The
earlier tests, including that on this coal, were extended to 100 revolutions.
‘When, subsequently, the tests were reduced to 50 revolutions, it was found
that there was no more of the Pennsylvania bituminous coal available.
The analysis obtained after 100 revolutions is included in the tables, but
has been omitted from the diagrams in order to avoid confusion.. Three
of the other coals were submitted to tests both of 100 and 50 revolutions,
and from these tests a factor was deduced in order to determine the approxi-
mate relation between the respective friability percentages. The friability,
per cent, of the Pennsylvania bituminous coal, after 100 revolutions, was
multiplied by this factor, and the resultant value considered as the friability
after 50 revolutions. It is shown in both the tables and figures.

The second case is that of the Illinois Shatter Test of the Nicola coal.
This test, in contrast to the others shown with it, is actually in agreement
with the standard procedure as used by Smith* and described in the earlier
part of this report, in that it employs 60 lumps of coal between 3- and
2%-inch round hole screens. Similar tests were carried out with some of
the other coals, but it was thought advisable, wherever possible, to use -
tests with coal prepared, as was prevalent, by square hole screens (which
was not at hand from the Nicola sample) when comparing the results
obtainable by the different methods. For this purpose, 55 lumps of coal
between the 3- and 2-inch square hole screens were assumed to corre-
spond to 60 lumps of coal prepared on the standard round hole screens.
When comparing the sereen analyses following the test procedures, it was
assumed that a 23-inch round hole corresponds, approximately, with a
2-inch square one, & 2-inch round with a 1}-inch square, a 13-inch round
with a l-inch square, a 1-inch round with a $-inch square, a 2-inch round
with a 3-inch square, and a %-inch round with a 0-37-inch square hole.

The test methods will be dealt with individually in the remainder of
this report. However, at this point, the following general observations
are in order. : '

The Small Jar Tumbler is notable for the production of “fines’” and
“dust’’, more particularly the latter. The Drum Tumbler and the Abrasion
Tumbler are the only other forms of test producing these sizes, of less than
0-01 inch, to any degree, and they do so to a much smaller extent than
does the Jar Tumbler.

Both the Shatter tests are characterised by almost complete failure
to produce ‘‘fines” and “dust”.
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Friability, per cent, as proposed by Yancey and his associates, is a
satisfactory value for comparing the friabilities of coals. ‘“Unbroken’
coal (the material remaining on the smaller of the two screens used in
sizing the coal) and “lumps’ (material on £-inch) will also serve for general
comparisons of this nature. When the results of any one form of test are
plotted together (Figure 2), “lumps’ appear to be the preferable value; when
the results of all the tests upon each coal are plotted together (Figure 3),
“unbroken” may be the more satisfactory value. While the values just
discussed may certainly be used in tests in which speed rather than extreme
aceuracy is the principal consideration, friability, per cent, is considered
as a more satisfactory value, and is given prime consideration throughout
this report.

No. 1 is shown to be, distinctly, the least friable coal by all six forms
of test. Coals Nos. 2, 3, and 4 are about equally friable, though their
order varies slightly according to the different methods. Casual examina-
tion indicates that the average friabilities are in the same order as the
numbering of the coals. Coals Nos. 5 and 6 are distinctly more friable in
every way than the preceding coals. This is shown particularly foreibly
by the few revolutions required in the Box Tumbler Test. Coal No. 7,
as would be expected from its nature, is less friable than No. 6 by the
abrasion tests, and more so by the shatter tests.

The observations lead to the conclusion that any of these tests, when
standardized, will be satisfactory for determining friabilities of coals. As
has been stated, four of the tests are already in use for the determination
of friability. However, results of abrasion tests might be misleading with
such coals as that from the Nicola area in British Columbia, and with
malily of the so-called ““domestic” coals of Alberta, for instance Coalspur
coal.

STUDY OF VARIATIONS OF THE TEST METHODS

Small Jar Tumbler28

Variation of Weight of Coal. The method, as originally described by
the writer?, called for 1200 grammes of coal of 13- to 1-inch size. Yancey,
with his respective associates,®.%1 and Lawall and Holland?, sub-
sequently used 1000 grammes. At the beginning of the present series,
the writer ran tests both with 1200 and with 1000 grammes of 11- to 1-inch
lumps of No. 3 eoal, and found that the effect produced by using the smaller
quantity was of the nature of a steady increase in friability, per cent, and
in the production of small coal, and that the changes brought about were
not very great. Therefore, as Yancey had carried out several series of
tests, the writer decided to retain 1000 grammes as a satisfactory weight
of coal. To complete this part of the investigation, tests were carried out
with 800 and 600 grammes of coal, respectively.

Table IV and Figure 4 contain the results obtained with four weights
of coal ranging from 1200 to 600 grammes. They show that friability,
per cent increases steadily but slowly as a result of using the smaller weights
of -coal. Furthermore, they indicate that there is very little rise in the
amount of “dust’”’ produced, the principal increase consisting of “lumps”
broken so as to pass through the screen upon which they were originally
retained. There is, actually, a greater effect produced by changing from
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1200 to 1000 grammes, which has already been estimated as of com-
paratively little moment, than by either of the changes to still smaller
weights of coal.

The values obtained with 1000 grammes, contained in Table IV,
are not identical with those of the general average employed elsewhere, but
are confined to those obtained at about the same period of time and from
the same portion of coal as was used for the larger and smaller charges.
As a general rule, various desired sizes were prepared from each coal, all
at once, and stored in sacks, so that segregation of sizes may have slightly
affected any of the tests described in this report. -

. Variation of Size of Coal. Table V contains the results of tests of three
sizes, 2- to 13-inch, 13- to 1-inch, and 1- to 3-inch, of six of the coals em-
ployed in the tests; Iigure 4 shows the results obtained with three coals -
selected from the six. The total amounts of “lumps” (on 0-742-inch
screen) are about the same from the two larger sizes of coal, but the “smalls”
are always greater in quantity from the 13- to 1-inch size, perhaps because
the original “lumps” arve smaller. The products of abrasion, namely
“fines” plus “‘dust’’, were generally greater from the two larger sizes than
from the small size, owing, principally, to the fact that, as the size of coal
tested is reduced, the amount of “fines” produced is nearly always markedly
lessened. Such a condition does not necessarily apply to the “dust”
produced. The friabilities, per cent, of the coals show a much greater
spread with the larger sizes than with the small size, there being differences,
between the maximum and minimum, of 28 with the 2~ to 13-inch size,
of 27 with the intermediate size, and of only 12 (exeepting No. 6 coal)
with the 1- to %-inch size. There is, therefore, comparatively little dif-
ference between the results of tests with the 13- to 1-inch and the 2- to
13-inch size, respectively, but a great difference between the results with
the two smaller sizes.’

The small friability, per cent, range obtainable with 1~ to %-inch coal
renders this size unsuitable, as compared with the two larger sizes. Either
of the larger sizes is suitable for the tests, but the writer prefers the 13-
to 1-inch size because (1) it has been generally employed, (2) its lumps are
likely to be more regular in shape than the large ones, and (3) a greater
number of lumps of it is required, affording an opportunity for a more
representative sample of coal. _

Variation of Frame Producing Tumbling. It has already been pointed
out that the Small Jar Tumbler Test is remarkable for the amount of
abrasion, or attrition, that it produces. It was suggested to the writer
that the three iron shelves, or vanes, might cause a great deal of abrasion,
and also that the coal from one shelf, or vane, might fall upon another
shelf, and thus be shattered more than by falling against either the wall
of the jar or other pieces of coal.

Accordingly, new frames were constructed with only two vanes, 180
degrees apart. A series of tests was carvied out with these frames, em-
ploying 5 coals of 13- to l-inch size. Table VI shows the results of these
tests, compared with those of the ususal tests with three-vane frames.
General, rather than specific, consideration of the table indicates that
there is somewhat more of both shatter and abrasion eaused by the
frames with the three shelves than by the two-vane frames, but that the
change is not sufficiently great to warrant substitution.
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A sheet-glass end was substituted for the cover of the jar, so that the
tumbling effects produced by each kind of frame might be observed. It
was found that the two-vane frame dropped the coal either upon the wall
of the jar or upon’other coal. The three-vane frame dropped a little of
the coal upon the shelf following that which picked it up. This shelf
soon filled with coal, so that the remainder fell either upon the wall or
upon other coal. It is suggested by the writer that the differences in
breakage resulting from using the respective frames are due entirely to
what happens while the coal is falling upon the empty shelf.

Variation of Material of Construction of Jar. After this report had been
practically completed, information was received through the A.S.T.M.
friability committee to the effect that some laboratories would prefer to
use jars made of iron. In order to ascertain whether this material would
prove to be a satisfactory substitute for porcelain, an iron jar was cast,
having somewhat greater external and lesser internal dimensions than the
porcelain jars. This was machined down to the same inside dimensions
as the porcelain jar from which it was modelled, and fitted with the frame
and lid belonging to it. It had the same external diameter at the top
and bottom, but the greater part of the side wall was machined down to
a thickness of % inch, in order to avoid excessive weight. This iron jar
was employed repeatedly and exclusively.

Four coal samples were used in the tests with this jar, covering a
large range of friability. Three of them corresponded closely to Nos. 1,
4, and 7 coals, while the selected sample of Nova Scotia bituminous coal,
which happened to be available at the time of the tests, came from a
specific locality in the Sydney area, instead of, perhaps, being a mixture
of coals from various locations. Table VI A clearly indicates that the
results obtainable with iron jars agree closely with those obtained with
porcelain jars, and that there is no distinct evidence that one type of jar
promotes greater breakage than the other. The one consistent result,of
the tests is the production of more “smalls” in the porcelain than in the
iron jar, and even here, the differences appear to be too small to carry
any weight.

Variation of Time of Tumbling. Table VII and Figure 4 each give
results obtained, after 1, 2, and 8 hours of tumbling, with six coals of
13- to l-inch size. They also show the effect of extending the time to 5
hours in one case. Yancey, with Zane'!, has clearly demonstrated that
shatter or impact is the principal form of breakage during the first hour
of the test, but that, after that, it is replaced by abrasion. This is con-
firmed by the data herewith reported. The amounts of ‘“fines’’ and “dust”,
and particularly of ‘“‘dust”’, continue to increase, while there is little change
in the “smalls” produced by impact. The production of “fines”” and ““dust”
does not become uniform until after 2 hours, when the gain in “dust”
begins to correspond closely with the loss in “unbroken”, except with the
very friable coals. In other words, the ““dust’’ must probably come from
a rubbing together of the large lumps.

Table VIII is supplementary, and shows the magnitude of the varia-
tions to be anticipated in a series of individual tests upon a coal. For this
exposition, four coals, two of them very friable, were selected. The table
ghows, for most of the criteria upon which conclusions as to the results of
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the tests were based, (1) the spread between the highest and lowest in-
dividual values obtained, (2) the greatest divergence from the mean of
the individual values, and (3) the average of all such divergences. In the
opinion of the writer, the third value is decidedly. the most important,
ag showing how regular are the criteria upon which conclusions are based,
a small average divergence indicating a more satisfactory series of values
than does a larger one.

The table shows how much more uniform than the results of single
tests are the results of screening the coal residues from 4 tests together or
of averaging the figures from 4 individual tests. The 2-hour tests give
closer extreme values, and smaller divergences, than the other tests, owing,
probably, to the fact that only a few of such tests were made, and there
were, therefore, not the same chances for extreme variation. It seems
likely that the divergences in the values from the 3-hour tests would
correspond closely to those from the 2-hour tests, if the same number of
tests were made in each case, with somewhat more uniform values in the
3-hour tests, especially as regards friability, per cent. The 1-hour test gives
distinetly less uniform results than those of greater duration, with the ex-
ception of the values for “fines” plus “dust”.

However, consideration of any of the distinctive criteria in Table VII,
i.e. “lumps’”, “unbroken’ or ‘friability, per cent’’, shows that 1-hour tests
give as great contrasts between the various coals as the 3-hour tests.
Actually, in the tests presented here, the ranking or order of the coals
appeared slightly more satisfactory from the 1-hour than from the 3-hour
tests. The 5-hour test serves only to confirm the hypothesis that breakage
after two hours is caused almost entirely by attrition. Therefore, the
1-hour test is recommended as being, on the whole, the most satisfactory,
particularly as several such tests can be carried out during the time required
for a few 3-hour tests. Perhaps, a 2-hour test should be substituted where
it i desired to emphasize the effects of abrasion.

Variation of Size or Amount of Matertal in Jars during Test; Removing
of Cushioning Effect of Fine Coal. Table IX, and the five last columns
of Figure 4, show the results of hourly screening out of “smalls”, “fines”
and “dust”, or of the two last only, from the coal in each individual jar,
with a consequent hourly decrease in weight of the contents of the jar.
These weight charges, in grammes, were approximately as follows: Remov-
ing “smalls”, “fines’’, and “dust’”—No. 1 coal, 2- to 13-inch, 1015, 855,
740; 1%- to 1-inch, 1000, 820, 710; No. 2 coal, 2- to 13-inch, 1005, 755, 595;
13- to 1-inch, 1005, 785, 645. Removing ‘““fines” and “dust’’ only—No. 1
coal, 2- to 12-inch, 1005, 905, 795; 13- to 1-inch, 1000, 910, 845; No. 2 coal,
2— to 1%-inch, 1000, 815, 685; 1%~ 1-inch, 1005, 865, 770; 1- to 3-inch,
1005, 915, 855.  The tests shown are all of 3 hours’ duration.

Removal of small material has little effect upon the friability of coal
of 1- to %-inch size, but a very distinct effect upon larger coal, particularly
the bituminous coal tested. There is comparatively little difference
between the values for “friability, per cent’’, “unbroken” or ‘“lumps”’ (all
of which are markedly affected by the test), whether 0. 742-inch or 00164~
inch is used for the removal of small material, but a decided difference
in the values for “smallg’, ‘fines” and “dust’. Employment of the
0-742-inch screen is accompanied by a distincet increage in the amount of
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“smalls”, produced by impact or shatter, while the use of the 0+0164-inch
screen is attended by an increagse in “fines” and “dust” produced by
abrasion, particularly with the 2- to 13-inch size of coal. The results of
all these tests differ from those obtained by employing, and maintaining
constant, different weights of coal for the 3-hour test, as regards the amounts
of breakage due to impact, or the production of “smalls”. The procedure
in which the 0.0164-inch screen is used hourly to remove broken coal
gives results closer to those obtained with the different weights of coal
than does the variation in which the larger screen is used. The effect
produced by screening hourly with the 0-0164-inch screen is roughly the
same as that caused by changing the original charge of coal from 1000 to
600 grammes, and maintaining the weight constant throughout the test.

In addition, the table and Figure 4 show the results of tests differing
from the foregoing in that the contents of each jar after screening (on
0:742- or 0:0164-inch as the case might be) were brought up to 1000
grammes hourly. This was brought about by beginning the test with
an extra large number of jars, or eight instead of four. At the end of
each hour all the material remaining upon the previously designated
screen, from all the jars, was mixed together, and the jars charged, in
turn, with 1000 grammes each until there was insufficient coal remaining
for a full charge. In both cases the number was reduced from the initial
eight jars.to five at the beginning of the third hour. These tests were
made with more recently prepared coal than were the corresponding tests
in which the weights of the charges were allowed to decrease, but it is
believed that any resultant difference between them would be negligible.
As shown clearly in the diagram, friability values from these tests were
very close to those obtained in the ordinary 3-howr test. There is so little
marked difference between any of the values obtained that no attempt
has been made to draw any specific conclusions.

After congideration of the second type of test just described, it was
decided to carry out a series of tests employing the ‘‘sweetening” effect
used by Baltzer and Hudson, of these Laboratories, in their “Grindability’’
Testt2, The principle of this test differs from that immediately preceding
in that all the coal is rejected except that retained by the smaller of the
two screens used in preparing the coal for the tests, in other words what
the writer has designated as ‘“unbroken’”. Moderately large quantities
of five of the coals were prepared in two sizes, namely 13- to 1:05-inch,
and 1- to 0-525-inch. Charges of 1000 grammes were used, and at the
end of each hour the material passing through the 1.05-inch, or 0-525-inch,
opening was discarded and replaced by fresh material. This procedure
was continued until the coal had been tumbled for 6 hours.

Table X and Figure 5 show the results of the tests. It is clear that
the “sweetening’’ process greatly diminishes the amount of breakage, this
being particularly marked with the more resistant coals. The effect upon
the softer coals is less pronounced, but the tendency in all cases is in the
direction of lower friability values. “Smalls” produced from the larger
of the two sizes quickly diminish, particularly with the more resistant
coals. The “smalls” from the 1- to i-inch size are irregular (there having
been ‘‘smalls” present at the start of the test), in fact coal of this gize
has, once more, proved to be less satisfactory for this type of tumbling
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test than larger coal. “Fines” become less during the course of the
test, though to a smaller degree than do the “smalls’”, while the changes
in the amounts of “dust’” are even less pronounced.

The points in the diagram surrounded by double circles show the
“friability, per cent”, and “unbroken” values obtained from the usual con-
tinuous 3-hour test; these are very much higher up in the diagram than
the corresponding values from the 3-hour “sweetening” test. As was
indicated by Yancey’s investigation, the amount of fine coal produced
by abrasion is nearly constant after the first hour’s tumbling. However,
the amount tends to decrease slightly with the harder coals, probably
after the sharp edges have been rubbed off. The amount of abrasion with
the softer coals is somewhat different; with the Crowsnest coal it remains
plraﬁtilcally constant and with the Nicola coal it even seems to increase
slightly. ' :

All the tests covered by the preceding paragraphs indicate that the
weight or volume of coal in the tumbler governs the-friability, per cent, or
the amount of breakage produced, more so at least than the presence or
absence of fine material. However, they also indicate that lumps remaining
after tumbling are generally tougher, on the average, than those of the
original charge, and consequently decrease the friability, per cent. One
more series of tests, having in view the study of the “sweetening’’ effect, was
accordingly carried with coal No. 6. This sample was selected because
of its comparatively large friability, whereas information now available
shows that it would have been wiser to select a more resistant coal in
order to observe the desired effect.

Seventy-five pounds, or almost a normal charge, of coal No. 6 of
3- to 2- inch size were tumbled for 10 minutes, or about one-third of the
normal period, in the Sheffield Abrasion Tumbler. This tumbling produced
20 per cent of material on 2 inches, 25 per cent between 2 and 1% inches,
17 per cent between 12 and 1 inches, and 11 per cent between 1 and % inch.
Tests of 3 hours were then carried out in the Small Jar Tumbler with material
of the three sizes last named. The results of these are shown in Table X1,
in comparison with the results obtained with the coal as originally prepared
by screening alone. The coal which had been previously tumbled is less
friable, according to Yancey’s value, than the coal as originally prepared
by screening, and the smaller sizes of coal show this better than does the
large size. The values obtained show clearly that there is a tendency
for the large material, in the coal which had been previously tumbled,
to shatter less than the corresponding material prepared by screening
alone, but at the same time to produce more “dust”.

A.8.T.M. (Coke) Drum Tumblers

Table XII shows the few modifications of the method that were
investigated. Since it was believed that 1400 revolutions of the tumbler,
as employed for coke, would break the coal very much, the number was
first reduced to 100 revolutions. Iven this treatment seemed to produce
very much breakage, and the number of revolutions was further reduced
to 50, representing about 2 minutes’ tumbling. So much of the material
designated as “smalls” was produced that it was deemed advisable to
introduce three more comparatively fine mesh screens.
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The values in the table indicate that the result obtained on coal
No. 4 after 100 revolutions is irregular, and that, quite apart from this,
the modification of the test with only 50 revolutions shows more clearly
the degrees to which coals differ as to friability. Furthermore, the results
of the 50-revolution test agree more closely with those from the Small
Jar Tumbler than do those of the 100-revolution test, except as regards
abrasion, which is not produced in the A.S.T.M. drum, to any notable
degree, until after prolonged tumbling. Tests in which smaller sized coal
is tumbled for 3 hours show that, for the bituminous coals used, there
was little breakage after 1% hours, and that nearly all attrition. There-
fore, under such drastic conditions, the friability values of all coals tend
to approach one another closely. The table shows the ratios between
friabilities after 50 and 100 revolutions, the average of which was used
in the case of No. 3 coal; this ratio is uniform, except for No. 4 coal.

Box Tumbler

This apparatus has been designed to measure friability by the time
required to break up coal, and not by the amount of breakage produced
under pre-determined conditions. Therefore, the screen analyses and
friability percentages shown in Table XIII are only of secondary im-
portance, except in the few cases where the box was closed by an iron
plate replacing the screen. Screen analyses show clearly that, when
20 per cent of the coal has passed through the screen, the material remaining
in the box may contain as much as 5 per cent (of the total sample) of
material smaller than %-inch, with an average of from 1 to 2 per cent.
There is little variation of Yancey {riability percentages throughout the
table, except in the case of No. 7 coal, which is distinctly susceptible to
impact or shatter. On the other hand, there is a very large difference
between the friabilities of Nos. 1 and 6 coals, as based in this test upon
the number of revolutions or time of tumbling. “Smalls”, resulting from
impact, are produced in this test, rather than “fines’” and “dust” resulting
from abrasion.

The largest size of coal, 2- to 13-inch, was employed only in the case
of the Nicola coal. Its lumps were somewhat less regular in volume and
shape than those of the next size of coal, fewer of them were required, and
they did not seem to be picked up or fall so satisfactorily in the tumbler.
The intermediate size has been given the preference for much the same
reasons as governed its selection for the Small Jar Tumbler. In this
test, the 1- to 3-inch size, although it breaks up to a slightly lesser degree,
may have an advantage in that its employment sometimes prolongs the
time of tumbling over that with the 13- to 1-inch size, and may thus spread
out the friability scale.

Stansfield and Gilbart employed a %-inch square hole wire screen in
the tumbler, but recommended a round hole screen. This would be
superior because it would not bend so readily as the wire from the impact
of the rolling coal. Most of the present tests were carried out with a
wire screen, but the round hole plate with j-inch openings was introduced
with coal No. 4. This resulted in a somewhat longer time required to
produce 20 per cent passing through the screen, accompanied by a slight
but distinet increase in breakage of all kinds. Because of the use, in the
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two laboratories, of the method employing the screen with square openings,
an endeavour was made to reproduce its results with a round hole screen.
The diameter of the holes was therefore increased to % inch, with the
results shown in Table XIII. As these results were still intermediate
between those with the f-inch square and %-inch round holes, the diameter
was extended to 3% inch in preparing the screen for the Drum (Box)
Tumbler.

Certain tests were made with the Small Jar Tumbler in order to
study the effects of the removal of the small sizes of coal. In order to
observe such effects further, the screen in the Box Tumbler was some-
times replaced by a thin sheet of iron. The tests in which this was done
are shown in the columns headed by the word “Plate’’, in which cases the
friability percentages and screen analyses are informative. It is to be
noted that the tests with the closed box were made for periods of time
equal to those found to be requisite for breaking the respective coals so
that 20 per cent should pass through the screen, in order that the respective
results might be compared. There seems to be no doubt that the amount
of breakage was less in the box when closed than when fitted with a screen.
It was considered, from studying the tests with the Small Jar Tumbler,
that the increased breakage was due to the fact that, after the small coal
was screened out, the lumps broke up because they had a smaller volume
and fell farther and harder, rather than because the cushioning effect was
removed. The principal difference between conditions in the Box Tumbler
tests with the screen or plate is that, in the first case, the fine material
is very gradually removed. Since the friability is somewhat greater in
this case, it may be that the cushioning effect of the fine material is, after
all, a factor of some importance. In this case there are, invariably, more
“smalls”, resulting from impact, produced than when the box is closed.
The amount of “unbroken’ is greater in the second case, and is accom-
panied by small increases in “fines” and “dust” due to abrasion. The
prolonged tests with the more resistant fuels show more distinctly the
different amounts of abrasion produced, respectively, when the plate or

screen is employed.
Drum (Boxz) Tumbler

This apparatus was designed for studying the effects of tumbling
under various controllable conditions, rather than with the idea that it
should replace already existing equipment. It can be made to be almost
identical with the Drum Tumbler but, as employed in the present series
of tests, it has more in common with the Box Tumbler., The movable
plate, or end, was designed for studying the effects produced when coal
is tumbled in spaces varying in width %mm that of the Drum Tumbler
to that of the Box Tumbler.

The purpose of Table XIV is to correlate tests with the two forms of
drum tumbler, beginning with the A.S.T.M. Tumbler and finishing with
" the new tumbler when fitted with the round hole screen. It shows that
the changes of result were not great when the closed modification of the
Drum (Box) Tumbler fitted with two shelves was used. The principal -
difference between the results was the replacement of ‘“‘unbroken’ by
smaller sized “lumps” to a considerably greater degree in the solid drum
than in the one equipped with a sheet-iron door. Breakage in the Drum
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(Box) Tumbler was increased by replacing the two smaller shelves with
one deep shelf, though it was not yet of the dimensions produced in the
AS.T.M. Tumbler.

There are only two cases in which there is a continuous and complete
series of tests, one with coal No. 1 (anthracite), in which there is an irre-
gularity due to the passage from the 3- to 2-inch to the 2- to 1-inch
size, the other with coal No. 5 (bituminous) of 3- to 2-inch size.
Furthermore, at the change from the sheet-iron door to the perforated
sereen, the conditions are different in the two cases. In the case of the
anthracite, the coal wag tumbled with the screen in place until 20 per
cent had passed through, after which a second sample was tumbled in the
closed drum for the period of time required for the first test. In the case
of the Alberta sample, the coal was tumbled in the closed drum for 50
revolutions, as was done with the other coals tabulated, and then, with
the screen in place, until 20 per cent had passed, or for 24 revolutions.
The last case indicates the relation between the full-width Drum (Box)
and the Box Tumbler tests, in the latter of which 57 revolutions, or 283
seconds, were required for 20 per cent of the same coal, of 13- to l-inch
size, to pass through the screen. This, in turn, may be compared with
the test shown in Table XVI, in which 9000 grammes of 1%- to 1-inch coal
required 32 revolutions, or 80 seconds, in the Drum (Box) Tumbler when
narrowed to the same width as that of the Box Tumbler.

The results from the anthracite show, once again, that there is more
breakage, particularly production of ‘‘smalls’, in the tumbler from which
the fine coal is removed than in the closed tumbler. In a tumbler of such
large size as that under discussion, removal of fine coal would have a
negligible effect upon the relation of the volume .of coal to the volume of
the tumbler (as discussed in connexion with the Small Jar) or upon the
distance through which the coal would fall. It seems, therefore, that, in
tumbling tests in general, the cushioning effect of fine material cannot
be entirely overlooked.

The conditions governing the last two tests tabulated are so different
that it is difficult to make any comparisons between the results obtained.
The screen analyses and friability, per cent, do show that there is nearly
as much breakage in the test with the screen, which lasted for only 24
revolutions, as in the test with the closed drum, which lasted for 50 revolu-
tions. This, once again, supports in principle the theory that greater
breakage takes place in a drum fitted with a screen, than in a similar drum
closed completely. However, it seems that this theory would hardly
account for the difference between the results of the tests under consider-
ation, when it is realized that the period of tumbling with the screen was
less than half of that with the closed drum. It seems more reagonable to
suppose that breakage takes place to the greatest degree during the first
minute, or few minutes, of any test. This is in agreement with the results
shown in Table XII for 50 and 100 revolutions of the Drum Tumbler.

