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Thermodynamic and kinetic of
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Abstract: Cobalt in spent lithium-ion battery was leached out in sulfuric acid using the cathode bar as cathode and lead
plate as anode. And the process was studied in thermodynamics and dynamics two aspects. The results show that LiCoO,
is reductive leached Co®" by Co(OH); through compared experiments and thermodynamic data. Through theoretical
analysis and experimental research, the process is controlled by chemical reaction process of shrinking core model in the
early 5-30 min, leaching rate o and time ¢ satisfy inner diffusion the unreacted core shrinking model equation

1—(1-a)"*=Kt, apparent activation energy is 7.32 kJ/mol. The middle stage is hybrid control. And the last conforms with

the internal diffusion model, where o and ¢ suit to 1-2a/3—(1-a)**=Kt, and the apparent activation energy is 17.05 kJ/mol.
APP" in leach solutions comes from aluminium oxide dissolved in liquid without protection. The cathode material peeled
from aluminum foil is related to the dissolution of aluminium oxide, which affects the leaching rate of cobalt.
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Fig. 1 Ilustrations of electrolytic leaching device: 1—Power
source; 2—Pb anode electrodes; 3—Electrolytic cell; 4—

Cathode electrodes; 5S—FElectrolyte solution
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Table 1 Main equilibrium equations in system of Co-H,O and Li-Co-H,O in Fig. 2

Reaction No. Equation

Equilibrium equation

LiCoO,+2H +e—Co(OH),+Li"
LiCoO,+H,0+2H " =Co(OH); +Li"
LiCoO,+4H +e =Co*'+ Li'+2H,0

Co(OH),+2H " =Co*+2H,0

Co(OH)s+3H +e=Co0>"+3H,0

3Co(OH);+H ' +e—C0;0,+5H,0

C0;04+8H +2e=3Co*'+4H,0
C0304+2H,0+2H " +2e=3Co(OH),

® 0006 ee e

¢=1.337-0.1182 pH—0.0591 log[Li"]
pH=5.680—log[Li"]
¢=2.082-0.2346 pH—0.0591 log[Co* |[Li*]
pH=6.299-0.5 log[Co>"]

¢=1.746—0.1773 pH—0.0591 log[Co*"]
¢=1.022-0.0591pH

¢=2.108-0.2364 pH—0.08883 log[C0*']
9=0.991-0.0591 pH
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Fig. 6 Influence of temperature on cobalt leaching rate
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Table 2 Reaction dynamics equations of leaching cobalt in

early reaction
#/min 0/°C 1-(1-a)"? R
15 0.02976+0.00535¢ 0.99454
30 0.04384+0.00581¢ 0.99571
5-30 40 0.05218+0.00653¢ 0.99184
45 0.07001+0.00733¢ 0.99694
60 0.0999+0.00786¢ 0.98942
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Table 3 Reaction dynamics equations of leaching cobalt at

late reaction
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15 0.0585+1.50213 X 10 0.99715
30 0.06674+2.4053 X107  0.99734 ML 4 Pl DA, R ITAGH) 30 min, A
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Table 4 Kinetic parameters of leaching cobalt
#/min T/K In K R E,/(kJ-mol ")
5-30 —2.19843-880.33/T -0.97196 7.319
288-333
75-180 —1.63817-2050.82/T —0.98966 17.05
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Fig. 10 Influence of different conditions on cobalt leaching rate of elecrolytic process
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