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Boron removal from metallurgical silicon by
plasma melting using electromagnetic induction

CAI Jing', LU Cheng-hao', LI Jin-tang', MA Wen-hui’, LUO Xue-tao'

(1. College of Materials, Xiamen University, Xiamen 361005, China;
2. National Engineering Laboratory for Vacuum Metallurgy, Kunming University of Science and Technology,

Kunming 650093, China)

Abstract: The removal of boron from metallurgical silicon was studied by plasma melting using electromagnetic
induction heating with the independently designed transfer arc plasma generator. The effects of boron removal and silicon
loss were investigated under different technological conditions of reacting gas, melting time and initial boron content.
The results show that a mixture of argon and water vapor (Ar+H,0) as reaction gas is more effective for the boron
removal than a mixture of argon and oxygen (Ar+0O,), and both the boron elimination rate and silicon loss rate increase
with the H,O content increasing; the boron elimination rate increases to the maximum by using Ar+1.5%H,0O(volume
fraction) plasma for 30 min, and the boron content is reduced from 22><107° to 0.2><10"® (mass fraction), the silicon loss
rate is about 0.5%/min, the initial boron content has no effects on the boron removal rate and silicon loss rate.
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Fig. 1 Schematic drawing of plasma melting system: 1—
Transfer arc plasma torch; 2—Lifting device; 3—Furnace body;
4—Arc initiating device; 5—Graphite crucible; 6—Induction
coil
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Fig. 2 Schematic drawing of transfer arc plasma torch
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Table 1 Experimental parameters of plasma melting

Induction heating power/kW
Plasma torch power/kW
Given current/A
Plasma arc length/mm

Furnace pressure/kPa

Gas composition/%

20-35
30—-100
150-555
50—-200
5

Ar+0,(0-1.5%) Ar+H,O
(0—1.5%, volume fraction)

Gas flow/(L'min ") 25
Melting time/min 10-30
2
21
Ar+0.75%0,
Ar+1.5%H,0 10 20 min
3
3 (10 min
20 min) Ar+1.5%H,0
Ar+0.75%0, 9%~10%
H,O
( )
3 600~4 000 K H,0O O,

B
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Fig. 3 Comparison of removal efficiency of boron by

different reacting gases at initial boron content of 22><10°
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Fig. 4 Effects of water vapor content on boron removal rate

and silicon loss rate
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Fig. 5 Effects of melting time on boron removal rate and

silicon loss rate
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Fig. 6 Linear relationship between In([B]/[B]y) and melting
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