Table XV containg results obtained with the same two coals, the
Alberta bituminous being in three sizes, when different weights of coal
were used, and the width of the tumbler was altered in about the same
proportions as the weight of coal. The number of revolutions required
for 20 per cent of coal to pass the screen was always large with 6750 grammes
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of coal and the tumbler 12} inches wide, and this was accompanied by
comparatively small breakage. However, although the numbers of revolu-
tions with the anthracite, at widths of 11} and 104 inches were also large,
one of these settings corresponded with large breakage, the other with
small breakage. Furthermore, the results obtained, at settings of 11%
and 10% inches, with the bituminous coal give no indication that such
settings correspond with long periods of tumbling. Plotting the results
graphically shows no definite relation between width of tumbler and time
of tumbling. Therefore, the contents of the table may best be summarized
by stating that, if the weight of coal tumbled and the width of the tumbler
be altered proportionately, the time required for 20 per cent of the coal
to pass through the sereen will change only very little, and the amount of
breakage will not greatly vary.

Table XVI adds to the foregoing in that it provides data showing
the effects of altering either the size of the coal, its weight, or the width
of the tumbler. As was found to be the case with the Small Jar tests, re-
duction of the size of coal tumbled corresponds with less breakage, even though
the time required for 20 per cent to pass the screen be greater with the
smaller coal. Reduction of the weight of coal used was accompanied
by only a very slight increase in the amount of breakage, but it very much
lessened the time required for 20 per cent to pass through the secreen,
particularly with the more resistant anthracite. The effect of lessening
the width of the tumbler, while the weight and size of coal remained
constant, was not great, consisting of a slight lengthening of the time
required for 20 per cent to pass and, probably, a very small decrease in
the amount of breakage. Therefore, the net effect of reducing the width
of the tumbler, with other conditions remaining constant, is to lessen the
breakage taking place in the coal.

It was pointed out, in opening the discussion of the tests with the
Drum (Box) Tumbler, that this apparatus was designed for study of
tumbling methods, rather than, necessarily, to replace, as standard, equip-
ment already available. The foregoing data have dealt largely with
variations of procedure and with their effects. However, there is no
reason why this tumbler should not be used to compare the friabilities of
different coals, as shown in Table XVII. This contains the results ob-
tained, from five of the coals, with one of the procedures designated in
Table XV. As was the case with the Box Tumbler, friability percentages
show comparatively small differences, except in the case of No. 7 coal
which is so sensitive to impact. The values designated “unbroken” are
slightly more informative. However, with such a test as this, the only
satisfactory values are the time required for 20 per cent of the coal to
pass through the screen, or the corresponding number of revolutions of
the tumbler. The use of these criteria places the coals in such an order
as agrees closely with those obtained by the other methods described in

this report A
Sheffield (Coke) Abrasion Tumblers

This apparatus is little, if ever, used in America, so that less attention
was given to it than to the A.S.T.M. Tumbler, and only three coals were
tested. Since abrasion was supposed to be the principal effect of this
test, both the 0-0116- and 0.0029-inch sereens were used, in order to
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measure both ‘‘fines” and “dust’”’. Furthermore, the “abrasion index”,
as defined by those responsible for the test, or the material on a 1%-inch
screen, has been included in the table.

Table XVIII shows clearly that this tumbler does not cause great
abrasion of coal, that is according to the terminology that has been adopted
for this report, and that, as would be expected, the breakage due to shatter
or impact is not great. This form of test is commendable in that it furnishes
a very wide range of friability, varying from 11 for the anthracite to 62
for No. 6 coal. As has been shown previously in this report, reduction
of the size of the coal employed distinetly lowers the friability value ob-
tained. In this test, in the case of the Pennsylvania anthracite, the
reduction is very marked, proportionately more so than for the same coal
a8 shown in Table V.

It is of considerable interest to compare the values in Table XVIII
with those in Table X1I, the latter resulting from the A.S.T.M. Tumbler
Test. Thereismuch greater breakage of the anthracite after 50 revolutions
in the A.8.T.M. Tumbler than there is after 690 revolutions in the Sheffield
Tumbler, and somewhat greater breakage of the Crowsnest coal. Table XII
shows that breakage of No. 4, Nova Scotia, coal, even of the smaller size,
is complete, to a very large degree (there being no “unbroken” material),
after 1% hours, or 2,160 revolutions, in the Drum Tumbler; it, therefore,
seems reasonable to suppose that the breakage of the Pennsylvania an-
thracite, particularly of the larger 3- to 2-inch size, which is about half
as friable as No. 4 coal, would also have increased very considerably
under such conditions. As a contrast, Table XVIII shows that, after
690 revolutions of the Sheffield Tumbler, 78 per cent of the Pennsylvania
anthracite remained as ‘““‘unbroken’ and that, even after 3,780 revolutions
or 3 hours, 36 per cent remained on the screen used to prepare the sample.
The results with No. 6 coal are chiefiy notable for the fact that there is
little breakage except abrasion, and not a great deal of that, between 690
and 3,780 revolutions in the Sheffield Tumbler. Furthermore, it seems
clear that very prolonged tests in this tumbler will not produce as much
breakage due to shatter or impact as is obtained in the A.S.T.M. (Coke)

Drum Tumbler.
A.8.T.M. (Coke) Shatter Test*

This test calls for 4 drops, or falls, of coal on to an iron plate. Table
XIX shows the effects of extending the number of drops to 8 and 12,
respectively. The total amount of “lumps’’ does not decrease very rapidly,
except with coal No. 6, but the material designated as ‘“‘unbroken’ is
diminished much more rapidly; in other words, the lumps begin at once
to break down from their original sizes, but are not rapidly reduced to
smaller size than % inch. ‘‘Smalls”, considered throughout this report
as indicating breakage due to impact, increase steadily throughout the
test. “Tines” and “dust” appear of no import, except in the case of
coal No. 6. There is no indication that breakage has approached a limit
after the 12th drop, though the change in friability is somewhat less be-
tween the 8th and 12th than between the 4th and 8th drops. The 4th
and 5th, 8th and 9th, and 12th and 13th columns of figures in Table XIX
compare results obtained with round hole screens with those obtained with
the square hole screens believed to correspond to them. These figures,
with the exception of those from the Nicola coal, are in fair agreement.
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Throughout the tumbler tests, various attempts were made to deter-
mine the effect of a cushion of fine coal in preventing breakage, with the
eventual conclusion that such a cushioning effect was not an entirely neg-
ligible factor. The first four columns of figures in Table XX show a corres-
ponding modification of a shatter test. In this modification, all material
passing the %-inch screen was removed after each individual drop; after
the 4th, 8th, and 12th drops the fine material was put back with the coarse
coal before the screen analyses were made. The figures in the table show
no appreciable differences between the results obtained, respectively, with
and without the fine material.

Table XX also shows the effects of changing either the weight or size
of coal used for this shatter test. Reduction of the weight from 50 to
25 pounds increases the ‘“friability, per cent”, very slightly. As was found
to be the case with the tumbler tests, reduction of the size of the coal
somewhat reduces the “friability, per cent”.

Illinois Shatler Testt

This test originally called for round hole screens but, for the sake
of uniformity, values previously reported for comparison with those from
the other tests were obtained with square hole screens. Table XXI
gshows, in two pairs of columns, comparisons of results obtained from
square hole screens with those obtained from round hole screens. These
results are not quite so satisfactory as most of those in Table XIX, parti-
cularly as regards the percentages of “smalls’”’. At the outset of the
study of the Illinois test, 55 lumps of material between the 3- and 2-inch
square screens were agsumed to be the equivalent of the 60 lumps of 3-
to 23-inch, (vound hole) coal called for by the test. This was not found
to be the case with the coals shown in Table XXI, where the 60 lumps of
round hole coal weigh, in each case, decidedly more than the 55 lumps of
square hole coal. This irregularity may account, in part, for the lack of
entire agreement between the values shown in the respective 1st and 2nd
and 7th and 8th columns of the table.

Prolonged tests were carried out, to a limit of 8 drops. Speaking
generally, the values obtained from these tests correspond satisfactorily
with those obtained from the prolonged tests with the A.S.T.M. apparatus.
The decrease in ‘“lumps” was gradual and very distinet, the decrease in
“unbroken” being marked, while the increase in “smalls’” was notable.
It seemed as if all these occurred to a slightly greater degree than in the
AB.T.M. test. There was, again, no indication that the breakage had
approached a limit. Examination of Tables III, XIX, and XXI led to
the conclusion that the respective friability percentages resulting from
4 drops in the A.S.T.M. shatter test are intermediate between those ob-
tained after 1 and 2 drops in the Illinois test, and a little nearer to those
obtained after 2 drops.

The last three columns of Table XXI confirm the conclusions drawn
from Table XX, and similar conclusions dealt with in other parts of this
report. These are to the effect that reduction in the weight of sample
used increages the “friability, per cent”; also that reduction in the size of
thcei co?il lowers the friability, even though the weight used be slightly
reduced.
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SUMMARY AND CONCLUSIONS

Friability, or size stability, of coal is important primarily to the pro-
ducer, retailer, or consumer. However, in this report it is under con-
gideration as an adjunct to the scheme of coal classification, by rank and
grade, at present in preparation in Canada and the United States. With
that end in view, methods of determining friability based upon various
principles, and modifications thereof, are described. It is hoped that
congideration of the data presented here may be of assistance in the selec-
tion or derivation of a standard procedure for North American coal.

The following types of apparatus were employed:—

(1) Small Jar Tumbler, in which friability is measured by size
degradation.

(2) AS.T.M. (Coke) Drum Tumbler, in which friability is measured
ag above.

(3) Box Tumbler, in which friability is measured by the number of
revolutions, or the corresponding time, required to produce a definite
amount of broken coal of less than a specified size.

(4) Drum (Box) Tumbler, designed to correlate the two previously
named tumblers, and to study modifications of their principles.

(5) Sheffield (Coke) Abrasion Tumbler, designed to cause abrasion,
without shattering, when used under specified conditions. Friability is
measured by size degradation.

(6) A.S.T.M. (Coke) Shatter Test, designed to produce breakage due
to impact, in which friability is measured as in the last case.

(7) Illinois Shatter Test, which is similar to the last test in all its
principles.

Seven coals were selected for the tests, ranging from one with a very
high size stability to one with a high friability. One of the more friable
coals was noteworthy as being subject to breakage from impact, without
being greatly affected by abrasion.

Various criteria, based upon screen analyses before and after the
respective tests, are suggested for the numerical definition of friability,
when measured by size degradation. The most promising of these are
“Priability, per cent’”, as employed by Yancey, ‘“Unbroken”, per cent,
and “Lumps”, the last being the per cent of maferial retained by a %-inch
square screen.

A gpecific modification of each of six of the test methods was selected
for purposes of comparison. These were applied to each of the seven coals
whenever the selected size was still available. The results obtained are
shown in detail by tables and diagrams.

Fach selected modification places the friabilities, or size stabilities,
of the coals in, approximately, the same order. Therefore, any of them
ogght lto be satisfactory for determining the relative friabilities of a series
of coals.

The selected modifications, together with other variations of the
test mgthods, supply the following information concerning the respective
methods.
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(1) The Small Jar Tumbler causes breakage of all kinds, but partic-
ularly attrition which is marked by a large amount of “dust”.

In this tumbler, reduction of the weight of coal employed for a 3-hour
test results in increased breakage of all kinds, though the effects of shattering
increase more than those due to attrition.

Coal of 2- to 1i-inch, or of 1%- to l-inch, size breaks up more, and
produces a greater friability range for & series of coals, than does coal of
1- to 3-inch size. The smaller of the two large sizes usually gives the more
satisfactory results.

Substitution of a frame with two vanes for the usual three-vane
grame decreases breakage of all kinds, but only to an exceedingly small

egree.

Substitution of a cast-iron jar for the regular porcelain one gives
values corresponding closely to those obtained in the regular jar.

Tests of one, two or three hours’ duration show that, during the first
hour of tumbling, shattering takes place, with a certain amount of abrasion;
during the second hour, abrasion very largely replaces shattering; during
the third hour, the breakage is almost entirely due to abrasion, and this
appears to continue steadily thereafter. These conclusions support those
of Yancey and Zaneb.

Irregularities of results obtained from single tests are greater from
one-hour than from three-hour tests, but not to a very marked degree.
One-hour tests seem to show as great contrasts between the respective
coals as do the three-hour tests. It is, therefore, recommended that the
one-hour test be adopted as standard, particularly as more of them than
of the three-hour tests can be made in a certain period of time. The
two-hour test is advisable where a study of the effects of abragion is desired.

Hourly removal of finely broken material, without replacing it, has
little effect upon 1- to i-inch coal, but a marked effect upon the larger
sizes. There is little difference in the friability, per cent, resulting from
3 hours’ total tumbling whether a 0-742-inch or a 0-0164-inch screen is
employed to remove the fine coal, but there is a marked difference in
the nature of the resultant smaller sizes. Removal of material through
0:742-inch produces principally “smalls”, or impact breakage; removal of
material through 0-0164-inch promotes abrasion.

The values obtained when the 0-0164-inch screen is used are close to
the values from the tests in which smaller than normal weights of coal
are tumbled for 3 hours, and particularly close to those from the 600-
gramine test.

Changes in friability caused by hourly removal of fine material are
probably due to changes of weight or volume of the coal, rather than to
removal of the cushioning effect of such material.

Hourly removal of fine material, with return of the residual charge to
full weight by reduction in the number of jars charged, gives values corres-
ponding closely to those from the normal 3-hour test.

. Hourly removal of all material except the “unbroken”, or that remain-
ing upon the smaller of the two screens used to prepare the sample, with
return of the residual charge to full weight by adding fresh coal of the size

T
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used for the tests, distinctly lowers friability, per cent. This is shown by a
reduction in the amount of “smalls”, rather than by any rapid alteration
in the results of abrasion. It is particularly marked in the more resistant
coals.

Treatment of 3- to 2-inch coal in the Sheffield Abrasion Tumbler
broke it into lumps which gave lower friability in the Small Jar Tumbler
than lumps of the same coal prepared by screening alone. The lower
friability was shown by reduction in ‘“smalls” and “fines” produced, but
not by a similar change in “dust’’, this being greater from the previously-
tumbled coal.

(2) The A.S8.T.M. (Coke) Drum Tumbler promotes breakage due to
shattering, coupled with a small amount of abrasion. On account of heavy
impact breakage, the number of revolutions was reduced to 50 per test.

Prolonged tumbling, for 1 to 3 hours, reduces “lumps’ to very small
dimensions, and does away with all kinds of breakage except abrasion.
Such tumbling produces so much breakage as to shorten greatly the
friability range of a series of coals.

(3) The Box Tumbler causes shattering, with a limited amount of
attrition. Coal of 13- to l-inch size is recommended for this test, though
the 1- to 1-inch size may give a greater friability range.

A wire screen with I-inch square holes was used almost entirely, but
a round hole gcreen is recommended.

Tests showed that, when }-inch and -%-inch round screens were used,
longer time was required to produce the specified amount of fine coal than
when the square screen was employed, and more breakage was produced.

There is more breakage in the tumbler when fitted with a screen than
when fitted with a sheet of iron in place of the screen. In the first case,
the breakage is principally due to shattering; in the second case, it is due
to abrasion to a greater degree than in the first case.

Such a test indicates that the cushioning effect of fine coal in preventing
breakage ought not to be disregarded.

(4) The Drum (Box) Tumbler, when closed with the sheet-iron door
and fitted with two 2-inch shelves, gives values corresponding to those
obtained from the A.8.T.M. Tumbler, though the breakage due to impact
ig distinctly less. Substitution of one 6-inch shelf for the two shallow ones
gives results nearer to those from the Drum Tumbler.

The number of revolutions necessary for 20 per cent of 3- to 2-inch
coal to pass through the screen in the full-width Drum (Box) Tumbler is
less than half the number of revolutions necessary for 13- to l-inch coal in
the Box Tumbler, and requires about one-fifth of the time. The revolutions
and time are increased by one-third when the Drum (Box) Tumbler is
narrowed to the width of the Box Tumbler, and 13- to 1-inch coal is em-
ployed instead of the large size.

There is more breakage, particularly shattering, when small coal is
removed from the tumbler, by falling through a 2l-inch round screen,
than when the tumbler is closed. In a tumbler of so large a capacity this
must indicate that the fine coal, when present, acts as a cushion to prevent
disintegration.

Breakage is very heavy indeed during the first minute of tumbling.
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If the weight of coal and the width of the tumbler be altered propor-
tionately, the time requisite for 20 per cent of the coal to pass through
Ehe screen in the tumbler, and the amount of breakage, will change very
ittle.

The following data, obtained from a series of tests in each of which
one of three variables was changed, show that:—

Reduction in the size of coal employed results in less breakage, not-
withstgnding the fact that the time required to complete the test is in-
creased.

Reduction of the weight of coal causes a slight increase in breakage,
and a considerable shortening of the time required for the test.

Reduction of the width of the tumbler has only slight effects, shown
ag a probable decrease in breakage and a lengthening of the time necessary
for such a reduction in size of the coal that it will pass through the screen
in the tumbler

A series carried out according to one modification of the Drum (Box)
Tumbler Test, in which friability was based upon revolutions of the tumbler
or the corresponding time, placed five of the selected coals in an order
that agreed reasonably well with the results from the other types of
test apparatus.

(5) The Sheffield (Coke) Abrasion Tumbler produces much less
impact breakage than the A.S.T.M. Tumbler, and only about the same
amount of abrasion, when used with coal. Even very prolonged tests will
not produce so much impact breakage. Therefore, the Sheffield Tumbler
will give a longer range of friability values than the A.S.T.M. Tumbler.

Modifications of this test show very clearly that reduction of the size
of coal employed corresponds with lessened breakage.

(6) The A.8.T.M. (Coke) Shatter Test produces almost entirely
impact breakage, the amounts of ‘“fines” and “dust”’ being negligible
except with very friable coals. As a test proceeds, the material designated
ag ‘““‘unbroken’ gradually decreases to form smaller material of “lump”
size, which, in turn, is gradually replaced by “smalls”.

Tests extended to a total of 12 drops give no indication of completion
of breakage, though the change in friability between the 8th and 12th
drops was less than those in the corresponding earlier periods.

Removal of material passing a i-inch screen, after each individual
drop, fails to produce any more breakage than in the test in which no
material is removed.

(7) The Illinois Shatter Test causes effects similar to those produced
by the test just discussed.

A series of tests extended to 8 drops furnished information of the same
general nature as that from the A.S.T.M.Test when extended to 12 drops.
The breakage produced was somewhat more intensive.

The following conclusions apply to both shatter tests.

Results obtained with round hole screens agree moderately well with
those with the square hole screens considered as corresponding to them.

Reduction of the weight of sample somewhat increases friability,
per cent. Reduction of the size of coal lowers the friability, even though
the weight be slightly lessened.




TABLE I
Analyses of Coal Samples Employed in Friability Tests (or of Samples Believed to Correspond to Them)
No. 1, No. 2, No. 3, No. 4, No. 5, British Columbia Bituminous
Pennsylvania Welsh Pennsylvania Nova Scotia Alberta
Anthracite Anthracite Bituminous Bituminous Bituminous No. 6, No. 7,
Crowsnest Nicola
R D R D R D R D R D R D R D

Prozimate Analysis—

Moisture.......... per cent 34 ...... 1.7 ...... 32 ...... 28 ...... 1.1 ...... 1.0 ...... 9-5 ......

) W «“ 9.5 9-8 5-0 5-1 6-1 6-3 8-5 8.7 12-1 12.2 5-3 5-3 10-8 11-9

Volatile matter... « 5-4 5.6 8-0 8-1 32-7 33-8 34-1 35-1 25-8 26-1 27-3 27-6 36-0 39-8

Fixed carbon..... « 81-7 84.6 85-3 86-8 58-0 59-9 546 56-2 61-0 61-7 66-4 67-1 43.7 48-3
Ultimate Analysis—

Carbon........... PErcent | voveve ceniii | veieen aenens 784  80-9 75-5 77-7 76-4 77-3 81-8 '82-7 63-8 70-5

Hydrogen ........ L A 5.7 5-5 5.1 5.0 4.6 4.5 4.9 4-9 5.7 5-1

Ash.......... .« 9-5 9-8 5-0 5.1 6-1 6-3 8-5 8-7 12-1 12-2 5.3 5.3 10-8 11-9

Sulphur........... « 0-8 0-8 1-0 1-0 0-8 0-9 2-6 2-7 0-3 0-3 0-6 0:6 0-6 0-6

Nitrogen......... L e s 1-6 1-6 1.4 1-4 1.1 1.1 1-5 1.5 1-7 1-9

Oxygen..eeernnn.. e [ 7-4 4.8 6-9 4.5 5-5 4-6 5.9 5-0 17-4 10-0
Calorific Value—

Calories per gramme, gross| 7,185 7,435 [ 7,985 8,120 ( 7,800 8,060 | 7,485 7,700 | 7,500 7,580 | 8,050 8,140 6,345 7,005

B.T.U. per 1b., gross...... 12,9230 13,390 | 14,370 14,620 | 14,040 14,500 | 13,470 13,860 { 13,500 13,650 | 14,490 14,650 | 11,420 12,610
Fuel 1atio.. .o oovieneneennnns 14-95 10-65 1-75 1-60 2-35 2-45 1-20
Coking properties™. .......... Non-coking Non-coking Good Good Good Good Poor

Nore: R—As received. D—Dry basis.

*As indicated by residue (coke button) from volatile matter determination.

4




Comparison of the Individual Coals by each Friability Test

44

No. 1,
Pennsyl-
vania,
Anth-
racite

TABLE II
No. 2, PNo. 3,I Il\\TTo. 4, .
' ennsyl- ova
X’ﬁ}il} vania | Scotia
racite Bitu- Bitu-
minous | minous

No. 5,
Alberta
Bitu-
minous

No., 6,
B.C,,

Crowsnest

Bitu-
minous

No. 7,
B.C,,
Nicola
Bitu-
minous

JT—Small Jar Tumbler Test—1000 grammes of 13- to 1-inch coal;

7200 revolutions, 3 hours

Sizes of Screen Open-|
ings, inches

per cent | percent | per cent | per cent | percent | percent | percent

13t01:05............. 54.8 38-6 38-2 40-5 12. 12-9 18.
1.05 t0 0-742.......... 19-4 211 27-1 21-1 15-9 15-3 18:9
0-742 to 0-525......... 4.7 4.6 5.2 5-0 8.2 6.7 12-4
0525 to 0-371......... 1.9 1.3 1.7 21 4.0 2.3 9.2
0:371 to 0-0164........ 1.7 1.4 1.0 1.6 5:4 5.5 15.3
0:0164 to 0-0116....... 0-4 1.0 0.4 0-5 4-6 5.4 1.3
00116 to 0-0058....... 2-1 6:5 2.4 4.3 14.7 16-0 4.2
00058 to 0-0029....... 4.0 68 7-8 55 14.0 12:9 4.9
Through 0-0029....... 10-4 18-7 16-2 19-4 203 23-0 15:1
“Lumps’’— per cent | per cent { per cent | per cent | per cent | per cent | per cent

OnQ-742............ 74-2 59-7 65-3 61-6 288 28-2 37-6
“Smalls’"—

0-742 to 0-0116...... 8.7 83 8-3 9.2 22+2 19-9 38-2
“‘Pines’’—
. 8-0116 to 0-0029..... 67 13:3 10-2 9-8 287 289 9-1
‘ e

Through 0-0029. . 10-4 18-7 16-2 19-4 20-3 230 15-1
*“Unbrolken’’—

On 1:05...c..ccvuen. 54-8 386 38-2 40+5 12-9 12:9 18.7
Number of tests....... 24 12 16 12 4 20 16
Friability, per cent.... 27 42 39 40 68 70 55

DT—A.8.T.M. (Coke) Drum Tumbler Test—22 pounds of 3-

approximately 2 m

inutes.

to 2-inch coal; 50 revolutions,

Sizes of Screen Open-

ings, inches.

- per cent | per cent | per cent | per cent | per cent | percent | per cent
Bto 2. iiiiiniiiininas 45-4 30-8 11.7 20-5 12+5 . 5.7
20 1% 0iiiiinnns 22-8 17.7 17.9 18-8 12.6 9.7 6-8
tol.iieiinnennns 11-3 85 15.9 14.2 10-2 9.1 10-8
1o 0-740.... 00000 3.4 5.1 7:9 6-3 79 6-2 10-2
0-742 t0 0-525.v. 10 1.. 2:3 3:9 6-3 5.1 6:8 5.7 131
0525 to 0-263......... 4.0 74 33.9 10-2 11.9 12.5 26-2
0:263 to 0-0164........ 85 22+1 19-3 296 39-2 23+8
Through 0-0164,...... 2.3 4.5 7.1 56 85 11-4 3.4
“Lumps’— per cent | per cent { percent | percent | percent | per cent | per cent

On0:742,........... 82-9 62:1 53-4 59-8 43-2 31-2 33-5
“Smalls’’—

0:742 to 0-0164,..... 14-8 33.4 39-5 34+6 48-3 57-4 631
“Trines and Dust’’—

Through 0:0164..... 2:8 4.5 7-1 56 8:5 114 3.4
“Unbroken’—

On2..ciiivvnvnnnn 45.4 30-8 11.7 20-5 12+5 6-2 5.7
Number of tests....... 2 2 4 2 2 2 2
Revolutions........ ves 50 50 100 50 50 50 50
Friability, per cent.... 31 47 | (69) 48 53 66 75 72

ale. for
50 revs.
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TABLE IT—Continued
Comparison of the Individual Coals by each Friability Test—Continued

1:‘No. 1,1 No. 2, PNo. 3,l 11\\110. 4, No. 5, 1]\310. 6, Noé'?
ennsyl- ennsyl- ova .C., .
Xan}ila Xs}}i}f w]gmgia Sﬁzotia Alk;:;ta’ Ozlgwtsnest I\IIZ»ICOIa
nth- : itu- itu- - itu- itu-
racite racite minous | minous mmoiug? minous ! minous
BT—Box Tumbler Test—1000 grammes of 13- to 1-inch coal
Sizes of Screen Open-
ings, Inches
per cent | per cent | percent | percent | per cent | percent | per cent
13601:05.....000uevn 32 48.6 457 46- 41-3 37- 3.
105 to 0-742,... 33:3 20-6 187 17-4 20-1 220 17-9
0-742 to 0-525......... 6-3 4.5 7-2 7-2 6-0 6-7 15.0
0-526 t0 0-371......... 5.1 2:6 4.2 4.4 4.9 5-8 12-5
0-371 t0 0-263......... 25 2-1 2.7 2.9 3-8 36 8.4
0-263 to 0-0164 14.7 16-7 16-3 16-9 19-9 9-3 20-5
0-0164 to 0-0116....... 1-1 1-2 1-2 1-0 0-9 11-3 0-5
0-0116 to 0-0058....... 1-8 1-6 1-8 14 1-2 1-6 06
00058 to 0-0029....... 1-1 0-6 0-8 0-7 0-8 0-7 0-3
Through 0-0029....... 1-9 15 1.4 13 11 1.7 0-6
“Lumps''— per cent | percent | percent | percent | per cent | per cent | per cent

Ono0:742,........... 65-5 69-2 64-4 64-2 61-4 59-3 41:6
“‘Smalls’'—

0-742 to 0-0116...... 29.7 27-1 31-6 324 35-5 36-7 56-9
'Tines'' —

0:0116 to 0-0029..... 2:9 2.2 2:6 2-1 2-0 2-3 0.9

‘Dust’’'—

Through 0-0029..... 1.9 1.5 1-4 1.3 1.1 1.7 0:6
‘‘“Unbroken’’—

Onl-05.........0... 32-2 48-6 45-7 46-8 41-3 37-3 237
Number of tests....... 2 3 2 9 1 2 3
Revolutions........... 741 218 234 179 57 33 115
Time, minutes........ 613 18% 193 15 43 23 10
Friability, per cent.... 36 30 33 32 36 39 45

AT—Sheffield (Coke)

Abrasion Tumbler Test—2 cubic feet of 3- to 2-inch

coal; 690 revolutions,

33 minutes.

