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Study on the Recovery of Nickel, Cobalt, Manganese and Lithium

from Spent Lithium Battery Cathode Materials

WANG Bian, LI Guo
(MCC RAMU New Energy Technology Co. ,LTD. , Tangshan 063205, China)

Abstract: A novel process for the recovery of nickel, cobalt, manganese and lithium from spent lithium

battery cathode materials was proposed. Nickel, cobalt, manganese and lithium metals in cathode materi-

als were recovered by two-step carbothermal reduction-hydrometallurgical leaching process, and the re-
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covery mechanism and process of valuable metals in cathode materials were studied. The results show that
lithium metal is preferentially extracted by two carbothermal reduction processes. Under the optimum con-
ditions of calcination temperature 650 °C, carbon content 8% , water immersion time 2 h, pyrolysis tem-
perature 95 °C and pyrolysis time 4 h, the lithium recovery rate can reach 88. 7% , and the purity of lithi-
um carbonate is 98. 84% . The valuable metals of nickel, cobalt and manganese were recovered by hydro-
metallurgical leaching process. The valuable metals of nickel, cobalt and manganese were recovered by
wet leaching process. The optimum experimental conditions of high acid leaching process were as follows ;
the amount of hydrogen peroxide was 1. 2 times of the theoretical amount, the leaching temperature was
60 °C, the leaching time was 2 h, and the pH value of the solution was 1. 5. The optimum experimental
conditions for the iron and aluminum removal process are temperature 90 °C , reaction time 2 h, and solu-
tion pH value 3.5. Under the optimum conditions, the yields of nickel, cobalt and manganese were
99.4% , 99.5% and 98. 9% , respectively.

Key words: spent lithium batteries; cathode material ; carbothermal reduction; hydrometallurgical leac-

hing; recycling

(E#%23 1)

The traditional vanadium extraction process from vanadium slag are sodium roasting-water leaching
process and calcification roasting-acid leaching process. Subsequently, salt-free roasting-acid leaching
process, magnesium salt roasting-acid leaching process, manganese salt roasting-acid leaching process
and other improved processes were successively developed. The characteristics of these processes are as
follows ; vanadium slag is first subjected to high temperature oxidation roasting, and then vanadium is ex-
tracted by water leaching or acid leaching. The characteristics of new processes such as sub-molten salt
method and sulfuric acid oxygen pressure leaching method are that vanadium slag does not need oxidation
roasting, and vanadium is directly extracted by acid leaching or alkali leaching under a certain oxygen
pressure. By constructing a reasonable and efficient new physical and chemical system of acid leaching or
alkali leaching metallurgy, the direct extraction of vanadium, titanium and chromium from vanadium slag
by wet leaching process and the comprehensive recovery of valuable elements such as iron and manganese
will be the development trend of comprehensive utilization of vanadium slag.

Key words: vanadium slag; sodium roasting; calcification roasting; sub-molten salt; comprehensive uti-

lization



