Sustainability Research: Technology Development and Assessment 1(1):21-30 (2025)

Sustainability Research

Technology Development and Assessment

Journal homepage: http://sr.uma.ac.ir

Investigation of the use of agricultural wastes and products as a reducing agent in

the leaching of manganese oxide ore

Meysam Naseri 1, Mehdi Irannajad 2*, Akbar Mehdilo 3

1 PhD student, Amirkabir University of Technology, Tehran, Iran.
2 Professor, Amirkabir University of Technology, Tehran, Iran.
3 Assistant Professor, University of Mohaghegh Ardabili, Ardabil, Iran

ARTICLE INFO

ABSTRACT

Keywords:
Manganese ore
Manganese dioxide
wastes

agricultural
products

Introduction: Manganese and its derivatives have various applications in different industries
such as battery manufacturing, metallurgical and chemical. About 90% of manganese
applications are related to metallurgical industries. In recent years, the utilization of low-grade
manganese resources has gained attention due to the depletion of high-grade manganese
deposits. Gravity and magnetic separation methods are commonly used to concentrate
manganese oxide ores. Pyrometallurgical (roasting), biohydrometallurgical and
hydrometallurgical methods have been used to recover manganese from manganese oxide
sources. Manganese recovery by roasting has several drawbacks, including high capital and
operating costs, significant energy consumption, long roasting times and environmental
pollution. In addition, this method does not allow the economic processing of low-grade
manganese ores. Biotechnological processes for recovering manganese from ores use
microorganisms. Although bioleaching methods are environmentally friendly, they have not
been industrialized due to slow reaction rates and incompatibility of some microorganisms with
certain ores. Hydrometallurgical processes offer advantages over both pyro metallurgical and
biohydro metallurgical processes and are gaining attention from research and industrial centers
due to their high efficiency and low energy consumption. In addition, hydrometallurgical
processes are suitable for low-grade and complex ores. Manganese dissolution from manganese
ore should be carried out under acidic and reducing conditions. The dissolution process must be
carried out in an acidic environment by adding a suitable reducing agent so that the manganese
enters the solution phase. Dissolution in an acidic and reducing environment is one of the
suitable methods for processing the low-grade manganese resources, where the presence of a
reducing agent is necessary for the dissolution of manganese ores.

Materials and Methods: In the previous studies, various reductants including sulfur dioxide,
hydrogen peroxide, iron sulphate, various microorganisms and organic chemicals have been
used. There are different categories of reductants used in manganese oxide ore dissolution
process. One of them is plant-based reductants, where the reductant or its derivatives contain
chemical compounds such as glucose and sucrose. Carbohydrates can also be used as
regenerators. Biocompatibility, cost effectiveness and availability are some of the advantages of
plant-based reductants in manganese ore dissolution.

Results and discussion: Ore particle size, reaction time, reaction temperature, acid
concentration, reductant type and concentration, stirring speed, and liquid/solid ratio are the
effective parameters in manganese oxide dissolution. These parameters are used to compare the
performance of different reductants, determine the optimum dissolution conditions and select a
suitable reductant.

Conclusion: In this regard, banana peel, tea waste, processed straw, powdered dry leaves,
molasses, and bamboo shoot powder are among the plant-based reductants used in the
dissolution of manganese oxides. The results of various studies show that tea waste and bamboo
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shoot powder give the highest and lowest recoveries, respectively. Plant-based reductants
require longer reaction times and higher temperatures compared to chemical reductants. The
typical reaction time and temperature using plant-based reductants are 4 to 5 hours and 90 to
95°C, while in the presence of chemical reductants these parameters are in the range of 40 to 60
minutes and 40 to 60°C, respectively. Also, the results prove that the reducing ability of glucose
in the dissolution of manganese is higher than that of sulfur and oxalic acid. In general, the use of
agricultural wastes and residues instead of chemicals in various dissolution processes may be
appropriate for various reasons, including agricultural waste management, tailings disposal, cost
savings related to chemical consumption, reduction of environmental problems caused by them.
Therefore, considering the advantages of plant-based reductants, it is strongly recommended to
investigate the effects of other types of them in new researches.
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Table 2. The structural formula of some reductant agents in the
manganese dissolution
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maize in a sulfuric acid environment
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Fig. 9. Recovery of manganese oxide dissolution by various reductants