Sizes of Screen Open-

ings, inches

per cent per cent | per cent
3to2..0iiiiiiiiiinn 784 16-3 14-0
2tol........ 11-3 16-3 15-1
13to1........ 3-9 12-0 17-4
1tod......... 1-0 5-4 12-2
%to Foereennnn 05 46 14-6
........ 06 4.9 10-4

3 to 0-0164......... .. 2.1 19-4 126
0:0164 to 0-0116....... 0-4 4.9 0.7
00116 to 0-0058....... 08 6-9 1-2
0-0058 to 0-0029....... 0-2 5.1 0-4
Through 0-0029....... 0-8 4.2 1.5
“Lumps per cent . per cent | per cent

Ongioviivininnns .. 94:6 B Y [ P 50-0
“Smalls”
. ’.to(’)’0116.......... 36 [...... P R RPN PP 33-8 38-2

{ —

0:0116 to 0-0029..... L) I VU F R RO P 12-0 1-6
“Dust’'—

Through 0-0029..... 08 1.ev.n.s [ T P 4.2 1.5
"Unbroken’’—

On2....oocvvvvnnns T84 ) e 16:3 14-0
Weight of coal, lb..... (74 P I PRI PISOIPOI 873 86
TFriability, per cent.... )5 O P Y P PN 62 56

099494
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TABLE II--Concluded
Comparison of the Individual Coals by each Friability Test—Concluded

PNo. 1,I No. 2, PNo. 3,I %0. 4, No. §, %0(.}6. No. 7,
enngyl- onngyl- ova - B.C. .C.,
Xm;}i‘a ngi%}_‘ \éqz\ia Sé:_c;tin Agi::_m Cr%xytsnést I\lIai%ola
nth- : itu- itu-~ : itu- itu-
racite racite minous | minous | ™M°% | minous | minous
S8T—A.8.T.M. (Coke) Shatter Test—50 pounds of 8- to 2-inch coal; four 6-foot drops
Sizes of Screen Open-
ings, inches
per cent | per cent | per cent | per cent per cent | per cent
63:8 56-0 49-6 483 iivuiann. 33- 13-5
16-9 16-0 19-2 181 L.iiieiie. 17-0 13-0
7-0 9-0 11-2 [/ 20 N RN 95 17.56
3:0 4.0 4.0 50 iieinans 5.0 12-0
3-0 25 51 30 |..vunnn . 4.5 146
.. 3:0 5.0 4.0 TO0leeiennnnss 9-0 16-0

£0 0-0164. .0 .00meis. 3-0 7-0 6-1 85 iiviennnns 19-0 12:5

hrough 0-0164. . 03 05 0-8 10 4..iinnnns 3-0 1.0
“Lumps"~— per cent | per cent | per cent | per cent per cent | per cent

1 I 90-7 85-0 840 806 |.iiuuues . 645 56-0
“Smalls’'—

2 to 0-0164.. 9:0 14:5 15:2 185 |oevernenes 32:6 43-0
“Tines and Dust'—

Through 0-0164..... 0-3 05 0-8 10 foveennnnns 3-0 1.0
“Unbroken’'—

On2........ Ceeenen 63-8 560 49-6 48:3 lieirrennns 33:0 13-5
Friability, per cent.... 18 25 28 30 leeeernnnns 44 57
IST—Illinois Shatter Test—b55 lumps of 3- to 2-inch coal; one 10-foot drop
Sizes of Screen Open-

ings, inches *

per cent | per cent per cent percent | percent
73-0 684 |.... 536 |.. vees 43.5 26-91
120 9.7 24.9 |.. . 14.9 15-82
8-3 66 6-2 |. . 11-8 15.33
3.0 36 |. 5.0 1. . 7-6 13.7¢
1.2 26 |. 2:5 |, . 3.7 8~2:

12 T R 37 overnn 68 s

1.2 (i 31 2 B N 10-6 6-0

0-1 (1 22 35 P 04 1{..00ves 1-2 0:5

per cent | per cent per cent per cent | percent

On 06-3 883 |ivvuennnn 897 luvuirnnns 777 717
“Smulls”—

1 t00-0164.......... 36 W3 |eviuninan 99 1...... 211 27-8
“¥ines and Dust’'—

Through 0-0164..... 0-1 04 f.ieens 0-41.......... 1.2 0-5
“Unbroken’*~

On2..iiniiinnnnns 73:0 68:4 [...... 836 livveiennns 435 269
Number of tests.. 2 2 1. 1 2 2
Weight of coal, 1b. 213 2431, 20 |.. 20 223
Friability, per cent.... 13 19 23 |.. 35 38

* 60 lumps of 8- to 2}-inch, round hole, coal.
13- to 2}-inch, round hole.
2 23- to 2-inch, round hole.
32-to li-meh round hole.

4 11- to 1-inch, round hole.
5 1~ to }-inch, round hole.
6 3- to 4-inch, round hole.
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TABLE III
Comparison of the Friability Tests on Each Coal
JT, DT, BT, AT, 9T, 197,
A.8.T.M, Sheffield
Small Jar Coke) (Coke) A.S.T.M. Illinois
Tumbler rum Box Abrasion (Coke) Shatter
Test, Tumbler | Tumbler | Tumbler Shatter Test,
—_— 1000 gm., Test, Test, Test, est, 55 lumps,
13-to l<inch,] 22 1b., 000 gm., 2 cu. ft., 50 1b., }8-to2-inch,
7200 revs., | 3-to 2-mch 1%- to I-inch,| 3- to 2-inch, | 3- to 2-mch, 1 10-foot
3 hrs. 50 revs., 690 revs., 4 6-foot drop
2 min, 33 min. drops
No. 1. Pennsylvania Anthracite
Sizes of Screen Open-
ings, inches per cent per cent per cent per cent per cent per cent
Bt02.0vciiiiuinnn, S P 454 |iiiiiiiinn, 78:4 63-8 73-0
201 cvieieiiinn il 22:8 |ooiiiiiiinn, 11-3 16-9 12-0
tol........ 54.81 11.3 3991 3.9 7.0 83
1to4...... 19-42 3.44 3332 1.0 3-0 3.0
}to(l) e %-ga 2.38 g?: 05 3.0 1.2
00 . .
R O - 4.08 5L } 0.6 3.0 12
1 to 0-0164.. . 85 14.7 2.1 3.0 1.2
00164 to 0- 0116.. . 0-4 1.1 0-4
0-0116 to 0-0058...... 2.1 2.3 1.8 0-8 0.3 0-1
0-0058 to 0-0029...... 4.6 1.1 0-2
Through 0-0029...... 10-4 1.9 0-8
Number of tests,.... 24 2 1 1
Variant......ooneenos None 50 revs. 741 revs. 97 1b. None 213 1b
2 min, 61% min,
Friability, per cent.. 27 31 11 18 13
No. 2, Welsh Anthracite
Sizes of Screen Open-
ings, inches per cent per cent per cent per cent per cent
3to2 308 Joiiiiiiiinns 56-0 684
2 to 1%. 177 oo 16:0 9.7
13 tol,. 38-61 8.5 48.61 9:0 6.6
1to } 21-12 514 20-62 4.0 3:6
$tod 4.63 3.98 42: 25 2:6
%-%")7]9 1-3 } 745 3117 5.0 4.1 {
1t00 1-4 2.1 | . 167 7.0 46
00156 19 00088, 53 16
. to 0 . . . . )
0-0058 t0 0-0020.... .. 6-8 45 0.6 0-5 0-4
- Through 0-0029...... 18:7 1-6
Number of tests..... 12 3 1
Variant...... e None 50 revs. 18 revs. None 245 1b
2 min. 1184 min,
Friability, per cent., 42 4 30 25 19

1 1% to 1.05-inch.
21.05- to 0-742-inch.

8 0+742- to 0+ 525-inch,

41~ to 0.742-inch.
00940—44

5 0+525- to 0-263-inch.
6 0-525- to 0-371-inch.
70-871- to 0-263-inch,
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TABLE III—Continued
Comparison of the Friability Tests on Each Coal—Continued

JT, DT, BT, AT, ST, IST,
AS.T.M. Sheffield
Small Jar Coke) (Coke) A8 T.M. Illinois
Tumbler Tum Box Abrasion (Coke) Shatter
Test, Tumbler | Tumbler | Tumbler Shatter Test,
— 1000 gm., est, Test, Test, Toest, 55 lumps,
13-to l<inch,| 22 1b., 1000 gm., 2 eu. it., 50 ib., 3- to 2-inch,
7200 revs., | 3-to 2-inch, 13- to 1-inch,| 8- to 2-inch, | 3- to 2-inch, | 1 10-foot
3 hrs, 50 revs., 690 revs., 4 6-foot drop
2 min. 33 min. drops
No. 8. Pennsylvania Bituminous
Sizes of Screen Open-
ings, inches per cent per cent per cent per cent
3 to 2,. 117 Joooooeane, 49.6
2 to 13. 1729 |ooiiiiiin, 19.2
1} to 1, 15:9 45.71 11.2
1to .. 7:94 18-72 4.0
§is b SEL R "
o0 .
0-371to & 33'2{ 2.77 4-0
} t00-0164...... 16-3 6:1
0:0164 to 0:0116 ' 1.2
0:0116 to 0-0058 7.1 1.8 0-8
0-0058 to 0-0029...... 0-8
Through 0-0029...... 1 1-4
Number of tests..... 16 1
Variant....ooivinian None 100 revs. 234 revs, None
min, 19% min.
TFriability, per cent. . 39 (59) 48 33 28
cale. for
50 revs.
No. 4. Nova Scotia Bituminous
Sizes of Screen Open~
ings, inclhes per cent per cent per cent per cent per cent
B102. i iievinieenn]irniininanns 2005 fooiiiiiiinn 48.3 53-6
2R 7 Y PN 18:8 [ovvvnniniifenns 181 24-9
tol........ 40.51 14:2 4681 9.1 6.2
1tod........ 21.12 6-34 17.42 50 5.0
gto bar 323 5.13 iiz 3:0 2-5
to 0-371....... . 95 . . .
037140 2.0 i 16 {} 10-2 2.9 70 8-7
1 t0 0-0164........... 19-3 169 85 3.7
0-011s to 0-0038.. 1| 43 I
. t0 0- ere . .
0-0058 to 0-0029.... .. 55 56 0-7 1-0 04
Through 0-0029...... 194 1-3
Number of tests..... 12 2 [ P 1 1
Variant.............. None 50 revs. 179 revs. f...vovon... None 20 1b.
2 min, 15 mins
40 17 2 - ¥ T RN 30 23

Friability, per cent. .

111~ to 1-05-inch.

21.05- to 0-742-inch.
8 0:742- to 0-525-inch,

41~ to 0-742-inch.

§0.525- to 0-263-inch,
8 (. 525- to 0-371-inch,
70371~ to 0-263-inch,

S

-

=~
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TABLE ITI—Continued
Comparison of the Friability Tests on Each Coal—Continued

JT, DT, BT, AT, ST, IsT,
A.8.T.M. Sheffield
Small Jar (Coke) (Coke) A.8.T.M Tllinois
Tumbler Drum Box Abragion (Coke) Shatter
Test, Tumbler | Tumbler | Tumbler Shatter Test,
_ 1000 gm. Test, Test, Test, Test, 55 lumps,
Li-tol-nch,| 221b., | 1000gm., | 2cu.ft., | 601b., |8-to2inch,
7200 revs., |3- to 2-inch, [13-to I-inch,] 3- to 2-inch, | 3- to 2—1nch 1 10-foot
3 hrs. 50 revs., 690 reys., 4 6-foot drop
2 min. 33 min. drops
No. 6. Alberta Bituminous
Sizes of Screen Open-
ings, inches per cent per cent per cent
3102, iiieniinieninfiriiininieas 128 [oovviinnnan,
P e . T P 126 |oevevennenss
Btoliiuiiinianen, 12.9t 10-2 41.3t
1804 iviinienenns 15.92 794 20-12
gto %71 ............ 2(2)3 6:8% 282
t0 0-371............ . .
0371 to ... 0000 54 11.98 3.87
1t00.0164........... 29-6 19-9
0-0164 to 0-0116.. 4.6 0-9
0-0116 to 0-0058... 14.7 85 1.2
0-0058 to 0-0029...... 140 0-8
Through 0:0029...... 203 1.1
Number of tests..... 4 2 1
Variant....oooeenouns None 50 revs. 57 revs.
: 2 min. 4% min,
Friability, per cent. . 68 66 36

No. 8. British Columbia, Crowsnest, Bituminous

Sizes of Screen Open-|

ings, inches per cent per cent per cent per cent per cent per cent
8102, 00iviiiiininnni]ininas 62 |iviviuiinnns 16-3 33-0 435
26015 ciiiiiiiinnnii]iininiiiiin [ 2 A PN 16-3 17-0 149
Btol...ooiinines, 12.91 9-1 37-3t 12.0 9:5 11-8
1604 iiiiieniiennas 15-32 6.24 22-02 54 50 7-5
gto 371 ............ gga 573 gg: 4.6 4.5 3.7

t00-371.....c0u0hts . .
0-37Lt0 3. oveuii.. 55 {} 12-63 3.7 49 9:0 6-8

to 0-0164........... 39-2 9-3 19-4 19-0 10-6
00116 to 0.0 1| 16:0 e 69

0 . . .
0-0038 to 0-0029... ... 12.9 -4 07 5.1 3-0 1.2
Through 0-0029...... 23-0 \ 1.7 4.2
Number of tests..... 20 2 2 1 1 2
Variant.......couene. None 50 revs. 33 revs. 874 1b, None 20 Ib.
2 min, 2% min,

Friability, per cent.. 70 75 62 44 35

11 to 1-05-inch.

2 1.05- to 0-742-inch,
30-742- to (- 525-inch.
41- to 0-742-inch.

& (-525- to 0-263-inch.
8 0-525- to 0-371-inch.
70371~ to 0+263-inch.
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TABLE III--Concluded
Comparison of the Friability Tests on Each Coal—Concluded

JT, DT, BT, AT, ST, IST,
A8 T.M. Sheffield
Small Jar Coke) (Coke) AS.T.M. Illinois
Tumbler rum Box Abrasion (Coke) Shatter
Test, Tumbler | Tumbler | Tumbler Shatter ‘Test,
—_— 1000 gm., Test, ‘Test, ‘Test, ‘Test, 55 lumps
13- to 1-inch, 22 1b., 1000 gm., 2 ou, ft., 501b., [3-to 2-incil,
7200 revs., |3-to 2-inch, {1}-to 1-inch,| 3- to 2-inch, | 3- to 2-inch, | 1 10-foot
3 hrs. 50 revs., 690 revs., 4 6-foot drop
2 min, 33 min, drops
No. 7. British Columbia, Nicola, Bituminous
Sizes of Screen Open-
ings, inches per cent per cent per cent per cent per cent per cent*
3t02..0000s T P 57 [ovennns 140 13-5 2698
PATONE R (12 2 P 151 13-0 15.8°
B0l 18.71 10-8 23. 7 17-4 17-6 15.310
1t0d.......0t eesaea 18.92 10.24 17.92 12.2 12-0 13.711
gto %371 ............ 13-%’ 13-18 igga 146 14.5 g-%ﬂ
0 0-371...000nenen. . 05 .56 . . .61
0:87Lto ki iy 153 {} 26.2 har |} 10 16-0 8-0
1 t00-0164........... 23.8 20-5 12-5 12+5 6-0
0-0164 to 0-0116...... 13 0.5 0-7
0-0116 to 0-0058...... 4.2 3.4 0.6 12 1.0 05
0-0058 to 0:0029...... 4.9 0-3 0-4
Through 0:0029...,.. 15-1 0:6 1.5
Number of tests..... 16 2 3 1 1 2
Variant..ooveeieirens None 50 revs. 115 revs. 86 1b. None 22% 1b.
2 min, 10 min,
Triability, per cent, . 86 45 56 87 38

* 60 lumps of 8- to 23-inch, round hole, coal.

1 13- t0 1-05-inch,
21.05- to 0+742-inch.
3 (0. 742- to 0+525-inch.
4 1- to 0+742-inch,

5 0.525- to 0.263-inch,

8 0+525- to 0-371-inch,
7(+371- to 0:263-inch.
8 3- to 23-inch, round,
9 2§- to 2-inch, round,

10 2- 0 1}-inch, round.
11 14~ to l-inch, round.
12 1= to0 $-inch, round.
13 4- to §-inch, round.
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TABLE IV

Effects of Varying Weight of Coal in Small Jar Tumbler Test
No. 8. Pennsylvania Bituminous Coal; 1% to 1 inch, 3 hours.

Weight of coal, grammes........oveenceenenas 1200 1000 800 600

Sizes of Screen Openings, inches per cent per cent per cent per cent
1360 1:06. 0 0iiiiiirnnininnnriiiiiiiiseisnaans 39:2 35-0 32:9 265
10510 0:742..00civiinniinnnnrnninarnirsnines 28:7 29-3 26-2 336
0742 0 0-525. . vovvrevrersreeenvesinseaenes 53 58 | 73 54
0:525 60 0-871.0uiviririirrrnnnnniiiiiienss 1.9 1.7 2:2 1.8
0:371t0 0:0164...cc.vvvvvnanvnnnnnns fereasenes 1.3 1.1 11 1.2
010164 0 0-0116.0uuueeerrernniniriirsnensenens 0-3 0:5
0-0116 80 0-0088. v cvvanvvesesraerevesinnans } i &0 { 3.6 35
0:0058 60 0:0029.0uvvvvvvnrninrrernnnnnnarsonie 7.0 7 8.1 9.0
Through 0:0029.......00veveennnnnnnann. Ceeees 145 16-8 183 185

per cent per cent per cent per cent

“Lumps"—-

On 0742, suueererioennrnoraonsirenansssnenns 67.9 64.3 591 60-1
“Bmalls’—

0:742 t0 0+0116,.......... Sesavsisraesrensans 8.5* 8.6* 10-6 8.4
Fines''—

00116 t0 0-0029........... veeres PN 9-1 10-3 12-0 130
MDust"__

Through 040029, ....c00veevrernosnscsssonees 145 16-8 18-3 18:5
“Unbroken''—

On 1:06, . eeeiinnvinrerroersnroneraes [ 39.2 35:0 32:9 266
Number of tests............. Vesteseerevieares 8 8 4 4
Friability, per cent.voevecirerireeirnas Ceereans 35 40 42 46

*Actually on 0-0164,



Small Jar Tumbler Tests of Three Sizes of Six Selected Coals
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TABLE V

(1000.grammes, 3 hours)

Coal........ tieverraessreicnaseoo| No. 1, Pennsylvania Anthracite| No. 2. Welsh Anthracite
Size, inches....oveviivvrevvnnnnn.] 2t013 13to1 1to} 2to13 | 13tol 1to}
Sizes of Screen Openings, inches | per cent | percent [ per cent | per cent | per cent | per cent
On 108, iviiiiineninneennnvinnss 70-6 510 [ovvvenn.n. 533 437 d.ll.
1-05 to 0:-742.......... 3.3 21-8 29:0 5.4 16-1 31-3
0-742 to 0-525......... 1-6 5.1 30:0 0.9 4.0 28.8
0-525 to 0-371....... 0-4 2.1 215 0:3 1.2 12.0
0:371 to 0- 0164 ........... 1:6 2.0 9.5 2.8 14 4.4
0-0164 to 0-0116.. 1-8 0.5 0.1 3-0 1-6 0:2
00116 to 0-0058......... 6.7 25 0.2 11-4 74 1.2
0-0058 to 0-0029......... . 6-8 54 0:6 9.3 91 6.2
Through 0:0029..........00vuue.. 7.2 9:6 91 13-6 16-5 159
Number of tests............... .. 4 8 4 4 4 4
‘“Unbroken*’, per cent....,....... 510 590 |.......... 43.7 60-1
Friability, per cent.............. 29 28 48 1 33
Coal.............e N No 3. Pennsylvania Bituminous{No. 4. Nova Scotia Bituminous
Size, inches.....oocevvvvvnnnnan.. 2t01% | 13tol 1to% 2to13 | 3 to1l 1to}
Sizes of Screen Openings, inches per cent | per cent | per cent | per cent | per cent per cent
.......................... 588 382 [iveiinnnn 508 349 |..........
1 05 to 0:742, 0viiniinnnnn, . 5.6 27:1 18-3 7.2 2.3 33-7
0:742t00:525.....00vvvvinvennn. 1.8 5.2 40-1 1-7 4.9 . 325
0:525 0 0371, .0.vvuninnrnnnnnn. 0-3 1.7 19-3 0-6 2.8 9.9
0371 t0 0-0164.........00venenns. 1.1 1:0 5:8 3:2 1-9 4.2
0+0164 to 0-0116........... ceeenen 9.0 9.8 0-1 2.6 0.7 0-1
0:0116 60 0-0058.....00vrvunen.n. 0-3 9-9 4.8 0-8
0:0058 t0 0:0029....00vvuvvnnnn. 5-6 78 1.7 89 8:2 35
Through 0:0029.............. hes 17.8 16:2 14.4 151 175 15+3
Number of tests.......... e 4 16 4 4 4 4
‘“Unbroken,’’ per eent...veceevansfeereenoens 38-2 584 (.......... 34.9 662
Friability, per cent...... NP . 43 39 34 49 43 29

Coaliiiviviiiiiiieiiinieinnens,

No. 6. B.C., Crowsnest

No. 7. B.C., Nicola

Bituminous Bituminous
Size, inches.....oovivvnnes e 2t01% | 13tol 1to% 2t013 | 13tol 1to3
Sizes of Screen Openings, inches | per cent | per cent | per cent | per cent | per cent | per cent
On 105, vuunninennenns e 22.7 145 [...ooo.ee. 25:2 164 [..ii.een
10660 0-742,..000vuren. i 6-8 14-6 6-1 140 189 18-3
0-742 60 0525 wveeerereenniin, 2.4 5-2 17.2 11-0 132 26-9
0-525 to 0-371,..... Cereeeeereeans 1.1 1.7 18-4 69 103 19-0
0-371 to 0-0164..... ereerrerranes 11-3 72 12-9 14-6 16+5 21-8
0:0164 0 0+0116....00evvvnrennnn. 8-8 5.0 1.1 2.3 1.0 0-2
0+0116 t0 0-0058.....00v0vvvunn.. - 19-0 19.4 6.1 6-8 39 0-5
0-0058 to 0-0029.....c00vvvennnn, 10-0 11:6 10-6 5.6 4.8 14
Through 0-0029................ . 17-9 20-2 276 13-6 15-0 11.9
Number of tests................. 4 4 4 8 8 8
“"Unbroken’, per cent...ovovvennfivvrnns.n. 145 23:3 {oiie.en 16-4 45-2
Friability, per cent........ P 73 70 65 62 56 40




(1000 grammes; 1% to 1 inch; 3 hours)

TABLE VI
Comparison of Two-Vane Frames with Usual Three-Vane Frames in Small Jar Tumbler Test

No. 1 No. 2 No. 4 No. 6 No. 7
2-vane 3-vane 2-vane 3-vane 2-vane 3-vane 2-vane 3-vane 2-vane 3-vane
Sizes of Screen Openings, inches per cent | per cent | per cent | per cent | percent | per cent | per cent | percent | per cent | per cent
13101-05. . .0 iiieiii it 48-8 54-8 45-1 38-6 371 40-5 20-5 12-9 23-2 18-7
105600742, .cvvvvvnninnennnnns 27-2 19-4 20-1 21-1 23-5 21-1 143 15-3 21-6 18-9
074240 0-525. ... ...oviiiiiiinn, 4.5 4.7 3-1 4-6 6-4 5.0 5-2 6-7 12.9 12-4
0-525t00-371..coiivininnnnnnnn 2-1 1-9 1.1 1-3 2-2 2-1 2:2 2-3 8-3 9.2
0-37140 0-0164.......c.00nunns 2-3 1.7 1-0 1-4 2-0 1-6 3-5 55 11-2 15-3
0-0164 t0 0-0116..........un. 0-2 0-4 0-4 1.0 0-3 0-5 3:2 5-4 0-7 1.3
0-0116t00-0058.....coieeurnnaennnanna. 0-9 2-1 4.0 6-5 2.9 4-3 13-5 16-0 2-5 4.2
0-0058 t0 0-0029............... 4.4 4.6 9.1 - 6-8 7:6 55 13-4 12-9 5-3 4-9
Through 0-0029....ccvueeinnciineennnns 9.6 10-4 16-1 187 18-0 19-4 24-2 23-0 14.3 15-1
“Lumps''— per cent | per cent | per cent | per cent | per cent | per cent | per cent | per cent | per cent | per cent
“S:léatong’;742 .......................... 76-0 74-2 65-2 59-7 60-6 61-6 34-8 28-2 44.8 37-6
a.
1(?) 742 to 00116, .. cciininianncannnnn 9-1 8.7 5.6 8-3 10-9 9-2 14-1 19-9 33-1 38-2
ines’

]g 0116 $00-0029.....cvviiiiiiinnenn, 5-3 6.7 13-1 13-3 10-5 9-8 26-9 28-9 7-8 9-1

Through 0 0029 . iiiieniininnnnannnn 9-6 10-4 16-1 18-7 18-0 19-4 242 23-0 14.3 15-1
“Unbroken”——

13102105, .ottt 48-8 54-8 45-1 38:6 37-1 405 20-5 12-9 23-2 18-7
Number of testS..ccvveiiniririeieans 8 24 8 12 8 12 8 20 16 16
Friability, per centecceeeerrenneraenns 27 27 38 42 41 40 65 70 49 55

gg



TABLE VIA

Small Jar Tumbler Test. Compariso;i of Tests in Iron Jars with Those in Porcelain Jars
(1000 grammes; 1%- to 1-inch coal; 8 hours)

Nova Scotia Bituminous

Coal Pennsylvania British Columbia,
.................................. Anthmclte Selecfed ple G—eneral sample Nlcola. Bltummous
B £ Porcelain Iron Porcelain Iron Porcelain Tron Porcelain Iron
Sizes of Secreen Openings, inches per cent per cent per cent per cent per cent per cent per cent per cent
[0 (3 K 1 Y 39-8 43-8 26-1 26-8 45.2 41.8 24.1 21-8
36-7 34-3 14-6 17-4 13-2 15-9 17-2 20-3
5-3 3-3 6-0 7-0 5-0 5-0 12.9 12-6
1-6 1.7 2-9 2.4 1-9 1.7 8-5 7-9
1.4 1-5 6-2 3-9 1-9 1.8 11-5 10-9
0-1 0-2 3-1 2-9 0-7 0-7 1-3 1-2
1-2 1.1 7-2 7-8 5-8 6-7 4.2 4-3
5-3 5-5 17-0 14.5 10-0 10-7 8-1 8-8
8.6 8-6 16-9 17-3 16-3 15-7 12-2 12-2
“Lumps” (S.S. Index B)— per cent per cent per cent per cent per cent per cent per cent per cent
w On 07;%2 ................................. 76-5 78-1 40-7 44.2 58-4 57-7 41-3 42-1

F0-742 $00:0116.....vvuenerieneninnnnannns 8-4 6-7 18-2 16-2 9.5 9.2 34.2 32-6
[ ]‘nesfl__ .

