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Aluminothermic Reduction-Molten Salt Electrolysis of Silica in
Cryolite Melts

LIU Ai-min, GUAN Jin-zhao, XIE Kai-yu, SHI Zhong-ning
( School of Metallurgy, Northeastern University, Shenyang 110819, China. Corresponding author: SHI Zhong-
ning, E-mail.: znshi@ mail. neu. edu. cn)

Abstract: The thermodynamic conditions for the aluminothermic reduction of the silica were
discussed. The thermodynamic calculation results showed that reducing silica by aluminum is
thermodynamically feasible. The kinetic analysis by non-isothermal differential scanning
calorimetry indicated that the apparent activation energy was 697.5 kJ/mol, while the reaction
order was 3. 7. Al-Si alloy including 8. 56% silicon and the alumina-rich cryolite were obtained by
the aluminothermic reduction of silica in cryolite molten salt medium. Al-Si alloys contained
94.01% aluminum and oxygen were produced using the alumina-rich cryolite molten salts
separated by the inert anode, and the recovery rate of silicon was 83.43% .
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1. 2Na ALF,, +3Si0, =Na,SiF, +2Na,SiO, +3. 6AIF,
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Fig. 1 Gibbs free energy changes of possible
chemical reactions involved in system of
cryolite and silica
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Fig. 2 Gibbs free energy changes of possible
chemical reactions involved in system of
Al and silica
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Fig. 3 DSC curve of aluminothermic reduction silica
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Fig. 4 Freeman-Carroll curve of aluminum and silica
system at exothermic peak

2.3 KBABHEPERTEE -BHEBER_SL
L3

FEOK AR A SR AR IGE T — b, T
FALEEREIS I T 0K S A B 3, SO 2B Y S8 AL R
WA T oK i A Ja R, DI IR R R R A5 2 1Y
RS &P ALY S AR D

UK Al I AR P B HGA R AR A A B Y R
B4 R KA, ICP A i) 25 S 5% B Hrb ik 1) o £ 4


http://www.acropdf.com

% 4 2

Hoh 8.56 % , XRD Kl (18] 5) &5 5 2 B H ¥ A
HIMHN AL Al ,, S 4.

6l b *Al
* Al S
5t

Ix107s™
w A

[3%]
T

*

*
*1 :
*
| O

P %
— %

*

0F

0 10 20 30 40 50 60 70 80 90
20/¢)

E5 kRABHPERERER_SULESFIN
RS EH XRD Eik
Fig. 5 XRD patterns of Al-Si alloy via aluminothermic
reduction of silica in cryolite melts
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Fig. 6 Relationship between electrolytic
time and cell voltage
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