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tries for assessing the physical properties of

coke. While the Shatter and the B.S. Abrasion
tests are in general use in the United Kingdom,
European practice is to employ the Micum test.
In the U.S.A.,, the Haven test is employed in
addition to a Shatter test similar to that of the
U.K. The Indian steel plants carry out the Shatter,
Micum and Haven tests. One of these plants uses
a modified form of the original Breslau test in
place of the standard Micum test.

In an earlier paper?, a relationship has been
established between the Micum and Breslau test
results, The Micum test has lately been recommen-
ded by the International Organisation for Standardisa-
tion (ISO) for universal adoption. It is believed
that this single test is capable of giving informa-
tion obtainable from the other tests. The small
amount of coke often obtained from small scale
experiments does not permit all the recommended
physical tests to be carried out, In laboratories
not equipped with all the physical testing machines,
it is often necessary to have an idea of the com-
parative results obtainable from the different tests.

A statistical study has, therefore, been made
to ascertain the degree of correlation existing between
the different physical test indices, and regression
equations have been suggested for estimating some
of them from known values of the others.

Relevant data were collected from various pub-
lished and unpublished work of the Central Fuel
Research Institute, Jealgora, and the Coal Blending
and Coking Research Sub-Committee, Jamshedpur.

VARIOUS tests are employed in different coun-

Discussion on the regression equations

Correlation belween Shatter and Micum Indices :
The following three relationships have been esta-
blished applying the Method of Least Squares:
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Formula No.

1. Shatter Index on 27 (5,)

and Micum Index oul S;=35'04-L061 M,,
40 mm (M,,) (No. of { (r = +0°75)
data 231) J

2. Shatter Index on 114"
(8 114") and Micum l S 114" =53'06--0-50 M,,
Index on 40 mm (M) ( (r = 40:87)
(No. of data 183) J

3. Shatter Index through]
1" (8 14) and Micum { S 14=0-17--0-24 M-10
(r=050)

Index through 10 mm‘
(my,) (No. of data 159)

The relationships
significant from
appendix.

The degree of relationship as measured by 7
(i.e. the coefficient of correlation) shown against

are found to be statistically
analysis of variance given in the

each of the equations is observed to be fairly high
in- each case, \
From the three formulae 1, 2 and 3, it may be
seen that better prediction is possible of the values
values

of the Shatter Index on 114" from known
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of Micum Index on 40 mm due to the higher
degree o correlation between the variables.  T'his
fttct once again juslifies the adoption of Shatter Index
on 116" as a wmeasure of the Strength Index in
pref(:ence ta the Shatter Index on 27,

On the other hand. the ptedutltm of the values
of Shatter Index through 15”7 from the Micum
Index through 100 mim will not bhe very precise,
although this correlation is also statistically signi-
ficant. The small quantity of ecoke (50 Ib) used
in the Shatter test and the narrow range (about
2 to 49,) in which the results (8 Llg) generally
lie limit the accuracy of the test results.

Tables T(a) and [(h) give some of the caleulated and
actually determined values of Shatter Indices against
actually determined values of Micum Indices vary-
ing between 40 and 90,

[t is observed from Table I(e) that in the case
of the regression of § 1ls on M,, there is
considerable difference between the experimental and
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expected values of S 114 when the values of My,
are less than 65 but the agreement is better when
the values of M, are higher, With a view to
fitting a better equation, for the Micum values less
than 65, the original data along with a few more,
were divided into two groups, namely, (I) those with
My, values of 65 and above and (LI) those with
My, values less than 65. The new equation for the
first group is found to yield almost identical
figures for expected values of S 1lg, as obtained
from the original equation. The value of correla-
tion coeflicient is almost the same as observed for

the overall data, being + 0°0 in the present case as
against + 0-87 in the former. But the equation for
the second group is an improvement over the original
equation in predicting values of 8 116 from M <65,
Both the relationships are found to be statistically
slgmhczmt from the analysis of variance (tables given
in the appendix). The scatter diagram with the expected

regression line and its “tolerance range” is also
shown in Fig. 4 for the second group. The expected
S 1bg, calculated by the equation for the two

separate groups as also from the original equation
are shown in Table T(ec).

TasLe I{a)
Correlation of shatler and micum indices.

Formula :
=35'04-+-061 M,0

(1) S,
S1:=5306--0'5 M0

1)
(2)

SHATTER | NDEX L.

Micum on 40mm.

