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Refining of Silicon by Fractional Melting Process

Kwi-Wook Kim and Woo-Young Yoon™

Abstract

Fractional melting process involves heating an alloy within its liquid-solid region simultaneously ejecting liquid from
the solid-liquid mixture. The extent of the purification obtained is comparable to that obtained in multi-pass zone refining.
The new fractional melting process in which centrifugal force was used for separating the liquid from the mixture has
been developed and applied to the purification of the metallic grade. Refining ratio depends on partition ratio, cake
wetness and diffusion in the solid, and it was controlled by various processing parameters such as rotating speed and
heating rate. The new parameter called "refining partition coefficient” has been suggested to estimate the effects of
processing variables on the refining ratio. Because major impurities in MG-silicon such as Fe, Al, Ni have a low
segregation coefficient, good purification effect is expected. The results of refining MG-silicon(98%) showed that 3N-Si
was obtained in refined solid of 50% of the original sample. (Received November 10, 1997)
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Fig. 1. Process steps for semiconductor grade silicon [1].
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Fig. 2. Correlation of Solar cell degration and segregation
coefficient for different impurities in Si.

=7} ol 3t -3t
2. Fractional melting2| O|2% H{&H

22 ghtoll gJod meltingo]u] heatingA] 37 - HFE
F7ell Sol7bd WAz TAA S mre} £4o] che
TSt AAZ A ek 24T} o e
AeE 54 2E Aaole e 4 gew, 7A
ZA(Cs) B2 2A(C)S] vl o] FAelM = A
5 A3k o) »|E FulAlge} i, WU
o 4] 2] ulE 38 Rul A4, k2t g} Si9] A Oxk=
1.4YE A2l o] gro] 18} 2kow, o722 A
- o 22 & =t o]23 e & AR ol &
&t 71o] Fractional Melting(F.M.)o]t}. FM.®l 0|3t g}
= A3 7Fd3t] A7l Y-S bulkel| A F2]3t=
o 2 07 3o Adyz|o] gl

F CA e TE-& 7t RE Tioll =33
CaxA o] A CuxAde itz Felea, 3&
st TAl A HARSE AAAIZIE bulke] AL G
o|A] Cgio] vt o2} - "o s 257 Tl &
3l HAbo] A|AE . bulkke CaFAle]l o) &,
242 445 semisolid-7Hl| A solute7} -2 A}

& A&dow AAsE Hyo] wrEgel we} bulk
o) z4e 1S gt Jels T ARE A9 &4
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Fig. 5. Effect of cake wetness on refining ratio for an alloy
of k=0.1.
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Fig. 6. Schematic apparatus of the Fractional Melting process.
1. motor, 2. furnace, 3. pyrex tube, 4. silicon oil
(or salt), 5. filter, 6. thermocouples, 7. stainless rod
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Fig. 7. Refining ratio change for RPM and heating rate
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Fig. 9. The change of k'/k according to RPM, heating rate.
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> |
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g o & 9lEe] xr] =Falake] 50%0)Ake] Fig. 19. Variation of resistivity with cake fraction.
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Fig. 17. Experimental refining ratio vs cake fration. A - HFEA L] wetnesst S-Sl FE &3]
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98-8 A A 1 M 1 L 1
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Fig. 18. Refining of Si according to fraction solid.
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