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Abstract: The recent explosive growth of lithium-ion batteries will face a large number of “decommissioning” problems in
the next 3 to 5 years. The efficient and sustainable recycling of spent lithium-ion batteries, especially waste cathode materi-
als, is the key to achieving the goal of carbon peak and carbon neutrality in the new energy industry. This paper mainly stud-
ies the thermochemical reduction process of valuable metals in waste cathode materials LiNi, ;Co,,;Mn,,;0, by corn stalks.
Through regulating and transforming high-valence metals, selective recovery of metal salts and elemental substances avoids
the addition of reducing agents in the traditional process and utilizes the transition metal characteristics in waste cathode ma-
terials for catalytic reforming of corn stalk to produce gas. During the reaction process, X-ray diffraction and X-ray photoe-
lectron spectroscopy were used to analyze the cathode material and corn straw after pyrolysis. It was found that the reducing

gas and biological carbon generated by the pyrolysis and

gasification of cormn straw destroyed the high-value metal-

WKim B 2023-08-04 fEEIHH3: 2023-10-30 oxygen bond in the cathode material LiNi,;Co,,,Mn,,0,,
HEWE. EFARMEILAT 0 H (52174391) and reduced the metal valence states of Ni, Co and Mn. It
S, HERIE. 4. 1996 4k . HRIULE also converts Li to Li,CO,. Different pyrolysis products are

BRAEE. . B 1963 /L. HUE. 1RSI, obtained at different pyrolysis temperatures, and Ni-Co alloy
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and MnO are easier to be obtained at higher temperatures.
In the process of pyrolysis and reduction, the transition
DOI: 10.7502/j. issn. 1674-3962. 202308002 metal in the positive electrode material is a good catalyst for
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the pyrolysis of corn straw, which can reduce the required temperature of the pyrolysis reaction, improve the possibility of

carbothermal reaction, and regulate the gas composition generated by pyrolysis, so as to achieve the purpose of “waste+waste =

resources’ .

The process can recover valuable metals in an efficient, highly selective and pollution-free gradient without

reducing agents addition, which not only provides a green and sustainable recycling path for spent lithium-ion batteries, but

also provides a low-cost catalyst for the catalytic reforming process of biomass.
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Fig. 1 Experimental flow chart of thermochemical reduction transformation process
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Table 1 C 1s sub-peak results of XPS spectra of pyrolysed NCM333

at different temperatures

T Ature/ C—C/C—H C—C/C—H
cmperaure aliphatic aromatic C—0—C C=0
hydrocarbons/% hydrocarbons/ %

400 50.13 28.33 14.33 7.21
450 28.6 40.27 18.53 12.6
500 45.19 15. 66 30.71 8.43
550 22.22 56.22 15.6 5.96
600 26.39 52.01 12.47 9.13
650 18.78 67.21 2.60 11.41
700 17.7 62.05 12.95 7.31
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