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Abstract

A method to produce coke in ‘lump’form with high strength and reactivity through the addition of a
catalyst was investigated in order to improve blast furnace reaction efficiency. Firstly, the addition of
Ca compounds to coal before carbonization was found to considerably increase the reactivity of the
coke at a low temperature range in the thermal reserve zone of a blast furnace and it was proved that
the resultant coke decreases the thermal reserve zone temperature in a laboratory scale blast furnace
simulator. Furthermore it was proved that strong, highly reactive ‘lump’ form coke could be produced
by adding a Ca-rich non-caking coal and adjusting the coal blend composition. Based on this funda-
mental study, the Ca-rich coke was successfully produced in coke ovens on a commercial scale, both at
Kimitsu and Muroran works, and the use of the Ca-rich coke in the Muroran No.2 blast furnace was
found to cause a decrease in the reducing agent rate by 10 kg/t-p. This technology, producing coke of
high reactivity and strength through catalyst addition, is promising as a means of improving the reac-
tion efficiency of a blast furnace.
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Improvement in Blast Furnace Reaction Efficiency Through the Use of Catalyst-doped
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—- Blending composition of the coals
o ® O Test
Coal
(:). 1 2 3 4 5 6 7
A 20 20 20 20
B 70 90 80 50 50 50 50
Coal  catalyst Coke
C 30 30 25 20 15
Pre-addition of catalyst to coke method
x1 AKRMERK
Characterization data for the coals used
Proximate analysis Total Maximum Mean .
. . . Major ash component (%)
Coal (mass % db) dilatation fluidity reflectance
VM Ash (vol %) | (log MF/ddpm) (%) PO, | K,0 | NaO | SiO, | ALO, | Fe,0, | CaO | MgO
A 20.7 9.8 99 2.56 1.42 0.74 1.12 0.83 | 59.99 | 26.66 | 4.20 1.42 0.59
B 23.8 8.8 103 2.93 1.28 0.45 1.07 0.75 | 56.40 | 31.48 | 3.70 0.87 0.59
C 35.7 9.1 32 2.08 0.79 0.41 1.14 0.51 | 62.98 | 23.83 | 4.99 1.52 0.76
Ca-rich 374 53 0 - 0.61 0.08 0.13 147 | 21.23 | 9.18 6.07 | 4599 | 1.34
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Relationship between the addition rate of the alkaline earth metal and
the JIS coke reactivity index
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Effect of Ca-rich coal addition on coke quality

Ca-rich coal
DI CRI CSR |JISR.I
(%) s
Test 1 0 84.5 23.3 66.8 6.6
Test 2 10 84.0 24.8 68.0 39.0
Test 3 20 81.8 33.2 58.6 41.8
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Blending ratio of Ca-rich coal (%)
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Effect of the blending ratio of Ca-rich coal on the JIS coke reactivity
index and CRI
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Blending ratio of Ca-rich coal (%)
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Effect of the blending ratio of Ca-rich coal on DI'®, and CSR
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Relationship between reaction temperature and rate (CO,/CO:
50/50)
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Relationship between DI'®  and the JIS coke reactivity index
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DIRICEIN AT TRELRAE L7z BRI, BEEKa—2 2
JFIZTHE L7z N— 23— 27 A (JISRI 15.8) & ECai BTG — 7
2 (E5Cafe 5 %HLA 5 JIS RJI 33.8), B L OB HEEEER: 8L % H W
Too BICEMEE, BICH L (RAR) © 495 8kg/t (#8457 i bt (PCR) -
160kg/t 4=f#), Bosh gas : 1328 Nm'/t-p, CO :37.5%, H,:8.0%,

N,:545% & L7 BI8IIRT &9IZ, WiCad— 7 AfHEFIC
. ——Normal coke 100
200 = Ca-rich coke
S 1 / g
O 1000 - 80 8
<« =
e
2 800 {60 3
«© . i
“!;’_ Reduction E’
£ 600 degree a 2
g 8
» g S
8 a0 Ly T R 20 3
5 [}
."' ‘"’..“ E
200 =, P g 0
0.0 0.2 0.4 0.6 0.8 1.0

Relative distance from furnace top (-)
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Effect of Ca-rich coke on the temperature and sinter reduction behav-
ior in the adiabatic blast furnace simulator
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Coal blending composition, coal properties and coke quality in producing the Ca-rich coke in a commercial scale coke oven
Kimitsu Muroran
Base Ca-rich Base Ca-rich
Coal Ca-rich coal (%) 0 5-7 0 8
blend SCC#* ratio (%) (incl. Ca-rich coal) 44 19-29 42 45
VM (mass % db) 28.5 26.1-27.3 27.6 28.7
Coal Ash (mass % db) 9.0 8.6-8.7 9.2 8.9
property | Total dilatation (vol %) (calc.) 56 69-76 49 81
Maximum fluidity (log MF/ddpm) (calc.) 2.18 2.12-2.15 1.74 2.30
Coke DI . (-) 85.5 85.6-86.2 85.0 84.9
quality CSR (-) 55.0 54.7-63.0 61.7 60.6
JISRI(-) 15.8 33.3-394 15.1 459
* SCC: slightly-caking coal
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Effect of Ca-rich coal blending ratio on RAR
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Temperature distribution in the blast furnace during highly reactive
coke operation
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