0-0116 to 0-0029..... tesaconansesoncanacsnn 6-5 6.6 242 22.3 15-8 17-4 12-3 13-1
“Dustﬂ_

Through 0-0029..c000eeneiieieecnennnnnnnn 8-6 8-6 16-9 17-3 16-3 15.7 12.2 12.2
UDMbroken” .. .oceiinieieinicioconianaaans 39-8 43-8 26-1 26-8 45.2 41-8 24-1 21-8
Friability, per centeee.e.eiriereenecnennenns 29-1 28-4 57-6 54.9 40-9 42.3 51-2 51-8
Number of testS...ccveveveeiniereercnnnens 8 8 8 12 16 8 8 8

2




TABLE VII

- Small Jar Tumbler Tests of Different Durations
(1000 grammes; 13 to 1 inch)

[ 07071 S No. 1. Pennsylvania Anthracite] No. 2. Welsh Anthracite No. 3. Pennsylvania Bituminous
Duration of teSt.eeeeeervieaiiaenannenn 1hour | 2hours | 3hours | 1hour | 2hours | 3hours | 1hour | 2hours | 3hours | 5 hours
Sizes of Screen Openings, inches per cent | percent | percent | percent | percent { percent | per cent | percent | percent | per cent
1360 1:05..00iiniiiiiiiiiniiinenans 62-5 53-0 54-8 57-9 45-7 38-6 54.2 45-6 38-2 31-9
1.05t0 0-742. ...... Cetererenans 20-7 22-6 19-4 166 20-3 21-1 23-4 22 27-1 27-4
0-742140 04525, ..cvvnnnernrannnncnannnns 3-3 5.0 4.7 3-2 3.1 4.6 4.5 4.5 5-2 5.9
0:525 40 0871, . ceuvenieinnnrncnnnnnnns 1.6 2-2 1.9 1.2 1.3 1-3 1.7 2-2 1.7 2.0
0:371t0 0-0164............. ceeanes .. 3-1 2-6 1.7 2-4 1.7 1.4 1.7 1-5 1.0 0-9
0-0164t00-0116.....cccvvanervnenennn 0-8 0-8 0-4 1.5 0.9 1.0 0-8 0-6 0-4 0-2
0-0116 to 0-0058........ 2.1 2-6 2-1 4.6 6-0 6-5 2-7 4.0 2-4 1-5
0-0058 t0 0-0029....cc0vevannenannn 2-0 3-8 4-6 4.8 5.7 6-8 4.2 7-7 7-8 9-5
Through 0-0029.....cc00vierniaanannns 3-9 7-4 10-4 7-8 15-3 18-7 6-8 11-6 16-2 20.7
“Lumps’’-— per cent | percent | per cent | percent | percent | percent | per cent | per cent | per cent | per cent
“S}% 21013,-’742 .......................... 83-2 75- 74- 74-5 66-0 59-7 77-6 67-9 65-3 59.3

m: __
“EQ;7Qm0-0116 ...................... 8-8 10-6 8-7 8-3 7-0 83 8.7 8-8 8-3 9:0

ines’’-—
“18.011‘}6 £00-0029. ... ccciiiiianan 4-1 6-4 6.7 9-4 11.7 13-3 6-9 11.7 10-2 11-0

ust’’—

Through 0-0029....c.cccvvvveeninnan. 3-9 7-4 10-4 7-8 15-3 18-7 6-8 11-6 16-2 20-7
‘“Unbroken”—

1380105, .ciuieecncnacancensanannn 62-5 53-0 54-8 57-9 45.7 38-6 54-2 45-6 38-2 31-9
Number of tests.......... cerestecacenes 20 12 24 16 8 12 4 4 16 4
Friability, percent....ococoveininnnnns 19 26 27 27 36 42 25 34 39 44

eg



TABLE VII—Concluded

Small Jar Tumbler Tests of Different Durations—Concluded

(1000 grammes; 1% to 1 inch—Concluded )

L6771 F No. 4. Nova Scotia Bituminous No. 6. B.C., Crowsnest Bituminous No. 7. B.C., Nicola Bituminous
Duration of test................ 1 hour 2 hours 3 hours 1 hour 2hours | 3 hours 1 hour 2 hours 3 hours
Sizes of Screen Openings, inches | per cent per cent per cent per cent per cent per cent per cent per cent per cent
1340105, c.ciiiniinennnnnnnn.. 54-1 43-2 40-5 20-3 15-0 12-9 30-9 30-6 18-7
1-05 to 0-742........ PO 19-2 22-4 21-1 18-2 18-1 15-3 18-8 20-8 18-9
0-742 to 0-525......... P 4.3 5-9 5-0 7-0 5-8 6-7 12-0 10-8 12-4
0-525t00:371..cccnnenennnn.... 2-1 1-9 2.1 2-9 2:6 2-3 8-2 7-0 9-2
0-371t00-0164................. 3-4 2.2 1-6 11-6 7-1 5-5 17-3 11-4 15-3
0-0164 t0 0-0116................ 1-0 0-6 0-5 4.8 6-1 5-4 1-6 1-5 1-3
0-0116 t0 0-0058................ 4.3 4.4 4.3 12-5 15-4 16-0 2-8 3-2 4.2
0-0058 t0 0-0029................ 2-9 4.7 5-5 7-1 12-0 12-9 3-3 4.5 4.9
Through 0-0029................ - 87 14-7 19-4 15-6 17-9 23-0 5.1 10-2 15-1
“Lumps’— per cent per cent per cent per cent per cent per cent per cent per cent per cent

1% t<1)10-742 ................... 73-3 65-6 61-6 38-5 33-1 28-2 49.-7 51-4 37-6

S :

Fq-742,to 0-0116............... 10-8 10-6 9-2 26-3 21-6 19-9 39-1 30-7 38-2
‘Fines''—

]g-O%;lG‘bOO-OOZQ .............. 7-2 9-1 9-8 19-6 27-4 28-9 6-1 7-7 9-1
& us !’_

Through 0-0029.............. 8-7 14.7 19-4 15-6 17-9 23-0 5-1 10-2 15-1
“Unbroken”—

13601-05. cciviennnannn..... 54-1 43.2 405 20-3 15-0 12-9 30-9 30-6 18-7
Number of tests......couuen... 8 8 12 16 8 20 16 8 16
Friability, per cent..,.......... 59 1 68 70 42 44 55

28 36 40

9¢
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TABLE VIII

Comparison of Results of Tests of Different Durations in Small Jar Tumbler
(1000 grammes; 1% to 1 inch)

“Fines
Time | “Un- |“Lumps”[*“Smalls”| and .
of Single tests | broken,”’ 1% to 0:742 to | Dust,” Tria-
Basis of Comparison test, | OF,Rverage 1% to 1-05| 0-742 0-0116 | through | bility,
hours of 4 tests | inches, | inches, | inches, 0-0116 | per cent
per cent | per cent | per cent | inches,
per cent
No. 1. Pennsylvania Anthracite
Difference between 1] 16 single 40-66 8-43 6-98 2:86 16:3
highest and lowest 1] 5average 2277 3-84 3-26 187 8.0
values from screen 21 8 « 8.07 261 0-79 4.36 4.5
analysis. 31 6 ¢ 13-50 4:42 4-73 5-28 54
Maximum divergence 1| 16 single 23-30 4-35 3-89 1-60 8:5
from average value. 1] b average 12:03 1-96 197 0-78 4.0
218 ¢ 4.97 1-52 0-47 2-32 27
31 6 8-53 2-80 2.54 3-64 2-8
Mean divergence from 1 | 16 single 7-67 2-13 1-78 0-64 2.7
average value. 1| b average 6-59 1-38 1-16 0-37 2:2
21838 “ 3-27 1-01 0-32 1-54 1-8
31 6 ¢ 3:90 107 1-10 1-35 1-5
No. 2. Welsh Anthracite
Difference between 11 12 single 18:73 7-30 6-88 4-89 8-1
highest and lowest 1| 4average 12-54 2:30 2-59 3-13 4.5
values from screen 21 2 « 2-24 1-01 0-21 4-62 1.2
analysis. 3| 38 7-83 1.88 1-36 11.52 2:2
Maximum divergence 11 12 single 12-42 374 3.87 2-82 60
from average value. 1| 4 average 6-78 1.23 1.34 163 2:4
21 2 « 112 0-50 0-11 231 06
3 3 5:11 0-98 0-71 6-29 1:2
Mean divergence from 1] 12 gingle 3:03 256 1.97 116 19
average value. I 4 3.92 1-07 1-15 117 1.2
21 2 ¢« 1-12 0-560 0-11 2-31 0:6
31 8 « 3-41 0:65 047 4-19 0-8
No. 6. B.C., Crowsnest Bituminous
Difference between 11 12 single 21:96 1166 12-68 10-02 98
highest and lowest 1| 4average 9:61 8.23 7-68 7-68 5:8
values from screen 21 2 .« 672 0-24 1-08 0.52 6-7
analysis. 3] 6 7:32 5-26 7-63 9-14 3-2
Maximum divergence 1 | 12 single 12-17 6-09 657 5:85 4.9
from average value. 1| 4average 517 4.47 4.48 3:95 3:2
21 2 « 3:36 0-12 0-54 0-26 3-3
3| 6 4-34 2-66 4-23 4-88 1-8
Mean divergence from 1} 12 single 6-52 3:60 3.64 3.24 2:5
average value. 1] 4 average 3-42 3:16 315 3.54 17
21 2 « 3-36 0-12 0-54 0-26 3:3
3| 5 « 2-00 1-45 171 2-94 10
No. 7. B.C., Nicola Bituminous

Difference between 11 12 single 37-57 23-19 23-51 3:86 18:6
highest and lowest 1| 4average 19-38 18-11 1751 1:62 12:2
values from screen 21 2 “ 0-04 465 4:28 3-43 19
analysis. 31 4« 9-91 12-33 13-50 6-42 7.6
Maximum divergence 1 | 12 single 22-40 15-62 15-51 2-04 13-2
from average value. 1| 4average 10-63 954 9-07 0-93 6-2
21 2 0-02 2:32 2:14 171 0.9
31 4 « 7-24 8-43 9:56 372 5:0
Mean divergence from 1] 12 single 8-24 6-18 6-43 0:97 4.7
average value. 1| 4average 7-91 7-47 7-32 0556 5.5
21 2 « 0:02 232 2-14 1.71 0-9
3l ¢4 3-61 4.21 4.78 2:28 25




TABLE IX

Study of Results of Removing Cushioning Effect of Fine Coal in Small Jar Tumbler Test
(S-hour tests)

No. 1. Pennsylvania Anthracite

Sizeofcoal. .. vttt 2 to 13 inch 1% to 1 inch
bB. Ditto, % Same as A, b B. Ditto, % SameasA,
ut removing | but removing ut removing | but removing
Variation of test.ceeeeeeniriarariiiannieniieaeaneracnnn. A- tlggtrmal mh?rteriil mhai._terg A tlgcs):mal nia;teriaﬁl mharteriil
i throug throu 4 throug throug
1000 grammes| .74 inch | 0-0164 inch [1000 grammes! ,Tzio'rch | 0-0164 inch
hourly hourly hourty hourly
per cent per cent ) per cent per cent per cent per cent
70-6 60-1 60-3 51-0 29-5 29-0
3-3 4-3 4-2 21-8 33-5 34-4
. 1-6 2:3 2-7 5-1 10-9 8-0
0-4 1-1 1.4 2-1 4-1 4.7
1-6 7-1 2-0 2-0 4-2 3-6
1-8 4-0 5.1 0-5 1.2 1.3
6-7 7-2 8-5 2-5 3-1 3-4
6-8 5-9 6-6 5-4 5.7 6-0
7-2 801 . 9-2 9-6 7-8 9-6
Per cent per cent per cent per cent per cent per cent
73-9 64-4 64-5 72-8 63-0 63-4
074260 0-0116. . eoveieenueennnnnrernneenneanenonennanns 5-4 14-5 11.2 9.7 20-4 17-6
‘Fines''—
]g-OlIGtOO-OOZQ ........................................ 13-5 13-1 15-1 7-9 8-8 9.4
(13 ustl’_
Through 0:0029..c.c0ivieiiiiiuiiniinieiicrrinnnnnenn. 7-2 8-0 9-2 9-6 7-8 9-6
B 85113 0 = 1 W DRI ST JI N 51-0 29-5 29-0
Friability, per cent...... et eeeateneereaeee eneaeaaaneaan 34 4 41 29 38 39

*Not determined for 2- to 13-inch size: on 1-05 for 13- to 1-inch size

8¢




TABLE IX—Concluded

Study of Results of Removing Cushioning Effect of Fine Coal in Small Jar Tumbler Test—Concluded
(8-hour tests—Concluded)

No. 8. Pennsylvania Bitumi
T
Sizeofcoal. . ieeiiiiiiiiiiiiiiaann 2 to 1} inch 13 to 1 inch 1to%inch ~
C. Same C. Same | D. Same | E. Same
B. Ditto,| as A, B. Ditto,[ as A, as B, as C, C. Ditto,
. but re- | but re- . but re- | but re- but but . but re-
Normal | moving | moving | Normal | moving | moving | weight | weight | Normal | moving
Variation of test....ceeciaeiiiannnnn... test, material | material test, material | material | of charge | of charge| test, material
1000 through | through 1000 through | through | brought | brought 1000 through
grammes| 0-742 0-0164 |grammes| 0-742 0-0164 to 1000 | to 1000 | grammes| 0-0164
inch inch inch inch grammes | grammes ine.
bourly | hourly hourly | hourly | hourly hourty hourly
Sizes of Screen Openings, inches per cent | per cent | per cent | per cent | per cent | per cent | percent | percent | percent | per cent
[0 1 39-0 45-5 38-2 24-8 24-4 41-1 339 Jeeerereni]iannaennn.
1-05 to 0-742 8-6 8-7 27-1 29-2 36-1 22.5 29-0 18-3 22-0
0-742 t0 0- 6-8 2-1 5-2 9-5 6-8 5-9 5.1 40-1 35-4
0-525 to 0-371 2-4 0-9 1.7 3-8 1-6 2-5 2-4 19-3 17-4
0-371 to 0-0164 5-4 0-8 1-0 3-0 1-2 2-4 1-1 5-8 5-8
0-0164 to 0-0116 1.7 14-0 0-4 1-1 1-0 1-0 1.0 0-1 0-2
0-0116 to 0-0058 2-4 4-8 4-8 4.1 4-3 0-3 0.7
00058 to 0-0029 4-7 6-2 7-8 89 8.4 6-9 7-7 1.7 2-9
Through 0-0029 21-4 21-8 16-2 14.9 15-7 13-6 15.5 14-4 15-6
“Lumps per cent | per cent { per cent | per cent | per cent | percent | percent | per cent | per cent | per cent
g On 11742 ............................ 64-4 47-6 54-2 65-3 54-0 60-5 ] 18- 22.
ma)
19 742 to 0-0116...ccvriiinnenanannns 3-2%¥ 14-6** 3.8** 8-3 17-4 10-6 11-8 9-6 65-3 58-8
‘Fines''—
]g +0116 60 0-0029. . .viiiviiiiiinnannn 14-61 16-41 20-2% 10-2 13-7 13.2 11-0 12-0 2:0 3-6
“Dust’'—

Through 0-0029....c000veevvnvninnenn 17-8 21-4 21-8 16-2 14-9 15-7 13-6 15-5 14-4 15-6
“Unbroken*. ... ..ciiiiennrarnneneadiiieieaadereniaideenanenans 38-2 24-8 24-4 41-1 33-9 58-4 574
Friability, pereenb.....coooveiaan.a.n 43 56 53 39 47 45 38 41 34 35

*Not determined for 2- to 13-inch size; on 1-05 for 14~ to 1-inch size; on 0-525 for 1- to 3-inch size. **0.742 t0 0-0164.  10-0164 to 0-0029.
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TABLE X

Study of Effects of Removing “Broken’” Material Hourly, and Replacing it by
Material as Originally Used for the Test; ‘“‘Sweetening’’
Tests in Small Jar Tumbler

(1000 grammes; 1% to 1-06 inch)

Timeelapsed......ccoviveivnnen | 1hour | 2hours | 8 hours | 4 hours | 5 hours | 6 hours

No. 1. Pennsylvania Anthracite

Sizes of Screen Openings, inches per cent | per cent | per cent | percent | percent | per cent
1t 105, 0viveineninniiinnn, 63-4 72-5 767 87-2 84.5 86:0
1.056600-742,,.0000vvvune 19.8 14.0 16-1 4:3 89 6.3
0:742t00-525...c.00vininiinnns 33 34 0.7 1.0 1.0 1.1
0525600871, ccvvveinivnnnns 19 1-1 0-1 0.4 0:2 0-4
0:371 60 0-0164. ....cvvvvvnen, 26 1.2 0-3 06 0:2 0-6
0:0164 t0 0-0116...c00vuinvnn.n. 0-7 0-4 0.2 0-1 0-2 0.1
0:0116 t0 0+0058....000vivruans 2.0 1.4 0.6 0.8 0-5 04
0:0058 to 0-0029...... Veraass 2:3 2.1 1:6 1.8 1.5 14
Through 0-0029............ 4.0 3.9 3-8 3.7 3.1 3.7

“‘Lumps,” 1} t0 0-742,...... 83-2 865 92.8 91.5 93.4 923

“Smalls;"0-742 to 0-0116. 8-5 6-1 1.2 2:2 1-5 2:2

“Tines," 0-0116 to 0-0029, 4.3 3.5 2.2 26 2:0 1-8

“Dust,” through 0-0029..... 4.0 3.9 3-8 3.7 3-1 3.7

“Unbroken,” 1} to 1:05......... 63-4 725 76.7 87.2 845 86:0

Friability, per cent.............. 19 14 10 8 7 7

No. 2. Welsh Anthracite

Sizes of Sereen Openings, inches per cent | per cent | per cent | per cent | per cent | per cent

1360105, . 0iviriiiiiinnnan. 485 710 66-4 73.9 70-2 7545
1:05600:742, .,c0vvnivvvnninns 26-1 7.2 17+9 10-8 146 10-2
0:742 t0 0-525............ 3:3 3.7 1.9 1.2 1.5 2.5
0:525t0 0:371.....00vvuen. 2:2 1-1 04 0-3 0:6 0.7
0-371 to 0.0164.,........ 2.5 1.4 0:-4 05 0.5 0-3
0:0164 to 0.0116......... 1.8 1.3 0-6 05 0:3 0.3
0-0116 to 0-0058......... 4.2 3.2 2.3 24 1.8 1.2
0:0058 to 0-0029......... 4.4 4.6 3.9 4.0 3.6 3.4
Through 0.0029......... 70 65 6.4 64 6:9 59
“Lumps,’’ 1} to 0-742,., 746 78-2 84.3 84.7 84.8 85.7
‘‘Smalls,’ 0:742 to 0:011 9.8 75 31 2.5 2:9 3-8
“Tines,” 0-116 to 0-0029 8:6 7-8 6:2 6-4 5.4 4.0
“Dust,’”’ through 0-0029, 7.0 6.5 64 6-4 6:9 5:9
““Unbroken,” 1} to 1-05. 48-5 71.0 G6-4 73.9 70-2 75+5
Friability, per cent......o.ovu.n. 29 20 18 16 17 14

No. 4. Nova Scotia Bituminous

Sizes of Screen Openings, inches per cent | per cent | per cent | per cent | per cent | per cent

15601:05, . 0cieivennrnennrees 46-2 64-2 57-3 61-1 71-6 743
1-05 to 0-742..,...... f . 26-9 15-0 201 188 6.7 13-5
0:742t0 0-525......... 4.0 1.7 34 3.8 4-0 07
0-525t0 0-371........... 1-6 2:2 1.7 13 1-6 0-2
0-371 to 0-0164.......... 4.2 2.4 2.6 1.6 1.8 1.0
0:0164 to 0-0116......... 1.8 1.1 1-0 0-7 0.7 0-5
0-0116 to 0:0058......... 3:3 3:0 2:9 2.7 2.7 1-6
0:0058 to 0-0029......... 4.3 3-8 3-8 3:3 39 23
Through 0-0029............ 77 6:6 72 67 7:0 5-9
“Lumps,’* 13 to 0-742. ., 73-1 79:2 774 79-9 78-3 87-8
“Smalls,” 0-742 to 0-011 11-6 7-4 87 7-4 8-1 24
““Tines,’’ 0-0116 to 0-002 7-6 6-8 6-7 6-0 6:6 3-9
““Dust,” through 0-0029, 77 6:6 7.2 6-7 7:0 5-9
““Unbroken,’ 13 to 1-05. 46.2 G4.2 57.3 61-1 71-6 74-3
Friability, per cent.............. 30 22 25 22 19 14
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TABLE X—Continued

Study of Effects of Removing “Broken’ Material Hourly, and Replacing it by

Material as Originally Used for the Test;
Tests in Small Jar Tumbler—

¢

(1000 grammes; 1% to 1-05 inch—Concluded )

“Sweetening’’
ontinued

Time elapsed....... PPN .} 1hour | 2hours | 3 hours | 4 hours | 5hours | 6 hours
No. 6. B.C., Crowsnest Bituminous

Sizes of Sereen Openings, inches per cent | per cent | per cent | per cent | per cent | per cent
1% t0 1-05,..... rreaeiaie e, 26-3 291 240 259 36-0 36-4
1.05t00:.742...00iieeviiininnen 14-0 11-0 22.4 19-0 i1-1 13-8
0-742 400525, ..00000veninen . 4.6 6.1 4.3 57 4.3 4.1
0-526400:371...ccvuevenenn. 25 2-0 1-6 22 1-1 1.1
0-371t0 0.0164..,.......... 11.3 9-9 76 8.0 8-4 6.6
0-0164t0 0.0116....000vuvvnnens 6.7 6-3 59 5.2 5.9 4.7
0.0116 0 0-0058,,..000vvuvanen. 11-6 130 11.7 i1-2 10-7 9.2
0-0058 t0 0-0029.........0.0000. 9-0 8-9 9-3 9-8 10-2 10-6
'1_‘hrough 0:0029...00vvveaninnn 14.0 13.7 13-2 130 12.3 13:5

“Lumps,” 13 10 0-742........... . 40-3 40-1 464 44.9 47.1 50.2

“Smalls,” 0-742 to 0-0116........ 25.1 24-3 19-4 21-1 19.7 18-5

“Fines,”” 0-0116 to0 0-0029........ 20-6 21-9 21-0 21-0 20-9 19-8

“Dust,’’ through 0-0029.,.. 140 13-7 13.2 13-0 12-3 13-5

‘“Unbroken,” 1} to 1-05.......... 263 29.1 240 259 36-0 36-4

Friability, per cent...... eerenen 57 57 55 b5 51 49

No.?. B.C., Nicola Bituminous

Sizes of Screen Openings, inches per cent | per cent | per cent | per cent | per cent | per cent
1} to 1-05...... N 33:6 30-5 32-9 43.4 386 45.9
1:05600:742,...000veenienennns 10-7 17-8 22:6 14-6 16-5 18-2
0-742t0 0:5256...000ieevnnnnenss 129 13-5 12-8 9.1 81 5.7
0:525 60 04871 vvvunneeeninann. 86 7-4 5:0 5-1 6.2 3.5
0-371t00:0164..........vvves 20-1 17-0 12-4 i1.8 156 10.9
0-0164 t0 0-0118.,......0.vvves. 2-2 1-7 1.7 2+5 2.1 2.2
0-0116 t0 0-0058.,.00vivvevnrnnn 3-4 32 3-1 37 3-3 3.8
0-0058 to 0-0029........... 3.4 3-2 39 4.5 37 4.4
Through 0-0029................ 5.1 57 56 5.3 59 5.4

“Lumps,” 15 to 0-742............ 4.3 48-3 55-5 580 55-1 64.1

“Smalls,” 0-742 to 0-0116....,.... 43-8 39-6 319 28:5 32:0 22-3

“Fines,’’ 0-0116 to 0-0029........ 6:8 6-4 7-0 8.2 7-0 8.2

“'Dhusgt,’’ through 0-0029.......... 5.1 5.7 5.6 5.3 5-9 5.4

‘“Unbroken,'’ 13 to 1.05....,..... 336 30-5 32:9 43-4 386 45.9

Friability, per cent.............. 40 37 39 34

o No. 1 Pennsylvania Anthracite
(1000 grammes; 1 to 0-525 inch)

Sizes of Screen Openings, inches per cent | per cent | per cent | per cent | per cent | per cent
1t00-742,,..0000vvnnnns Ceerrae 47.4 52:6 53-2 56-4 54-7 58:2
0:742 10 0-528. ..00uveennniennn 31-4 33-7 379 37.0 38:0 36.8
0-626t00:371...0cvvinnennnns 9:9 71 3.8 28 3.0 1.4
0-871100-0164.,...000vvevanen,s 5-6 2.7 1.7 1.1 17 1.1
0016410 0:0116,,00evervnnnnens 0-2 0-1 0-1 0-1 0-0 0-0
00116 t0 0-0058............ 0-4 0-2 0-1 0-1 0-1 0-0
0:0058 t0 00029, ...0000vverrens 1.3 0-6 0-3 0-2 0-2 0.2
Through 0:0029,...c0.00v0usen. 3.8 3:0 2.9 2:3 2:3 2:3

“Lumps,’’ 140 0.742..,.... 47-4 52:6 53-2 56.4 54.7 582

“'Smalls,” 0-742 to 0-0116 47-1 43-6 43.5 41.0 42.7 39-3

“Trines,” 0-0116 to 0-0029 17 0-8 0.4 0.3 0-3 0.2

“Dust,” through 0-0029.......... 3-8 3.0 2:9 2.3 2:3 23

“Unbroken,’” 1 t0 0:-525.......... 78-8 86-3 91.1 93-4 92.7 95-0

Friability, per cento............. 15 10 8 ] 7 5

009496
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TABLE X—Continued

Study of Effects of Removing ‘‘Broken’” Material Hourly, and Replacing it by
Material as Originally Used for the Test; “‘Sweetening”’
Tests in Small Jar Tumbler—Continued

(1000 grammes; 1 to 0-525 inch—Continued)

Time elapsed....o..covveeniinn.. | Thour | 2hours | 8 hours | 4hours | §hours | 6hours
No. 8. Welsh Anthracite

Sizes of Screen Openings, inches per cent | per cent | per cent | per cent | per cent | per cent
1t00:742..,........ Cieeesies . 45-8 50-4 48.4 50-1 51-4 50-6
0-742t0 04595\ i . 29-7 82-1 37-3 86-6 38-1 39-3
0:525t00:371...0vvivninnnnnn.. 6-8 4.9 5-1 4.0 27 4.1
0+371 t0 0-0164+.evree.nen . 4.2 2-1 1.5 2-0 1.4 08
0:0164 t0 0-0116.....c0vvvnnnns. 0-5 0:2 0-1 0-1 0-1 0-0
00116 to 0-0058... 1.9 0:6 0-3 0.2 01 0-1
0-0058 to 0-0029....... 4.3 2:6 1.6 1.3 09 05
Through 0:0029..... 6-8 7.1 57 57 58 4.8

“Lumps,” 1 to 0-742......... . 45-8 50-4 48-4 50-1 514 50:6

*‘Smalls,” 0-742 to 0.0116.. 41.2 39-3 4.0 42.7 42.3 4.0

*Fines, ¥ 0.0116 to 0-0029........ 6-2 3-2 1-9 1:5 1.0 0-6

“Dust, w through 0-0029.......... 6-8 7-1 5.7 5.7 5:3 4.8

“Unbroken." 1t00:525,......... 768 825 85-7 86-7 89-8 89-9

Friability, per cent.............. 20 15 13 12 1 16

No. 4. Nova Scotia Bituminous ]

Sizes of Screen Openings, inches per cent | per cent | per cent | per cent | per cent | per cent
1t00-742........... Creeseneens 20-3 24-5 27:9 20-0 81:6 2%.2
0-7421t0 0-526..000vunivnnnnnnnn 54-5 57-3 57-0 59-0 57-1 64-7
06250 0:871.00iinnnvnnninnnns 13-2 9:6 7.7 5.7 5.1 59
0:-871t0 00164, ...00vivnvnnenn. 4.1 2.8 2:0 1-3 1.4 0.9
0-0164 t0 0-0116...0vvvvunennen. 0-1 0.1 0-1 0-1 0.0 0-0
0-0116 0 0-0058.....vuuvvrn.s. 0-3 0-1 0.1 0-1 01 0-0
0:0058 t0 0-0029.........00enun. 1.4 0-7 0-7 0-5 05 0-4
Through 0-0029.....0.00000nen 6-1 50 4.5 4.8 4.2 3-8

“Tumps,” 1t00-742.,.....c00.. 20-3 245 27.9 29-0 31-0 24-2

“Smalls,” 0-742 to 0-0116.. 71-9 697 66-8 661 636 71-5

“Tines, % 0-0116 to 0-0029........ 1.7 0-8 0-8 0:6 06 0-4

“Dust,” through 0-0029.......... 6.1 5-0 4.5 4.3 4-2 3-9

*Unbroken,” 1 to 0-525.......... 74-8 81-8 84-9 88-0 88.7 88-9

Friability, per cent,..oo.ovvvns. 25 21 18 17 16 18

No. 6. B.C., Crowsnest Bituminous .

