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Synopsis :

The mechanical strength of coke at high temperature has become more important for
the blast furnace operation. At first, the basic values are attained show the distribution
at coke characteristics in a coke oven and the accuracies of sampling and measurement.
In order to get the significantly different measuring methods, four sorts of coke distilled
in a test oven are subjected to several experiments. As a result of statistical analysis the
micro-strength and reactivity by JIS are found as the most effective methods to
distinguish the sorts of coke. However, the detecting power of high-temperature
strength shows low value. Moreover, the discussions are carried out on an effect of
graphitization and thermal expansion at high temperatures upon strength and

reactivity of coke.
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The mechanical strength of coke at high temperature has become more important for the blast

furnace operation.

in a coke oven and the accuracies of sampling and measurement.

At first, the basic values are attained show the distribution of coke characteristics

In order io get the significantly

different measuring methods, four sorts of coke distilled in a test oven are subjected to several experi-

ments.

As & result of statistical analysis the micro-strength and reactivity by JIS are found as the

most effective methods to distinguish the sorts of coke. However, the detecting power of high-temperature

strength shows low value.

Moreover, the discussions are carried out on an eHect of graphitization and thermal expasion st high

temperatures upon strength and reactivity of coke.
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Table 1 (a} Methods for the measurement of each characteristic of coke (Room-temperature test)

No. ‘ WCharaCteriSti‘;-. “ ! Slgn Ret[i);i:;ng 7 Methﬁd for measur-taméﬁt
1 | Drum index | DL, DLy (%)|  2~3 JIS K2151 (1972)
2 Tumbler index [ The TL (%] 2~3 ‘ JIS K2151 (1972) -
3 K/Iini-drum index i MDIL, 2~-3 Qz})nl?x;[]‘gt?s“;e(i?gffltlré%bgl (sai)ze 20~50mm
(+15mm wtfg) Condition : 15r.p.m, 45, 90 rotations

4 Micro-strenglﬁ index MSLg, MSL{%) o 2~5 ‘ Almost same as H. L. Riley’ s method®
5 | Crushing-strength index | CSI  (kg) . 12 ‘ ﬁc‘g{ggfeg:n?pf;;"ifiigf  Paterial lesting
T - i . I
6 l &]fgatiigf [ior;{}fx under ](d-ﬁllzz(ﬂ), orL-f llll-nm 2-.3 é;):f];i;t?s\ﬁegﬁt?géﬂé,(ggzq 30~35mm
| wt?%) Condition : 5r.p.m, B00 rotations, load : bkg
7 I Mépecific gravity ‘ o (“—) | (; _ -
8 | Apparent specific gravity | on > | 2 JIS K2151 (1972)
- 9 i Porosity [ ep (% ‘[ 2
10 Thickness o} crystallite ’ Lo, Lf: (A) [ 1 r X-ray diffraction
111mmmmammgmm’ - ‘7 1 !ij%ﬁﬁQQWNUU
7 12 ‘ Cher;ical analysis 0;7a51-1 l ‘ 1 i jIS R2727127(17975§)7 -

T Originally devised testing method
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Table 1 (b) Methods for the measurement of each characteristic of coke {High temperature test)

‘ Characterlgtlcq . Sign Regtrzr;laéisng Method for measurement
\ React1v1ty index | RELO/ (co+c?%)) 2-.3 Almost same as JIS Ka2lsl (1972)
) L ! Apparatus . Flg 1 {a)
) Reactmn rate of coke?” |R,g : Rate constant; o Cample : Weight 50z, size 5~-10mm
particle ! {I/min) - Temperature : 1 050°C
; Gas : CO, 10075, 30 //min
i Apparatus : Fig. 1 {)
Abrasion index during | oM ) 40r.p.m, 2400 rotations
3 . GAI 2~3 Sample ; Weight 200g, size 20~-25mm
gasification (+20 or4 Temperature : 1050°C
Immwt%) ! Gas : CO, 10{)/ 5 [/mm
— el e - ) - U B .
Lot Apparatus : Fig. 1 ( )
l Abrasion index after AGAL, 40r.p.m, 2400 rotations
! gasification AGAI, Temperature : room temp.
(20 or+ 9 { Gasification]
4 lmmwt 2} Apparatus : Fig. 1 (d)
Sample : Weight 200g, size 20~~25mm
Temperature : 1 000°C
. Gas CO, 100%, 40 //min
Duration : 2Zhr
L . i (Gasification]
Mm.l-.dru‘m index : after GMDI,, Apparatus Fig. 1 (d)
3 gasification {+I5mmwtZ) 2 Sample : Weight 500g, size 20~50mm
Gas : CO, 100%, 110 I/min
‘ Duration : 2hr

¥ 0r1gmally dev:sed testmg method

Apparatus for Apparatus for abrasion Apparatu.s for abrasion Apparatu~s for measurement
. | test during or after of reaction rate of coke
mini—drum test test under constant load e R
pasification particle?’
an c}

a) b}

ok E]ecll"if.‘.'-furnace 11; Electric-furnace
:2) Rotating barrel (2 Reaction tube
133 Disturbing plate @ Sample
& Gi Sprocket (; AltOr balis
:#) Gas intet 5] Thermo coupl
_________ ; i) ple
%?_ Spr.ocke.l 165 Gas outlet @ Balance
3 2 Projection 1> Thermocouple i Disnl - a
. i) Bevel gear wheel (“‘ isplacement transducer
;s Disturbing plate % Variable speed gear- 8 Weight
machine @) Recorder

