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Recent Development of Ironmaking Technology in JFE Steel toward
Carbon Neutrality
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Abstract:

Since the last special issue on ironmaking (2008), the business environment surrounding the ironmaking field has
dramatically changed. In other words, in addition to developing countermeasures to the soaring price of raw materials
due to rise of China and deteriorating a raw materials grade, a countermeasure to the global warming becomes the
most urgent issue since the Paris Agreement in 2015.

Against this background, this paper first summarizes the major technological developments; using technology of
inexpensive and low grade resources and low RAR (reducing agent rate) technology at a blast furnace, that have
been carried out in the fields of blast furnace, sintering, and coke-making of JFE Steel. Lastly, this paper will offer

future prospects on the innovative technologies such as ferro coke and carbon recycling blast furnace that JFE steel

is working on to realize the carbon neutrality in the future.
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Fig.1 Trend of crude steel production in the world
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Fig. 2 Trend of raw materials unit cost in Japan
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Table 1 Research and developments in blast furnace process
Process Technology
Solid flow, segregation and mixing behavior
Fundamentals analysis model with DEM
High ratio coke mixed charging & FCG dynamic
control
Burdgn Small coke mixed charging by segregation
charging f
control in bunker
Development of cohesive layer simulator
High PC injection supported by sophisticated
Tuyere mathematical simulation
injection S
PC and LNG co-injection
Measurement | On-line coke fine measurement system
Blast furnace operation guidance system
Data science | (Heat level in lower part, pig iron temperature,
permeability)
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Table 2 Research and developments in sintering process

Process Technology

Intra-particle water migration dynamics

Fundamentals — -
Dephosphorization technique

Granulation | Limestone and coke breeze coating granulation
process Agitating, mixing and granulation model
New Carbon core pellet
agglomerate | Return fine agglomerate
Sintering with combined usage of coke breeze
and gaseous fuel (Super—SINTERTM)
Carbonaceous V. -
bonding agent | Super-SINTER " with oxygen enrichment
reduction

Utilizing oxidation heat of magnetite ore

Biomass usage as bonding agent

Sinter quality | RDI reduction

Two-stage combustion burner at ignition furnace

Pallet length extension (Keihin 2 sintering

Sintering machine)

machine

Restart operation (Fukuyama 3 sintering
machine)
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Table 3 Research and developments in coke making process

Process Technology
Coal surface characterization by Raman
Fundamentals | Spectroscopy
Coke particle breakage model by DEM
Novel Permeation distance as new index
measurement . .
method for coal | Surface tension of coal and semi-coke
Coal Addition of aromatic amines
pretreatment
Coal blending Advanced blending ba§ed on permeation
distance and surface tension of coal
Deformation of damaged coke oven wall by
Coke DEM model
discharging

from coke ovens

Coke cake discharging behavior based on
clearance model

Life
prolongation of
coke ovens

Monitoring refractory wear

Hot repair technique of coke oven brick work

Data science

Operation guidance system to reduce pushing
load of coke ovens

Decentralized adaptive control of coke oven
batteries
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Fig. 7 Way to carbon neutral ironmaking technology
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