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Abstract

Polycrystalline silicon, as the core raw material for photovoltaic power generation and the
semiconductor industry, is of crucial importance. Currently, the modified Siemens process dominates 90%
of the polycrystalline silicon production processes. The silicon-containing waste residue generated during
polycrystalline silicon production is mainly disposed of by landfilling. This not only wastes resources but
also does not conform to the "carbon neutrality" strategy. Therefore, how to efficiently treat the silicon-
containing waste residue produced in industrial production and reuse it reasonably in the SiCls cold
hydrogenation reaction remains a problem.

This thesis takes the silicon-containing waste residue as the research object, with the comparison of
purification methods and the study of their reuse effects as the research goal, and conducts the research work.
The main research and conclusions of the thesis are as follows:

(1) The study of the effects of acid leaching methods (specifically including different concentrations of
HCI, HF, HCI-HF mixed acid, HCI-HF-CH3;COOH, HCI-HF-C,HsOH, HCI-H;0,, and HF-H»0,) and metal-
assisted chemical etching method (MACE) on the removal of metal impurities in the silicon-containing waste
residue. The results show that the removal rates of impurities by different treatment methods are in the order
of MACE > HF > HF-HCI > HF-H,0, > HCI-HF-CH3COOH > HCI-H,0, > HCI > HCI-HF-C;Hs0H, where
MACE is the best method for purifying the silicon-containing waste residue. This method can generate a
porous structure on the Si substrate surface, exposing the internal impurities and effectively removing them.
The experimental conditions of the MACE method were systematically explored, and the optimal
experimental conditions were: HF concentration of 6M, H>O, concentration of 1M, and Cu(NOs),
concentration of 4mM. The removal rates of metal impurities Fe, Al, Ti, and Ca under these conditions were
99.80%, 96.21%, 98.38%, and 98.45%, respectively.

(2) Research on the reuse of Si powder in the silicon-containing waste residue

The recovered Si powder was processed by annealing to prepare a catalyst to achieve a closed-loop
production process and evaluate its performance through the SiCls conversion rate. The experimental results
showed that the MACE catalyst had the highest conversion rate (18.66%), followed by CI-Si (16.72%), H-Si
(14.75%), and F-Si (7.95%). In the MACE treatment, the catalysts prepared from different concentration
leaching solutions showed differences, and the catalytic effect of the 6H-10-40Cu catalyst was better than
that of the CuCl catalyst. The SiCl4 conversion rates of different catalysts were: CuCl (14.85%), 6H-10-
40Cu (18.66%), 6H-10-4Cu (16.01%), 2H-10-4Cu (12.90%), and 6H-1.50-4Cu (12.81%). The influence of
annealing temperature on the catalytic performance was explored, and the best annealing temperature was
450°C (conversion rate 16.01%).

(3) The influence of porous silicon catalysts on the cold hydrogenation reaction

The surface of Sil10 porous silicon catalyst has a relatively uniform pore structure, and the distribution



of Cu element is relatively uniform. After annealing, it has the largest specific surface area (42.93m?/g), and
the CusSi in Sil0 is mainly distributed in the porous structure, with the catalytic performance gradually
increasing over time. The SiCls conversion rate was the highest, at 9.78%. The Si20 and Si40 SiCls
conversion rates were 5.42% and 2.56%, respectively. The influence of different annealing temperatures on
the SiCls conversion rate was explored, and the highest conversion rate of 12.49% was achieved at 550°C.
Furthermore, by comparing the SiCls conversion rates of the two sets of catalysts, namely CuzSi-PSi/Si and
CusSi-PSi/SiO;, which were 9.78% and 5.80% respectively, it can be concluded that the Si in the CusSi-PSi
catalyst also participated in the SiCls cold hydrogenation reaction.

Key words: silicon-containing waste residue; metal-assisted chemical etching method; polysilicon; Si-Al

alloy; copper-based catalyst
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