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Abstract

In the process of producing polycrystalline silicon, it is necessary to reduce the impurity content of PCl3
to ppb level to ensure product performance. Adsorption is considered a promising separation technique due
to its simplicity, low energy consumption, and cost-effectiveness. While it has been demonstrated that
AlLOs can efficiently remove PCls at ppm levels, challenges arise when the PCls concentration is reduced to
ppb levels, such as weak adsorption capacity, slow adsorption rate, and low adsorption capacity. In this
study, Al,O3 was modified by surface modification and introduction of electronegative elements to
significantly enhance its adsorption performance towards ppb-level PCls. The main research content and
conclusions are as follows:

(1) Al,O3 was prepared using a hydrothermal co-precipitation and high-temperature calcination, and
Al>0O3 modified with acetic acid was successfully prepared. Experimental results showed that this adsorbent
achieved a removal rate of 84.2% for PCls, an increase of approximately 24.9% compared to the
unmodified AlOs. Investigations under different operating conditions revealed that the adsorption is
favored at lower temperatures, that the adsorption capacity is proportional to the initial concentration of
PCls, and that the removal rate increases with the amount of adsorbent used. Cycling adsorption-desorption
experiments demonstrated the good regeneration performance of the adsorbent. Characterization analysis
and DFT simulation calculations indicated that acetic acid could form hydrogen bonds with Al,O3, and PCl3
primarily interacted with the adsorbent through charge transfer.

(2) AlLO3 coated with TiO; spherical adsorbent ([Al203]3[TiO2]1) was prepared using a hydrothermal
co-precipitation and high-temperature calcination method. Experimental results showed that
[AL:O3]3[TiO2]1 achieved a removal rate of 90.4% for PCls, an increase of approximately 34.1% compared
to uncoated Al,Os. The adsorption capacity was proportional to the initial concentration of PCls, and the
removal rate increased with the amount of adsorbent used. Kinetic data fitting indicated that chemical
adsorption was the dominant mechanism, with rapid adsorption occurring within the first 30 minutes.
Cycling adsorption-desorption experiments demonstrated the excellent regeneration performance of the
adsorbent. Characterization analysis and DFT simulation calculations showed that PCI3 primarily interacted
with the adsorbent through charge transfer, and the enhanced adsorption performance of [Al2O3]3[TiOz2]i
was attributed to the synergistic effect between Al,O3 and TiO».

(3) ALOs3 coated with TiO, and modified with acetic acid was prepared by surface modification and
introduction of electronegative elements. Experimental results showed that the modified adsorbent achieved

a removal rate of 95.1% for PCls;, an increase of approximately 41.1% compared to unmodified Al>Os.



Experiments under different operating conditions revealed that lower temperatures favored adsorption, the
adsorption capacity was proportional to the initial concentration of PCls, and the removal rate increased
with the amount of adsorbent used. Cycling adsorption-desorption experiments showed even better
regeneration performance of the adsorbent. Kinetic data fitting indicated that chemical adsorption was the
main mechanism, with adsorption involving particle external diffusion, internal diffusion, and adsorption
dynamic equilibrium stages. Characterization analysis and DFT simulation calculations showed that PCl3
primarily interacted with the adsorbent through charge transfer. The modified adsorbent had a larger surface
area, more adsorption sites, and enhanced electronegative properties, significantly improving its adsorption
performance towards PCls.

This study, based on a series of adsorbents prepared from Al,Os, demonstrates strong adsorption capacity,
high adsorption efficiency, and regenerative properties, making them potentially valuable for the removal of
trace PCl3 in industrial polycrystalline silicon production processes.

Key words: Alumina; Acetic acid; Titanium dioxide; PCls; Polycrystalline silicon
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Fig. 1-1 Modified Siemens Process Flow Chart for Polysilicon Production
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Table 1-1 Physical property parameter table of PCl3
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Fig. 1-2 Schematic diagram of the flow of a process purifying treacherously by distillation[3*]
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Fig. 1-3 Basic schematic of the purification technique by vacuum electron beam melting*4]
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