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Table 1 Main Composition of leaching solution

of spent LIBs g/L
Co?t Mn?" Nizt Li' SOF~
7.7 4,57 20.57 4.32 85.56
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Fig. 1 Effect of initial pH of solution on extraction

rate of metal ions
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Fig.2 Effect of saponification degree on extraction

rate of metal ions
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Fig. 3 Effect of phase ratio (V,/V,) on

extraction rate of metal ions
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Fig. 4 Effect of extraction time on extraction

rate of metal ions
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Table 2 Main composition of loaded organic
phase and raffinate g/L
i H Co Mn Ni Li
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Fig. 5 Effect of phase ratio (V,/V,) on

stripping rate of metal ions
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Table 3 Main components of loaded organic phase and

stripping solution after lithium stripping g/L
i H Co Mn Ni Li
— BERCFE IO .09 1.65 0.24 1.74
REWAE M AEAIH  2.52 1,44 5.15 0.005
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Fig. 6 Effect of stripping ratio on enrichment and recovery of Co,Ni and Mn ions
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Table 7 Effect of saponification degree of organic

phase on Ni, Li separation
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Fig.8 Effect of phase ratio (V,/V,) on Ni,Li separation
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Table 4 Main composition of loaded phases and

raffinate after extraction of Ni and Li g/L

i H Co Mn Ni Li Na
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Fig. 9 Effect of phase ratio (V,/V,) on stripping
of Ni
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Fig. 10 Effect of phase ratio on extraction of Li
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Table 5 Test results of three-stage countercurrent
extraction of Li

YA R o(LiT)/ AP p(LiT)/  Lit 21

HERW (g+L7H (g+ LD /%
1 0.12 2.31 96. 6
2 0.15 2.29 95. 8
3 0.17 2.28 95.3
A 0.18 2.27 95.0
5 0.17 2.28 95.3
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Table 6 Ion concentration in saturated

organic phase mol/L
Co?* Ni2* Mn?* Li'
0.18 0.18 0.17 0. 35
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Fig. 11 Infrared spectrum of loaded organic phase
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Fig. 12 Flowchart of separating Co,Ni, Mn and Li

from positive leaching solution
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Separation of Valuable Elements from Positive Leaching Solution of Spent LIBs by
B-diketone/Phosphate Extraction System
HU Kang'**,ZHANG Licheng®?,MA Chunmei**, LI Lijuan®”

(1. Qinghai Institute of Salt Lakes ,Chinese Academy of Sciences,Xining 810008,China;
2. Qinghai Engineering and Technology Research Center of Comprehensive Utilization of
Salt Lake Resources , Xining 810008,China;

3. School of Chemical Engineering sUniversity of Chinese Academy of Sciences ,
Beijing 100049,China)

Abstract: Extraction and separation of valuable elements from the positive leaching solution of spent
lithium-ion batteries by B-diketone/phosphate extraction system was studied. The optimal conditions
for the extraction and separation of cobalt, nickel, manganese, and lithium were determined through
equilibrium extraction. The results show that the p-diketone/phosphate extraction system can
effectively separate cobalt,nickel,manganese,and lithium from the positive leaching solution of spent
lithium-ion batteries by controlling the kinetics. Under optimized conditions, the extraction rate of
cobalt,nickel,and manganese can reach 99% ,and the yield of lithium can reach more than 95%. The
method realizes the separation and recovery of cobalt, nickel, manganese and lithium by a single
extraction system,which can provide a new process route for the recovery of waste ternary lithium
batteries.

Key words: spent LIBs; solvent extraction; 3-diketone/phosphate system; cobalt; nickel; manganese;

lithium