Naserietal.

olos & pband Jolse b dulia 3 S (sloosiSlal ia o
S (oS Slwds > A0 b AL) oL slod g (celw AL Y) 5 Slob
sedo Ll ) ool (o8 Jae cowj lSiie W 4 Jg 35,0

5 odS sl O‘?‘.& L Lg)'”Lf;f L;Lta.xﬁlm.% 9 Ol s )'I odlawl
S Wl simto o )3 (99,8 dlox ) il slasiy] b

iled Ll ) b lage

References

(1]

[2]

(3]

(4]

[5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Naseri, M; Irannejad, M; Mahdilo, A. the importance of
manganese dioxide nanoparticles production and its applications,
in: The 41st Meeting (National Conference) of Earth Sciences,
Tehran, 2023.

Statista, No Title,
Https://Www.Statista.Com/Statistics/247624/Total-Apparent-
Manganese Consumption/ (Accessed on 24 January). (2018).
Ghosh, S., Bal, B., Das, A.P. Enhancing manganese recovery
from low-grade ores by using mixed culture of indigenously
isolated bacterial strains, Geomicrobiol. 35 (2018) 242-246.
Xiong, S., Li, X., Liu, P., Hao, S., Hao, F., Yin, Z., Liu, J.
Recovery of manganese from low-grade pyrolusite ore by
reductively acid leaching process using lignin as a low cost
reductant, Miner. Eng. 125 (2018) 126-132.

Acharya, C., Sukla, L.B., Vibhuti, N. Fungal leaching of
manganese ore, Trans. Indian Inst. Metals. 57 (2004) 501-508.
Zhang, C., Wang, S., Cao, Z.F.,, Zhong, H. Recovery of
manganese from manganese oxide ores in the EDTA solution,
Metall. Res. Technol. 115 (2018) 306.

Zhang, W., Cheng, C.. Manganese metallurgy review. Part I:
leaching of ores/ secondary materials and recovery of
electrolytic/chemical manganese dioxide, Hydrometallurgy. 89
(2007) 137-159.

TIMOR, O.P.B. Leaching optimization of manganese ore from
north central timor using H202 as a reducing agent, 1 (2023)
19-27.

Long, Y.F., Su, J., Ye, X.J., Su, H.F., Wen, Y.X. Reduction-roast
leaching of low grade pyrolusite using bagasse as a reducing
agent, Advanced Materials Research. 699 (2013) 28-33.

Cheng, Z., Zhu, G., Zhao, Y. Study in reduction-roast leaching
manganese from low-grade manganese dioxide ores using
cornstalk as reductant, Hydrometallurgy. 96 (2009) 176-179.
Deng, L., Qu, B., Su, S.J., Ding, S.L., Sun, W. Extraction of iron
and manganese from Pyrolusite absorption residue by
ammonium sulphate roasting—leaching pro cess, Metals. 8 (2018)
38.

Zhang, Y., You, Z., Li, G, Jiang, T. Manganese extraction by
sulfur-based reduction roasting—acid leaching from low-grade
manganese oxide ores, Hydrometallurgy. 133 (2013) 126-132.
You, Z., Li, G., Zhang, Y., Peng, Z., Jiang, T. Extraction of
manganese from iron rich MnO2 ores via selective sulfation
roasting with SO2 followed by water leaching, Hydrometallurgy.
156 (2015) 225-231.

Zhang W, C.C. Manganese metallurgy review. Part Il
Manganese  separation and recovery from  solution,
Hydrometallurgy. 89 (2007) 160-177.

Zhang W, C.C. Manganese metallurgy review. Part I: Leaching
of ores/secondary materials and recovery of electrolytic/chemical
manganese dioxide, Hydrometallurgy. 89 (2007) 137-159.
Welham, N. Activation of the carbothermic reduction of
manganese ore, Int. J. Miner. Process. 67 (2002) 187-198.
Zhang, H.Q., Yu, Y.F., Lu, X.S., Ding, C.G., Zhao, L. Study on
reducing roasting of suspending manganese oxide ore, Min.
Metall. Eng. 30 (2010) 40-43.

Coetsee, T., Reinke, C., Nell, J., & Pistorius, P.C. Reduction
mechanisms in manganese ore reduction, Metallurgical and
Materials Transactions B. 46 (2015) 2534-2552.

