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Table 1 Chemical composition of ocean polymetallic nodules (mass fraction, %)

Element Co Ni Cu Mn Fe Mg Ca Al Si

Content 0.17 1.19 0.93 24.52 4.87 1.76 1.45 2.36 6.02
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Fig. 1 The Gibbs free energy of equations (1) ~ (8) at different temperatures
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Fig. 2 Effect of reduction temperature on the leaching rate of valuable metals
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Fig. 3 XRD of polymetallic nodules and polymetallic nodules reduced by hydrogen at 600°C.(a)

polymetallic nodules; (b) polymetallic nodules reduced by hydrogen at 600°C
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Fig. 4 Effect of reduction time on the leaching rate of valuable metals
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Fig. 5 Effect of hydrogen flow on the leaching rate of valuable metals
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Table 2 Verification experiment of hydrogen reduction of polymetallic nodules
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Leaching rate/%(mass fraction)

Number
Ni Co Cu Mn
1 98.82 98.35 96.96 99.06
2 98.24 99.09 97.18 99.33
3 97.90 98.89 96.26 98.87
Average 98.32 98.78 96.71 99.09
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Fig. 6 Effect of leaching pH on the leaching rate of valuable metals
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Table 3 Effect of liquid-solid ratio on the leaching rate of valuable metals

Leaching rate/%(mass fraction)
Liquid-solid ratio

Ni Co Cu Mn
4 99.11 98.63 97.61 99.03
6 98.12 97.94 96.23 98.86
8 98.63 98.09 97.84 98.55
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Fig. 7 Effect of leaching temperature on the leaching rate of valuable metals
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Table 4 Effect of oxygen flow on the leaching rate of valuable metals

. Leaching rate/%(mass fraction)
Oxygen flow/mL-min

Ni Co Cu Mn
150 96.31 95.98 90.45 98.98
250 99.09 98.35 94.97 98.58
350 98.63 98.09 95.03 98.55
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Fig. 9 Effect of leaching time on the leaching rate of valuable metals
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Table 5 Result of leaching verification experiment

Leaching rate/%(mass fraction)
Number

Ni Co Cu Mn

1 99.56 98.57 94.67 99.17
2 99.59 98.71 93.60 99.11



3 98.35 98.50 95.03 99.32
Average 99.17 98.59 94.43 99.20
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Fig. 10 XRD of leaching slag
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Abstract : Ocean polymetallic nodule is a kind of complex and difficult to concentrate
polymetallic oxide. A new technology of low temperature hydrogen reduction-acid leaching was
studied in this paper. Firstly, the effects of hydrogen reduction temperature, time and hydrogen
flow rate on the oxidation reduction of each valuable metal were investigated. The optimal
reduction process conditions were obtained: reduction temperature 600 ‘C, time 90min, hydrogen
flow rate SO0mL/min.Under these conditions, the leaching of reduced materials under optimized
conditions was studied, and the effects of leaching temperature, leaching time, liquid-solid ratio,
pH and dosage of H,O, and O, on the leaching of valuable metals were investigated. The results
showed that: Under the conditions of liquid-solid ratio 6:1, temperature 80 C, leaching time 6h,
pH1.5~2.0 and oxygen flow rate 250mL/min, the leaching rates of Ni, Co, Cu and Mn reached
99.09%, 98.35%, 94.97% and 98.58%, respectively, which realized the efficient leaching of
valuable metals from polymetallic nodules.

Key words: ocean polymetallic nodules; low temperature hydrogen reduction; leaching; H,SO4



