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Regeneration of Lithium Manganate Cathode Material from Malic Acid Leachate of
High Manganese Cathode Material of Spent Lithium-ion Batteries

CUI Pengyuant, YU Xiaohuat, LI Yonggang?, LIN Yan?, SHEN Qingfeng?, WANG Lul, ZHANG Zhaoyang?
(1. Faculty of Metallurgy and Energy Engineering, Kunming University of Science and Technology, Kunming 650093, China;
2. Yunnan Copper Science & Technology Development Co., Ltd., Kunming 650101, China)

Abstract: Waste lithium batteries have become a research hotspot due to their extremely high resources and hazards.
Hygrometallurgical recycling is the main existing method for processing waste lithium battery cathode materials, and the recovery of
valuable metal elements from the leaching solutions is the key to hygrometallurgical recovery of waste cathode materials. In this
paper, nickel, cobalt and manganese were precipitated from a malic acid leaching solution of high manganese cathode material of
waste lithium battery as raw material via 0zone oxidation, and the optimal precipitation conditions were obtained. The results show
that the precipitation rates of nickel, cobalt, and manganese are 18.2%, 41.5%, and 85.8%, and the contents of nickel, cobalt, and
manganese in the ozone precipitation slag are 0.85%, 1.63%, and 41.3%, respectively under the optimal precipitation conditions. The
ozone oxidation precipitation slag is a high manganese-based precursor, and the precursor is regenerated into LiMn20O4 cathode
material after supplementing lithium. The first discharge specific capacity of this regenerate cathode material is 95.4 mA-h/g, and the
first charge—discharge efficiency is 84%. The discharge specific capacity retention rate is 67.4% at a high rate, and the discharge
specific capacity retention rate after 100 cycles is 80%.

Keywords: spent lithium-ion batteries; 0zone; oxidation precipitation; regenerated cathode material; charge—discharge performance
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21 RESWERNFES
FRASEADTE Niv Cov Mn & FRAERENL
W E (1)~ (3) s :
2Ni2*+03+3H,0—2NiOOH+4H*+0; (1)
2C02*+03+3H,0—2Co00H+4H*+0, 2
2Mn2+*+03+3H,0—2MnOOH+4H*+0>» (3)
MRYE AL ST R RSP R R, 13318 R
M. #F 1 N7E 298.15 K RASAIYLE Niv Co.
Mn 3= 25 5% Nernst 77 R

F1 RESNWIUESRNIVE Nernst F 2(T=298.15 K, pH {2 5)i0-1
Table 1 Nernst equation of ozonation precipitation reactions (T= 298.15 K, pH value is 5)[*0-11

Main reaction formula

Nernst equation

E/V

¢(Mn2*)=10-¢ mol/L ¢(Mn2+)=0.1 mol/L

O3+2H*+2e7=0,+H,0 E=2.075-0.05% 1.78 1.78
MnOOH+3H*+e=Mn2*+2H,0 E=1.48-0.177b-0.059lgc(Mn2+) 0.95 0.65
NiOOH+3H*+e =Ni2*+2H,0 E=2.05-0.177b-0.059Igc(Ni%*) 1.52 1.22
CoOOH+3H*+e =C02*+2H,0 E=1.76-0.177b-0.0591gc(Co?*) 1.23 0.93

b is pH value, c is concentration.

Bl Nize, Co?*. Mn2* [ #] 46 BE /K
WPET 09 1 mol/L, P45 R Jm & 8 1 IR N

10-5 mol/L, RAFEIRHER. pHEDY 5 IIZ%AF T
FALPUTIE Niz+, Cozr. Mn2* i (¥ HLAL 5 B 7K FE
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Fig. 1 Effect of temperature on precipitation rates of Ni, Co
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Fig. 2 Effect of Os flow rate on precipitation rates of Ni, Co
and Mn
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Table 2 Comprehensive experiment of ozone oxidation precipitation

Mass fraction of metal elements in precipitated slag/%

Precipitation rate of metal elements/%

Test No. Mass of precipitated slag/g
Ni Co Mn Ni Co Mn
1 5.30 0.80 1.60 419 17.0 404 86.3
2 5.44 0.84 1.66 404 18.4 43.0 85.4
3 5.30 0.90 1.63 41.6 19.2 411 85.7
Average 5.35 0.85 1.63 41.3 18.2 415 85.8

K 2 AT LLE Y, fEmAEDTE &N, 2. Bl
R EITTE R 08 18.2%. 41.5%. 85.8%. It
VETE R B BT E2 0 l  0.85%. 1.63%.
41.30%, n(Ni):n(Co):n(Mn)=1:2:52, i B PLiE
FE R SRR 3 R A E A TTTE L A
177 XRD 4341, A w4 Fros.

Bl 4 RAEFMTTIELS G LS T XRD 1%
Fig. 4 XRD pattern of ozone oxidation precipitation under
comprehensive experimental condition
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Fig.5 XRD patterns of regenerated LiMn204 cathode material
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Fig. 6 Particle size of regenerated LiMn204 cathode material

(b)

Bl 7 FE LiMn2Oa IERRM BHE TR SRR F
Fig. 7 Morphology of regenerated LiMn204 cathode material
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(a) First charge and discharge curves

Li(NiysC0o,Mng3),05 <> XLi* —xe™+

Li;_, (Nig5C09,Mng3),0;4 (4)
Li(Niy5Coy,Mn;4),0;+C >
Li;_, (Niy5C0y,Mng3),05 + Li,C )

(b) Cycle performance

(c) Rate capability
K8  LiMn2Oa ik IEARAARL i X FE TR 2k, B3RP BEAN 15 < 1

Fig. 8 First charge and discharge curve, cycle performance and rate capability of LiMn2O active cathode material
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