Sizes of Screen Openings, inches per cent | percent | percent | per cent | per cent | per cent
1600-742...iocvviinnnninnnns 13:6 9-0 15:8 15:4 9-0 12-6
0-742 to 0-525..... ererrarraeee 27:5 36-4 85-6 38-0 44.1 39-1
0:525t00-871..00vvivaiininnn.s 115 14-4 11-7 13-2 11.4 12.8
0:371 t0 0-0164,.......... 11.3 9.7 8:2 7-6 - 6-6 6-8
0-0164 t0 0-0116....00vvne...., 2-2 1.1 1:0 0-8 0-9 0-8
0-0116 t0 0-0058................ 8.0 5.0 4.6 3-8 5.0 4.5
0-0058 to 0-0029.........00n.... 10.7 10-2 9:0 80 85 91
Through 0:0029................ 15-2 14.2 14-6 13.7 14-6 14-8

“Tumps,” 1t00-742............. 13-6 9.0 15+3 15-4 9-0 126

“Smalls," 0-742 to 0-0116...... .. 52-5 61:6 56-5 59:6 63-0 505

““Tines,’* 0-0116 to 0-0029........ 18-7 15-2 136 11-8 13-6 13-6

¢ Dust." through 0-0029.......... 15-2 14.2 14-6 "18-7 14-5 14-83

“Unbroken,*’ 1 to 0-525.......... 41.1 45-4 50-9 53-4 63:1 517

Friability, per cent.............. 53 49 45 42 46 45
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TABLE X—Concluded

Study of Effects of Removing ‘‘Broken’ Material Hourly, and Replacing it by
Material as Originally Used for the Test; ‘“‘Sweetening”
Tests in Small Jar Tumbler—Concluded

(1000 grammees; 1to 0+686 inch-—Concluded)

Time elapsed..cee.vverernanns ...] 1hour | 2hours | 3hours | 4hours | 6 hours | 6 hours
No. 7. B.C., Nicola Bituminous
Sizes of Screen Openings, inches | per cent | per cent | per cent | per cent | per cent| per cent
1t00-742......... vesane 26-4 32-2 43-1 4.0 43-6 40-9
0:742 t0 0-526...cveevenennenen. 30-4 37-8 35-6 37-6 41.1 43-0
0-525t0 0-871............s 17-1 13-7 9:6 7.7 6-9 6-6
0-371t0 0-0184.....00evivnenn.s 18.2 | 10-2 6-4 5:4 4.3 5.7
0-0184t0 0-0116,............... 0-4 0-2 0-1 0-1 0-1 0-1
0-0116 t0 0-0058......0.0vveun 07 0-4 0-2 0-2 0-1 0-1
0-0058 t0 0-0029,........c00veus 21 11 0-8 0-9 0-5 0-4
Through 0-0029.,.............. 4.7 4.4 42 4.1 3.4 3.2
“Lumps,” 1t0 0-742............. 26-4 32-2 43-1 44.0 43-6 40-9
“Smalls,’” 0-742 to 0-0116........ 66-1 61-9 51-7 50-8 52-4 55+4
“Fines,” 0-0116 to 0-0029........ 2-8 15 1.0 1-1 0-6 0-5
“Dust,”* through 0-0029.......... 4.7 4.4 4.2 4.1 3.4 3-2
“Unbroken,”’ 1to 0-525.......... 56-8 70-0 78:7 816 84.7 83-9
Friability, per cent....... verees 31 23 16 156 14 15
TABLE XI

Study of ‘“Sweetening’’ Effect Produced by Tumbling Large-sized Coal Previous
to Screening for Small Jar Tumbler Test

1000 grammes of B.C., Crowsnest Bituminous Coal; 8 hours

Size of coal.viivievrnrrernseenes 2 to 1} inch 1% to 1 inch 1 to & inch

. |Tumbling Tumbling Tumbling

Sereening| followed | Screening | followed | Screening | followed

only ‘A only . only by,

gereening screening screening

Sizes of Screen Openings, inches per cent | per cent | per cent | per cent | percent | per cent
Onl-05........ ceveeaeres 22.7 21-6 14-5 182 1 vvineiinnnennes
1:05t00:742....000vnnvnnnnenn.s 6-8 9-4 14-6 135 6-1 13-4
0-742t00-626.......0ccunneens 2.4 3.4 5.2 4.8 17-2 21-6
0:525t0 0-8371..00uivvveennnnses 1.1 06 1.7 21 18-4 11.8
0371 t0 0-0164....0vvvernenness 11.3 b4 7-2 4.5 129 6-3
0-0184 to 0-0116......... 8.8 96 5.6 4.3 i1 0-9
0-0116-t0 0-0058....c..000vsuaes 19.0 i8-8 19-4 18-7 6.1 6-6
0-0058 t0 0-0029,.,.....000000 .0t 10-0 4.9 11-6 10-3 10:6 6.9
Through 0-0029,............... 17.9 26-4 20-2 25:6 27-8 32:6
“Lumps,” on0-742.......... 29-5 31-0 29-1 31-7 6-1 134
“Smalls,” 0:742 to 0-0116........ 236 189 197 16-7 49.6 40-5
“Tines,” 0-0116 to 0-0029........ 29.0 287 31-0 270 16.7 13-5
“Dust,” through 0-0029..... 17-9 264 20-2 25-6 27.6 326
Unbroken.oiveceeereironsianss|eeienss 14.5 182 23:3 34.9
Friability, per cent.............. 73 73 70 87 65 59

9894962




TABLE XII

. Variations of A.S.T.M. (Coke) Drum Tumbler Test
(22 pounds (10,000 grammes) of coal)

Coal number and rank 1. Anthracite | 2. Anthracite 4. Bituminous 6. Bituminous
Size, InChes...oveeniieiiiieiinnnnnnan. 3to2 3to2 3t02 2to 1% 3to2 2to 1%
Duration of teSt...ee.ere e crernnneaanenansnaraaons 50 revs.]100revs.] 50 revs.[100revs.| 50 revs.[100revs.|1% hours| 3 hours | 50 revs.|1% hours| 3 hours
Sizes of Screen Openings, inches per cent|per cent|per cent|per cent|per cent|per cent|per cent|per cent|per cent|{per cent|per cent
3to2... 45.4 31-5 30-8 15-8 20-5 180 f.vveeoiiorannen. (<552 PO P,
2to 1} .| 22.8 23-9 177 13-1 18-8 13-3 0-0 0.0 9.7 0-0 0-0
13 tol..... . Jbo11-3 12-2 8-5 10-5 14.2 9-4 4-5 2-3 9-1 0-0 0-0
1t00-7T42.....covnenenn. | 384 4.8 5-1 6-8 6-3 6-8 4.5 3.41 6-2 1.11 1.1t
ggg% to gg%? ................. el 243 3.1 3-9 4-5 5-1 5.7 133; %g‘; 5-7 (2532 é~22 =
00-371.ciiiiineiniinnanss . . . -93 <03 >~
0-371t00-268..curnnrnneicriniinnnivnrnnnannns 40 { 20-5 74 { 41.9 } 10-2 { 39.7 } 17-7 16-8 {} 12-5 {} 15-1 13-9 {
026310 0-131. . uuivnriniiiniiinnnennrnnacnnnees 2-8 6-8 7-4 12-0 .
0-131£0 0-0164. .. c.vernrenenenernnansncnnnannn 5-7 15-3 11-9 25-8 25-5 27-2 33-9 32-0
0-0164 10 0-0058 ... .c0vuiverrnenenererniennnnnnn. 10-5 13-2 18-4 20-1
0:0058 t0040029....cccvnvrrnriuonerinminnennaans 2-3 4-0 4.5 8-3 5-6 7-1 5-1 6-9 11-4 6.7 8-6
Through 0-0029........cvviireriniininiinearanenn 15-8 20-2 15-6 18-1
“Lumps,’” on 0-742. .. cooviininvneeiiainrrennanns 82-9 72-4 62-1 46-0 59-8 47-5 9-0 5-7 31-2 1.1 1.1
”%malls ’0%17&2:03&1% .................... 14-8 23-6 33-4 45-7 34-6 45-4 ?gg g%g 57-4 52'2 22%
“Fines,”’ 0 ereereat e, . . . . . . 25-1 8-
“Dust,” through 0-0029....~~++vvmrermrermeenns } 23 | 40 | 45| 83| 56 | Tl 355 | 20.2 } 11-4 { 15-6 | 18-1
“Unbroken’.....ccovivieiriiriiiiiaeiaeaaea, veeed 4544 31-5 30-8 15-6 20-5 18-0 0-0 0-0 6-2 0-0 0-0
Friability, Der cenb. . c.vveerrenrniuenconneeanens 31 40 47 60 53 58 86 89 75 93 94
Friability, per cent, ratio of 50 to 100 revs..........| 76/100 |........ 78/100 §........ 91/100 Joovveeieneneneoeniia e, CRERETER] ERPYREPR
11t0%. 23t0%. 3% to 0-371.




- TABLE XIII
Box Tumbler Test
Coaliviiiieiiiiieiaiannn.. eeeteteteaeeeaeaaaaas No. 1. Anthracite No. 2. Anthracite No. 3. Bituminous
BIZ6. e teete e e ae e Y-toldnch | LA | mtolimeh | ¥ | mtotmen | Jlte
3-inch 1-inch 3~inch 3~inch J~inch 3-inch
Screen or plate.eeeieeeeieiineeiiieiiainnnannnn. square Plate square square Plate square | square Plate square
sereen sereen screen screen screen screen
Sizes of Screen Openings, inches per cent | percent | per cent | per cent |per cent per cent | per cent | per cent | per cent
[0 3 R 32-2 514 |.......... 48-6 49-71.......... 45.7 50-24..........
1.05t00-742............. 33-3 14-7 21-6 20- 17-1 36-9 18-7 20-2 23-0
0-742 t0 0-525............ 6-3 6-2 37-8 4.5 6-4 26-1 7-2 6.0 34-6
0-525t00-371............ 5-1 3-1 14-0 2-6 3.2 11.1 4.2 3-0 15-7
0-371 to 0-01186........... 18.3 16-9 22.2 20-0 18-1 22-9 20-2 14.8 22-2
0-0116 to 0-0029............ 2-9 4.8 2-3 2-2 3-6 20 2-6 3-9 2.7
Through 0-0029............... ereercasaactenee 1.9 2-9 2-1 1.5 1.9 1-0 1-4 1.9 1.8
B TN TR 6l min. | 6l min. { 63min. | 18 min. | 18 min. | 15 min. | 19 min. | 19 min. | 26 min.
45 sec. 45 sec. 30 sec. 10 sec. 10 sec. 30 sec. 30 sec.
741 74 762 218 218 180 234 234 312
36 31 32 30 31 26 33 29 32
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TABLE XIIT—Continued
Box Tumbler Test—Continued

L7 Y G No. 4. Bitumipous No. 5. Bituminous
S28. e neas 13- to 1-inch 1- to 3-inch e | e
3-inch 3-inch S-inch | Z-inch - %-inch 4-inch }-inch
Screen.or plate...coceeveerciscrircvncancans PN square Plate round round square Plate round square square
: screen screen screen sereen screen | screen screen
Sizes of Screen Openings, inches per cent | per cent | per cent | percent | percent | percent | percent | percent | per cent g
[0 T 1 T 46-8 43-9 31-8 :1:72- 3 PN PRI R 418 |ovuvinrenn
1:05t0 0:742..00eeevurunnnanoronenesnanans 17-4 241 27-3 26-8 30-8 36-4 327 20-1 31-6
0-T42 £0 0525, 00eevecirnnannns -2 77 9-8 80 28-8 266 24-5 6-0 25-2
0-525t00-371.,......... eeeeaeaesesiraran 4.4 3-4 4.9 4.2 13-4 11.5 13-8 4.9 12-0
0-871t0 0-0116...000vuennn Cedesneteraraneens 20-8 16-2 22-2 21-3 22-6 18-8 24-1 24-6 28-0
0-0116 0 0-0029....000vvrueriennrenn 2-1 2-7 2-6 2-2 2+6 3-7 2-8 20 1.9
Through 0:0029......cccvevrereeeaarannens 1.3 2-0 1.4 1.2 1.8 3-0 2.1 1.1 1-3
Time..ceevrenens R RN 14 min, | 14 min, | 18 min, | 15 min. | 23 min. | 23 min. | 23 min. 4 min, 4 min,
55 sec. 45 sec. 15 sec. 45 sec. | 23 sec. 30 sec. 15 sec. 43 sec. 28 sec.
Revolutions....... besavacans eeeerereatasaasieens 179 177 21 189 281 282 279 54
Friability, per cent...... e ennterr e, 32 32 39 36 29 27 30 36 31
- /M—‘,\ "
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TABLE XIII—Concluded
Box Tumbler Test—Concluded
L7 No. 6. Bituminous No. 7. Bituminous
L1 T 13- to l-inch 1- to 3-inch {2- to 13-inch 13- to 1-inch 1- to 3-inch
4-inch 2-inch Z-inch Z-inch Z-inch
ST =130 00 o o) - - SN square Plate square square square Plate square
screen screen screen screen screen
Sizes of Screen Openings, inches per cent per cent per cent per cent per cent per cent per cent
On1-05........... 37-3 42.9 | ........... 25-8 23-7 2551 0.,
1-05 to 0-742...... tesestestsenaaen 22.0 20-4 18-4 17-5 17-9 19-2 21.7
074210 0:525. 0t ivrneninnnnnnnnnn 6.7 7-3 ] 31-3 13-4 15-0 13-0 27-2
0:525t00:371..00viieiinnnnnnninnnnn. M 5-8 4-2 17-7 12-0 12.5 12-6 18-0
0:371t0 0-0116.......ccvenereeeannnnn y 24-2 21.4 28-9 29-9 29-4 27-7 31-9
0-0116 to 0-0029. .. 2.3 3-0 25 0-9 0-9 1-4 0-8
Through 0-0020......ceviunirinne et iieianeiennan 1.7 0-8 1.2 0-5 0:6 0-6 0-4
Time....occvennn. et eshersaaeaaearatatreeenanranrenas 2 min 2 min, 3 min. 8 min. 9 min. 9 min. 9 min,
. 45 sec 45 sec. 8 sec. 30 sec. 34 sec. 45 sec. 23 sec.
Revolutions..... A 33 38 102 1 117 . 113
Friability, per cent....cceieeiiinenninannn.. Cereaeeien 39 34 38 56 45 45 34
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Correlation of Tests in A.S.T.M. (Coke) Drum Tumbler and Drum (Box) Tumbler

TABLE XIV

(22 pounds of 8- to 2-inck coal)

[ 7 No. 2. Welsh Anthracite No. ﬁBl?tgﬁSég:V soest, No.7. B.C., Nicola, Bituminous
B 5 441 ¢ 1= Drum |Drum Box)] Drum |Drum (Box)] Drum Drum (Box)
Numberofshelves......oeerevuiuriieianenrereseaneeases 2 2 2 2 2 2 1
Sereen Or Plate...oceeereereeenerernenencnneneneneeaeeddiaenonannan. Plate }............ Plate {.cveveeen... Plate Plate
Revolutions. . coveveeneree e iininieiteetaasacnnnaaann- 50 50 50 50 50 50 50
Sizes of Screen Openings, inches per cent per cent, per cent per cent per cent per cent per cent
528 o35 30-8 42-2 6-2 5-1 5-7 8-5 3-4
27 30 T 17-7 6-8 9.7 10-2 6-8 9-1 14-2
B2 T 8-5 9-1 9.1 10-7 10-8 13-1 14-2
1200742, . . ettt i et aeare e 5.1 4-5 6-2 6-2 10-2 13-6 11-4
0-742 150 0:525. . .o e et ieieienenieeeantnsacnsasarnaas 3-9 4-5 5-7 5-7 13-1 11-9 11-4
0:52510 00164, 0. .00 cininnnnnenennnennaaaneoronranns 29-5 29-5 51-7 49-5 50-0 41-0 42-7
Through 00164, ..ceerirneinretereieiiceereanaannans 4-5 3-4 11-4 12-6 3-4 2-8 2.7
B 02 2 N RN 62-1 62-6 31-2 32-2 33-5 4.3 43-2
“Smalls”. ... 33.4 34.0 57-4 55-2 63-1 52-9 54-1
“Fines” and.“Dust’'** 4-5 3.4 11-4 12-6 3-4 2-8 2-7
B U3 1165 (Y323« LA AU 30-8 42-2 6-2 5-1 5.7 8-5 3.4
Friability, percent....cceen e eeirenenireeioenennnannnas 47 4 75 75 72 66 68

**Actually material passing 0-0164-inch screen.
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TABLE XIV—Concluded
Correlation of Tests in A.S.T.M. (Coke) Drum Tumbler and Drum (Box) Tumbler—Concluded

(22 pounds of 3- to 2-inch coal—Concluded)

[ No. 1. Pennsylvania Anthracite No. 5. Alberta Bituminous
BT 1Y o3 1 Drum Drum (Box) Drum Drum (Box)
Number of shelves......coooiiniiiiiiiniiinaan, 2 2 1 1 1 2 2 1 1
21/64-inch 21/64-inch
Sereen OF Plate.cceeeiieeiieenreeeneirnenrenenena]ieennnenns Plate Plate Plate round {.......... Plate Plate round
screen screen
Revolubions. oveesieienereeinneinneneanenencnnns 50 50 50 110 110 50 50 50 24
Sizes of Screen Openings, inches per cent | per cent | per cent | percent | percent { per cent | per cent | per cent | per cent
3 T 45-4 56.9 49-4 * * 12.5 17-1 14-8 15-4
2 to 13.. 22-8 14.8 23-3 35-4 33-4 12-6 11-4 13-0 18-0
13 tol.... 11-3 6-8 8-0 29-1 23-2 10-2 9-1 11-4 13-1
1to 0-742...,.. 3-4 3-9 3-9 8.1 10-5 7-9 7-2 5.7 7-3
0-742 to 0-525. © 2.3 2-3 2:3 4.7 5.4 6-8 5.7 4.5 5.6
0525 to 0-0164.. . 12-5 11.9 10-8 19-4 24-5 41.5 41-5 41.6 36-8
Through 0-0164.......v0ieiiienininirnnrnnnnnns 2:3 3-4 2-3 3:3 3-0 8-5 8-0 9:0 3-8
B 5 101 o N 82-9 82-4 84-6 72-6 67-1 43-2 44.8 44.9 53-8
“Smalls”. . ..iiieenennnn 14-8 14.2 13-1 24.1 29.9 48-3 47-2 46-1 42-4
“Fines’ and “Dust**,, , . 2-3 3-4 2-3 3-3 3.0 8.5 8-0 9.0 3-8
UDDrOKen™ . e iie et eaaanes 45-4 56-9 49-4 35-4 33-4 12.5 17-1 14.8 15-4
Friability, per cent..c.cueeienneiereneennanannnas 31 26 28 35 40 66 63 64 58

*These tests with 2- to 13-inch coal.
**Actually material pa.séing 0-0164-inch screen.
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TABLE XV

Drum (Box) Tumbler Test
Variation of Weight of Coal with Width of Tumbler

04

Secreen Analysis iy
Size, | Weight, | Width, | Time, | Revolu- | prn A
Coal inches |[grammes| inches | seconds tions brog;ll; s |“Lumps,”’[*“Smalls,” g‘ Bﬁ:g‘?fl p]:;h;‘gn’t
perc eﬁt per cent | per cent perec eﬁt
No. 1. Pennsylvania Anthracite...... 2 to 1% 10,000 173 275 110 33-4 67-1 30-7 2.2 40
«“ “ o e “ 8,900 163 265 106 30-8 68-7 29-3 2-0 40
“ “« € € 8, 350 15% 273 109 30-7 66-4 31:3 2-3 41
« ¢ « terees “ 7,800 14% 255 102 31-1 67-3 30-7 20 40
“« € “ . « 7,300 13% 275 110 32:2 66-7 31-2 2-1 40
« « € .. i 6,750 12% 298 119 41.7 69-8 27.8 2-4 35
¢ “ “ o ... « 6,200 112 300 120 26-7 66-1 31.6 2-3 42
“ ¢ “ L. hid : 5,650 10% 305 122 45.8 69-5 28-5 2:0 34
« « € .. € 5,700 10 275 110 37-4 67-6 30-3 2-1 38
“ «“ .. «“ 4,550 8 283 113 32-9 67-6 29-8 2-6 40
No. 5. Alberta Bituminous........... 3to2 10,000 17% 61 24 15-4 53-8 43-5 2.7 58
“ “ e “ 3, 103 64 26 24.5 54-6 42.1 3-3 54
No. 5. Alberta Bituminous........... 2t0 1% 10,000 17% 65 26 20.5 55-8 41.1 3-1 50
““ “ “ . . “ : 8,900 163 63 25 22-6 528 44-0 3-2 51
“ € “ . « 8,350 15% 65 26 24.6 541 43-1 2.8 49
«“ “ «“ . “ 7, 14% 55 22 20-4 53-7 43.2 3-1 51
« “ “ . “ 7,300 13% 55 22 19-0 52-9 43-7 3-4 52
“ « « . “ 6,750 12% 70 28 25-4 54-7 42.4 2.9 49
« « “ . « 6,200 113 58 23 25-4 52-5 44.7 2-8 50
hd “ « . « 5,650 103 67 27 21-1 52-1 44-9 3-0 51
No. 5. Alberta Bituminous... 13tol 10,000 173 74 30 22-2 48.8 47-6 3-6 48
« “ “ . “ 8,350 15% 68 27 24.7 47.2 49.8 3-0 47
“ « « . “ 6,750 12% 88 35 25-3 | 52-3 4.7 3-0 45
« « « . « 5,650 10% 70 28 25-1 48-9 47.8 3-3 47
« « «“ . “ 5,700 10 70 28 26-6 48.7 48-0 3-3 47
« «“ it “ 4,550 8 68 27 22-0 47.1 49.5 3-4 49
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TABLE XVI

Drum. (Box) Tumbler Test
Variations of Size of Coal, Weight of Coal or Width of Tumbler

1L

Screen Analysis Fri
Size, | Weight, | Width, | Time, | Revolu- [ « i Al
Coal inches {grammes| inches | seconds | tions brogég ” “Lumps,"l“Sma.lls,” ?ﬁféf‘?fi pgl)}‘;'g;;t
per cent Per cent | per cent per ceﬁt
Size of coal varying; weizht of coal and width of tumbler fixed
No. 5. Alberta Bituminous.,...... 10,000 17 61 24 J 15-4 53-8 435 2-7 58
« « « 10,600 17 65 26 20-5 55.8 41-1 3-1 50
“ L “ 10,000 17 74 30 22-2 48.8 47-6 3.6 48
¢ @ ¢« '8, 350 15 65 26 246 54.1 43-1 2-8 49
e ¢ o 8,350 15 68 27 24.7 47.2 49-8 3-0 47
« « « 6,750 12} 70 28 254 54.7 454 2-9 49
“ “ & 6,750 12% 88 35 25+3 52.3 44.7 3-0 45
« « « 5,650 10 7 26 25 54-6 2z 3-8 54
“ “ “ 5,650 10 67 27 21-1 52-1 44-9 3:0 51
“* e« «“ 5,650 103 70 28 25-1 48.9 47-8 3-3 47
Weight of coal varying; size of coal and width of tumbler fixed
No. 1. Pennsylvania Anthracite...... 8,000 8 340 136 36-1 66-8 31-0 2-2 39
«“ & « . . « 4,550 8 283 113 32-9 67-6 29-8 2.6 40
«“ “ “ Ceen 3,500 8 235 94 29-7 64-2 34-2 1.6 41
No. 5. Alberta Bituminous........... 8,850 15% §. ) 30" 293 49.2 47-4 3.4} 45
o “ “ . 8,350 15 68 27 24-7 47.2 49.8 8-0 47
“ « “ feveeesaaas 13 tol 7,150 12% 70 28 30-1 49-4 47.4 3-2 45
« “ C e « 6, 750 123 88 35 25-3 52-8 44-7 3-0 45
«“ “ “ enerrsanns 13t01 10,000 10 85 34 26-7 53-2 43-2 3:6 45
¢ “ “ et “ 5,700 10 70 28 26-6 48.7 48-0 3-3 47
« “ “ . “ 4,500 10 63 25 24-0 47. 49.0 3-1 48
« “ [N 13t01 9,000 8 30 32 26-5 52-2 44.1 3-7 45
“ o OO « 4,550 8 68 27 22-0 47-1 49.5 3-4 49
¢« “ e «“ 3,500 8 65 26 23-4 47.4 49-6 3-0 43
Width of tumbler varying; size and weight of coal fixed _
No. 5. Alberta Bituminous........... 13 tol 10,000 17% T4 30 22-2 48.8 47:6 3-6 48
& “ “ “« 10,000 10 85 34 267 53-2 43-2 3.6 4
“ L DO 13 tol 4,500 10 63 25 24.0 47.9 49.0 3-1 48
“ “ h PR “ 4,550 8 68 27 22-0 471 49.5 3-4 49




Drum (Box) Tumbler Test.
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TABLE XVII

Comparison of Friabilities (Size Stabilities) of Five
Coals by an Arbitrarily Chosen Modification of the Test

(8350 grammes; £- to 13-inch size; 163-inch width of tumbler)