Fig. 1 Apparatus for originally devised test
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Table 2 Factor and its level in analysis of

variance
\ Number |
Symbol|  .0of level |y 2 3
Factor "~ _
e L
: Inter
Horizontal Inner . . Outer
a ot i mediate
position part | pall't part
b Longitudinal |Machine| Coke
position side side |
e Vertical Upper | Middle | Lower
position part part part
212 HBER

Fig. 3 it EoyE N 544 & L, Table
3 miaomaER0—oThH LSy T,

Table 3 Variance ratio (F-ratio) obtained by
means of variance analysis with three-
way layout

Variance ratio

Characteristic Factor

A | B | c
Porosity o |24 | 4.74% | 46,50
Specific gravity g 3.11° {0.250 | 4.33%

Micro-strength MSIg| 11.9%% | 0.059 | 8.89%*

index

Crushing-strength  : CSI | 5.10% | 0.47
index

Abrasion index LAI | 14.9%% | 6,91% | 53.(k*
under constant load

Reactivity of Ry | 13.8%¢ | 29.3%% 2,59
coke particle

Abrasion index GAIL | 62.3%% | 14.1%% 51 8%k
under gasification

*¥¥ok:8 : Significant at the 1%, 5% and 10%
level respectively

9.92%*
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Table 4 Calculated results of various variations

Index
Kind of variation VReactiVit Micro. ™
Y strength
Variation of
reduction and Y 1.5 5.3
measurement

Variation of
sampling within ok 1.1 0.6
same oven

Total variation
within same a%, 2.6 5.9
oven J

Variation among

different ovens a3 | 5.2 5.3
in a day

Total variation . |

in a day Ir | 7.8 ; 11.2
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Table 5 Raw coal used to the production of
sample coke

Raw coal

Itmann 1002

A

B | Poland MJ 30%. Liddell 70%
C Beatrice 302, Yubari 70%

D

Kuznetsk K-10 302, Yubari 70%
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Table 6 (a} Variance analysis of experiment No. 1
S ‘ ; _ ——
c e \ . Sum of | Degree of Unblasecl estimate ‘ . .
Characteristic ' Factor squares . freedom of variance | Variance ratio
Tppe |7 B;_"__'ﬁ__ﬁl"" BT S (/S NS - - B U
Drum index " w 25.36 21 1.21 i
DIt i B | 844.06 10 84.41 I ELTR™
o i w 21.69 21 1.03 T
Tue | B saL7s a0 [T ) 2734
Tumbler index 25.10 |20 1.25 B
: TIL400 ‘ B V‘ 400-97, ‘ 10 - ,% 40.-10 . 12,51**,
B P W 63.81 20 | 3.19 )
o LAI ‘ B | 2643.58 1q____| 264.36 25.32%%
Abrasion index e W 229.62 22 10.44 ]
under constant load | | g B 353.03 10 [ _35.30 | _10.93%%
I ' W 71.04 22 1 3.23 |
MSI B | 1986.33 10 }__ 19863 128.98%%
Micro-strength index — fs i 33.92 22 . 1.54 e
MSI B 17223 | 10 ‘ ) 117.22 | _ O4.53%F
) 18 W 27.31 22 1.24 o
Reaction rate coke R . B_ | 57.40 _ w_ | 5.74 G
_ particle e w 20.69 22 b 0.94 -
e B | 1850.31 10 185.03 | 22.82%%
Reactivity mdex I RI W 178.31 ‘ 2 ‘ BER | 777
GAL | "B | 2191.64 10 219.16 3.0
Abrasion index during T w | 1601.80 22 _72.81 e .
gasification GAI \ | 201.43 | 10 20.14 | 9.20%*
! 48.24 22 2.19 |
¥ B : Between samples, W : Within samples.
Table 6 (b} Variance analysis of experiment No. 2
. t
Characteristic ‘ Facfor S(‘;L;I;rgé I ?:g;;gn?f Unlg;aizcli-l::émate ‘ Variance ratio
T l B | 72.69 | 11 6.61 I 28 7A%F
Drum index itw | 2.75 | 12 0.23
DIz | B | 363.48 | 11 33.04 [ 19.42%
- T w 20.42 12| L.70 I
10 l B 90.04 i 8.9 7_‘ 8.53%*%
Tumbler index w 11.55 12 l L.0.96 —
Tigoe B 262.64 | U1 i 23.88 _ [ 16.73%
_ W | 17.13 12 1.43 I o
MD[ Bii‘ 67.55 I 1 lf 6.14 2.97%
Mini-drum index ‘g | 24.84 h 12 . 1?-07 T
190.12 11 .28 .
G0 - pt e e
- Mo w_ | 2331 | 12 1.95 T
B 219.74 | 11 19.98 12, 32%%*
Minidrum index after |GMPH|—g 19.45° ‘ BBt 1.62 ‘ )
gasification _ B | 26234 ‘ . 1 32,94 14. 44%*
GMDIE | 5 27.39 12 2.28 !
. : B 204420 | 11 185,84 30,734
u Micro-strength index _1 MSIM W 72.56 | 5 T 6.05 l )
Micro-strength index | pqr [ B [21L73 | 1 B 191.98 | _25.78%%
after gasification l ®» W 89.55 12 i 7.46 l o
AGA B | 1836.77 11 '166.98 ~ O 4.02%F
Abrasion index after ‘ Lo |- W _ij{';,_ 91 12 33,91 )
gasification ‘778 IRIRTE VO S VU N M S D N/l
o \ AGAL 98.78 T 523 ; )
Reaction rate of coke ‘ ‘77 _299.02 1 27.18 __‘ 2.36
particle 138.50 iz 11.54
t B : Between samples W, Within samples,
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