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Fig.1 Flow chart of hydrometallurgy process

treating waste lithium battery
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Table 1 Leaching results of LiCoO, cathode materials by different inorganic acid

TEAR A AL 27 WEE/C B/ (g L7t)  BffEl/h CoRHHE/ % LiBHE/% SHHK
LiCo0, 2 mol/L H,S0, +8vol% H, 0, 75 50 1 98 — [5]
LiCoO, 4.0 mol/L HCI 80 — 2 99 97 [6]
LiCoO, 1 mol/L. HNO; + 1. 7vol% H, 0, 75 10 0.5 2799 2799 [7]
LiCoO, 0.7 mol/L H,PO, +4vol% H,0, 40 50 1 99.7 99.9 [8]
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JEFEAE T Co ML IR HF £ SI0, 5 Li-  BT5HETERESY, #iERTHEEETE
CoO, Fitg b 1: 1 FEWFEE #3500 r/min WFEERF  IfaE,

] 30 min AYZ&1F T LiCoO, H b h IS, Ho I 2 B T AR MR 17X LiCoO, 1EMK
MR KT R T, Co Al Li ZEAPER T ARHR AR, KEWFFETE 1, 5AR 5056 % A
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Table 2 Leaching results of LiCoO, cathode materials by different organic acids

IERA ) B WE/C W/ (g L") BHE/min CoRBHIF/% LiBHFE/% 5%k
FFHEERR + LiCoO, + 1. Ovol% H, 0,
LiCo0, s 90 15 300 99. 07 — [10]
n(FPBEMR ) n( LiCoO,) =4:1
LiCoO, 1 mol/L H,C,0, 80 50 120 — 98 [11]
2 mol/L ¥y HERR + H,0,
LiCoO, 70 50 80 98 99 [12]
(1 g IEHAEHINA 0.6 ¢ H,0,)
LiCoO, n(HFR): n(LiCoO,) =10:1 60 20 20 99. 96 99.9 [13]
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Fig.3 Flow chart of pyrometallurgy process

treating waste lithium battery
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Research progress on recycling of lithium cobaltate cathode
materials from waste lithium-ion batteries
CAO Yuan-peng, ZHANG Yi-bo, DUAN Jian-guo, DONG Peng
(School of Metallurgical and Energy Engineering, Kunming University of Science and Technology, Kunming 650221, China)

Abstract; With the vigorous development of small electronic equipment and new energy vehicle industry, the
number of decommissioned lithium-ion batteries has increased year by year. The recycling of waste lithium-ion
batteries has become an important strategic direction of the new energy industry. As a major producer and consumer
of new energy vehicles in the world, enterprises related to the industrial chain have successively deployed lithium-
ion battery recycling in response to the national strategy. Among them,lithium cobaltate is one of the most widely
used and successful cathode materials, and its recycling process research and development has attracted the
attention of researchers. Combined with the status-quo of lithium cobaltate cathode material industry, this paper
analyzes the economic benefits and environmental friendliness of waste lithium cobaltate cathode materials treated by
different processes, which can be a reference for the frontier layout of the enterprise.

Key words: waste lithium cobaltate battery; cathode material; recycling; pyrometallurgy; hydrometallurgy; direct
regeneration
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specific capacity and cost reduction. The ultra-high nickel cathode material has the highest nickel content, which
can improve the energy density, but deteriorate the cycle performance and thermal stability. In this paper, the
capacity decline mechanism of ultra-high nickel cathode material is briefly analyzed. Combined with the domestic
and foreign literature, the modification means such as element doping, surface coating, morphology design and
crystal design are summarized. It is pointed out that the current modification means can improve the cycle stability
of ultra-high nickel cathode material to a certain extent. However, there are still the problems of mismatch between
energy density and structural stability, and how to scale up the industrial production from the laboratory stage. It is
necessary to deeply explore the impact mechanism of alternative elements, the doping amount range and its doping
process, and combine with a variety of modification methods to solve the problem of mismatch between energy
density and structural stability.

Key words: lithium-ion battery; ultra-high nickel cathode material; capacity decline; material modification
element doping; surface coating; morphology design; crystal design
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