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Chemical Leaching of Cobalt and Lithium from the Cathode Active Materials
of Spent Lithium-ion Batteries by Organic Acid’
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Abstract

Enviromental friendly leaching process for the recovery of cobalt and lithium from the LiCoO, was investigated by organic
acids as a leaching reagent. The experimental parameters, such as organic acid type, concentrations of leachant and hydrogen
peroxide, reaction time and temperature as well as the pulp density were tested to obtain the most effective conditions for the
leaching of cobalt and lithium. The results showed that the latic acid was the most effective leaching reagent for cobalt and lith-
ium among the organic acids and was reached about 99.9% of leaching percentage respectively. With the increase of the con-
centration of citric acid, hydrogen peroxide and temperature, the leaching rate of cobalt and lithium increased. But the increase
of pulp density decreased the leaching rate of cobalt and fithium.
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Fig. 1. SEM image of LiCoO,.(x 2,000).

Table 1. Chemical composition of LiCoO,
Elements Co Ni Mn Li Al

% 48.51 1.81 1.06 6.68 0.28

. motor 2. controller
. thermometer. 4, clamp

. condenser 6. reactor

. sampling pipstte 8. impelier

. rotamanife 10. pH meter

Fig. 2. Schematic diagram of stirred tank reactor system.
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Equilibrium mass of Co in the organic phase
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Fig. 3. Leaching percentage of cobalt with various organic
acid. (LiCoO, : 10 g/L, HyO, : 1.0 vol.%, Temp. : 70°C)
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Fig. 4. Leaching percentage of lithium with various
organic acid. (LiCoO; : 10 g/L, H,O, : 1.0 vol.%,
Temp. : 70°C)
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Fig. 5. Effect of citric acid concentration on the leaching
percentage of cobalt and lithium.(LiCoO, : 10 g/L,
H50, : 1.0 vol.%, Temp. : 70°C)
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Fig. 6. Effect of pulp density on the leaching percentage
of cobalt and lithium. (Citric acid : 1.0 M, H,0O,: 1.0
vol.%, Temp. : 70°C)
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Fig. 7. Effect of hydrogen perioxide concentration on the
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acid :1.0 M, LiCoO; : 10 g/L, Temp. : 70°C)
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