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Evaluation of Coke Strength and Coke Size in the SCOPE21 Process
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Masaki SASAK! and Isao SUGIYAMA

Synopsis : In the SCOPE21 pilot plant, it was verified whether the target of coke strength and coke mean size were attainable, when the proportion of

poor coking coal in coal charge was 50%.

As a result of the tests, it was confirmed that DI'™ ; was improved by 2.5 compared with a conventional process, which was higher than

the coke strength, 84, usable for blast furnaces. The improvement of D

1'* ¢ is thought to be due to the increase of bulk density of coal

charge, coking property improvement of coals by rapid preheating of coals and homogenization effect of coke texture.

Moreover, it was confirmed that the appropriate coke mean size, 43 mm, was obtained by an anthracite addition even at the highest produc-

tivity (flue temperature: 1250°C) of the SCOPE21 process.
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Table 1. Characterization of the coals used.

Coal Proximate Ultimate Mean Gieseler Dilatometry
analysis analysis reflectance| plastometry
in oil Maximum Total
(mass% db) (mass% daf) fluidity dilatation
Ash [ VM C H N [0} S (%) (log MF/ddpm) | (Vol.%)
Coking coal CoalA | 94 | 244 | 89.1 5.0 1.8 3.5 0.6 1.24 2.70 82
CoalB | 9.0 | 253 [89.0 | 5.0 1.3 4.2 0.6 1.21 1.77 46
Poor coking coal| CoalC | 9.2 [346 | 84.0 | 56 0.5 8.1 1.8 0.79 1.70 20
Table 2. Coal blending ratio and blended coal properties. Position of coke increment
A i L H a; LH
Blend i ‘ | |
X oy } L i_'_ __________ i.'_ __________ ;!';___A
Coking Goal Coal A (%) 25 | 50 " " . ..
Coal B (%) 25 - i a g & i - i -
Poor coking coal Coal C (%) 50 50 100m| e 77T ® T @ T e T
Blended coal |-ASH (mass%db) | 9.1 | 9.1 i § § §
properties VM(mass%db) 297 [295 ) || ___ ia | & | @& | i.m
(weighted ave.) log(MF/ddpm) 1.97 | 2.20 B o | i |
TD (vol.%) 42 51 j B j - j a j -
B | & H 8 | B 1
1 ] ] 1
\ 2 ! 5] @ | m | @
A N
- 15m ~

Hot gas

conveyor

Coke oven

Fig. 1. Schematic diagram of the coal pretreatment process

in the SCOPE21 pilot plant.
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Fig. 2. Positions of coke increments.
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Table 3. Preheating and operating standard conditions.

Fluidized bed dryer Pneumatic preheater
Gas |Coarse coal| Fine coal Coarse coal Fine coal
temp. Coal Coal Gas | Coal |Preheating| Gas | Coal |Preheating
temp. temp. |temp.|temp.® | rate® |temp.|temp.?| rate”
(C) (c) (c) (C) (c) (C/min) | (C) (c) (°C/min)
300~ 275~ 255~ 400~ | 340~ 1000~ | 360~ | 330~ 5500~
345 310 285 440 365 3000 420 375 12000

a) Weighted average value of calculated coal temperature of each coal size.
b) Weighted average value of calculated preheating rate of each coal size.

Table 4. Preheating and operating conditions of Test 1 and Test 2.

Fluidized bed dryer Pneumatic preheater
Blend| Run] Gas [Coarse coal| Fine coal Coarse coal Fine coal Charging] Fule
No. | temp. Coal Coal | Gas | Coal [Preheating| Gas | Coal |Preheating] coal | temp. | Bukk | Coking| DI'
temp. temp. |temp.|temp.®| rate® |temp.|temp.?| rate” temp. |(bottom)| density| time
(c) (c) (c) (c)y | Co) | Cc/min) | (¢) | (C) | (C/min) () (c) | wmd (h) ()
231 1228 0.75 11.2 83.2
1-1 } 300 275 255 290 286 336 400 366 9010 737 1753 075 10.9 338
267 1214 0.76 11.2 84.7
Test1 | (X) 1-2 ] 300 275 255 440 363 2669 400 366 9010 573 1251 073 102 a1
267 1222 0.74 10.7 83.5
1-3 | 300 275 255 465 | 376 3027 400 | 366 9010 273 1220 | 0.74 10.2 83.6
275 1244 0.73 10.3 83.4
Test2 | ™ 2-1 ] 300 275 255 290 285 262 400 366 9010 229 1258 0.73 10.0 83.8
2-2 | 300 275 255 290 285 262 400 366 9010 260 1250 0.73 9.9 83.5

a) Weighted average value of calculated coal temperature of each coal size.

b) Weighted average value of calculated preheating rate of each coal size.
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Table 5. Conditions of the anthracite addition test (Test 3 and Test 4).

Test 3 Test 4
RUN No. 3-1 | 3-2 4-1 4-2 4-3
Flue temp. 1250 1140 | 1136 | 1192 | 1266 | 1260
Brick USbB70 * usDB70 ¥
Charging temp. (°C) 324 | 313 ] 265 | 268 | 235 | 249 [ 271
Bulk density (t/m°) 079 | 0.76 0.77 0.74 0.72
Anthracite size - |-1mm -1mm -1mm -1mm
Blend Coal A 15 | 15 50 50 95
Coal B ? - - 25
(%) Coal DY 10 10 - - -
Coal E¥ 10 10 - - -
Coal F? 15 15 - - -
Coal G - - 20 0
Coal C ¢ 50 45 0 45 )
Anthracite - 5 5 5 5
ASH (mass % db) | 9.6 95 8.9 9.3 84
Blended coal "\ (mass % db) | 26.0 | 248 245 29.1 229
properties
(weighted ave.) log(MF/ddpm) 2.1 20 243 2.32 2.80
TD (vol%) 61 60 82 50 88
Pitch (%) - 3 -
Coke MS (mm) 386 | 442 J 502 | 500 | 46.7 [ 413 | 432

a) Ultra-super—dense brick, 70mm thick.
b) Coking coal
¢) Poor coking coal
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Fig. 3. Change of flue temperature and DI'*®° 5 in the SCOPE21 pilot plant test.
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Fig. 5. (a) Size distribution and (b) preheated coal temper-
ature distribution of coarse coal.

Fig. 6. Photographs of preheated coal; (a) Runl-2, (b) Runl-3.
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750 " -
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Fig. 8. Effect of anthracite and pitch addition on (a) coke mean size and (b) DI'*° ; (Test 3; Laboratory test).
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Fig. 11. X-ray CT images of (a) no anthracite addition coke, (b) anthracite addition coke made in the SCOPE21 pilot plant.

Fig. 12. Photographs of anthracite addition coke made in
the SCOPE21 pilot plant.
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