No. 1. No. 4. No. 7.
No. 2. No. 5.
Penn- Nova .C.
(6171 I Creraeeaes s Welsh h Alberta ]
ercett gylvania s Scotia 3 h Nicola
Anthracite Anthracite Bituminous Bituminous Bituminous
Time of tumbling, seconds . 273 160 133 65 130
Rovolutions.....oveveeierrenencss 109 64 53 26 52
Stizes of Screen Openings, inches per cent per cent per cent per cent per cent
2t01.. i 30-7 39-2 292 %6 8.0
Ftol.......... 257 20-6 20-7 21-2 16-9
1to0:742......0ciiiiienarnnnns 100 6-5 9-4 8-3 13-4
074260 0-525.....00vieiiiinnnn 5.7 4.0 6:3 64 150
0-5250 0-371eurvernsnenininnns 38 3.7 6-8 5.7 14.7
0:371 60 0-263.......ovenennnns 2.7 23 3:8 4.3 7.0
0263 60 0+181....00vievennnnens 9.8 8:1 83 10-9 12.0
0-181t0 0-0110.........c0uvunn. 9-3 13:5 13-2 15.8 115
Through 0-0116................ 2:3 2-1 2:3 2.8 1.5
per cen per cent per cent per cent per cent
“Lumps," 2t00:742,,...000v.nnn. 66-4 66-3 59-3 5441 -3
“Smalls,” 0+ 742 to 0-0116......... 313 31.6 38:4 43-1 o2
“I‘mes" and “Dust,’’ through
0116.....000uun 2:3 2.1 2.3 2:8 1-5
“‘Unbroken Y 2t013, 30.7 39.2 29-2 246 8:0
Friability, per cent....oeovvv.n... 41 38 45 49 60
TABLE XVIII
Sheffield (Coke) Abrasion Tumbler Test
(2 cubic feet of coal )
No, 6. British | No. 7. British
Coal.eiveiieiiiiinrvenenraees.] No.l. Pennsylvania Anthracite %gg:vn;,?égé C%‘;é‘g}’;“’
Bituminous Bitumi_nous
Weight, pounds............... 97 95 873 86
Size, inches,.......coivneenn.. 3t02 i3tol 3to2 8to2
‘Time, minutes..........c...... 33 180 33 180. 33 180 33
Revolutions............. Cereen 690 | 3,780 690 | 3,780 690 | 3,780 690
Sizes of Screen Openings, inches|{per centjper cent/per centper centjper centi{per cent] per cent
3t02...niiinnn 78-4 36:31....o.ni]innnnn . 16-3 149 14-0
P R7 S TN 11-3 7.2 U VAR R 16-3 15-2 15-1
Idtoloeooonnns, 3.9 7-3 84.6 637 12:0 11.1 17-4
ltog.. ............ 1-0 2-8 8.4 18.7 5.4 4.9 12-2
;to Creeerrareeaae 05 21 2.4 5-8 4.6 4.3 14-8
1 SO 0.6 1:6 16 3.2 4.9 3.1 10-4
$t00-131.......... 0-5 07 05 1.5 4.3 4.4 5.8
0-131 to 0-0116..... 2-0 34 1.1 1.5 200 133 74
0-0116 to 0-0029... .. 1-0 9.7 0.7 2-0 12-0 19.3 1:6
Through 6-0029............. 0.8 4.0 0.7 3-6 4.2 9-5 15
per cent|per cent|per cent|per cent|per cent/per cent per cent
“Lumps,” on f......00veinnnns 94.6 785 903.0{ 824 50-0| 461 587
#Smalls, 1 to 0-0116...... ..., 3.6 7-8 5-6 12-0 33-8 251 38-2
“Tines,”” 0-0116 to 0-0029...... 1-0 9-7 0.7 2.0 12-0 19-3 1.6
“Dust," through 0-0029....... 0-8 4.0 0.7 36 4.2 9-5 15
“Unbroken™...........oevvn.. 78-4 36-3 84.6 63.7 16-3 14.9 14-0
Friability, per cent............ 11 36 8 19 62 65 56
Abrasion Index, per cent....... 89-7 684 l........0L..... .. 32-6 30-1 29.1
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ABLE XIX

A.S.T.M. (Coke) Shatter Test
Comparison of Round with Square Hole Screens and Study of Effects of Increasing the Number of Drops
(50 pounds of coal)

16107 ) SN No. 1. Pennsylvania No. 4. Nova Scotia No. 6. B.C., Crowsnest NO‘N'Zic(:)?;C”
Anthracite Bituminous Bituminous Bituminous
Size, inches....ccoiiviiiiiniinnn.. 3t02 3 to 2% 3to2 3 to 2% 3to2 3to23] 3to2
Shape of hole in sereen........... Square Round Square Round Square Round | Square
Number 0f drops....coceeennn... 4 8 12 4 4 8 12 4 4 8 12 4 4
Sizes of Screen Openings, inches |per cent|per cent|per cent|per cent|per cent|per cent|per cent|per cent|per cent per cent{per cent{per cent|per cent
Round Square
3 to2} 3 to2.......... 63-8 49-0 40-4 42.2 48-3 30-2 19.4 32-0 33-0 16-1 6-6 17-0 138-5
25t02 2 toli....... 16-9 20-4 21-2 15-1 18:1 201 19-4 11-0 17-0 15-1 12-1 13-0 13-0
2 tol} Ftol.......... 7-0 11-2 13-1 11-6 9-1 14-1 17-4 11-0 9:5 11-6 12-1 13-0 17-5
13tol 1 t0 $......... 3-0 5-1 6-1 9-1 5-0 8-0 8-2 90 50 6-0 6-6 15-0 12-0
1 to & 20 3ol 3-0 4-1 5.0 4.0 3-0 6-0 6-1 5-0 4.5 5-0 6-0 11-0 14-5
210 3 i L1 1N PR R LTIV (N SO 110 |........
3to ¥ to 4......... 3-0 4.1 6.1 5-0 7-0 10-1 11-2 5-5 9-0 12.1 13-6 9.0 16-0
4 0 0-0164..... 3-0 5.6 7-1 7-0 8:5 10-0 16-3 18-5 19-0 286 35-9 10-5 12-5
ThroughO 0164... . 0-3 0.5 1-0 1.0 1-0 1.5 2:0 3-0 3-0 5.5 7-1 0-5 1-0
“Lumps, on £ (1-inch round)....| 90.7 85-7 80-8 78-0 80-5 72-4 64-4 63-0 64-5 48-8 37-4. 58-0 56-0
Smalls ” 2400-0164............ 9-0 13-8 18-2 21-0 18-5 26-1 336 34-0 32-5 45-7 55-5 415 43-0
“Fines”’ and *“Dust,”” through
0-0164......cccvemrnrannnannnn. 0-3 0-5 1-0 1-0 1-0 1.5 2.0 3-0 3-0 5-5 71 0-5 1.0
“Unbroken”.........cceeuenn....| 63-8 49-0 40-4 42-2 48-3 30-2 19-4 32-0 33-0 16-1 6-6 17-0 13-5
Friability, per cent............... 18 27 33 30 30 42 51 42 44 60 70 48 57

*All screens of 3-inch and smaller size had square holes.
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TABLE XX
A.S.T.M. (Coke) Shatter Test
Effects of Removing Material Passing }-in Screen after Each Drop; also of Using Different Weights or Sizes of Coal

( Al with square hole sereens )

>
No. 3. Pennsylvania Bituminous

[0 RGN No.7.B.C., Nicola Bituminous
Weight, POunRdS..cueeenereeeeennreneionennnannns 50 50 - 25 50 25 25
Size, INChes.. vt ee et it iiiieriinirireaen, 3to2 2 to 13 | 2 to 1% 3 to 2 3t02 | 2 to 13
Material passing 2-INCh. .o vuernervinreneennennn. dIzl-zggzld Removed dI:'-lo;gg&li Removed| In coal dropped In coal dropped
Number 0f ATODS. . evieeenevreesrerecnacaennananns 4 4 12 12 4 4 4 4 4
Sizes of Sereen Openings, inches per cent | per cent | per cent | per cent | per cent | per cent | per cert { per cent | per cent
49-6 50-7 25-5 276 {iveeeeeedeennnnnns. 135 10:2 |.eenvnnnns
19-2 17-6 20-4 17-4 51-6 50-6 13-0 14-3 18-0
11.2 11.4 14-3 14-3 241 23:8 17-5 174 18-9
4-0 5:2 7-2 6-1 7-0 6-9 12-0 11.2 15-0
5-1 4.1 8-2 7-1 5-3 6-0 14-5 10:2 14.0
4.0 4.1 8-2 8-2 5.0 6-0 16-0 21.4 20-9
6.1 6:2 14-3 17-4 6-0 6-0 12-5 14-3 12-0
0-8 0-7 1.9 1-9 0-8 0-7 1.0 10 1-2
84-0 84-9 67-4 65-4 82-7 81-3 56-0 53-1 51.9
15-2 14-4 30-7 32.7 16-5 18-0 43-0 45-9 46-9
0-8 0-7 1.9 1-9 0-8 0-7 1.0 1.0 1.2
49-6 50.7 25-5 27-6 51-6 50-6 13-5 10-2 18-0
28 27 46 46 24 24 57 60 50

-3
TN



TABLE XX1
Illinois Shatter Test
Square and Round Hole Screens; Effects of Increasing the Number of Drops; Different Weights or Sizes of Coal
. No.7. B.C., Nicola
[0 No. 2. Welsh Anthracite No. 4. Nova Scotia Bituminous Bituminous
Weight, pounds...ceceivvninenannrnnes 243 29 20 30% 25 1 20 | 2
Number of lumps...coveeviiiaenanane 55 60 55 60 No record
Size, inches.c.vvveeiieiiiiiiii i, 3102 3 to 2% 3to2 3to 2% 3t02 [3to 2 (|2t01}
Shape of hole inscreen................ Square Round Square Round Square
Number of drops.ceeereeeeearareannn. 1 1 2 4 6 8 1 1 2 4 6 8 1 1 1
Sizes of Screen Openings, inches per per | per | per | per | per per per | per per per | per | per per per
cent | cent § cent | cent | cent | cent | cent | cent ] cent { cent | cent | cent | cent | cent | cent
Square Round
3t02 3t02%.iiiinnn. 68-4 ] 64-3137-5} 24-6] 18-4| 12.7 53-6 | 59-3 | 40-5 27-9117-9| 14-6 { 35-8 27-4......
2 to 1% P23 7o 3 9-7117-9|22-8}17-81 13-4 10-4 24.9 | 12.7 [ 17-1 11-9| 13-4 § 13-4 17-9 11-2 4 37-3
Ztol 2t01F.ccciiniinnnn.. 66| 5-5| 9-9}12-1}12-9] 12:3 6-2| 7-8| 9-8 11-2 | 10-0{ 9-2 | 14-9 21-1| 22-4
1to% Btolooeoaaiiiinne.. 361 3-8| 8:6{12.6}12.0} 13-4 5.0 7-1111-1 14-8 | 15-91 13-8 1 9-0 12-5 9-9
$to3 1604 iiciiiianennnn. 2:6) 1-3| 39| 5.2} 6:9] 74 25| 29| 45 62| 75| 7-9{ 7-0 8.7 9-9
....... $2tod..eiiiieiiendeeeee. ] 17 39) 651 7:3) 8:2}........] 32} 4.9 7-4{ 881{ 96/[...... ........0......
1to% Ttod* e 4-1| 1-71 39| 571 7.7} 86 371 29} 45 7.4} 83| 9.6 99 12-41 12.5
$1t00-0164....cciiiinininnn, 4.6 3-4} 8-6| 13-9| 19-4 | 24.2 3-7{ 37{ 7-0 11-9{ 16-3 | 19-6 | 5-0 6-2 7-4
Through 00164, ccieecvnnnnn. 0-4| 0-4f 0-9f 1-6| 20| 2.8 0-4| 04} 0-6 1-3{ 1-9| 23| 05 0-5 0-6
“Lumps,” on ¢ (I-inch round).. 88-3191.5]78-8|67-1456-7| 48-8 89-7 1 86-9| 785 65-8 | 57-2 1 51-0 | 77-6 72-21 69-6
“Smalls,” $t00-0164................. 11.3| 81} 20-3 ) 31-3| 41-3 | 48-4 9.9 | 12.7 | 20-9 32-9 1 40-9 | 46-7 { 21-9 27-3| 29-8
“Fines and Dust,”” through 0-0164. . 0-4| 0-4f 09} 1.6{ 2-0{ 2-8 0-4] 0.4 0.6 1-3{ 1.9} 2-3| 0-5 0.5 0:6
“Unbroken’ .. ....ocviiriiinnannnenn. 68-4 | 64-3 | 37-5 | 24-6 | 18-4 | 12.7 53-6 | 59-3 | 40-5 27-9 | 17-9 | 14-6 | 35-8 27-4] 37-3
Friability, percent..........c.oovvnen 19 14 30 42 49 56 23 19 30 43 50 54 37 45 34

*All screens of $-inch and smaller had square holes,

gl
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PART II

SUPPLEMENTARY SHATTER TESTS
G. P. Connell

After due consideration of the comparative friability results reported
in Part I, it was decided that further tests by the A.S.T.M. (Coke) Shatter
Test method should be made, the main objective being the formulation of
a procedure suitable for coal. For this purpose fresh lots of three of the
seven coals previously selected as standards were used. They were as
follows:—

No. 1A—Pennsylvania, anthracite, having the same trade name as coal No. 1 previously

used and representing o fuel of high size stability. Quantities of egg, stove, and
nut sizes were obtained as required from a local dealer.

No. 4A—Nova Scotia bituminous, a representative medium friable coal, from the same lot;
of mixed lumps from which the different sizes of coal No. 4 previously tested
were taken, 'The screen analysis using round hole screens of a fresh one-ton lot
of this coal, known as “steam lump”, was as follows: On 4-in., 15 per cent; on 3-in.
Ethrough 4-in.), 11 per cent; on 2-in. (through 8-in.), 15 per cent; on 1}-in.

through 2-in), 14 per cent; on 1-in, (through 13-in.), 16 per cent; on $-in. (through
1-in.), 7 per cent; on §-in. (through $-in.), 6 per cent; through $-in., 16 per cent.

No. 7TA—Bituminous coal, originally from the Nicola area, British Columbia, representative
of a quite frinble, high volatile coal. The different sizes used in the supplementary
tests weve from the same storage pile as that from which coal No. 7 was taken,
the total duration of storage in the open being three years.

The fresh lots of these coals were not analysed, but it may be assumed
that their analyses would agree closely with those shown in Table I. As
inferred above, the apparatus employed in the supplementary shatter
tests was that described in Serial Designation D141-23 of the American
Society for Testing Materials, and as described in Part I under A.S.T.M.
(Coke) Shatter Test.

EXPERIMENTAL, AND DISCUSSION OF RESULTS

The following series of tests were conducted:—

gl) Relation of square and round hole screen sizes.

2) Comparison of the effect of one, two, three, and four drops using different sizes of
the three selected coals.

3; The duplicability of the two- and four-drop modifications.

4) Concrete floor versus iron plate as apparatus base.

5) Applicability of shatter test to mixed sizes of coal.

The details of the experimental tests and a discussion of the results
obtained may be given in the order just outlined.
Relation of Square and Round Hole Screen Sizes

All the screen analyses involved in the friability tests reported in
Part I were conducted on square hole screens, with the exception of certain
experiments pertaining to the Illinois and the A.S.T.M. (Coke) Shatter
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Tests. In order to conform with the tentative procedure advanced by
Sub-committee VII “on defining coal sizes and coal friability”’ of the Sec-
tional Committee for the Classification of Coal, in which round hole screens
are recommended on account of their use in the coal mining and preparation
industry, it was decided to adopt the round hole screens for the supple-
mentary shatter tests. It was therefore considered of interest to ascertain
the relation of square and round hole screen sizes of the three selected
coals. Tive hundred pounds of each of coals Nos. 1A, 4A, and 7A were
screened, first on square hole screens and then twice on a set of round hole
screens, the objective of the latter double sereening being to obtain data on
the breakage of the particular coals used during screening. The results of
the comparison are given in Table XXII, and are discussed below with
reference to similar results reported by Yancey and Zane!.

The form of the data presented in Table XXII corresponds generally
to that given by Yancey and Zane, except that the screen sizes shown are
in inches throughout, rather than in millimetres, and the square hole screen
analyses which were obtained first are used as the basis for comparison.
The ratios of round to square hole screen sizes averaged 1-15, 1-13, and
1-14 for coals Nos. 1A, 4A, and 7A respectively, despite the fact that this
ratio varied from a minimum of 1-06 to 1-25 for individual sizes of a given
coal. The grand average for the three coals was 1-14 ag compared with
1-23 reported for the same number of coals by Yancey and Zane, their
variation in the different sizes being from 1-20 to 1:-28 only. Just why
the difference between the two series of results occurs is not readily evident.
However, it should be pointed out that the square hole screens used at
the Fuel Research Laboratories were stamped steel plates and not wire
screens, and that single lots of 500 pounds of each coal were screened, as
compared with twenty screen analyses on 25-pound lots of each coal by
Yancey and Zane. The 500-pound samples were composites of different
sized lumps from friability tests, and hence had received considerable
handling. That they were fairly resistant to breakage by screening is
shown by the ‘“‘check’ screen analyses shown in column 5 of Table
XXII, and it may be that freshly prepared lumps would give different
results. However, it is significant that the average ratios of round to
square holes for the three coals agreed so closely, especially since coal No. 1A
was Penngylvania anthracite, and coals Nos.4A and7A were bituminous origi-~
nating in Nova Scotia and British Columbiarespectively. Usingthefigure of
1-14 as the average ratio between round and square hole screens means
that (for the particular coals tested) a given square hole screen will retain
the same percentage as a round hole screen of which the diameter is 1-14
times the side of the square hole opening, and vice versa, a given round
hole screen will retain the same percentage of coal as the square hole
screen of which the side of the square opening is 0-88 (the reciprocal of
1-14) times the diameter of the round hole screen. For example, the 3~
to 4-inch round hole sereen size, recommended specially in the Shatter
Test method, Appendix I1, will be equivalent to 2-64- to 3-52-inch square
hole screen size and the 1- to 13-inch square hole size specified for use in
the Small Jar Tumbler test, Appendix I, will be equivalent to the 1.14~
to 1.71-inch round hole size.

99949—0
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Comparison of One, Two, Three, and Four Drops

Previous results showed that the Shatter Test method, in which
50-pound lots of the 2- to 3-inch size were dropped four times from
a height of six feet, gave a satisfactory spread between the least and most
friable coals, according to the different friability indices indicated-—see
Figure 2. It was believed, however, that the breakage at the end of the
fourth drop was excessive as compared with that occurring in the normal
handling of coal. For this reason it was considered desirable to ascertain
the progressive breakage on different sizes of coal resulting from one to
four drops. The first series of shatter tests comprised the progressive
dropping of the same 50-pound sample one, two, three, and four times,
with screening after each drop. The second series was on two 50-pound
lots dropped separately two and four times with screen tests after the
" second and fourth drops.

The results given in Table XXIII and illustrated in Figures 6 and 7,
will bear considerable study and discussion. A few salient points only,
however, will be mentioned here. In the first place, for the three coals
tested, the breakage caused by dropping one to four times was due almost
entnely to shattering, the amount of fines and dust passing the 48-mesh
screen not exceeding 1-0 per cent. At this point it may be stated that the
minus 48-mesh material was in each case weighed and represents the net
weight of fines and dust, and that the unaccounted for loss during a screen
analysis averaged about pound, equal to approximately 3 per cent of
the 50-pound sample taken for the drop test. Since the scales used were
not readable to closer than this amount any loss was absorbed propor-
tionately among the larger sizes.

Relation between Friability, Per Cent (Yancey), Size Stability Index-B

In addition to ascertaining the progressive breakage by one, two, three
and four drops as indicated by either a size stability or friability index,
the purpose of the three series of tests reported in Table XXIII was to
show the relation of Size Stability Index B (SSI-B) and Friability, per cent
as determined for the different sizes of the three coals tested. This relation
plotted—as friability and size stability indices respectively—for the two-
and four-drop tests on the three coals is illustrated in Figure 8. In general
it will be noticed that these two indices agree quite closely for the - to 1-inch
size of all three coals, and not so closely for the smaller and lalgel sizes.
For coal No. 1A the agreement was, however, remarkably close for all
the sizes and in general 1s close enough for the different sizes of the other
two coals to warrant recommending Size Stability Index B as a suitable
index to express size stability when testing smgle sizes by the Shatter
Test method.

Friability, per cent SSI-B
2 drops |} 4 drops 2 drops | 4 drops

Least friable coal—No. 1A ... ..o iiiiriiiiiiennnrnnns 7.2 13-4 92.7 83-6
Most friable coal—No. 7TA. .. cciiiiiiiiiiiiirinienens, 32:1 44.5 58-9 42.4

Difference...cc.oevivriiienenas eereressaany 24-9 311 33.8 41-2

2- to 3- inch size
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Variation of Friability According to Sizes Tested. “As shown in Table
XXIII and in Figure 8, there was found a fairly wide variation in the
friability of the different sizes of each of the three coals examined. The
friability indices of the 3- to 4-inch and the 2- to 3-inch did not vary greatly,
but below this the friability became progressively lower for the smaller
sizes. Another way of expressing this relation is that the stability varied
inversely with the size of lumps of each coal. Below is a comparison of
the spread of the SSI-B and friability, per cent indices for two and four
drops between the most friable (2- to 3-inch) size and the most stable
(3~ to 3-inch) size.

Difference of indices for 2- to 8-inch
lumps and for - to 3-inch size

Coal No. | Coal No. | Coal No.
1A 4A TA

0B e - N 4.8 13+5 24.9
s o3 o 9.3 19-5 33.1
Size Stability Index (SSI-B)
D5 0 o R 5-5 17.7 35.7
305 B (o3 T 13-3 25.7 48.9

As shown above, and as illustrated in Figure 8, the variation was com-
paratively small for coal No. 1A, the least friable, and large for coal No. 74,
the most friable, with a midway variation for medium friable coal No. 4A.
That is, the variation in the friability indices of different sizes of lumps
varies directly with the general friability of the coals examined. Another
observation to be noted is that, whereas the spread between the most and
the least friable size was greater when using SSI-B as an index, there was
a fair agreement between the SSI-B values for two drops and the Yancey
friability, per cent values for four drops. This is a further point in favour
of the use of Size Stability Index B in the two-drop modification of the
Shatter Test method.

Furthermore, it is to be noted from the results for coals Nos. 4A and 7TA
that the friability indices for the 3- to 4-inch round hole size closely approach
those for the 2- to 3-inch square hole size. It is for this reason, and also
because the 2- to 3-inch square hole size is specified in the shatter test
for coke as per A.8.T.M. D141-23, that the 3- to 4-inch round hole size is
favoured as the standard size for the shatter test method as applied to
coal when it is desired to test one single size only of a given coal.

Progressive Breakage by Successive Drops. On page 83 are showntwo ways
of expressing progressive breakage by successive drops of the same sample
of coal. These results are for the 3- to 4-inch size of coal No. 7A, those under
(a) being from Table XXIII and those under (b) as illustrated in Figure 6.
The two ways of expressing progressive breakage are also shown in Figure 7
for three sizes of lumps of the three coals. Ixamination of the breakage
expressed as per (b) shows that generally speaking the rate of breakage
has reached 2 maximum at the end of the second drop for coals Nos. 1A
and 4A—the Pennsylvania anthracite and Nova Scotia bituminous respec-
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tively—while for coal No. 74, the most friable, the rate of breakage did not
“level off” until after the third drop. Hence, for all coals except the very

Size index reduction (or
friability per cent) expressed
as a percentage of

(a) (b) |
—_— Average size
of lumps or
Average size | particles as
of lumps of | indicated by
original screen analysis

sample of coal after

preceding

rop
After 185 droD.cvuviieine et ee i e 255 25-5
D 2. 1 S 371 158
D 15 S 433 9-6
B 485 9-3

friable ones, two drops are as effective as four in giving sufficient spread
of indices to differentiate between different sizes of the same coals as
well as a selected size of different coals.

Comparison of the Duplicability of Two and Four Drops

Study of the results of the two series of tests just outlined indicated
that a two-drop method had merits worthy of further consideration.
However, these results were masked by the successive screening of the
dropped coal, made necessary on account of the limited amount of the
different sizes available. It was therefore decided to make a third series
of tests on a given size of two coals in order to compare the duplicability
of the results of the two and four-drop methods. For this purpose ten
50-pound lots of each of coals Nos. 1A and 4A were tested, four lots being
dropped twice before screening and six lots dropped four times as in the
standard method for coke. The results of this third series of friability
tests are given in Table XXIV.

For the two coals compared, it is evident that the results of repeated
tests, expressed in terms of either friability, per cent or Size Stability Index
B, are capable of being duplicated equally as well by the two-drop modi-
fication of the shatter test as by the four-drop procedure specified in the
Shatter Test method for coke.

Concrete Floor versus Iron Plate as Apparatus Base

In the apparatus as described in A.S.T.M. D141-23 (method of shatter
test for coke) the base on which the coke drops is specified as a “rigidly
mounted cast-iron or steel plate, not less than % inch in thickness.” With
the idea that the apparatus may be simplified for use as a standard shatter
test for coal by specifying that the coal be dropped on say a smooth con-
crete floor instead of on an iron plate, a series of tests to ascertain the
comparative merits of these two bases was made. Accordingly, duplicate
tests using the 2- to 3-inch size of each of the three coals were made in
which the samples were dropped a distance of 6 feet onto a concrete
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floor as base. This was accomplished by simply removing the super-
structure of the Shatter Test apparatus supporting the iron box
from its cast-iron base onto the concrete floor and then proceeding to
make the drop tests in the usual way. The two-drop modification of the
method was adopted and the results are given in Table XXV.

The results indicate that a smooth concrete floor is equally as satis-
factory as the specified iron plate as the base on which the coal is to be
dropped. Although this tentative conclusion agrees with that of Professor
E. M. Smith in his shatter test experiments on Illinois coal, further tests
on coals differing widely in friability should be made and the results com-
pared before final conclusions are drawn.

Applicability of Shatter Test to Mixed Sizes

The A.S.T.M. Shatter Test as originally adopted for coke and as
experimented with in Part I and in Part IT up to this point, as well as
by Yancey and Zane!, called for lumps sized within fairly narrow screen
size limits, for example, 1 X 1% inches, 13 X 2 inches, 2 X 3 inches, etc.
Inasmuch as coal operators would likely be interested in a method suitable
for mixed sizes, a series of tests was made on a fresh lot of coal No. 44,
from the heating plant at the Fuel Research Laboratories, known as
“steam lump”. The effect of dropping 100-pound samples in individual
tests was compared with that on the usual 50-pound sample, and the
relation of the breakage by two and four drops compared. The mixed
sizes tested comprised 2-inch slack, 2- to 1i-inch size, 13-inch slack, 13- to
4-inch size, and the 4-inch resultant. For purposes of comparison, these
were supplemented by tests on the 3- to 4-inch and smaller single sizes.
The results of the tests on the 50-pound samples only are given in Table
XXVI and are illustrated in Figure 9.

The screen analysis of the minus 4-inch coal was roughly 50 per cent
retained on the 1i-inch screen, 25 per cent of the §- to 1}-inch size, and
25 per cent passing the 2-inch screen. Triability, per cent, is employed as
the friability index in Table XXVI for the mixed sizes and in the dis-
cussion below, as obviously SSI-B is not suitable.

The friability index for the $-inch slack was less than 20 and that
for the 13-inch slack averaged 3-3. Tor the 2- to 13-inch lumps the average
index of two tests was 8-0; the difference between this and that for the

iinch slack represents the cushioning effect of minus #-inch smalls and
fines. Likewise, the difference between the index of approximately 16-5
for the 13- to 4-inch lumps, and the index of 6-3 for the minus 4-inch coal,
is due to the cushioning effect of the 1%-inch slack proportion of the latter.
The lower indices, not given in Table XXVI, obtained when 100-pound
lots of the mixed sizes are dropped instead of the usual 50-pound lots, are
. evidently also caused by cushioning,.

