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Thermodynamic Analysis of Preparing Titanium-silicon Alloys by
Electrolyzing TiO,/SiO, Mixture in Molten Salt
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(1. Faculty of Metallurgical and Energy Engineering, Kunming University of Science and Technology,
Kunming 650093, China;
2. National and Local Joint Engineering Laboratory for Lithium-ion Batteries and

Materials Preparation Technology, Kunming 650093 ,China)

Abstract: In the present research,the potential reaction routes in the process of electrolyzing TiO,/SiO, mixture
have been analyzed by the thermodynamic calculations during the preparation of titanium-silicon alloys from
TiO, /SiO; in molten salt. The results suggest that the electro-deoxidization of TiO, is preferentially reduced on the
basis of silicon to form TiSi,, and the reduction of SiO, is inclined to producing Ti;Si; with the help of Si. The
intermediates CaTiO; and CaSiQ, are stable that are hard to be reduced. The increase in the activity of O*” in molten
salt is in favor of decreasing the decomposition voltages of CaTiO; and CaSiO,. As CaTiO; is electrolyzed, it is easy
to react with Si to form TiSi, ,and CaSiO; reacts directly with Ti to form Ti; Si; , respectively.
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Table 1

Relationships between AG® and T during the direct electrolysis of TiO, /SiO,

Reaction number

AG’-T relationships

AGY/(kJemol 1)

700 C 800 C 900 C
1 AGY=—0.18T+891. 32 767.79 750. 15 732. 48
2 AG'=—0.014T—179. 27 —189.48 —190. 88 —192.38
3 AGY=—0.17T+973.02 854.13 837. 14 820. 15
4 AGY=—0.17T+856.73 735.35 717.88 700. 66
5 AG'=9.6X10"'T—91.71 —90.9 —90. 94 —90. 84
6 AGY=—0.17T+947. 84 826. 25 808. 82 791.5
7 AGY=5.76X10"3T—168. 55 —164.5 —163. 96 —163. 33
8 AGY=—0.8X10"2T—583.05 —588. 86 —589. 94 —590. 48
9 AG'=—2.68X10"*T—129. 35 —129. 54 —129. 56 —129.49
10 AGY=—0.18T+774.71 650. 02 632. 16 614. 38
11 AGY'=—0.17T+856. 4 736. 36 719.15 702. 05
12 AGY=—0.17T+722.77 603. 29 586. 19 569. 14
13 AGY'=—0.16T+804. 46 689. 63 673.18 656. 81
14 AGY=—0.18T+662. 38 539. 06 521.23 503. 83
15 AGY=—0.18T+753. 48 629. 96 612.17 594. 68
16 AGY=—0.17T+772.45 653. 1 635.9 618. 99
17 AGY'=—0.17T+863.56 744 726. 84 709. 84

®2 HBBREZET700~900 CTHIEIESMBEE AG'=—zFE’ (18)

Table 2 The decomposition voltage of the electrolytic
reactions at 700 ~900 ‘C

Reaction EY/V

number 700~900 C 700 C 800 C 900 C
1 E"*%‘lan2 1. 99 1.94 1. 90

RT
2 E0+§lna“,ﬂ(” —
3 Eofgln(a[m()] “Po,) 221 217 2,12
4 I*',‘O*{{.—;lnlj()2 1.9 1. 86 1.82
o RT

5 L0+27Flrlu[ra()]
6 Eh%ln((zw)J Po,) 214 2.1 2.05
10 g—2Lp,, 168 L6415
11 Eo—gln(amm “Po,) 191 1.86  1.82
12 E"*%ﬂlnl—’u2 1. 56 1.52 1.47
13 EO—%ln(a[(,“()] ‘Po,)  L79 L7417
14 E"*%ﬂlnP()2 1.4 1. 35 1.3
15 Eefgln(a[“()] 'P()Z ) 1. 63 1.58 1.54
16 E"*{%{lnPn2 1. 69 1. 65 1.6
17 Eof%m(uwﬂ “Po,) 193 1.88  1.84
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Table 3 Relationship between the decomposition voltage
and a at 800 C as the Py, ise”!

[Ca0O]

Reaction number E/V
1 1. 963
3 2.193-0. OZSlnawa()T
4 1. 883
6 2.123-0. OZSlna[u()]
10 1. 663
11 1. 883-0. OZSlna[uo]
12 1.543
13 1. 763-0. OZSlna[u(ﬂ
14 1. 373
15 1. 603-0. OZSlnu[Ca(ﬂ
16 1.673
17 1..903-0. 023Ina .,
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