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Abstract:
 In recent years, the reduction of CO 2 emissions and 
the stable supply of raw materials are two major issues 
for the steel industry. Low reducing agent operation in 
the blast furnace is required to reduce CO 2 emissions in 
ironmaking. In order to achieve this with using low-grade 
raw materials, ferro coke characterized by high coke 
reactivity is considered to be useful.
 In this paper, the effect of ore ratio on the reactivity 
and strength of Ferro Coke produced in the laboratory 
was investigated. The two-dimensional blast furnace 
model based on the reaction behavior of Ferro Coke and 
conventional coke were constructed, and the reaction 
behavior and strength change in the furnace were pre-
dicted. Based on these results, the ferro coke production 
process was established, and the reducing agent ratio was 
reduced by using ferro coke in the actual blast furnace.

1.   Introduction

 In the steel industry, a response to environmental 
problems, represented by global warming, is now essen-
tial, and among those efforts, reduction of CO 2, which 
is a greenhouse gas (GHG), has become a critical chal-
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ore blended at the specified ratio. Approximately 3 kg 
of the briquettes was placed in coke breeze, which was 
then filled in a carbonizing drum (width 200×depth 
200×height 245 mm) and carbonized at a furnace wall 
temperature of  1 000˚C for 6 h to obtain Ferro Coke. 
Based on the results of  measurements of the tempera-
ture in the center of the coal charge layer in coke mak-
ing, these conditions are equivalent to holding for 3 h 
at 900˚C. In order to compare the reactivity in the blast 
furnace and strength after reaction of  conventional 
coke with those properties of  Ferro Coke, coke pro-
duced by an actual coke oven was sampled and used 
after size adjustment to 20±1 mm.

3.2   Ferro Coke Quality Evaluation Test

 To evaluate the strength of Ferro Coke with differ-
ent ore blending ratios, a drum strength test was carried 
out at the specified rotation speed using a I-type test 
machine (ϕ 130 mm×700 mm), and the remaining ratio 
of  the specified particle size was evaluated. The per-
centage of  the remaining on a 10 mm screen after 600 
rotations to the tested weight of the sample was evalu-
ated as the index I 600 10. For the above-mentioned Ferro 
Coke, reaction tests were conducted with the under-
load reduction test system shown in 
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Ferro Coke after carbonization decreases as the ore 
blending ratio increases. Nomura et al. also reported 
that the strength of an iron-coke formed product after 
carbonization decreased as the amount of  added fine 
ore increased 11). In particular, I 600 10 was remarkably 
low, at around 20, in FC-4 with 47.5 mass% addition of 
iron ore. The iron which is added as ore is almost all 
Fe 2O 3 before carbonization, but after carbonization, 
reduction had proceeded to a metallization ratio of 
approximately 80 %. Based on this, it is thought that 
strength of  Ferro Coke decreased at higher iron ore 
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blast furnace when using Ferro Coke was carried out 
under this condition.

4.2   Results of Reactivity Measurement of Ferro 
Coke and Conventional Coke

 Figure 9 shows the results of  an under-load reduc-
tion test simulating the gas and temperature conditions 
in a blast furnace, which was conducted using FC-5 
(ore ratio: 27.9 mass%) and simple conventional coke 
in order to measure the reaction beginning tempera-
tures of Ferro Coke and conventional coke. With both 
samples, the percentage of  the gasification reaction 
(ΔC%) measured with an infrared gas analyzer 
increased as the temperature rose. When the results 
were arranged with the temperature at which 0.1 
mass% of the charged coke had reacted as the reaction 
beginning temperature, the reaction beginning tem-
perature of  FC-5 was 824˚C while that of  the conven-
tional coke was 973˚C, confirming that Ferro Coke has 
higher reactivity than conventional coke.

4.3   Results of Measurement of Strength after 
Reaction

 As a quality evaluation of coke in the blast furnace, 
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small, i.e., the temperature of the thermal reserve zone, 
decreased by approximately 150˚C when Ferro Coke 
was used. Although the solution loss reaction increases 
as a result of  the lower gasification beginning tempera-
ture of  the coke, the smelting reduction reaction with 
FeO decreases because the reduction reaction of  the 
iron ore also proceeds from a lower temperature and 
the ore reduction rate at 1 400˚C is equivalent to the 
lower edge of the cohesive zone. As a result, the indirect 
reduction rate increased, and the hot metal temperature 
rose, as shown in Table 4. Next, the reaction ratios of 
Ferro Coke and conventional coke in the blast furnace 
height direction were studied based on the calculation 
results. On the assumption that Ferro Coke reacts pref-
erentially to conventional coke in the blast fur-
nace  11, 12), the reaction rate of  the Ferro Coke at the 
lower edge of  the cohesive zone was assumed to be 
52 % from the results of  the under-load reduction test. 
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rected for the blast furnace profile and temperature and 
pressure, and the average hot metal temperature for the 
Base period before use of the Ferro Coke and test peri-
ods 1 and 2 during use of  the Ferro Coke. In test 
period 1, pulverized coal was replaced with Ferro Coke, 
and in test period 2, coke was replaced with Ferro 
Coke. As the results of  these tests, there was no deteri-
oration in the permeability resistance of  the blast fur-
nace, and reduced RAR operation was realized in an 
actual blast furnace by using Ferro Coke.

6.2   Production of Ferro Coke on 300 t/d Scale 
and Use in Blast Furnace

 The NEDO commissioned project “Technological 
development of  ironmaking process utilizing Ferro 
Coke” was started in 2017. As part of  this project, a 
300 t/d scale Ferro Coke plant with an expanded pro-
duction scale has been constructed at West Japan 
Works (Fukuyama District), and the Ferro Coke pro-
duction technology will be established and the effects 
of  continuous, long-term charging of  Ferro Coke in a 
blast furnace on the reducing agent rate (RAR) and 
operational stability of  the blast furnace will be con-
firmed.

7.   Conclusion

 Using Ferro Coke produced at the laboratory scale, 
reaction and strength tests were conducted under vari-
ous conditions, the reaction behavior in the blast fur-
nace was estimated using a 2-dimensional blast furnace 
model, and the effect on the reducing agent rate (RAR) 
when Ferro Coke is used in actual operation was inves
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