Tripathy, S., & Randhawa, N.S. Investigation on Solid-State

Sustainability Research: Technology Development and Assessment 1(1):23-34 (2025) 33

oS 0

odlaiwl Dyg0 (gl e )3 3K (ST il g,

oS sl luls oo Cangy 4 Glgie dlge cpl dlox jnyS )3

2,8 o)kl S LS jdg 0l dsiual

Caosd s 4 (Slel 5 hyslis wluls) (alS shossls]

ol Caw be b i ()85l 9 09 wywed 3]
9998 Jals 5 slal bole plsie 4 olewd dlge (slp (slio

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

(31]

(32]

(33]

[34]

(35]

Carbothermic Reduction Behaviors of Pyrolusite Ore, in: In
International Conference on Fundamental and Industrial
Research in Materials,Singapore: Springer Nature Singapore,
2023: pp. 14-20.

Naseri , M; Irannejad, M; Mahdilo, A. Effective parameters in
the leaching of manganese oxide ore, in: 12th Iranian Mining
Engineering Conference, n.d.

Zhang, Y., Du, M., Liu, B., Su, Z., Li, G., Jiang, T. Separation
and recovery of iron and manganese from high-iron manganese
oxide ores by reduction roasting and magnetic separation
technique, Sep. Sci. Technol. 52 (2017) 1321-1332.

Acharya, C., Kar, R.N., Sukla, L. Bioleaching of low grade
manganese ore with Penicillium citrinum, Eur. J. Miner. Process.
Environ. Prot. 2 (2002) 197-204.

Acharya, C., Kar, R.N., Sukla, L. Studies on reaction mechanism
of bioleaching of manganese ore., Miner. Eng. 16 (2003) 1027—
1030.

Naseri , M; Irannejad, M; Mahdilo, A. A review of manganese
ore bioleaching studies, in: In: The Second National and the First
International Conference of Environmental Challenges: Green
Industry and Mining, Tehran, 2024.

Han, Y., Ma, X., Zhao, W., Chang, Y., Zhang, X., Wang, X.,
Wang, J., Huang, Z. Sulfur-oxidizing bacteria dominate the
microbial diversity shift during the pyrite and low-grade
pyrolusite bioleaching process, J. Biosci. Bioeng. 164 (2013)
465-471.

Ghosh, S., Tripathy, B., Dey, S., & Das, A.P. Comparative
investigation of fungal and bacterial manganese biomining
mechanisms, Manganese Mining Microorganisms. (2023) 99—
115.

Das AP, G.S. Bioleaching of Manganese from mining waste
materials, Mater Today Proc. 5 (2018) 2381-2390.

Li, H.L., Li, AM., Cao, C.M,, Yang, J.B., Zeng, Q., Liu, G.
Study on bioleaching of manganese from electrolytic manganese
residue, Chin. J. Environ. Eng. 3 (2009) 1667-1672.

Mehta, K.D., Das, C., Pandey, B. Leaching of copper, nickel and
cobalt from Indian Ocean manganese nodules by Aspergillus
Niger, Hydrometallurgy. 105 (2010) 89-95.

Ghosh, S., Mohanty, S., Akcil, A., Sukla, L.B., Das, AP. A
greener approach for resource recycling: manganese bioleaching,
Chemosphere. 154 (2016) 628—639.

Baba, A.A., lbrahim, L., Adekola, F.A., Bale, R.B., Ghosh,
M.K., Sheik, A.R., Pradhan, S.R., Ayanda, O.S., Folorunsho,
1.0. Hydrometallurgical processing of manganese ores: a review,
J. Miner. Mater. Charact. Eng. 2 (2014) 230-247.

Peng, N., Pan, Q., Liu, H., Yang, Z., Wang, G. Recovery of iron
and manganese from iron-bearing manganese residues by multi-
step roasting and magnetic separation, Miner. Eng. 126 (2018)
177-183.

Sinha, M. K., & Purcell, W. Reducing agents in the leaching of
manganese ores: A comprehensive review, Hydrometallurgy.
187 (2019) 16186.

Naik, P.K., Nathsarma, K.C., Das, S.C., Misra, V. Leaching of
low grade Joda manganese ore with sulphur dioxide in aqueous
medium, Miner. Process. