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Development of Manganese Recovery Process from Waste Dry-Cell
Batteries
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Abstract:

High purity manganese is necessary for high strength steel production. Metal manganese is available from limited
countries. Therefore, production of an alternative to metal manganese was investigated. Waste dry-cell batteries are
considered to be one of the most feasible manganese sources. JFE has developed a high efficiency chemical
separation system. This system consists of three-phase chemical treatment. In the first phase, metal components of
the waste dry-cell batteries were dissolved by acid and reducing agent. Next, undissolved carbon particles were
separated by filtration. In the second phase, dissolved manganese was selectively precipitated as manganese oxide by
ozone oxidation. Then, manganese oxides were separated from other metal components by filtration. In the third

phase, the manganese oxide was reduced by an electric arc furnace. After these treatments, high purity manganese
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was produced from waste dry-cell batteries.
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Table 1 Chemical composition of powder and granular
materials of waste dry-cell batteries
(Mass%)
Mn Zn C Fe Cr Cu Ni

331 243 7.1 0.34 <0.003 0.003 0.21

Pb Cd P S K Cl

0.02 0.002 0.003 03 458 247
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Fig.1 Experimental apparatus for ozone oxidation
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Fig. 2 Operating method of the electric arc furnace
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Fig.3 Leaching results by only sulfuric acid
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Fig. 4 Effect of reducing agents on the Mn leaching rate
(H,SO,: 1 mol/L)
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Fig.5 Potential-pH diagrams of manganese (A), zinc (B)
and iron (C) at 25°C: a, b=lines describing the
thermodynamic zone of water stability
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Table 2 Chemical composition and yield of recovered MnO,

Mn Zn Fe C P S Moisture

Content
(mass?%)
Yield
(%)

555 0.69 0.15 0.01 0.004 0.8 10
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Fig. 6 Time course of the ozone reaction rate
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Fig. 7 Estimation and selection of the reduction process
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Fig. 8 Yield of manganese and sulfur in the reduction process
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Fig.9 Relationship between aluminum and manganese yield
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Fig. 10 Material and heat balance of reduction by electric arc

furnace
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