The plotting of the friability indices, as in Figure 9, for mixed sizes
given in Table XX VI against the average sizes of the respective samples
shows that the points obtained for the 2- to 1}-inch and the 1%- to 4-inch
sizes of lumps fall on, or are close to, a curve joining similar points for the
different single sizes; illustrative curves and diagrams are not presented
as figure. The joining of points obtained in the same way for tests on
the three slack sizes, including the minus 4-inch resultant as one, gives,
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as Indicated, a curve, approximately a straight line, and quite unlike the
curve for the single sizes. This means that, whereas the friability index
-of & mixed size of lumps—for example, the 13- to 4-inch size comprised
of three single approximately equal sizes—will coincide with that of the
middle 2- to 3-inch size, no such relation exists between indices for a given
slack coal and the single sizes comprising it.

/\’o?w;o' ﬁo{ie Soreen openings -1nches

),0 /‘2 i 0
ol Sk 2 7 % 2 3 #
DR, £ L& Strck Sk

-
94! 0 -%‘ [ 5
8L o splmedicoal | | é
HO=> L X L) Shapk
\
S0 e /0
\ A Shaiitar tasts
N Shck \coals
N - F anges
Eas B P ) SO A N
Q = N N Pt sinus |7 coas I%
N Y
q 9 \ p7 5 6 7 G O
{ NI 5
R > Q

3 7 L 25,

q N X

|$ ™ §‘

9 70 R 30 %

\\\ Q
LN“ <
9 65 1 35
60 (’) 9 \0) \0) S 40
SN ﬁ" LYE R
XIx| x | X | 23 | SXE7Y 2% 67 |wmps | 6% 8|
5 Wi < | g Lutmps | Lumps pS 728 B
S S

—~ I Tty ;
o I | I | I I I | I IIOO

TFigure 9. Diagram illustrating shatter test results on single and mixed sizes of coal No. 4A

reported in Table XXVI—50-pound samples dropped fwice in A.S.T.M. (coke)
Shatter Test apparatus with 4-drop tests on *‘slack’’ sizes shown in upper rlght-hand
corner. Areaabove columns represents the friability of the different sizes, and the
columns indicate relative ‘‘size stability”’. A is the average size of the $-inch and
13-inch lumps, and B is the corresponding average size of two samples of 13-inch
to 4-inch lumps. C, D, and I are curves joining the points representing the cal-
culated average sizes of lumps before dropping, respectively, in the 2-drop tests on
gingle sizes, in the 2-drop tests on slack coal mixed sizes, and in the 4-drop tests on
the same slack coals.
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‘When applied to the “slack’ sizes, in which the smalls and fines, say
below £ inch, produce a pronounced cushioning effect, the Shatter Test
method does give friability indices that can be duplicated within reasonable
limits, and these indices will be indicative of the relative commercial
handling properties of the different ‘‘slack’’ coals tested. This is providing
the samples of the slack size of the same coal to be tested are uniform in
respect to their screen analysis, and providing the sample is loaded into
the box and dropped in a similar manner in successive tests. Results at
date of writing, not all recorded in this report, show that the friability
indices for the 100-pound samples dropped twice are consistently and
appreciably lower than for the corresponding 50-pound samples. The use
of a 100-pound sample instead of 50 pounds may be a means of obtaining
more uniform samples, and for slack coal sizes four drops instead of two
may be advisable. However, before such changes can be recommended,
further comparative tests and a study of the results are required.

A typical calculation using the results of the first test of the 1- to 4-inch
lumps reported in Table XXVI is given below:—

Screen analysis gf coal—before and after Mean of Age;fg:?nszeszge‘g'
ropping :
P Before After s;:irz%en Size
Round hole screens designated ‘‘rd"” inches Before After

Square “ «“ “ "No"” . dropping | 2 drops
Retained on 3” rd., passing 4”rd........... 59-5 40-0 3:500 2-083 1400
« v « 3 32-5 295 2-500 0813 0-738
« “qLr o« “ 2, 80 9.5 1-750 0-140 0-166
“ R AR ¢ AP AN 11-0 1250 {oouvunnsns 0-137
«“ N «“ U 0-5 0875 [...0cvvun. 0-004
« N “ F OO RN 30 0626 [.....unes 0-019
« “ No. 3 §0-263”) passing § rd.. 4. ..cooone 2:5 0436 1.......... 0-011
« “ No. 6(0-131") f N i e 0280 [..ovvvvunfivinnnnne

“ “ No.48 (0-0116") “ No.6..J.eeervienifevenanaan 0100 f..oerveieifervienenas
passing No.48.}..........}oceveeeets L2103 C1 20 TR PN
Total passing No. 8 (1’ square screen) 0185 [.......... 0-007
“ “ No.6 3" “ “ ) 0005 f..ovniiidiinininnns
Average size of coal before and after dropping.....ccvvvvrivviiivivrieninnnns 3:030 2:482

oy ars . 3036 — 2.482
Breakage expressed as friability, per cent (Yancey) to the nearest 0-5 is 3056 X 100 = 18

Size Stability Index will be 100 — 18 = 82.

The mean screen size in inches for the square hole screens was obtained
by first converting them to their round hole equivalents by multiplying
the square hole opening by the square root of 2, and then taking the arith-
metical mean of the calculated diameters of the retaining and passing
screens. The square mesh screens designated as + and i inch used in
these tests were Tyler wire cloth screens corresponding to the No. 3 (0:263
inch) and No. 6 (0:131 inch) screens respectively. The friability, per cent
values obtained by the use of the mean sizes in inches as above, have been
found to agree sufficiently well with those obtained by the use of the
average openings in millimetres specified by Yancey and Zane, to warrant
their adoption. For practical purposes it is maintained that “to the
nearest 0-5’7 or perhaps to the nearest whole number is satisfactory for
reporting friability and size stability indices.
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SUMMARY AND CONCLUSIONS OF SUPPLEMENTARY
SHATTER TESTS

(a) The average ratio of round to square hole screen .sizes for the
three coals tested varied rom 1-07 for the z-mch hole to 1-17 for the
13-inch screen hole, with:” average of 1-14 for 3-, -, 1-, 13-, 2- and 3-inch
screen openings. This résult is appreciably different flom the 1-23 ratio
reported by Yancey and Zane! for three different coals tested at the Seattle
Experiment Station of the United States Bureau of Mines, but agrees
fairly well with the average of 1.16 for Pittsburgh seam coal reported by
J. R. Campbell (Discussion, same reference).

(b) It was found that in accordance with the results reported in
Part I the friability indices varied directly with the size of lumps of the
three coals, that is, the larger lumps were more friable than the smaller,
and conversely, the Size Stability Index B (SSI-B) for the most friable coal
No 7A, varied from roughly 59 for the 2- to 3-inch lumps to 95 for the
3- to z-lnch size.

(c) As shown in Figure 8, friability per cent and size stability index B
plotted ag friability and size stability indices respectively, agreed closely
for the 2- to 1-inch size of all three coals, and for all sizes of the most stable
anthracite coal, No. 1A. Although the difference between these two
indices varied somewhat for the sizes of the bituminous coals Nos. 4A
and 7A, smaller and larger than the size just mentioned, the agreement is
considered close enough to warrant recommending the use of Size Stability
Index B (SSI-B) as a suitable index to express comparative size stability
when testing single sizes of coal by the Shatter Test method outlined in
Appendix II.

(d) The difference between the Size Stability Index B for coal No. 7A,
the most friable, and that for the least friable coal, 1A, for two drops
correspond closely with the difference between the frlablhty, per cent
indices for these two coals after four drops. This, coupled with the same
relation in respect to the spread or difference of indices for the most and
least friable size of individual coals, is considered an important point in
favour of the use of Size Stability Index B in the two-drop modification of
the Shatter Test method for coal

(e) A study of the progressive breakage of lump coal by one, two,
three, and four drops revealed that the rate of breakage reached the maxi-
mum at the end of the second drop for the different sizes of the least and
medium friable coals. It was therefore concluded that two drops are as
effective as four in giving sufficient spread or range of indices to differ-
entiate between different sizes of the same coal as well as a selected size
of different coals.

(f) A series of five tests, each on coals No. 1A and No, 4A, showed
that 1n respect to duplicability of friability and size stability indices, the
two-drop modification of the shatter test was as satisfactory as the four-
drop procedure specified in the Shatter Test method for coke.
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(g) Tests on the 2- t0 3-inch size of all three coals indicated that com-
parable results are obtainable using either a smooth concrete floor or an
iron plate as the base on which the coal is dropped. Hence, the apparatus
for shatter tests on coal may be simplified by allowing a concrete base
where the specified iron plate is not readily available.

(h) When it is desired to compare the relative stabilities of one size
only of lumps of different coals, the 3- to 4-inch round hole screen size
is 1ecommended The Shatter Test method i is, however, equally serviceable
for different ‘“single’ sizes of the same coal.

(i) Thetwo-drop modification of the Shatter Test is suitable for mixed
sizes of lumps, and also for “slack coal” sizes. The friability index of a
slack size of a given coal may vary widely according to the proportion of
smalls and fines below say § inch, which causes appreciable cushioning
effect. The avoidance of cushlomng should not, however, in the opinion
of the writer, be the aim in the development and selection of a laboratory
friabilit method inagsmuch as in the commercial handling of coal, espe-
cially tge more friable coals, the cushioning of the larger lumps by the
smalls and fines practically always takes place
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TABLE XXII

Relationship of Round and Square Hole Screen Sizes
(Obtained by screening 600 pounds of each of three coals)

s Accumulative percentage P -
Size of T ¥ Tquiv- | Ratio**
scre en‘gﬁ o weight retained on alent* of .
ings either square roun
Coal used square or | Square Round hole screen hole to
round holes,| hole 18t (2nd screen” | Bquare
inches sereen | gooening | screening) inches hole
1, 2 3 4 5) 6 7
No. 1A 2 (2.00) 19-6 253 (24-6) 1.87 1.07
(Pennsylvania Anthracite) 1% (1-50) 416 60-3 (59-2) 1.21 1.24
1 (1-00) 742 812 £80-7) 0-80 1.25
3 (0-75) 83:0 84.7 84-3) 071 1-06
Average...|.......ooifeen RPN PR P ceeenes 1-i5
0. 4A 3 é3~00) 4.4 15-2 §1'4~7) 267 1-12
(Nova Scotia Bituminous) |2 (2-00) 36-7 50-5 50-1) 1.72 116
1% (1-50) 61-2 68-0 (68-0) 1-32 113
1 (1-00) 801 84.4 (84-5) 0-84 1-19
2 (0-75) 86:9 881 (88'13 0-67 1.12
% (0-50) 907 91 91-2 0-46 1-08
Average...looveerernsf.n P I P 1.43
No. 7A . 3 (3-00) 14.1 19-5 19.1) 2.78 1-08
(British Columbia—Nicola—| 2 2-00) 38.7 50-8 50-0) 1-70 117
Bituminous) 1% 1~50; 59-0 66-8 66-1 1.32 1:13
1 1.00 80-8 85-8 (84-4 0-84 1.19
¢ (0-75) 88:6 893 (884 0-72 1.04
3 (0-50) 94.3 956 (951 0-40 1.25
Average......ovuvens P P N veee 1-14
Summary
Averag?
ratio o
—_— N%oailA N%OQZ}A NOOO';IA Average | round to
. . . square
ole
Equivalent square hole screen size of
3-inch round hole screen size.............|..... Ciaes 2+6656 2780 2722 1.10
2« “ « “« s 1.870 1-720 1-700 1-763 1-13
13« “ oo« e 1-210 1-320 1-322 1.284 1.17
1« “ “ “ PP 0-800 0-840 0-840 0-827 1.21
2 « “ oo« TP 0-710 0-670 0-722 0-701 1.07
% “ “ oo P 0-463 0-400 0-431 1.16
Average of
Round hole size to square hole........... 1-15 1-13 1-14 Y. 1.14
Square * ¢ “ yound ¢ ........... reciprocal of 1-140 = 0-88

*The sizes in inches in this column (namely 68) are obtained from the curves of the square hole
soreen analyses, plotted from data in columns 3 and 2 (curves not shown) and represent the size
equivalent in inches corresponding with the accumulative percentage on the respective round hole
screen size in column 2. Example: 1-87, obtained from abscissa of curve, is the square hole size,
retaining 25:3% of coal 1A, which is the percentage retained on the 2-inch round screen reported in
collimu 4. Hence, 1-87-inch square hole size is the equivalent to a 2-inch round hole size for this
coal.
l"‘*’I‘hgse are the ratios of the round hole sizes in column 2 to their square hole equivalents in
column 8,
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TABLE XXIII
Shatter Tests on Coal No. 1A—Pennsylvania Anthracite
{Comparative results of one, two, three and four drops using 50-pound samples of different sizes of coal)
2- to 3-inch coal—square hole screen size

Timeg* Per cent rotained on square hole screen SSIB 100 g‘{iw
minus ility,
dropped |Tor ) | # | # | ¥ | ¥ ) 8 )-8 * |SSIB|percons
looooooovo 876} 7.4} 241 084 07] 05| 02] 08 01 95:0 5-0 5.5
Qevevernnns 721123 3-5{ 1-5| 1-3| 0-9] 06| 06] 0-1 91.5 8-5 9.5
Bieveiveia, | 76-3 | 116 | 47 21 1-8] 1-5( 09| 1-0] 0-1 879 12-1 11-8
4.0, | 710|188 61| 25] 20| 18] 1.2 1.4] 02 84-8 15-2 146
Jiveereeenn 90 12:2) 88| 16| 121 09| 06| 06] 01 91.2 8-8 9.6
L SO 63-0121-51 6.0( 2.8[ 2.1] 2.0 1. 1-41 01 84.5 15-5 17-2
2- to 3-inch coal—round hole screen size
Per cent of dropped coal retained on Fria-
: ssIB [ 100 fpiip
Times* Round hole screens Square hole screens minus ery'
dropped * | SSLB| BoR
2” | 1‘}” lll I %ll é_ll %’ %ﬂ 48 _‘48 18)
) P 04.01 2.6 1-3] 06} 05{ 03| 0:3} 0-3] 0-1 96-6 3.4 3.1
2 4.4 3.1f 1.0} 09 07| 06] 07{ 0-1 92.9 71 6-1
3 73| 4.3 1.5] 1.5| 11 091 1-0{ 01 80:6 10-4 9:2
88| 5.4 2.0} 1-8| 1.3} 1.3{ 1.4{ 02 86:6 13-4 11.7
7.5 2.9 13| 10| 07 06| 07} 01| 927 73 7.2
801{ 7.0l 261 2.0l 1-4] 1.8] 14| 0.2 836 16-4 13-4
13- to 2-inch coal—round hole screen size
Loviervoeniiinin.s 905 6:5] 1-2| 07| 04} 0-3 03] 01 97-0 3-0 3-8
i 85-1}1 9-83| 18| 1-5( 08! 07| 07} 01 944 56 6-5
O el 7921125 3.0 2.0 1-1 -0} 1.1 0.1 91.7 8-3 9-2
L 73.3|16-56} 37| 23| 5] 1:3] 1-2] 0.2 89-8 10-2 11.6
ettt 850 85| 2.5 147 1-0| 0.8 0-7] 0-1 93:5 65 6-8
dooviiiiiiiinn 75.511481 321 2.21 1.51 1-21 1.41 02 90:3 9-7 10-9
1- to 13-inch coal—round hole screen size
R PO 92.81 40] 1.7} 06| 04} 04| 01 96-8 3.2 3.2
DTN N 89-1| 58| 23| 1.2 08} 07| 01 94.9 5-1 5.0
N . 84.6| 7.7| 85| 18] 1.2( 1.1] 0-1 92.3 7-7 73
FEEE TR T TR PN 8.7 80} 40| 2:3f 14| 14| 02 90-7 9.3 8-4
P 89-5| 5.2 2.5 1.3 07| 07} 01 4.7 5-3 4.9
L N T 826 771 471} 221 1.31 1.31 0.2 90-3 9.7 8:5
- to 1-inch coal—round hole sereen size
...... 94-81 3:3] 1-0] 04} 04} 01 98.1 1-9 2.1
...... 91-2¢ 55| 16| 09} 07| 0-1 96-7 3-3 3.7
veee.] 8821 75] 2.1 11| 09 02 95.7 4.3 4.9
...... 85-7| 8.8 27} 14| 1.2} 02 94-5 5-5 6-0
...... 91.3| 65| 1.8} 0.7 06} 0-1 96-8 3.2 3:5
...... 85-91 82| 3.0f 1.5 1-21 0-2 941 5.9 6-1
- to §-inch coal—round hole screen size
N PR T 94-2| 4.0] 1-0} 07] 0-1] 082 1.8 2.4
Z: SO PR P P I ...... 90:41 6:5 1.7 12 0.2 96-9 3-1 4.1

*Two series of tests were made on each size of coal. In the first (1, 2, 3, 4) series, the same 50-
pound samploe was dropped four times, the broken coal being screened after each drop. In the second
(2,d 42 iex(-iies, two 50-pound lots were dropped and the resultant 100 pounds screened after the 2nd
and 4th drop. .

**3SI-B; ““Size Stability Index B” is the total percentage retained on the screen next lower in
the series to the smaller screen used in preparing the sample. For the round hole soreens selected
this is the screen with holes half the size of those in the larger screcn used in preparing the sample.
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TABLE XXIII—Continued

Shatter Tests on CGoal No. 4A—Nova Scotia Bituminous

( Comparative resulis of one, two, three and four drops using 60-pound samples of different sizes of coal)

2- to 8-inch coal—square hole screcen size

Fria-
Times* Per cent coal retained on square hole screen SSI-B bility,
dropped "k per
9v l lé”l 1 I Y I ¥ | Y | 3 I 48 |—48 cent
Toverervinns 70-511-9) 66| 2.9 2.8 2-6| 98| 1.8]| 02 824 157
R ..} 696 |13-7] 88| 44| 45| 3-8 22| 2.6 0.4 73:3 23-0
3 49.5| 14-6 | 10-3} 56| 57| 65| 36} 3.6} 06 64-1 30-4
[: T 43.3 | 147|116 | 66} 6.2 7.5 41| 52} 08 58-0 35:2
b 55.0|15-6}11.0| 4-1| 4.2 4-4| 26| 2-8( 0:4 70:5 25-3
T SO 39.8117.0114-0] 501 6-0f 75| 431 50| 05 57-7 35-0
3- to 4-inch coal—round hole screen size
Per cent of dropped coal retained on P
. rig~
Times Round hole screens Square hole screens S81-B bility,
dropped per cent
31/ 2” l%ll I lll %ll %II i_ll %' 48 _48
| ....| 66:9] 15-8| 4.2 3.5 2.5 2.0, 1-8| 1.7 1.5 0-1 827 17-1
Qieveiiniians 54.1{ 17.8 6-71 b5-7| 3-3] 3-5] 3.0 2-5{ 3-2[ 0-2 71.9 266
L TSR 44.5[ 19-5| 7-5f 7.0 4-5f 4-8| 4-5| 3-5| 3.8 0-4 640 32:4
S 40-8| 19-2 7.3} 7.5 4.7t 5.7 5.3] 4-0| 5.0 0-5 60-0 358
Zirerennnnn, 61-0; 10-0] 5-6| 5.5 4-5| 4.5| 3.7 2.0 3.2 0-1] 710 24.5.
L S 425 19-3| 6-0f 7-5 5.0 4-71 5.5 4-01 5-2{ 0.3 61-8 34.8
2- to 3-inch coal—round hole screen size
1..... PPN PO 76.9) 9.7 5.7 2.0 1.7 1.5 1.0 1.2) 0-3 86-6] 13-4 11-9
PN PP AP 64-4| 14-6| 8.0 3.4 -6 2:.0| 1.6 0-4 79-0 210 18+6
E: PO R 54-6{ 16-6| 9-8| 4-8] 4-3] 3-8 2-7] 3.0 0-5 71-1 289 251
PO Y P 47.0] 16-7) 11.7| 5.0| 5.3{ 5.3] 3-6] 4.7 0-7 63.7 363 30-8
TR R 86-0| 12-5| 8-0] 3.5 3.0 2.6/ 1-9f 2-2| 0-3| 85| 415 18:6
N PP PP 53-01 145! 10-0' 4.5 5-00 4-51 3.5 4-21 0-8 67-5 32-5 27-6
i hole screen size
1-01 1-3[ 0-2 91-9 8.1 8-6
2:0] 2-5| 0.4 85-1 14.9 14-3
2-71 2-8 0-7 79-6 20-4 19-0
3-5| 4-5 0-8 746 254 23-5
2:0[ 2-2] 0.3 85-5 145 14.9
3.0l 4.5 0-6 76-9) 231 22-4
1- to 13-inch coal—round hole screen size
3.0 1.0 0-91 0-9] 0-2 04-0) 6-0 5.6
4.5 2.5/ 1-5| 2-0f 0-4 89-1 10-9 9-8
6-0| 3-5( 2.0 2-5] 05 85+5 14-5 12-4
6-0| 4.5 3.0 3-4[ 0.6 825 17-5 157
4-0; 3-0 2.0, 2-0[ 0-3 88-7 113 10-0
7-00 4-51 3-00 3-0l 0-5 82-0 18-0 16-0
- to 1-inch coal—round hole screen size
670 1.7 09 0-8 0-2 96-4 36 4-3
8-2( 2-8 1.9 1.7 0-4 932 6-8 69
13-0] 4-21 2-3} 2.7 05 90-3 9.7 10:2
15-2| 5.4 2-8] 38-2| 0-8 87.8 12-2 12+5
11-0f 3.3 1.8/ 1.7 0.2 930 7-0 77
15-0l 5.51 3.0l 3-31 0.7 875 12-5 12-6
4~ to §-inch coal—round hole screen size
| PPN I PR PR OO P 90-5| 6.5 2-0f 0-8f 0-2 97.0 3.0 3.9
P PVOOPOR DTS FDUN PN M P 84-5| 10-7| 2-5f 1.8 0-5 95.2 4-8 6.6
[ PPN I PPN DU PR PO 79-9| 13-6| 3.2 2-6[ 07 93-5 6-b 8.7
[: TR FTTAN JUDN PR MDY 77.8| 14.2| 4.0 3-5| 1-0 91-5 8-5 10-3
[ PPN R [ P . .eoo.| 88-2] 8-0[ 2-01 1:5( 0-3 96:2 3-8 5.0
[ FOURNN PN FPDN S P S 82-7t 10-5! 3.0l 3.0l 0-8 932 68 ‘8.1
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TABLE XXIIT—Concluded

Shatter Tests on Coal No. 7A—British Columbia (Nicola) Bituminous
( Comparative results of one, two, three and four drops using 650-pound samples of different sizes of coal)

2- to 3-inch coal—square hole screen size

Times* Por cent retained on square hole screen TFria-
S bility,
dropped o l 1%:1 I‘ 1v ‘ %r/ I %:/ l %u | %u ‘ 48 |—48 per cent
Locoiivnnn 85| 981 6:0| 52| 40 2.0 12 01 21-8
2. 12.5{12.7| 86§ 85| 781 2.7 3.2 3.2 34:5
3. 15-1 § 12.7{ 8.0 10-5| 9:7{ 4.0 35| 0-4 39:7
4 12-5114.0 | 10-2 | 11.7 | 11.5] 5.0 5.0 0-5 45:9
2. 13-0112-8| 85| 7.2 80| 3:0] 25| 05 33-8
4 11.5 1 16:5 | 9- 9-5112.0( 5.2 42| 1.1 44.8
3~ to 4-inch coal—round hole screen size
Per cent of dropped coal retained on
. Fria-
Times Round hole screens Square hole screens bility,
dropped per cenb
W)y Y8 )-8
) 54.5| 15-3| 8.5/ 7-0] 4-2] 3.5/ 3.2| 2-5] 1-2[ 0-1 255
everroararen 39-3| 16-0[ 9-2| 11.0| 5-7| 6-2] 5.7} 4.0f 2:6f 0-3 371
Buverinennaas] 33:2 14-21 9.9} 11.7) 7-0| 7-5| 8-01 5-0f 3.8 0-4 433
4oiieivinenn | 27-3) 18-2¢ 9.5) 18-5| 7-8] 8.5 8-0f 7-0f 4.7} 0.6 48+5
2. 7.2 9-0| 5-2] 5-5| 5-2] 3-7 2-7| 0-2 32-8
4, 7-5| 110 7.0 7.7} 7.5 6-51 5.5 0-3 45-6
2- to 3-inch coal—round hole screen size
) N [ 54-0| 15-5) 13-0y 5-8} 4-7| 3.5, 1.7] 1-6] 0-2 24+5
Zivernrnnnnns 38-0] 16-5| 17-2] 8-5, 8-2f 5-2| 3.0/ 3-1f 0-3 35+6
- J ...| 28-3| 18-0( 17-8| 10-7[ 9-2{ 6-7{ 5-0f 4-0f 0-3 42+2
[ .} 22-1) 15-3( 18-3| 12-0[ 12-4} 8.9 5.7} 4-7] 0-6 48-3
Zevernvnanrnn 43-6| 15-3| 15.5) 7.5 7-3f 5.0 3.0f 2-5f 0-3 321
4..... renaas 27.3 15-1! 18-11 10-0( 10-81 9- 4. 4.51 0-4 4.5
13- to 2-inch coal—round hole screen size
1 57-0) 22-5| 7-2) 6-2) 3.3 2-5 1-1 0-2 19-8
2 .| 40-0] 26-3| 12-5| 8-7| 5-7| 3-5 3.0 0-3 29-6
3 ..| 30-0| 26-3] 13-0( 12-5| 9-2| 5.0[ 3- 0-4 36-9
4 ... 25:7) 25-0 14-0| 14-0] 9.5 6-0] 52| 0-6 407
2 .| 47-3] 22-5| 10-0| 8-2| b5:5] 3-5( 2:6| 0-4 26-6
4, 32-01 24-51 12-51 12.51 8.20 5.8/ 4.0 0.5 36:6
1- to 13-inch coal—round hole screen size
diveernannnns Jeverr]ovens] 72:0) 12:8] 7-7p 4:0p 2.2 1.2} 01 132
veveevssenesfoerer]iiindon.. ] 59-4f 16-0| 11-5) 6-7) 3.7} 2:5| 0-2 20-3
Buverevvveras]inras]ienin]eens] 52:9( 16-0 13-8] 9-0f 5-2f 2-8| 0-3 24-4
E T PO, 46-3| 18-0| 15-8] 10-5{ 5-5f 3-5] 0-4 28-0
Zevenieroens deveedfornoo| 62:8( 14-2] 10-5] 7.5 2.4 2.7 0-2 1849
dooc TP N d9-0 1731 13-5 10-71 5.0 4.0l 0-5 26-9
4- to 1-inch coal—round hole screen size
...] 78.4) 12-5) 5.5} 2:5 1.0] 0-1 9.0
.1 66-0f 20-0f 7.5 4.0] 2-3] 0-2 144
..| 60-5] 20-5] 10-5] 5.0 3-2| 0-3 17-6
.| 55-5| 22:0} 12:0] 6-5{ 3:6} 0-4 20-2
77-4f 15-4} 5.8/ 2.7 1-6] 0-1 10-6
63-8l 19-7 9.5l 3.71 3.00 0-3 158
3~ to §-inch coal—round hole screen size
) RO PR [ PR A R 83-0] 13-0y 2+7 1-1] 0-2 65
Zioerieaanins P PN PRRUO PR RN 78-0| 15-5( 4-0] 2:2f 0-3 9:0
E: FR S O PR R PR 72.0| 20-0[ 4-5{ 31 04 11-5
[ RN PR PR IR 69-0| 20-0| 7-0p 3.5 0-5 13.3
Quvereevrnensfoenideeen]eenafenand] oo ] 8204 12| 8:5) 1.7 02 7.2
OO ORI e 72-81 18-51 5.51 2.81 0-4 1.4
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TABLE XXIV

Shatter Tests on Two Selected Goals—Comparative Results of Two and Four Drops
(60-pound samples of the 9- to 8-inch size dropped 6 feet)

Screen Analysig of “Dropped’’ Coal
Per - X Fria~
cent; ?f Accumulative percentage retained on 8 bility,
—_— sample - N
on 23" Round hole screens Square mosh | mesh é)e?t
sereen
ez g eyl yleiy el ”
Coal No. 1A (Pennsylvania Anthracite)—2 drops
37-0f 30-2| 80-2| 90-2
33-5( 25-2| 81-8| 90-8
30-0( 22-4| 84-4| 91.0
“ “ 4....... 23-5| 22+0] 80:6) 90-6
Average of
Nos.1&2.......... 3521 27-7| 81-0| 90-5] 95-5] 96-6| 97-6] 98-4| 09-2| 99-9] 0.1 8.8
“ 3&4....... e 26-7| 22:2] 82-5| 90-8| 95-5) 96-8| 98-0| 98-7| 99-2{ 99-9 0-1 79
“ g &b*....... 61-5| 43+2| 85-2| 92-7] 95-6| 96-9| 97-9] 08-6] 99-2]| 99-9{ O0-1 72
Coal No. 1A—/} drops
Test No. 5..... . 31-0{ 23-5] 70:5) 85+5
“ “ B..... 24-4| 17.0f 71-0] 84-4
“ € eennninas 38:0] 26-0{ 75-0] 86-0
“ S TP 34-0| 24-4{ 63-9| 83-9
“ “9..... S e 29-0f 21-5| 71-5| 82-7
“ “ 10iiiinannsn. 32:0] 24:0] 69-4] 82-8
Average of
Nos. 5 &86.......... 27-7| 20-3| 70-7| 85-0] 91-1| 93-7} 95-6] 97-2| 98-3] 99-9] 0-1 13+5
“ 7&8......0... 360} 25-2) 71-8( 84-9( 91-5} 93-6| 95-7| 97-1} 98-3| 99-9 0-1 137
“ 9&10......... 30:5( 22-8| 70-4| 82-8| 91-4| 94-0] 95-9{ 97-2| 98-3| 99-9] 0-1 13-9
Coal No. 4A (Nova Scotia Bituminous )—2 drops
Test No. 11........... 31:5(022-6( 64-6| 80-0
“ “ 12 26-0| 17-0| 620 78:0
“ ol b T 86:5 27-2| 69:6{ 82-6
“ “ 14, 37-51 22:0] 65-4| 78:8
Average of
Nos. 11 &12........ 2881 19-8! 63-3| 79-0] 86-8| 90-3| 93-5| 95-8| 97-5 99-71 0.3 18:2
“ 1B&14........ 37:0| 24-6| 67-5| 80-7| 87-9; 90-6| 93-8} 96-0( 97-7| 99-7f 0.3 16-9
“ e&d*™..iifevnenniionnn. 66-0| 78:5| 86-5 90-0] 93-0| 95-6| 97-5] 99-7] 0-3 18-5
Coal No. 4A—/} drops
Test No. 15.......... 35-0| 12-4[ 51-0| 67-0
R || SO, 43-5( 13-6| 53-6] 70-6
“ A Y (PP 39-6| 17-0( 56-0| 69-4
“ “ 18.... . 32:0] 16-6{ 54-6{ 69-2
“ o« o19..... 37-0] 18-4| 65-4) 68+
“ L) R 42.4] 19-0| 52-6{ 69-0
Average of )
Nos. 15 & 16..... 39-3| 13-0[ 52-3| 68-8] 79-3{ 83-8| 88-5| 92-5{ 95-5{ 99-5! 0.5 28:0
“ 17&18........ 35-8| 16-8| 55-3| 69-3| 80-0f 84-5| 89-0] 92-8| 95-8| 99-5 0-5 257
“ 190 &20........ 39-7f 18:7| 54-0| 68-7| 78-7| 83-7| 88-4| 92-6/ 95-8] 99-5| 0-5 26-6

*Percentages in this column—the total on the 13* screen—are the size stability indices for the
respective tests, selected for reporting here.
**Tests a and b for coal 1A and tests ¢ and d for coal 4A, which are also shown in Table XXIII
were on different lots of these coalsfrom the other tests reported.

