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Abstract

Smelting reduction of spent lithium-ion batteries results in the production of metallic alloys in which reduced cobalt, nickel
and copper coexist. In this study, we investigated the leaching of the metallic alloys containing the above three metals together
with iron, manganese, and silicon. The mixture of hydrochloric acid and hydrogen peroxide as an oxidizing agent was
employed, and the effect of the concentration thereof, the reaction time and temperature, and pulp density was investigated to
accomplish the complete leaching of cobalt, nickel, and copper. The effect of the hydrogen peroxide concentration and pulp
density on the leaching was prominent, compared to that of reaction time and temperature, especially in the range of 20 to 80°C.
The complete leaching of the metals present in metallic alloys, except silicon, was accomplished using 2 M HCl and 5% H,0,
with a pulp density of 30 g/L for 150 min at 60°C.
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Table 1. Composition of the metallic alloys produced by smelting reduction of spent lithium-ion batteries

Wt% Co Ni Cu

Mn Fe Al Si

% 12.9 61.99 2233

1.58 0.498 0.0024 0.34
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Fig. 1. Effect of HCI concentration on the leaching of
metals from the smelting reduced metallic alloys
(Concentration of H,O» : 10%(v/v), temperature :
60°C, stirring speed : 300 rpm, time : 90 min, pulp
density : 45 g/L).
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Fig. 2. Effect of H,O, concentration on the leaching of
metals from the smelting reduced metallic alloys
(Concentration of HCI : 2 M, temperature : 60°C,
stirring speed : 300 rpm, time : 90 min, pulp density :
45 g/L).
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Fig. 3. Effect of reaction temperature on the leaching of
metals from the smelting reduced metallic alloys by
the mixture of 2 M HCI and 5% H,O, (stirring
speed : 300 rpm, time : 90 min, pulp density : 45 g/L).
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Fig. 4. Effect of reaction temperature on the leaching of
metals from the smelting reduced metallic alloys by
the mixture of 2 M HCI and 10% H,O, (stirring
speed : 300 rpm, time : 90min, pulp density : 45 g/L).
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Fig. 5. Effect of reaction time on the leaching of metals
from the smelting reduced metallic alloys by the
mixture of 2 M HCI and 5% H,0, (stirring speed :
300 rpm, temperature : 60°C, pulp density : 45 g/L).
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Fig. 6. Effect of reaction time on the leaching of metals
from the smelting reduced metallic alloys by the
mixture of 2 M HCl and 10% H,O, (stirring speed :
300 rpm, temperature : 60°C, pulp density : 45 g/L).
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Fig. 7. Effect of pulp density on the leaching of metals from
the smelting reduced metallic alloys by the mixture
of 2 M HCl and 5% H,O, (stirring speed : 300 rpm,
temperature : 60°C, time : 150 min).
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