1 29.1 £2.0 3z2.8 67.6 57.8
2 39.5 0.0 60,9 72.8 8.1
- N 41.8 61 6.1 sl (5]
& 46,3 6.2 blok 7642 Thes§
5 50.5 66,8 k.8 78.3 (IS
I3 56,4 0.3 3.0 81,3 T sl
7 66,1 76,3 82.8 86,1 29,5
R 8.4 T &t B7.3 93.2
9. a9 Bl.b 80,0 90.5 B9.0
1 76,1 82,4 8.8 911 93.0
" 79.0 84,2 8E,5 92.6 9340
12 79.8 Bt 78,0 92.9 92,5
13 80,1 84,8 88,4 9341 96,1
"W B2.9 86,5 B7.9 9L.5 Yot
18, 83.3 86,8 B0.9 LYY 9345
16, Bl.b 93.2 87,6 5 ads 95k
17 BL.6 87.0 8.5 95.5 95.3
18, B3k 88,0 BB 95.8 9 o8
(1) 8 1lg = 5306 + 05 M, (overall equation
r = -+ (:87)
(2) 8 115 = 44°1 + 062 My, (M,,=65 and above
r = 4 0:90)
(3) S11s =404+ 072 My, (M;,<65; r = 0-81)
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TasrLe I(b)

Formula (3) : 8 1=017+024 M,, (No. of data 134)

Shatter index
Micum index —

Serial m Through & in. (S}
No. (Mtlhu‘;ogeg:elgw?r:ed TEergcte!q e B (ST]';"?;E; Jin
quation 3 #
13 68 1'8 16
2, 75 2:0 1-2
3. 80 2:1 2:0
4, 9:9 2:6 31
. 10-1 2:6 2:5
6. 11-7 30 30
7. 12-0 31 25
8. 156 39 2:9
TasLE I(c)
Formula :
(1) S 1lg = 5306050 M,, (overall equation)
(2) S 1l =441 4062 M,, (for M,, > 65)
(3) 8 1lg = 4(]4 +072 M, (for Mm < 65)
EXPECTED VALUES OF S il
B e expertrensi UR-TOUS e S e }hr
1. 3.1 57.8 L) - 570
2, 29.1 57.8 £1.6 - 6144
3. 339 66,8 0.1 - &8
be 395 68,1 72.8 - 6.8
5. 4.8 7.3 Thsd = 0.5
6. [ 70,0 7541 % 3.3
7. L6.3 .49 7542 - 733
8. 50.5 79.0 78.3 - 76,8
9. 5644 ThO 81.3 - 81,0
10, 60,8 88.4 B3.5 - 8L.2
", 6641 B9.9 86,1 85,1 -
12, 6a.l 9.2 87.3 86.5 =
1. 2040 90.4 88,1 81,5 -
"R a8 89.0 9045 90.5 =
15, 7641 93.0 91,1 91.3 =
16, 7646 92,0 91.5 91.7 =
17. 79.0 93.0 926 9341 -
18, 80,1 9.1 9341 93.8 =
19. 82,5 Ghat 9ha5 95.5 3
2. 8.6 9. 954 96,6 a

The Tables (I, II, III, IV and V) showing the
analysis of variance for these formulae are given in
the appendix and the tolerance range for 959,
probability level for each of the equation is shown
in the Figs. 1, 2, 3 and 4.

Correlation between Haven, B.S. Abrasion

and Micum indices
relationship  between (i) Haven

The statistical
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* FORMULA T
(MoDIFIED FORMULA 2)
o Silf = 40°4 + 072 Méo
(WHEN Mao <65)
e 40 45 50 7] 50 7y
1CUM | mm.
Fig. 4

stability factor on 1” and B.S. Abrasion Index on 1”
(it) B.S. Abrasion Index on 1/8” and Micum Index
through 10 mm and (i) Haven hardness factor on
14" and Shatter Index through 14" is given by
the following three formulae :

Formula No.

4. Haven Stability Factor on °
1" (H,) and B.S. Abrasion | H,=125 A4b,—31-19
Index on 17 (Ab,) (No. of J(r:—|—0'81)
observations=100

5. B.S. Abrasion Index on
1/8" (Ab1[8) and Micum 1Ab 1/8=0300—1-74
Index through 10 mm (M) f M, (r=—0-85)
No. of obhservations=100)

6. Haven Hardness Factor on
1" (H}) and Shatter Index 1H =68'40—2:75 S14,
thro. 14" (814) (No. of ((r=-—058)
observations=134) J

The degree of relationship as shown by r is again
found to be statistically mgmﬁcant in each case and
quite satisfactory though it is comparatively poor in
the case of Formula 6 correlating the Hardness Factor
from Haven test with the Shatter Index through 14",
From the nature of scatter of the points in Fig. 6 it
is seen that a parabolic equation might be a better
fit to the given data.

The Tables (VI, VII and VIII) showing the analysis of
variance for these formulae are given in the Appendix
and the “tolerance range™ for 959, probability level
for each of the equations is shown in Figs. 5, 6 and 7.
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Table IT shows some calculated and actually deter-
mined values of the properties under study.
[t is worthwhile to mention here that no well-defined
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relationship could however be detected between

