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Separation and recovery of Ni,
Co and Mn from spent lithium-ion batteries

CHEN Liang', TANG Xin-cun "2, ZHANG Yang', QU Yi', WANG Zhi-min'

(1. School of Chemistry and Chemical Engineering, Central South University, Changsha 410083, China;
2. State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: A novel process was developed for the separation and recovery of nickel, cobalt and manganese from the
lithium-ion secondary batteries. In this process, stirring-scrubbing and dilute acid leaching are used to separate the active
materials from current collectors. The Fe** ion in the leach liquor was removed using sodium jarosite method, then the
copper was extracted by N902, and the aluminum was selectively precipitated as aluminum hydroxide. Finally, the pure
Ni,CoyMn, ternary system precursor was prepared using carbonate co-precipitation method. The results show that the
optimum conditions include liquid/solid ratio of 10:1, H,SO,4 concentration of 2.5 mol/ L, H,O, addition of 2.0
mL/g(powder), leaching time of 120 min and leaching temperature of 85 , under which the leaching rates of Ni, Co and
Mn are 97%, 98% and 96%, respectively. After the removal of iron, copper and aluminum in the leach liquor, the loss
rates of Ni, Co and Mn are 1.5%, 0.57% and 4.56%, respectively. Overall, 95% of Ni, Co and Mn can be recovered from
the spent lithium-ion batteries.
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Table 1 Metal composition of powder (mass fraction, %)

Co Li Al Cu Fe Mn Ni

26.77 3.34 5.95 1.24 3.76 1.1 0.34
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2.1 2
Table 2  Effects of different H,SO4 concentration on solubility
of sample
Ton concentration /(g'L™")
c(H,S0,)/(mol-L™")
25 Co Cu Al
400 r/min 10:1 60 min 0.125 1.89 025 0.85
0.25 2.72 0.035 1.83
0.50 5.47 0.04 3.56
180 um(80 )

0.75 6.23 0.05 5.54

2 2.2

2 10 g
0.5 mol/L 0.178 mm 400 r/min
Spent lithium ion batteries
| Dismantling of batteries |—- Steel crusts
| Crushing
| Stirring scrubbing |
l Al Cu
| Screening I—- Al, Cu foils and resides —-| Diluted acid washing |—~| Screening |
Spent battery powder
Acid leaching with H,80,+H,0, |——[ Filtrating |
| Sodium jarosite precipitation of Fe ]
I Solvent extraction of Cu | CuS0,- 5H,0
| Hydrolytic precipitation Al |
| Chemical depositing with NH,;HCO, |
Ni,Co,Mn. carbonate
2

Fig.2 Flowsheet for recovery of valuable metals from spent lithium-ion batteries
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Fig.9 Effect of pH value on extraction property of N902
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