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Citric Acid Leaching of Nickel,
from Spent Lithium-Ion Batteries

Cobalt and Manganese

ZHAO Ying, WANG Bixia, ZHANG Haosong, DANG Xiao'e, MA Hongzhou
(College of Metallurgical Engineering, Xi'an University of Architecture and Technology, Xi'an 710055, Shaanxi, China)

Abstract; Nickel, Cobalt and Manganese in the cathode materials of spent ternary lithium-ion batteries were recovered
by leaching with a combination of citric acid and hydrogen peroxide. The possible reactions during the leaching process
were analyzed, and the effects of factors, including citric acid concentration, mass fraction of hydrogen peroxide,
leaching temperature, leaching time and liquid-to-solid ratio on the leaching rates of nickel, cobalt and manganese from
cathode materials were also investigated. It is found that after 60 min leaching at 80 °C with citric acid at a concentration
of 1.5 mol/L, hydrogen peroxide at a mass fraction of 8%, and a liquid-to-solid ratio of 25 mL/g, the leaching rates of
97.35% and 96.12%,

method is adopted with ethanol as antisolvent agent to recover metals from the obtained leach liquor, leading to the

nickel, cobalt and manganese are 97.58%, respectively. Then, an antisolvent crystallization
crystallization rates of nickel, cobalt and manganese at 92.34% , 93.07% and 99.69% , respectively.

Key words: spent lithium-ion battery; lithium-ion battery; citric acid; leaching; recovery; antisolvent crystallization ;
cathode material ; recycling of spent battery
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