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Abstract

Net Zero is an important issue for sustainable development in the world. Because
of that, the steel industry recently focuses on the development of low-carbon iron and
steel making process. Hydrogen injected into blast furnace is one of the hydrogen
metallurgy technologies with the potentiality of CO2 reduction. The aim of present
study is to evaluate the reaction behavior with pulverized coal (PC) and H: injection
through numerical simulation by a 2D simple model, as well as provide conductive
information for the development of low-carbon blast furnace. The results indicate that
the most different behavior between PC and H: injection is the reaction with oxygen.
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This leads different phenomenon in gaseous products and coke bed configuration.

Meanwhile, a significant endothermic reaction zone can be also observed at the upper

side of raceway in the blast furnace under H2 injection. For that, the thermal

compensation should be evaluated while the blast furnace operated with hydrogen-
enriched gas injection to avoid excessive heat loss in the furnace.

Keywords: Raceway, Hydrogen metallurgy, Low-carbon blast furnace, Ironmaking
process
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Numerical Simulation and Analysis of Adiabatic
Flame Temperature
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Bl A BB w1 Ae k
Department of Vehicle Engineering, National Pingtung University of
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Abstract

This study aims to investigate the highest temperature generated by the reaction in
the high-temperature furnace and simulate the combustion of different gases and
pulverized coal. We developed a program using the energy conservation principle and
the adiabatic flame temperature formula of the first law of thermodynamics, utilizing
VBA in Excel, to derive the highest temperature by calculating the adiabatic flame
temperature at which the total outlet enthalpy equals the total inlet enthalpy. The study
confirms the parameters of coke oven gas (COG), pulverized coal injection (PCI), and
other gases, and lists the combustion equations to follow the law of conservation of
mass. Finally, we used the Newton-Raphson method to calculate the theoretical
adiabatic flame temperature.

Keywords:High-temperature furnace, Adiabatic flame temperature, Newton-Raphson
method
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C 200 + 2x' — 0.001x2 + 1.7e — 07x3 -
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13602.45 + 3.402317x! — 0.003358423x% — 3.907953e — 07x° + 1.705345e — 09x* 300-1000
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Development of Thermal Compensation Technology for Low
Carbon Emission Steel Making Products
FoAE I R 2 FIAE S
Yung-Ta Huang, Ku-Ling Chang, Yung-Chang Liu
VAT AT TR B
China Steel Corporation Steel Making Process Development Section
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Abstract

In response to global steel market competition and the challenge of carbon
neutrality. China Steel plans to add more scrap in the converter steel-making process to
develop low carbon emission products. However, with the reduction of hot metal, the
converter needs extra heat source to melt the scrap as well as a corresponding blowing
pattern. In this study, by analyzing the heat balance of converter, an appropriate amount
of heat compensating agent is calculated. Then, the effect of top oxygen blowing and
bottom blowing on bath temperature and scrap melting rate are evaluated through
numerical simulation. Finally, repetitive field tests were delivered to examine the
developed thermal compensation technology. Results show that at similar temperature
and composition of hot metal, by adding ferrosilicon and lime, and increasing the
oxygen blowing rate and bottom stirring strength, the scrap can be melt smoothly. The

Keywords: Low carbon emission products, Converter process, Thermal compensation
technology, Numerical simulation
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formed slag layer can also be effectively controlled. The temperature and composition
of the end-blow steel are similar to those with standard practice and the carbon emission
per ton of steel can be reduced by 9%. The currently developed thermal compensation
technology will continue to be used for China Steel low-emission carbon products in
the future.

Keywords: Autothermal reforming, PEMFC, Cold-start
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Abstract

The reduction of carbon dioxide emissions through low-carbon production in
various industrial processes has become a pressing global issue. Utilizing hydrogen-
rich gas as a substitute for pulverized coal or coke in the blast furnace process is
considered one of the feasible methods for reducing carbon dioxide emissions. This
study uses numerical simulation to analyze the combustion behavior in the lower part
of the blast furnace for three cases, including single auxiliary fuel coal, coke oven gas,
and dual fuel coal plus coke oven gas. The simulation results show that when only
pulverized coal is injected, the ignition and combustion position and the consumption
of oxygen are mainly in the raceway. When coke oven gas is injected, combustion
begins in the tuyere and increases the temperature of the tuyere. In addition, the
injection of coke oven gas also increases the pressure difference from the blast inlet to

L papa s 84142k 0 %42 » E-mail: hewu@mail.meut.edu.tw
PP EPEHE BRI, Ty B

E-mail: gychen@mail.mcut.edu.tw
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the tuyere outlet. Therefore, the use of hydrogen-rich gas in future processes must take
into account the issues of safety and stability.

Keywords: Coke oven gas injection, Pulverized coal injeciton, Blast process
simulation
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Abstract

In this study, a three-dimensional model of the double lance, blast pipe, and
raceway is used to simulate the combustion characteristics of pulverized coal (PC) and
coke oven gas (COG) co-injected into the lower part of the blast furnace. The simulation
results show that the ignition position of the COG flame is greatly advanced near the
tip of the nuzzle, leading to the increases of pressure and heat load in the blast pipe and
affecting the ignition position and burning efficiency of PC in the raceway. Increasing
the gas flow rate of the protection gas of COG lance can cause the ignition position
move back to the raceway, but it also results in the temperature decrease in the raceway
and poor combustion efficiency of pulverized coal. The oxygen-enriched blast hot air
can enhance the average burnout rate of pulverized coal and make up for the
temperature drop in the raceway caused by the COG injection.

Keywords: double-lance ~ COG(coke oven gas) ~ Hydrogen -~ blast Furnaces
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