09949—7
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TABLE XXIV-—Conecluded

Shatter Tests on Two Selected Coals—Comparative Results of Two
and Four Drops—Concluded
(60-pound samples of the 2- to S-inch size dropped 6 feet)

Szmzbzary of Table XXIV

2 drops 4 drops
Coal 1A | Coal 4A | Coal 1A | Coal 4A

Number of individual 50-pound tests.................. 4 4 6 6

Average percentage; lumps on 2/ sereen..........vu.n. 81-7 65-4 71-0 §53-9
Maximum variation from average 2" screen............ 2.7 4.2 4:0 21
Bize Stability Indices (SSI)—average...... rerrrrrees 90-7 79-9 84-2 68-9
Maximum SSI variation from average................. 0-5 1-9 1.8 1-9
Number of doubls tests (two 50-1b. lots)....... Ceeaees 3 3 3 3

Size Stability Indices (SSI)—average................. 01-3( - 79:4 84.2 68-9
Mazimurn SSI variation from average.......... e 1-4 1-3 1-4 0-4
Average of friability percentages............covvvinnnn 8-0 17-9 13-7 26-8
Maximum varistion from average of percentages....... 0-8 1.0 0-2 1.2

TABLL XXV

Shatter Test Results Using Cement (Concrete) as Base of Apparatus Compared
with Results Using Cast Iron as Base

(60-pound samples of 2 to 8 inch size of each of three coals dropped twice)

Screen Analysis of “Dropped’’ coal
Base:- Accumulative percentage retained on Trig~
—_ cement —48 | bility,
or Round hole soreens Square mesh mesh per
iron % cent
2wl r| | ¥ |3y @
] C’oql No. 1A (Pennsylvania Anthracite)
Tost (8).2verrenenn- cement | 78°5 | 89-6 | 94:5
€ (b © | 745 | 885 | 9445 ‘

Average () & (b) “« 76:5{ 89-0 | 94:5 | 96:3 98.-6| 99-4 | 99-9| 0-1 10-8
Test (0)*.,.vvv...| iron |82:3[ 017|941 055 97.5| 98-5 | 99-9 | 0-1 88
Coal No. 4A (Nova Scotia Bituminous)

Test (a).... 695 ) 83-6 | 90-5
L { ) 71.0 | 81+6 | 89:5
Average (8) & (b) “ 70-2 | 82:6 | 90-0 | 92-3 | 94-5 | 96-5 | 98-0 | 99-7 { 0-3 15:5
Test (0)*.........| iron | 69-3 | 82-8|89-3192:3]953]|97-3|90-3}00.8[ 021 157
Coal No. TA (Britisk Columbio—Nicola—Bituminous)
Tost (0).evesrrn....| coment| 41:0 | 61:0 | 74-5
S () P «“ 41.0 | 69:6 | 74-0
Average (a) & (b) ¢ 41.0 | 60-2 | 74-2 | 81.7 | 89-2 1 94.2 | 97.2 | 99-7 | 0-3 327
Test ()*.........| iron |41.8|68-7 ] 742|822 80-7[047]|07.7]99-7] 03] 326

,NOTE:—T!IO percentages in italio in the 137 column are the Size Stability indices—B (SSI-B)

for the respective tests.

*These are single tests on 2- to 3-inch lumps of the three coals that had received previoushandling.
The (¢) samplos, however, were from the same lot as for tests (a) and (b)
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TABLE XXVI
Results of Shatter Tests on Mixed and Single Sizes of Coal 4A

Secreen analysis of coal before and after dropping,

er cent weight retained on Average| Iriability,

size of | per cent

lumps Size
before Stab-
— Round hole sereens Square and Jity, [SSI-B
after per
drop- W [ @)** cent

ping,
1y |||y | Y |(—1) inches

Mized Sizes—
2-inch slack
Sample...iveneens Y PO P Y ...| 26-6| 21.0] 63-6
2 drops 23-0( 22-6| 64-5
Sample 27-5( 20-0| 62-5
2 drops 26-0] 19-5] b64-5
4 drops 24.0| 20-56; 666
13-inch ala
Sample 36-0| 14.0f 16-0] 13-0] 22-0
2 drops .| 33-6| 14.0| 14-0] 16-0] 22-6
Sample .| 86-0] 16-0| 14.5| 11-56] 23-0
2 drops vere .. .| 83-0] 16-0| 14-5] 12.6; 25-0
4drops....... PR PR PR PRI R 29-0( 16-56| 14-0] 13-0; 27-6
—4-inch coal
Sample...cvevveeseforas.| 13-6| 26-0] 11.5| 21-0[ 4.0 9.0] 6-5| 96
2 drops... oofee of 18-8| 21-0} 12-0( 18-0[ 6.6 9-0 7-86| 12-8
Sample... .o} 18-0] 27-0] 10-0{ 15-0 10-0 9.5 6.5 9-0
2 drops... devee.| 13-0| 20-5| 11-5| 14-5| 10-6| 10-6 7-6| 12-0
A drops...yiinesies veve.} 10-0| 180 11-0{ 16-6{ 11-0| 10-6| 9.5 146
—4-inch coal (100 Ib.)*
Sample...... [N P 11.0( 24.0{ 15-0( 17-0; 8-0| 9-0| 8-0] 10-0
2drops...eieveeris]orees 11-0( 21-3| 14-7| 16-8] 8-2| 9-3| 7-6] 12-2
Sample.,...oveeves]sese 13.8| 23-0| 13-7| 17-2{ 7-8 8.6| 66| 10-0
2drops.....eveenns]eeess 11.5( 22.0| 12.8{ 16-7( 8-0[ 9-0[ 8.0 12-0
. . +3| 14-7] 8-0f 9-5| 8-5 15-0
A 718l 2848l il enens
59-01 28-0[ 7-0[ 28] 3-b
870 83-0l.cevu]uenin coeses
58-0| 20-0] 7-0f 3-01 3-0
50-5) 28-5 9-0f 5.0} 7-0
11-0[ 0.5/ 3-0] 2-5] 4-0
2:5| 8.0 1.6 4-0
12-0| 3-0| 5-0] 3.0 7-5
Single Sizes—
4- to 2-inch lumps.... [ P AU PN PN RN R FOReres 0-625[.0000ufovesisfieninans
OPB.vvvese TR T T I f [P 86-0| 10-0| 4-0; 0-588) 6-5] &9 94-1] 96-0
3- to I-inch lumps.... PP RN DY YY) PO PRI M veere| 087Bl......]eve... PO PO
(o)) PITRN ver [N PN i wo.| 82-3] 11.7¢ 3.0 3-0; 0-812| 7.0 7-2 92-8] 94-0
1~ to 13-inch lumps...|.seeefesses R PN TR PUTIIN DI FOTRTE P 1:260]. 0vesufoesnai]inanansi]oaenns
drops....... IS N veveeloess | 19:-5) 10-3] 370 2-5] 4.0 1-125 9.8 10-0 90-0| 89.8
13- to 2-inch lumps... [ eeefoienfosenioreadfessn i ool PPN B I 1)) IR veavenei]oesnes
(U IRTTPR SRR RPN FRTTSY PP 70-8| 47| 4.8 3-3] 2.5 4.2 1.501| 14-1} 14-2 85-8| 866
2- to 3-Inch Tumpse, . ofsseveeverefoanasforeri]innad]evseenn ferses evesve] 250000000 ifeen.as wornasrafeniins

2-000] 16-2f 16-4 83-6| 81-3
8-500(......].c.... IRTFTP PR

2:700| 22-8) 22-9 1 766
5:000f.,.0.ufeeiini]ioeenser]onres .

3-403| "30-1| 01| " "69-0| "62°4

*Thesedata for the minug4-inch coal are the only 100-pound results reported here, aIthoth tests on 100-pound
z(;ie;mplea of other mixed sizes were made. The results for the single sizes are the averages for two 50-pound lots
opped,
d"ZFriubiIity, per cent (1) is that obtained by theuse of the average openings in millimetres specified by Yancey
and Zane,
i;'F;rilaibiﬁty, per cent (2) is that obtained by the use of the ‘‘mean screen sizes™ in inches indieated on page 86
of Part IT,
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APPENDIX I

TUMBLER TEST FOR COAL* -
(For testing the relative friability of lump coal)

APPARATUS

1. The tumbler shall consist of a uniformly dimensioned
cylindrical porcelain jar 7% in. deep and having the same measure-
ment for its diameter, such as is employed for pulverizing coal
samples. The jar shall be fitted with a cylindrical frame of iron,
consisting of two rings, connected by three strips of iron which
project into the jar as ledges or shelves. The frame shall be
fixed, as nearly as possible, in the centre of the jar by means of
wedges, and shall be constructed of -in. by 2-in. iron, with the
exception of the shelves which shall be made of §-in. by Z-in. iron.
The length of the frame shall be 6% in. and its diameter 6% in.
(As the jars are not of absolutely standard size, the measure-
ments of the frames may be slightly varied to suit individual
cases). The ledges or shelves, which shall be supported by
brackets attached to the inner surfaces of the rings, shall be § in.
from the wall of the jar, so that they actually project 1% in.
into it. Rivets should be used in making the frames, since they
occupy less space than bolts and keep the shelves rigidly attached.

The jar shall be closed by a set-in porcelain lid, resting upon
a heavy rubber gasket, and sealed tightly according to the cus-
tomary procedure with such jars, that is, by means of a bolt
working against the lid. The bolt shall be set in a crossbar,
the ends of which are held by a metal strip which fits around
the body of the jar. For tumbling, the jar shall be laid in a
horizontal position, in a suitable support or rack, and rotated
about its cylindrical axis at the rate of 40 revolutions per minute.

1. An iron jar may be substituted for the porcelain
jar specified above, provided it has approximately the same
internal dimensions, namely, 7%-in. diameter by 7i-in. depth.
This jar may be of cast iron construction or made from an iron
pipe with a bottom attached by welding. The interior shall be

machined to the required dimensions and the lid shall be similar

in design to that for the porcelain jar.

2. For sizing the sample for test, square-mesh screens having
1-5 in. and 1-05 actual openings between the wires shall be
used. For screening the coal after the tumbler test square-
mesh screens or sieves having 1-05-in., 0-742-in., 0-525-in.,

*Thisis a preliminary draft, subject to revision, For tho mothod of test adopted, sec Intest editions of A.S.T.M..
Tontative Standards or Book of Standards.
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0-371-in., 0-0469-in., and 0.0117-in. actual openingg. between
the wires shall be uged, the last two sieves being No. 16 United
States sieve series (14 mesh Tyler) and No. 50 United States
gieve series (48 mesh Tyler).

PREPARATION OF COAL

3. The coal for the test shall pass through a 1-5-in. screen Size and

and be retained by the 1-05-in. screen. For suitable preparation, amount of
only a thin layer of coal shall be placed on the screen, and the za‘c‘;lpltz f;"'
lumps of coal turned around until it is ascertained that they, ** s
individually, will not in any position pags through the screen.
In order to provide sufficient sample material for four tests, at
least 12 pounds of coal should be available. Since the prepared
lumps may represent a considerable range of size, it is recom-
mended that double this amount or more be prepared, and that
lumps covering the full range of the 1-05- to 1:-5-in. size be
selected insofar ag is feasible,

PROCEDURE

4, Approximately 1000 grammes of the prepared coal shall Procedure
be weighed and placed in the jar for each test, and the jar rotated
at 40 r.p.m. for one hour. After tumbling, the coal shall be
thoroughly screened upon the screens and sieves above desig-
nated, in such small increments as to permit satisfactory contact
between the individual pieces of coal and the screen. Screening
may be carried out either by hand or mechanically, though the
former method is preferable. At least four individual tests
shall be made, and, provided sufficient sample is available, it
is recommended that two or more series of quadruplicate tests
be made. 'When making only four individual tests, the contents
of the jars shall be screened separately in order to ascertain
whether there is satisfactory agreement between the results
obtained. When two or more quadruplicate tests are made,
the contents of four jars may be mixed and screened together.

5. The results of test shall be reported ag friability, per cent, Reporting

which is the percentage reduction in average size of the coal of results
during the tumbling test. A numerical example of the method A abili
for caleulating friability, per cent is shown in tabular form below. préf centty,
The average size of the sample, and each of the different screen
products of the shattered coal, is the square root of half the sum
of the squares of the openings of the retaining and passing
gereens, expressed in inches. It is from these average sizes that
the approximate relative size factors as indicated are derived.
“S” represents the average size of the coal before test, and “s”
the average size of the coal after test. The percentage weight
screen analysis shall be reported to the nearest 0-1 and the
friability, per cent to the nearest 0-5.

999498
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Square mesh, sereen analysis Average of
. ‘of coal, openings in inches openings Proc}u ot
- Woeight, 0
Ret(z)l;ned Passing | per gent In(czlaes Faigt);or (1)and (3)
0]
Bamplo..veess et 1-05 1.5 100-0 | 1.295 1.0 [100-00=8
1-05 1.5 740 1-205 1.0 | 74-00
0-742 1-05 9.4 | 0910 0-7 6-58
0-525 0-742 2:0 | 0645 0.5 1-00
Tumbled coal.....oourvoevnen... 0-371 0-525 1.0 0-455 0:35 035
0-0469 | 0.371 0-3 0-265 0-20 0-06
0-0117 | 0-0469 0-2 0-034 0025 | 0.005
.......... 0-0117 13.1 0-008 0-005 | 0-0065
(Weighted average size of tumbled coal) = 82.06=g
Friability, por cont = 20— - 0B =9 _ 5100591 =179
to be reported as 18:0.
Lumps, 6. As supplementary (optional) data the followmg may be
gnng;ls, reported:
]
and dust  “Lumps” retained on 0.742-in. (3-in.) screen.........covveeennens per cent
“Smalls” on 0-0117-in. (48 mesh), through $-in. screen........... “
“Fines” and “‘dust” passing 0-0117-in. (48 mesh) sereen.......... “
3/4 inch For medium and less friable coals, and especially when the
“friability Jumps in the sample cover the full range of 1-05- to 1-5-inch
index screen size limits, the total smalls, fines, and dust will correspond
Minus roughly with the calculated friability, per cent. This total—the
48 mesh  (ifference between 100 and the percentage of lumps retained
gﬁg‘gf}é’:‘ on the 0-742-in. screen—may be termed, for practical purposes,
indicative the $-in. friability index. The “fines and dust” passing the
of dust- 48-mesh screen represent the proportion of the breakage due to
producing attrition, or abrasion, rather than to shattering, and may be
properties gongidered a measure of the relative dust-producing properties

of coals when subjected to severe handling.
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APPENDIX II

DROP SHATTER TEST FOR COAL*

(For testing the relative size stability of “single” and ‘“mized”’
sizes of coal)

APPARATUS

1. The shatter test machine shall consist of a box 18 in.Shatter

in width, 28 in. in length, and approximately 15 in. in depth, test
supported above a rigidly mounted cast-iron or steel plate, not machine
less than % in. in thickness, 38 in. in width and 48 in. in length.
The inside of the bottom of the box shall be 6 ft. above the
plate. The bottom of the box shall consist of two doors hinged
lengthwise and latched so that they will swing open freely and
not impede the fall of the coal. Boards about 8 in. in height
shall be placed around the plate so that no coal is lost. To
prevent the breakage of coal, which may occur while placing
the sample in the box, the box shall be constructed so that it
can be lowered to0 a convenient level, which is best done by means
" of a pulley and counterweight.

This apparatus is the same as that described under A.S.T.M.
Designation D141-23, namely, “Standard Method of Shatter
Test for Coke” and there shown as Figure 1. Improvement in
design may be effected by having the vertical iron standards
supporting the box and pulleys attached to the sides of the
bottom cast-iron plate so that the coal may fall on the plate
clear of the vertical posts. The depth of the box need be only
about half of that specified, and when it is desirable or necessary
to reduce the expense of the apparatus, the box may be installed
in a fixed position rather than installed so that it may be lowered ?olilti‘;gt"‘e‘
and raised. Should a cast-iron or steel plate not be readily figoras
available, the box may be so placed that the coal being tested base
drops a distance of 6 feet onto a smooth concrete floor, since, as
indicated by comparative tests, the breakage occurring by the
use of a concrete floor practically agrees with that taking place
when using the iron plate as the base.

2. Round bole screens having 4-in., 3-in., 2-in., 13-in., 1-in., Screens
2.n., 3-in., #-in., }-in., 3-in. and 4-in. diameter openings shall
be used. These screens are selected from the series specified
in A.8.T.M. Designation F17-33—‘Standard Specifications for
Round Hole Screens for Testing Purposes.” A feature of this
selection is that for screen sizes I-in. and larger, the openings in
alternate screens increase in the ratio of two. The thickness of

*This is a preliminary draft, subject to revision, For the method of test adopted see latest editions of A.8. T.M
Tentative Standards, or Book of Standards.
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the rigid metal plates from which the screens are made and the
spacing of the openings shall conform with the specifications
in E17-33. Frames for the screens may be of either hardwood
or metal, and may be square, rectangular, or round. A nest
comprising all the screens in the series, with plates each having
an area of two square feet, is to be recommended, although
plates with areas of six to nine square feet, either rectangular or

"square, are suitable for the larger screen openings, say larger

than £ in. TFor use in testing lump coal sizes larger than 4 in.,
rings with diameters 6 in. and 8 in. may be used, or a single
plate with one each of these sizes is suitable.

3. Applicability of Test. The test is applicable to different

“single” and “mixed”’ sizes of lump coal and may be used for

testing the same size of different coals, or different sizes of the
same coal, the amount dropped in each test being 50 pounds.
For comparing the stability of different coals the 3-to 4-in. size
is recommended, as a standard single size. For comparing the
stability of different single sizes of the same coal, this 3-to 4-in.
and the smaller sizes prepared by the screens designated above
may be used. By single sizes of lump coal is meant those
designated in section 5 (a) below, and by mixed sizes is meant
either “slack coal” or a mixture of two or more single sizes.

SAMPLING AND PREPARATION OF SAMPLE FOR TEST

4. (a) When the shatter test is for indicating the probable
breakage of lump coal as mined, the sample should be taken at
the mine before it is subjected to screening and to loading into
cars, at the tipple.

(b) When the test is for comparing the stability of the same
size of different coals or different sizes of the same coal sub-
sequent to time of mining, the sample may be taken at any
stage in its transportation from the mine to the place in which
it is to be used. Tor the correct interpretation of the results
when comparing the friability of certain coals, the elapsed time
since mining as well as the handling and storage of the coal
should be noted in order to explain possible effects of weathering.
The screen analysis of the lot of coal from which the lumps
selected for test are taken should also be noted.

5. (a) Tor the 3-to 4-in. size, the coal shall be sized without
crughing, in order to obtain a sample that will pass the larger
and be retained on the smaller screen. In sizing the sample
each piece of coal shall be upended on the screen, that is, tested
to see if it will in any position pass the screen opening. These
instructions shall also apply to the 2- to 3-in., the 13- to 2-in.,
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the 1-to 13-in., and the -to 1-in. single sizes of lump coal. TFor
the 3-to 2-in., the 2-to }-in., and smaller sizes the sample may be
prepared by having the coal come into intimate contact with
the screen either by shaking or rolling with the hand, without
upending of individual lumps. :

(b) For slack coals and for mixed sizes composed of mix-Mixed

tures or blends of two or more single sizes, the sample shall be
carefully prepared, either by the process of quartering or by
re-assembling the different sizes in the proportion indicated by
the screen analysis of the lot of coal to be tested. For 3-in. or
smaller slack coals the former method, by quartering, is satis-
factory, while for larger slack coals and for blends of two or more
single sizes, the latter method is recommended. Before dropping
the sample shall be screened on the same series of screens used
for the dropped coal as indicated below.

PROCEDURE FOR BOTH SINGLE AND MIXED SIZES

6. Fifty pounds of the sample shall be placed in the box of the Procedure

shatter test machine, the coal levelled, and then dropped twice,
a distance of six feet, on the plate. The small material produced
by the first drop shall be returned to the box with the large coal.
To prevent breakage of the coal, the box should be lowered to
a convenient height when transferring the sample into it. After
the second drop, the material shall be successively run through
the screens specified below. The coal should be screened in
such increments as will allow all pieces to be in direct contact
with the screen openings.

In screening, care should be taken to prevent further break-
age of the coal. The coal remaining on each screen, and that
which passes through the bottom screen, shall be weighed
separately. If the sum of these weights shows a loss of over
1-0 per cent, the test shall be rejected and another made. Two
or more tests should be made and the average result reported.
When using large screens, say two feet square or larger, as
gpecified above, it is recommended that, after dropping two
individual samples twice as required, the screen analysis be
made on the 100 pounds of dropped coal instead of screening each
50 pounds separately, in which case the result should be checked
by dropping and screening a second two lots of 50 pounds, pro-
viding sufficient sample is available.

7. The percentage weight results of the screen analysis
before and after two drops shall be indicated to the nearest 01,
and the resultant size stability per cent shall be reported to the
nearest 0-5. The recording of the screen analysis and the cal-
culation of the results may be in accordance with the following
tabular form containing the mean of the screen openings for
the respective screen sizes, in inches, to the nearest 0-005;
(S) and (s) represent the average size of the coal before and after
dropping,.
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Sereen analysis of coal before and after two drops; P“?d}‘lmt °é per °°nff3

per cent weight (not accumulative) using round | Mean of | Weightand meano

hole (rd) sereens sereen screeir:lgpg:mgs,

size
openings,
Retained on Pagssing | Before After inches Sample Zﬁfrt:;s
L 1T 0 P N T Y FUTUUTUUR DD IR
6- :: 8-in }"d. .................... 7000 {..oovviini]ivenennnns
g: « 4: P ERTETISTRT PEETPRRTRS gggg ....................
Foa e 5w [ BBO0 | fiinn
g w o STISTEE I 1) EETITEIETN ERTEIY
e P ol RS I o T ST EID
L0 e SRR [IEISETERT! FIPYROPY 3 LRSI RN
g- @ e 1. TR AAARARAAARS AARARERRE 0.625 --------------------
%- @ Tt g- I R R AR AR 0.435 ....................
oo o [ v ERSETE ST
ool R e Pl s
B N b T PO 04095 |.oevniniii]eeennnnnns
TR N 0080 |..ovvvvnn]enininninn
To‘t‘nl pa%sing. . g-in. 0185 |.oveviviii]oneninnnns
N -in 0125 ..o ]iiiinnnnn
“ o 3-in 0-060 TlTl
'ota) ota.
Averago size of coal before and after two drops................ &) (€]
(s) X 100
Size stability per cent = ———,

(S)
(Friability, per cent will be 100 —size stability per cent).

7. Providing the series of selected screens specified in 2
above are used, where the openings in alternate screens, from
small to large, increase in the ratio of two, the results of tests
on single sizes may be reported as the amount remaining on a
given screen. The accumulative percentage remaining on the
screen having openings half the diameter of those in the larger
screen used in preparing the sample may be reported optionally
as the Size Stability Index of the particular single size of lump
coal tested. For drop tests on the (larger) single sizes, the per-
centage passing the $-in. screen may also be reported as supple-
mentary information indicating the comparative amount of
“slack’ coal produced in the test.

8. When reporting the results of the drop shatter test it
shall be clearly stated to which single or mixed size each size
stability per cent or (index) applies; e.g.,

Size stability per cent by drop shatter test for—
3-to 4-inch lumps = .,.........

2-to 3- ¢ = L.
Single sizes.......... 13-to 2- ¢«
1-to 13- « «
to 1. ¢ «

$- to 4-inoh lumps
4-inch slack

Mixed sizos.........
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