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Development of Technology for Reduction of CO, Emission from Blast Furnace

Using 12 m*® Experimental Blast Furnace
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Abstract

The development of technology to reduce the amount of CO, emission from steelworks is a matter
of urgency. In order to clarify the blast furnace process operation that maximizes the effect of
hydrogen reduction, a technology for highly efficient use of hydrogen for iron ore reduction has
been developing using a 12 m® experimental blast furnace in COURSES0. Operation tests were
conducted for 32 days each in the 3Q of 2018 and the 1Q of 2019 to investigate the effect of blowing
reduced gas containing hydrogen into the blast furnace on the amount of CO, emitted from the
blast furnace. In addition, a three-dimensional blast furnace mathematical model was used to
predict and calculate the amount of CO, emission and reflected in the operational design of the test
blast furnace. As results, the prospect of CO, emissions by 10% reduction is the development target,
the prediction accuracy of the combined model was confirmed that extremely high.
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Schematic diagrams of 3-dimentional mathematical model
for blast furnace?®
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Reactions considered in mathematical blast furnace model®
No. Reactions
(4) 3FeOfs) + CO(g) = 2Fe0) + COg)
(5) FeO,s) + CO(g = 3FeO(s) + CO,g)
(6) FeO(s) + CO(g) = Fels) +  CO)
(7) 3FeOus) + Hy(g = 2Fe0,(s) + HO(g)
(®) FeOfs) + Hfg = FeOs) + HO@)
(9 FeO(s) + Hfg = Fes) +  H0(g)
(10)  C(s) +  COg = 2C0()
1 € + HO@ = CO® + H(®
(12)  FeO(l) + Q) = Fe(l) +  CO(g)
13 ) = C
(14 HO( + CO = Hg +  COLg)
(15 sio)  +  C(s) = Si0@g + CO(g)
(16)  SiO(s) + C(s) = SiO@g + CO(g)
(17)  SiOs)  + 3C(s) = SiC(s) + 2C0(g)
(18 siog + C = Si +  CO(®)
(19)  Fe(s) = Fe(l)
(20)  FeO(s) = FeO(l)
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Operation conditions and predicted reduction ratio of carbon consumption in experimental blast furnace

Sth campaign

6th campaign

Case A B C D A-2 E C-2 F

COG (Nm’/h) 0 119 119 119 0 0 119 0
H, (Nm’/h) 0 0 170 170 0 143 170 310
Total H, input (Nm*/t-HM) 53 154 276 277 61 159 276 277
Blast volume (Nm?/h) 1589 1188 852 822 1699 1408 904 975
Blast temp. (°C) 1000 1000 1000 1000 1000 1000 1000 1000
O, (Nm’/h) 94 182 252 252 104 154 259 229
O, enrichment (%) 4.4 10.5 18.0 18.5 44 9.0 20.0 16.8
Flame temp. (°C) 2098 2101 2096 2091 2086 2094 2091 2091
Reducibility index of sinter (JIS-RI) (%) 64 64 64 68 64 64 64 64
Productivity (t/d) 34 34 34 34 34 34 34 34
Reduction ratio of C emission (%) 0 3.0 8.0 9.0 0.0 5.7 10.7 12.0
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Example of comparison of observed CO and H, concentra-

tion distributions by horizontal sondes with calculated ones
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ndirect reduction ratio
Direct reduction ratio
(%)

COG (Nm3t-HM) 0 0 119 0 119119 0 119
H, (Nm3t-HM) 0 0 O 143170170310170
Input Hy (Nm¥t-HM) 53 53 154 159 277 276 277 277
Sinter reducibility(%) 64 64 64 64 64 64 64 68

B : Ccarbondirectreduction [ : H, indirectreduction
[ : COindirectreduction
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Comparison of relationship between total input H, with in-
direct reductions and direct reduction
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X : Simulation
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Relationship between total input H, with specific carbon
consumption reduction ratio
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Comparison of effects of reductant gas types on heat in-
put and output of blast furnace and specific carbon con-
sumption
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