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Abstract: As a relatively high-energy-consumption and high-pollution industry, the steel industry's en-
ergy-saving and emission-reduction pathways are crucial for achieving the goal of sustainable develop-
ment. The blast furnace slag generated from smelting vanadium-titanium magnetite contains a large
amount of titanium components, which are difficult to treat and thus stockpiled in large quantities, caus-
ing serious environmental pollution and resource waste. Therefore, the efficient and clean utilization of
titanium-containing blast furnace slag and the improvement of valuable component utilization are of
great significance to the steel industry. This paper provides a comprehensive review of the enrichment
technologies for titanium components in titanium-bearing blast furnace slag, including selective, hydro-
metallurgical, and pyrometallurgical enrichment processes. It also provides prospects for the electric
furnace melting separation—photocatalytic pretreatment—microbial acid leaching method. Currently, the
treatment and resource utilization of titanium-bearing blast furnace slag still face numerous challenges,
with key priorities including breakthroughs in chlorine removal from chlorination process waste
residues, reducing pollution and costs in acid—alkali processes, and promoting the development and ap-
plication of green and clean technologies to achieve high-value utilization of titanium resources.
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Table 1 Main chemical compositions of titanium-bearing
blast furnace slag from different regions”"”

Region TiO, MgO AlLO, SiO, CaO
Panghil 1923~ 617~ 1109~ 2452~ 2491~
anziihua 53 35 9.25 14.69 25.44 29.08
Hongge 13.6 424 3.36 3.12 1.10

Chengde 8.50 10.31 13.76 30.85 37.20

Russia 10.5 12.4 16.2 25.2 32.5
South

Africa 35.6 14.1 18.0 16.2 14.1
New

Zealand 343 13.6 17.6 12.1 14.5
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Table 2 Main titanium-containing phases and their characteristics in titanium-bearing blast furnace slag”™

Mineral name Chemical formula Crystal habit Crystal structure Density/%
Anosovite Ti;O5 Prismatic or tabular Monoclinic 42~48
Pseudobrookite Fe,TiOs/MgTi,05 Short prismatic Orthorhombic 45~5
Rutile TiO, Elongated prismatic Tetragonal 42~43
Perovskite CaTiO, Spindle-shaped Cubic 3.98 ~4.04
Titanium carbonitride Ti(C,N) Dotted Face-centered cubic 50~54
Panzhihua titanian diopside CaTiAlLOq Prismatic Monoclinic 32~36
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Fig. 1 Structure of main phases in titanium-bearing blast furnace slag
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Fig. 4 Crystal structure of high-temperature monoclinic phase Ti,0,"”

£3 EHPEEFH X Z/R, G
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Fig. 10 Process flow for titanium tetrachloride production via chlorination method'*”
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Table 4 Comparison of titanium enrichment processes for titanium-bearing blast furnace slag

Extraction method Strengths Limitations Recovery efficiency/%
Hydrometallurgical leaching Straightforward process Costly and highly polluting 85~98
Alkali fusion process Well-established process Complex procedures ~91
Electrolysis in molten salt Eco-friendly and highly efficient Technologically complex 80~95
Alumino-thermic reduction High recovery yield Sophisticated process ~91
Carbonization-chlorination method Well-developed technology Substantial pollution ~76
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