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Silicon purification through acid leaching and unidirectional solidification

Jung-Hyun Eum, Hyo-Sik Chang, Hyung-Tae Kim and Kyoon Choi'
KICET Icheon Branch, Icheon 467-843, Korea

(Received October 31, 2008)
(Accepted November 11, 2008)

Abstract Recently the shortage of silicon resources especially for poly-silicon of purity higher than 99.9999 % leads to
search for the more cheap and quick synthesizing routes for silicon feedstock. In order to solve this situation, we
investigated the purification process of metallurgical grade (MG) silicon of purity around 99 % by the acid leaching and
following the unidirectional solidification. MG-Si lumps are pulverized with a planetary mill, and then leached with HCI/
HNO,HF acid solution. As a result, the concentration of metal impurities including Al, Fe, Ca, Mn, etc. decreased
dramatically. This process led to silicon content higher than 99.99 %. The purified silicon powders were compacted and
have been melted and uni-directionally solidified with heat exchange method (HEM) furnace. The properties of
multicrystalline silicon ingots were specific resistance of 0.3 Q-cm and minority carrier life time (MCLT) of 3.8 p-sec.
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Table 1
Impurity concentration for MG, UMG and SoG silicon [4]

Element MG-Si (ppmw) UMG-Si (ppmw) SoG-Si (ppmw)

B 40 <30 <1
P 20 <15 <5
0] 3000 <2000 <10
C 600 <250 <10
Fe 2000 <150 <10
Al 100~200 <50 <2
Ca 500~600 <500 <2
Ti 200 <5 <1
Cr 50 <15 <1
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Table 2
Impurity concentration in raw materials

Element Aldrich 98.5 %  Element Aldrich 98.5 %

Ca(mgkg) 629 Cu(mgkg) 4

Al (mg/kg) 2300 Zn (mgkg) <1

Fe (mg/kg) 3600 Co (mgkg) 1

Ti (mg/kg) 300 V (mg/kg) 38

Mn (mg/kg) 80 Cr (mgkg) 4

Na (mgkg) 3 La(mgkg) 1

Mg (mgkg) 3 Y (mgkg) 1

K (mg/kg) 2 Nd (mg/kg) 1

Ni (mgkg) 25 Ce (mgkg) 1

Cu(mgkg) 4 Si (wt %) 99.3
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Fig. 1. Schematic description of HEM process.
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Table 3
Impurity concentration of pulverized silicon (ppmw)
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Fig. 3. Average particle size of pulverized silicon.
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Fig. 2. SEM images of silicon powders pulverized by planetary milling; (a) t=1h, (b) t=4h, (¢c) t=16h.
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Fig. 4. Impurity concentration in silicon powder after acid
leaching.

Fig. 5. Overall (a) and microstructural (b) images of multi-
crystalline 2-inch silicon ingot grown by unidirectional solidifi-
cation.
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Table 4
Resistivity and minority carrier life time of the grown silicon
ingots

Resistivity (10 spots)ingot 1 ingot 2 u-PCD (scan) Lifetime (us)

type p-type p-type Average 54
Pave (Qcm) 0.333 0.270 Deviation (%) 120
Prmax 0.552 0399 Median 3.8
Pumin 0.167 0.169 Minimum 0.4
c 0.099 0.063 Maximum 74
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