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High temperature separation between silicon and liquation
agent after solvent refining enhanced by super gravity force
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Abstract: For the difficult separation problem of silicon and liquation agent in solvent refining of metallurgical silicon,
high temperature centrifugal device was employed to intensify the separation process by super-gravity. The efficiency and
its influence factors of high temperature centrifugal separation were studied, and the physical mechanism of high
temperature separation process of molten liquid and solid was also explored. The results show that the increase of
super-gravity coefficient and processing time can improve the effect of separation, whereas increasing the temperature
leads to decline of silicon yield. Under 600 “C and 400 G (supergravity coefficient) for 1 h, the separation of silicon (mass
fraction is up to 95%, and the recovery rate of silicon is 95%. Compared with the direct pickling process, there is a
reduction in acid consumption more than 90%, and the solvent can be directly recycled. Finally, the liquid state and
physical mechanism of super gravity separation process were briefly demonstrated.
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Fig. 1 Schematic diagram of high-temperature super-gravity
equipment: 1—Counterweight; 2—Shield; 3—Insulating layer;
4—Resistance coil; 5—Alumina crucible; 6—Rotor shell; 7—

Specimen; 8—Flux; 9—Thermocouple; 10—Centrifugal axis
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Fig. 2 Schematic diagram of homemade super-gravity
equipment: (a) Al-Si alloy; (b) Al-Si alloy powder in top

crucible; (c) Al-Si alloy powder in bottom crucible
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Table 1 Alloy ratio corresponding to serial number

Sample No. Chemical composition
1 Al-11.7%Si
2 Al-25%Si
3 Al-50%Si
4 Al-75%Si
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Fig. 3 Photographs and XRD pattern of

sample before centrifugal separation: (a)

Photograph of sample after solvent
refining; (b) Microstructure of sample after

solvent refining; (c) XRD pattern of sample

in (a)



3158 T EA G R AR

2015411 H

l Sample in Fig. 4(b)
U |

Sample in Fig. 4(a)
L | L I\
| L MG-Si
[ Al

20/(°)

IRBOH o BRI, S5 R S iR,

& 5 7T A HY Al-50%Si 7 1 G A1 100 G R4
Jo Si TR ECER A 50.9%, Bl A1-50%Si, KL, %
A B B EREOCT 100 G B ETHIUAH >
B, AE 600~700 CYGIEI A, & e o oy B A i
DI RBIE T . B E ) RECY 200 G 300 G
H1400 G I, &5 ik Tt 73 200 AR TH 2 70%. 85%
H195%, RI&5 Sk 5% B - s R0 1 3t 23 5 A 30%

100

o8—Al-50%Si, 600 C, 1 h
°—Al-50%Si, 660 ‘C, 1 h
2—Al-50%Si, 700 'C, 1 h

O
(=}
T

80

70F

60

Mass fraction of Si/%

50t

1G 100G 200G 300G 400G

Super-gravity

B 5 ARBTG5 TR BN AR L
Fig. 5 Variation of Si mass fraction at different

super-gravities

0 20 40 60 80 100

B4 GBI REE RS ESN XRD i
Fig. 4 Photographs and XRD pattern of

sample after centrifugal separation: (a)
Photographs of sample upon crucible after
centrifugal separation; (b) Photographs of
sample under crucible after centrifugal
separation; (c) XRD pattern of sample in

(a) and (b)
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Fig. 6 Separation effects of Al-50%Si in different

temperatures for 1 h: (a) Variation of Si content; (b) Variation

of Si recycle rate
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after 400 G centrifugal separation: (a) Microstructure of alloy Distribution of Al-Si eutectic

after centrifugal; (b) Distribution of silicon matrix; (c)
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Fig. 11 Schematic diagram of centrifugal separation behavior: (a) Centrifugal separation process; (b) Liquid state of saturated

liquid area; (c) Capillary liquid exist on silicon particles in low liquid area
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