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Electrolytic stripping-biomass acid leaching—recycling
spent Li-ion battery
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(College of Chemistry and Chemical Engineering, Central South University,
Key Laboratory of Nonferrous Metal Resource Chemistry, Ministry of Education, Changsha 410083, China)

Abstract: Cobalt was recycled from spent Li-ion battery through the electrolytic stripping-leaching cathode material,
P204 extraction Al, straw sulphuric acid leaching battery slag and oxalate precipitating cobalt. The results show that the
battery powder can be separated from aluminum foil after 20—-30 min electrolytic stripping process, the cobalt leaching
rate is 50% and current efficiency is 70%. After two—stage P204 cross-flow extraction, Al’" remained in the raffinate can
be dropped to 0.4 mg/L, and cobalt is not lose. Under the condition of sulfuric acid concentration 2 mol/L, adding 0.5—0.7
g straw powder into 1g battery slag, and liquid-solid ratio 1:10, the cobalt leaching rate is over 98% after 1-2 h in 80—90
C. After three—stage leaching process, COD content can drop to about 1.3 g/L. In oxalate precipitating process, adjusting
the pH of solution to 2, keeping n( Co>* )/n(Czoi’ ) of 1, cobalt precipitation rate is above 92% after 1h reaction under
50 °C, and pH of the filtrate is 0.2, which can be circulated used as electrolytic leaching liquid.
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Fig. 1 Flow diagram of electrolytic stripping—leaching process
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Fig. 2 Influence of time on electrolytic stripping leaching and
current efficiency
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Fig. 3 XRD pattern of battery slag by electrolytic stripping
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Table 1 Process of triple biological acid leaching battery slag

Concentration/(g'L ")

Solution
COD Co™*
Original solution 10.99
First level leaching liquid 5.07 31.58
Second level leaching liquid 2.33 50.18
Third level leaching liquid 1.52 53.69
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Fig. 4 FTIR spectra of naked oats straw powder before and

after acid treatment
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Table 2 Infrared spectrum analysis of straw powder
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Fig. 5 Influence of pH on P204 extracting leaching liquor

[15]

Peak/cm ' Characteristic absorption peak functional group
34003422 O—H stretch in alcohol or phenol
2917-2920 C—H symmetrical or asymmetrical stretch in —CH; or —CH,
1604 C==C stretch in lignin
1510—-1514 Aromatic skeletal vibration in lignin
1455 —CH,— deformation in lignin and carbohydrates
1428 —CH,— shear vibration in cellulose and —CH,— deformation in lignin
1368 —CHj; symmetrical deformation in cellulose and hemicellulose
1321 —OH plane bending vibration in cellulose
1234 C—O stretch of alkyl aryl ether bond in lignin
1161 C—O—=C vibration in cellulose and hemicellulose
1109 —O— of ether bond asymmetrical stretch and C—oO stretch in aliphatic compounds
1058 C—O stretch in cellulose and hemicellulose
898 C—H deformation in cellulose and carbohydrate
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Table 3 P204 cross-flow extraction results

Content in raffinate/(mg-L ")

Extraction Extraction
time AP Co* rate of Al/%
0 85 5209 0
1 8.3 5204 90.2
2 0.4 5198 99.5
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Table 4 Lattice parameters of LiCoO,
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Fig. 6 FTIR spectra of cobalt oxalate: (a) Pure CoC,0y;
(b) CoC,04 with COD
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Fig. 7 XRD pattern of LiCoO, battery material

Sample Interlayer spacing/nm Lattice constant/nm

cla Toos/Tvos  Toos/Toos  Loos/T10a
No. (003) (101) (006) (012) (104) a c
1 0.46959 0.24072 0.23454 0.23082 0.20064 0.28128 1.40545 49871 4.5814 0.06709 0.30736
2 0.46752 0.24013 0.23403 0.23028 0.20026  0.281647 1.40528 49895 1.6029 0.04088 0.0655
3 0.46922 0.24021 0.23415 0.23030 0.20030 0.28135 1.40722  5.0017 1.6201 0.06619 0.10724

Notes: Sample 1: Type 18650 LiCoO, produced by Japan; Sample 2: Chinese general LiCoO,; Sample 3: LiCoO, in this work.
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