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Table 1 Composition of the high titanium slag (/%)

Ti (6] Fe Si Mn Al

49.60 38.46 4.76 3.07 2.75 1.20
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Fig.2 SEM images of cathode before sintering (a) and

after sintering (b) at 1150 C
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Fig.3 Macrostructure of cathode sintered (a) and electrolyzed for

3h (b), 6 h(c), and 9 h (d)
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Fig.4 XRD patterns of cathode before and after soaking in CaCl,
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Fig.5 XRD patterns of cathode electrolyzed for different time
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Table 2 Standard electrode potential

Electrode Electrode reaction Standard electrode potential/V

Ca®/Ca  Ca’ +2e—Ca -2.866
TiY TPt Tit" + e Ti*" -0.04
TS TiY /Pt T + e —Tit -0.369
Ti**/Ti Ti*" + 2 —Ti -1.628
Ca®> + O + TiO, = CaTiOs (5)
2CaTiOs + 2¢—Ca(Ti,04) + Ca*" + 20* (6)
Ca(Ti,0y4) + 2¢— 2TiO + Ca’" + 20™ &
TiO + 2¢'— Ti + OF (8)
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Fig.6 SEM images and EDS spectra of cathode electrolyzed for different electrolytic time: (a) 3 h, (b) 6 h, and (c) 9 h
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Table 3 Physical and chemical properties of metals

. Electrode Boiling point of
Metal Electrode reaction . S
potential/V chloride/C
Fe Fe*" + 3¢ —Fe -0.036 315
Mn Mn*+2e” —>Mn -1.180 1190
Ca Ca*" +2¢"—Ca -2.866 1600
Si Si*' + 4e —Si -0.843 57.6
Al AP + 3¢ Al -1.662 178

x4 RRETELBIENEZERS
Table 4 Mass of residual impurities in different treatment

processes (mg)

Metal impurity Fe Al Si Mn

Total amount of 66.70  16.81  43.02  38.53
impurity
Impurities in CaCl,
molten salt
Impurities in HCI

wash

26.06 13.24  13.46 18.10

10.20 2.40 2.64 1.54

Containing titanium material

& Impurities
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Fig.7 Schematic diagram of impurity removing in cathode
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Preparation of Titanium by SOM Electrolytic Process
from Ultrafine High Titanium Slag

Shen Yuanyuan'?, Chen Chaoyi'?, Li Jungi'?, Lan Yuanpei'”
(1. Guizhou University, Guiyang 550025, China)
(2. Guizhou Province Key Laboratory of Metallurgical Engineering and Process Energy Saving, Guiyang 550025, China)

Abstract: In order to recycle the ultrafine high titanium slag produced in TiCls production process, the titanium slag was sintered and
employed as the cathode in a solid oxide membrane (SOM) electrolytic process in molten CaCl, to prepare metal Ti. The deoxidization
process of the cathode and the behavior of impurities removing were studied at an electrolytic temperature of 1100 °C with an electrolytic
voltage of 3.5 V. Results show that with the increasing of electrolytic time, the size and porosity of cathode is decreased while the particle
size in cathode is increased, and after 6 h electrolyzing metal titanium is obtained which indicates the SOM process offers a high current
efficiency. The deoxidization process of this electrolysis process is carried out as: TiO,—CaTiO3;—Ca(Ti,04) —»TiO—Ti. Impurities such
as Al, Mn, Fe, and Si are mostly reduced to the corresponding elementary substance, and move into melting CaCl,. A small amount of
residual impurities in cathode can be removed by washing with dilute hydrochloric acid.

Key words: solid oxide membrane (SOM); ultrafine high titanium slag; titanium; deoxidization process; impurities removing
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