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Fig.1 XRD diffraction analysis results of

acid-soluble titanium slag
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Table 1 Results of chemical composition analysis of acid soluble titanium slag( mass percent) %
% TiO, FeO Ca0 Si0, Al, 05 MnO TFe
i 74.00 4.69 2.00 6.52 2.82 0. 896 6.55
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Table 2 Results of chemical composition analysis

of industrial silicon( mass percent) %

/% Si Fe Mg Al B p

i 99.98 0.0001 0.0002 0.0002 0.0005 0.0008
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Fig.2 Acid-soluble titanium slag silicon thermal reduction experimental device
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Table 3 Experimental scheme of silicothermic reduction of acid-soluble titanium slag
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Fig.3 Macroscopic cross-sections of different high silicon Ti -Si based alloy ingots obtained

by silicothermic reduction of acid-soluble titanium slag
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Fig.4 Phase diagram of Ti—Si binary alloy
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Fig.5 Phase analysis results of different alloy structures obtained by silicothermic reduction

of acid-soluble titanium slag
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Fig.6 Thermodynamic conditions of silicothermic reduction of acid-soluble titanium slag
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Fig.7 Microstructure morphology of the alloy was obtained under different target alloy composition conditions
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Fig.8 Electron probe energy spectrum analysis results of different phases in alloy structure
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Fig.9 Results of EPMA analysis of Ti-60 wt. % Si
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Table 4 Mass fraction of valuable metal elements in different target alloy components after

silicothermic reduction ( mass percent) %
RSP FIARa Sk Ti Fe Si Mn
FHE 1 Ti-55 wt. % Si 36.78 6. 64 46. 53 0.49
T 2* Ti-60 wt. % Si 33.50 6.05 51.42 0.45
VE i Ti-65 wt. % Si 28. 68 5.14 55. 65 0.39
FHE 4" Ti =70 wt. % Si 24.63 4.45 60. 19 0.34

K5 REMGL IS SR G G AIA R TR Y [l

Table 5 Recovery of actual alloy composition and valuable metal elements after silicon thermal reduction

- A , 110 e B TE R IR /%
e TS SR 4 2H R

Ti Fe Si Mn

HE1* Ti-51. 40wt. % Si 7. 3wt. % Fe -0. 44wt. % Mn 88.6 92 91.7 92.4

e WA Ti—56. 29wt. % Si 6. 6wt. % Fe —0. 41wt. % Mn 89.8 93.5 92.1 94.4

Jigg 3* Ti-61.92wt. % Si -5. Twt. % Fe -0. 35wt. % Mn 87.3 90 91.2 93.2

I % 4% Ti-67. 17wt. % Si 5. Owt. % Fe —0. 30wt. % Mn 86.7 90. 2 90. 8 93.2
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Experimental study on the preparation of high silicon Ti-Si based
alloy by silicothermic reduction of acid-soluble titanium slag
CAO Li'*?, ZHU Kuisong'*?, WANG Jun', ZHAO Yingtao', SUN Changqing', MA Lan'”", CHENG Xiangli'*”
(1. Vanadium and Titanium Resource Comprehensive Utilization Key Laboratory of Sichuan Province,
Panzhihua 617000, China;
2. College of Vanadium and Titanium, Panzhihua University, Panzhihua 617000, China;
3. State Key Testing Laboratory of Vanadium & Titanium, Panzhihua 617000, China)

Abstract: The acid-soluble titanium slag produced by arc furnace smelting of Panxi ilmenite concentrate has the
characteristics of low titanium grade, high magnesium and low calcium. At present, it is mainly used in the
preparation of titanium dioxide by sulfuric acid method. In order to extend the industrial structure of Panzhihua
titanium, the preparation of Ti— (55 ~70) wt. % Si alloy was carried out by silicothermic reduction method with
the acid-soluble titanium slag as raw material. The slag-metal separation effect and influencing factors of different
test schemes were analyzed, as well as the microstructure morphology and metal element distribution of the alloy
products. The results show that the slag-metal separation effect of Ti ~60wt. % Si alloy melt is the best under the
condition of considering alloy superheat and density. The main phases in the alloy are Si phase, TiSi, phase,
TiFeSi, phase and Ti (Fe, Mn) Si, phase. Under the best alloy separation effect, the actual alloy composition
obtained is Ti =56.29wt. % Si-6.6wt. % Fe-0.41wt. % Mn; the recovery of Ti, Fe, Si and Mn is 89. 8% ,
93.5% , 92.1% and 94.4% , respectively. The actual alloy composition of acid-soluble titanium slag after
silicothermic reduction tends to be hypoeutectic Ti — (51.4 ~ 67.17)wt. % Si, which can provide raw materials
for the preparation of C54-TiSi, by electromagnetic directional solidification separation. Therefore, this process can
expand the use of acid-soluble titanium slag and expand the application of acid-soluble titanium slag to the lower
end of the titanium industry chain.

Key words: acid-soluble titanium slag; silicothermic reduction; high silicon Ti-based alloy; slag-metal separation ;

microstructure ; titanium industrial chain; C54-TiSi,



