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Study on recovering silver and aluminium from retired crystalline silicon solar cells
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LIU Minghui, ZHANG Hongjin, ZHAOQ Jing, YANG Chunzhen, HE Faquan

(CHN Energy Longyuan Environmental Protection Co., Ltd., Beijing 100039, China)

Abstract: The resource-recycling of retired crystalline-silicon photovoltaic cells is of great significance for the
recycling of materials and the green and healthy development of renewable energy. Currently, most recyclers of
decommissioned photovoltaic modules mainly focus on the recycling of aluminium frames, while aluminium
resources in crystalline-silicon solar cells have not been effectively recycled, leaving valuable silver within the cells.
Therefore, a wet-recycling process for preparing silver powder was proposed, which involves leaching aluminum
with liquid alkali, leaching silver with nitric acid, and liquid-phase reduction. By optimizing the experimental
parameters, under the conditions of a sodium-hydroxide concentration of 1.0 mol/L, a temperature of 20 C, a
liquid-to-solid ratio of 10:1 (mL/g), and a reaction time of 40 min, the leaching rate of aluminum from the retired
crystalline-silicon photovoltaic cells reached 98.88%, and the leaching-loss rate of silicon was only 0.46%. Under
the conditions of a nitric-acid concentration of 4.0 mol/L, a temperature of 70 °C, a liquid-to-solid ratio of
5:1 (mL/g), and a reaction time of 60 min, the leaching rate of silver reached 98.00%. Using ascorbic acid as a
reducing agent, silver powder with a purity of over 99.9% was successfully prepared under the conditions of a molar
ratio of ascorbic acid to silver ions of 1.25:1.00, a temperature of 30 °C, and a stirring speed of 250 r/min. This
process achieves high recovery rates and product purity, offering a practical pathway for crystalline silicon solar
cell wafers recycling.
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Tab.1 Major elements and their mass fractions in retired
crystalline silicon photovoltaic cells

D% Si Al Ag Pb Cu Fe
54 % 90.22 870 0.56 0.08 0.01 0.01
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Fig.1 Effect of sodium hydroxide concentration on
aluminum leaching rate
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Fig.2 XRD patterns of the black powder generated during
the aluminum leaching process
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Fig.3 Effects of reaction temperature and sodium hydroxide
concentration on silicon loss rate
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Fig.4 Effect of leaching time on aluminum leaching rate
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Fig.5 SEM images of aluminum back surface fields before
and after sodium hydroxide leaching, and the mapping of
Al element
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Fig.6 Effect of nitric acid concentration on silver leaching rate
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Fig.7 SEM images of silver grid lines before and after nitric
acid leaching, and the mapping of Ag element
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Fig.8 Effect of leaching time on silver leaching rate
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Fig.9 Effect of molar ratio of ascorbic acid to silver ions on
silver precipitation rate and purity of silver powder
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