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Extraction of Manganese from Manganese Nodules via Coal-Based
Reduction-Leaching Process and Analysis of Its Microscopic Mechanism

XIONG Minye'*, XU Zhijian’, SONG Yuhan®, CHENG Zhenjin'*>, PENG Yanmei’,
WANG Lian®, WANG Yisheng®, XIONG Xueliang™’
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Hunan, China; 2.Changsha Research Institute of Mining and Metallurgy Co. , Lid., Changsha 410012, Hunan, China;
3. Guizhou Kingrui New Materials Co., Lid., Tongren 554300, Guizhou, China)

Abstract; A process consisting of reduction roasting and sulfuric acid leaching was adopted to extract manganese from
manganese nodules, and the microstructure evolution and phase transformation during the processes from raw ore,
roasting to sulfuric acid leaching were explored. It is found that the reduction rate of manganese can reach 99.29% after
2 h reduction process at 750 °C. After 6 h leaching with 0.5 mL/g of sulfuric acid at 60 °C, the leaching rate of
manganese is 90.53%. It is shown that part of manganese replaces iron to form acid-insoluble minerals such as jarosite
and manganese-iron olivine, which are difficult to be leached out. This study provides a technical reference for preparing
electrolytic manganese with low-grade manganese nodules.
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Table 1 Chemical composition of manganese nodules %

Mn Fe Si Ca Mg Ni Co Cu Zn P

19.17 9.26 5.84 1.42 142 0.76 0.21 0.52 0.07 0.20
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Table 2 Analysis of manganese phases

YrAH T/ % RiTEYL)
BRIR G Mn 0.32 1.67
HERF T Mn 14.28 74.49
HERRAR T Mn 0.03 0.16
KGR FABERS ' Mn 4.54 23.68
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Fig.1 XRD patterns of manganese nodules
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Table 3 Effect of reduction temperature on reduction rate
of manganese
W JEGRE/C Rebea g% Mn> 84t/ % B R/ %
700 25.16 97.05
750 26.46 99.29
800 26.98 99.67
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Table 4  Effect of reduction time on reduction rate of manganese

WML/ R R Mo i/ % RIS %
1.0 25.59 97.31
1.5 25.74 98.39
2.0 26.46 99.29
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Table 5 Effect of sulfuric acid dosage on leaching rate of manganese

LNl ARSI (e 17 R B

20 0.28 8.76 83.76
23 0.74 7.78 86.87
25 2.65 6.00 90.53
27 3.63 5.33 91.59
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Table 6 Effect of leaching temperature on leaching rate of manganese
=R/ C B RS % i R/ %
40 7.66 86.58
50 6.78 88.56
60 6.00 90.53
70 5.42 91.46
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Table 7 Effect of leaching time on leaching rate of manganese
R/ h B L A % B /%
1 7.38 87.54
2 6.87 89.16
4 6.34 89.91
6 6.00 90.53
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Fig.2 SEM images and EDS analysis of manganese nodules
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Fig.3 EDS mapping of manganese nodules

3.2 KERRIEIRER G LI 5 AR
3.2.1 XRD % #f

WA XRD BIE LK 4, B4R AT
SIS TEARE I TR BRI A A
SR, 5B NTE, B AR RRAE AT S e Y 2%, A RH
PR iR S RS TR SRR S Y

) 1— il
21— R
3 — kM

4 — G BEBRAT

ERMIRG G PDF#83-1547
|I-I|.I|Ia l.. M

| HEkR Iy PDF#75-0035
1 1

I | Ji%E PDF#06-0592
|

Tk W5 5ef” PDF#25-0411
1 1 1 ||| 1 i ] 1

10 20 30 40 50 60 70 80
20/(°)
4 FFEREZE XRD BiE

Fig.4 XRD patterns of reduced manganese nodules
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Fig.5 SEM images and EDS analysis of reduced manganese nodules
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Fig.6  XRD patterns of leaching residue
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Fig.7 SEM images and EDS analysis of leaching residue
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