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Abstract

As a tipical technology of metallurgical method for solar grade silicon
fabrication, acid leaching can remove the harmful impurities, especially most of the
metal impurity elements in silicon efficiency with simple equipment, scale operation
and low energy consumption.

Based on the system analysis of the impurities distribution characteristics in
silicon, the influence of acid leaching process to the separation of impurities had been
studied. At the same time, the acid leaching process also had been optimized. The
main results were summarized as follows:

1. Impurities in metallurgical silicon existed in the form of particle groups and
impurities belt. The mainly intermetallic phases was Si-Fe phase and Si-Fe-Al phase,
and a small amount of Si-Fe-Al-Ca/Mn/Ti/Ni phase, Fe-Si-Ti/Mn, Al-Si-V-Mn phase.
The corrosion effect of HF acid to the intermetallic was better than HC1 and HNOs.
The Si-Fe, Si-Fe-Ti and Si-Fe-Al-Mn phases, which could not react with HCI acid
and HNOj acid, can be removed by HF acid. Si-Fe-Al phase and Si-Fe-Al-Ni phase
could be successfully removed by the mixture of HCI+HF acid, HF acid, HCI acid,
agua regia and HNOj; acid. Si-Fe-Al-Ca phase performed good solution in the mixture
of HCI+HF acid, HCI acid and agua regia.

2. The impurities in silicon, including Si-Ca phase, Si-Ca-Ni phase, Si-Ca-Fe-Mn
and Si-Ca-Ti-Fe phase, existed as long strips after slag refining by CaO-SiO,-CaF,
slag systems. Si-Ca, Si-Ca-Ni, Si-Ca-Mn-Fe and Si-Ca-Ti-Fe phases could be easily
removed by HF acid and the mixture acid of HF+HCI acid. The mixture acid had
better results. HCI acid and agua regia had good effect in breaking slag-refined silicon.
No obviously effect could be observed in HNO; acid to the impurities in slag-refined
silicon.

3. The steps and the technology parameters were confirmed and optimized after a
large number of experimental examinations. The optimum parameters could be as

follows: first, agua regia concentration 1+1, 70°Cwater-bath, leaching for 10h; and

II



then, HF+ HCI mixed acid concentration 1+3, HF+HCI] mixed in the volume ratio of
1:1, 70°Cwater-bath, leaching for 1h. The removal rate of Fe, Al impurities in
metallurgical silicon were 99.64% and 90.84% respectively after acid leaching.

4. The acid leaching effect of HCI+HF mixed acid, HF acid, HCI acid, agua
regia and HNOj acid to intermetallics phases in metallurgical silicon were consistent
with the law of changeful leaching results. HCI+HF mixed acid was the best one

among the five acids in this paper.

Key word: Metallurgical silicon; hydrometallurgy; Impurities distribution and form;

Separation behavior;
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