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Research status and prospects of reduction and upgrading technology of
converter steel slag under the Dual-Carbon background

HU Yanzhuo, SHEN Zhenzhong, HAN Shaohui, LI Chenxiao, YAO Xin', WANG Shuhuan

(College of Metallurgy and Energy, North China University of Science and Technology, Tangshan 063210, Hebei, China)

Abstract: As a high-energy consumption and high-carbon emission sector, the steel industry’s carbon reduction
pathway plays a crucial role in achieving the “Dual-Carbon” goals. The converter steel slag is rich in valuable ele-
ments like Fe, P and V, and carries high-calorific waste heat, and its efficient ultilization is the key for reducing
costs and increasing efficiency in steel industry. This paper systematically analyzes the production and discharge
characteristics and multiphase composition of converter slag, comprehensively reviews iron extraction technologies
including sorting methods, carbothermic reduction, and molten reduction, phosphorus recovery processes such as
molten modification and wet acid leaching, as well as explores high-temperature reduction and hydrometallurgical
extraction pathways of vanadium, manganese and other alloy elements. It also discusses technological advance-
ments in high-grade slag waste heat recovery. Research shows that although the existing technologies have been in-
dustrialized, they still face problems such as high energy loss (merely 30% waste heat utilization rate), low ele-
mental extraction efficiency, and secondary environmental pollution. The study proposes that in the future, the fo-
cus should be on the construction of composite reduction systems, the development of synergistic organic/inorganic
acid leaching processes, and the coupling molten modification with waste heat recovery, which provides key tech-
nological support for energy conservation and emission reduction in the steel industry.

Key words: converter steel slag, reduction and upgrading, waste heat recovery, energy saving and emis-
sion reduction, resource utilization
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Table1 Composition of converter slag %

CaO FeO/Fe,0; SiO, MgO MnO ALO; P,0s Others
47.5 23.8 143 7.1 3.6 24 1.2 0.1
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Table 2 Research progress on reduction and quality improvement of converter slag

Converter slag reduction and upgrading Technology Reference

Separation method [10-13]

Reduction and iron recovery from converter slag Carbothermic reduction method [14-20]

Molten reduction method [21-22]

. Molten conditioning method [23-26]

Reduction and phosphorus recovery from converter slag Hydrometallurgical acid leaching method [27-30]

. . High-temperature reduction method [31-33]

Reduction and vanadium recovery from converter slag Roasting and acid leaching method [34-38]

. . Carbothermic reduction method [39-40]

Reduction and extraction of other alloy elements Solvent extraction method [41-42]

Heat supply and power generation [43-44]

Waste heat recovery Multi-stage waste heat recovery [45]
Catalytic pyrolysis [46]
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Table 3 Optimal reaction condition interval

Initial Reaction

Temperature/C
Factor FeO,/% R i time/min
Interval range 15~30 1.0~3.0 1500~ 1550 40 ~ 60
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