Haven on 17 and Shatter on 114" or between Micum
on 40 mm and Haven on 17

Tasre 1L

Correlation of Haven, B. S. Abrasion and Micum Indices

Formula : (4) H,=125 A4b —31'19
(3) Ab1/8—=9300—1-74 M,
(6) Hlj—=6840—275 Slg

55 W PR i O .~k S )
S .?Iz\j'::.?" Oerarmped | Cilkulated (Ditermiiet Serermned Cakulied a.‘f.'w':m'fm Determined SHCUst
TR fram Equa, 4 W from Equa & leom Equa. &
. 3T.e 7.9 16,1 6.8 83.0 a1.2 1,6 0.7 Bk
2, L0 30,7 29.3 8.0 73.0 7921 1.9 65,5 £3.2
3a Kok 30a1 3.8 104 72.9 Thad 23 bk 82,1
L, 0.8 L7.7 Li.g " T8 n.2 z.4 59.1 818
5. 61,0 Liob Lot 1.8 ta.3 7245 .5 5541 a1.5
b 45.8 L9 5.t 12.0 5Tak 720 .8 55.1 0.7
i3 1 5546 St 13,8 59.7 49,5 1.0 L7.8 0.1
g, &L Slub 54,3 eyt 3.9 .5 Jot 52.6 59.9
9. 9.9 L 56,2 .2 67.9 6.6 L5 5743 5.8
19, .9 Sbu8 57k 154k 66,k 6.2 3.1 537 8.2
. a2 L 57.8 1645 60.0 643 &0 19,5 57.L
12, ™. 1.8 0.9 20,3 58.9 57.7 %} 0.0 6.6
13, T 59.0 81,4 2.0 50.8 1.2 %2 5049 472
e 5.3 59k 2.9 .8 58.6 ub.L 8.7 45.2 ]
15 6.0 Tuab 3.8 B 57.1 6.5 10,8 65.7 8.7
Conclusion

The suggested regression equations show that it
is possible to calculate fairly accurately the Shatter
Indices of cokes from a knowledge of their Micum
Indices.
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The Stability Factor of coke as normally assessed
by the percentage ot material remaining on 1”7 from
the Haven tests can b. expressed equ¢'ly well by the
percentage of material  maining on 1” from the B.S,
Abrasion test. The Micum Index through 10 mm
and B.S. Abrasion Index on 1/8” are closely related
to each other.

These regression equations are, however, by no means
meant for replacement of the standard laboratory
tests. These are added aids to any investigation for
checking the experimental results and would prove
useful for an approximate assessment of the coke
properties when the recommended testing machines
are not readily available.
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APPENDIX
Analysis of Variance

TaBrLE I

Shatter Index on 2 in, and Micum Index on 40 mm,

Remarks

Shatter Index (114") on Micum 40 mm.

TasrLe III
Analysis of variance (for M —65 and above)

3 Sour-ce D.F. “S.S. M.S. Remarks
Due to 1 25509 25509 3073 Highly signi-
regression ficant at 19,

1,178 d.is.

Deviation 178 147-04 0'83
from re-
gression
Total 179 40213 — —

Shatter Index (1147) on Micum 40 mm.

TasBLE IV

Analysis of Variance ( for M,,<65)

Seurce D.F.  §S  MS. F. Remarks
Due to 1 3354 3354 939  Highly signi-
regression ficant at 19

F1, 49
Deviation 48 1724 36
for regres-
sion
Total 49 507'8
TasLe V

Shatter Index through 14" and Micum Index
through 10 mm.

SIS e P, O = S ~ Source DF. SS.  MS. F Remarks
Due to 1. "84R:5 - 34850 | 2904 MHighly - signi- o Sl —e o rmon o S s i e
regression ficant at 19 Due to 1 584 984 Highly signi-
ey i e regression ficant at 19
1,229 d.fs. i fﬁ- r 1, 157
iation 229 268 20 290-4 i o : _ 44 L.
})lo ?:f l(;lel § i P Deviation 157 2047 1'3
g g from re-
gression ;
gression
o ol b AN F TRl RS 908
TasLe 11 TasLe VI
Stability factor on 1" and B.S, Abrasion Ind ¢
Shatter Index on 114 in. and Micum Index on 40 mm. vl e S i i 0
o A U Source D.F. 5.8. M.S. E. Remarks
R R F. Remark il R s
e . A Mk "Due to 1 445 445 18697  Regrossion
Due to 1 5933 5933 Highly signi- regression ishighly
regression ficant at 19 significant at
level for 19, level for
525'0 1,181 d.fs. 1, 98 d fs.
Deviation 181 2041 113 Deviation 98 233 2-38
from re- fromre-
gression gression.
Total 182 7974 — — Total 99 678 — —
465
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TasrLe VII TasLe VIII

B. S, Abrasion I'ndeax on 1/8 vn. and Micum Index Hardness factor on 14 in. and Shatter Index
throngh 10V mm. through % in.
Source D.F. S.S. M.S: P Remarks Source DUF. 55 M.5 Ei Remarks.
Due to re- l 226 226 2023 legression Due to re- 1 220 229 5948 Regression
gression. highly signi- gression highly signi-
ficant at 19 ticant at 195
le vel for level for
1, 38 d.f.s. 1. 132 d.fs.

Deviation  9x sH 0090 Deviation 132 508 385

from re- from re-

gression gression.

Total 09 315 — — Total 133 757 — —-
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