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Abstract

The purpose of this research is to recycle the Panasonic 18650 Li-ion battery substantially applied to
electric vehicles and energy-storage system. We try to develop a strategy for recycling cobalt in Li-ion
batteries with green solvents-ternary deep eutectic solvents.

Synthesis of ternary deep eutectic solvents was selected choline chloride recurring in the literature as
quaternary ammonium salt. After sifting properly-match hydrogen-bond-donor, we adapted the proportion
which has highest solubility to research subject. Subsequently, we measured the electrochemical window
with cyclic voltammetry, indeed observing the electrochemical window and reduction peak potential of
LiNios Co o1s Al oos O2 (LNCA) dissolved in ternary deep eutectic solvents.After recycling cobalt and
nickel by electrodeposition, we analyzed the appearance and composition on the surface of the
electroplating via scanning electron microscope and energy-dispersive X-ray spectrometer. Eventually,
we successfully reduced precious metals by simple electroless plating.

The results revealed that the TDESs dissolving ternary electrolyte and LNCA, under 289.15K at
potential 6 volts,9 volts and under 373.15K at potential 4 volts,5 volts,6 volts, makes independent
reduction of cobalt.From the experiment of electroless planting, we observed that cobalt and nickel can be

recycled under room temperature for 2 hours.
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ZEFENE (choline chloride,ChCl) Alfa Aesar, 98+%

FRZR (urea) E5ABLEE99.5%

HOH (glycerol) B4 #UZE 99.5%

LB (lactic acid) B5A 4% ,99.5%
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BN (ethanol) B #4ZE99.5%

FHERSLER ALY (LiNiosCooisAloosO2,LNCA) Aldrich, >98%

HEREE

PrrEhREE AR (glassy carbon,GC)
4 (platinum,Pt)

TNEFERESS (stirring hot plate)

AL FORE ST (digital thermometer)
HEmERELESS (DC power supply)

TEERRZEE (cyclic voltammetry,CV)

fr =N FEEIUSE (scanningelectrode microscopy,SEM)
BEE BN X Bf45:% (Energy-dispersive X-ray spectrometer, EDS )
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Halide salts HBD 1 HBD 2 Abreviation

(mole equiv) (mole equiv) (mole equiv)
ChCI(1) Glycerol(1) Lactic acid(1) 1-G-LA
ChCI(1) Glycerol(0.5) Lactic acid(1.5) 2-G-LA
ChCI(1) Glycerol(1.5) Lactic acid(0.5) 3-G-LA
ChCI(1) Glycerol(1) Urea(1) 1-G-U
ChCI(1) Urea(1) Lactic acid(1) 1-U-LA
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Temperature  Potential Cu Co Ni 0]

K EV) Atomic  Concentration (% )

298.15 4 88.9 2.3 6.7 2.1
5 83.3 4.0 4.8 7.9
6 71.4 7.8 3.2 20.5

313.15 4 85.1 1.3 7.2 6.5
5 72.9 2.6 6.7 17.8
6 83.5 2.0 7.2 7.3

373.15 4 79.2 10.3 4.5 6.0
5 46.2 30.7 11.0 12.1
6 48.0 46.5 0.0 5.6

1



393.15 4 72.8 0.7 1.1 25.4
5 60.3 2.6 1.8 35.4
6 59.6 0.5 0.3 39.4
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Figure 12 LNCA B 1-G-LA FEYEBALESESE SEM B ° Eff Cufoil » FE
B 20 mm > JEE 373.15K » EBER 6V » R o (2)FFR 120 minutes (b)BFRE 45minutes

Time Potential Cu Co Ni 0
minute E(V) Atomic  Concentration (% )

45 6 48.0 46.5 0.0 5.6
120 6 59.6 22.5 10.3 7.7
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3. ZILEMEA 1-G-LA 12iRE 373.15K T &R

Temperature Potential Cu Co Ni O

K E(V) Atomic Concentration (% )

373.15 4 72.8 0.7 1.1 254
5 56.5 0.1 0.1 43.2
6 84.1 0.5 0.4 15.0
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Figure 15 1-G-LA ~ 2-G-LA ~ 3-G-LA BA =TT ERE - LhiRERERIRE RE -

2. AAZITTEMERNA FEEEC R

Solvent Temperature ~ Potential Cu Co Ni O
K E(V) Atomic  Concentration (% )
1-G-LA 298.15 4 75.1 44 5.9 14.7
5 89.2 4.7 3.5 2.7
6 78.1 59 3.8 12.2
313.15 4 80.5 9.0 0.6 9.8
5 78.6 7.9 1.7 11.7
6 67.3 7.6 0.6 24.4
373.15 4 51.7 29.9 0.0 18.4
5 55.1 30.8 0.0 17.2
6 69.8 7.3 0.0 22.9
2-G-LA 373.15 4 69.7 9.5 2.4 18.4
5 62.7 5.8 1.2 30.3
6 67.7 5.0 0.2 26.3

3-G-LA 373.15 - 73.6 34 24 20.5
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5 86.8 5.3 2.1 5.8

6 73.7 7.4 24 16.5
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Figure 18 =B#EEAR 1-G-LA FHEEBA)TESEE SEM & - 44 Cu foil »
BERE 20mm » JBE 373.15K » B 6V » B - (a)iFR 120 minutes(b)BFE] 45minutes

Time Potential Cu Co Ni 0
minute E(V) Atomic  Concentration (% )

45 6 69.8 73 0.0 22.9
120 6 80.7 3.3 7.5 8.5

Table 7 = TEBMEEAER 1-G-LA THEBAL(RBREBTEMTER - 4 Cufoil » BE
VAR 20 mm  JBRE 373.15K - ERE

(=) EHhstim
1. EG#S Table 4 81 Table 5 B[ 7541 > TDESs /5 A = T B E 1% £E S % BT EE]
& - BRI B LG - SR BRE -
2. LL#E Table 5 %37 > 1-G-LA ~ 2-G-LA ~ 3-G-LA B A= U EBME TS RIE 373.15K
TEHE - K& 1-G-LA BIF S - SRS E R - H 1-G-LA BERYMINEEE 4V
SV~ 6V o BUEBE TGS o KT ERS 1-G-LA Bl S TER N &R a8 -

3. JA Figure 18 ~ Table 7 0] & H/KFEE ) (AR R fi =& H 3R EL Figure 12 ~ Table 4 455



AL -

7S~ BEBA LNCA K= rEM#Ex TDESs MR ETHEEERHE
(—) HEEaEE

)& TDESs

’ (a) (b)

= |
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1. 7B A LNCA RAEA A N T e B

Solvent Time Al Co Ni @)
minute Atomic  Concentration (% )
1-G-LA 120 90.2 0.6 1.3 7.8

Table 8 LNCA Z1? 1-G-LA FHUEEEFFEE TR IEER - Bt Alfoil >
B 20 mm > R 298.15K

2. BASITEMEREANFERE N THEEEN

Solvent Time Al Co Ni @)
minute Atomic  Concentration (% )
1-G-LA 120 83.8 0.0 2.4 13.9

Table 9 =JTBMFEER 1-G-LA THYEEALIERETTR OHTEER - 44 Alfoil -
M 298.15K ©
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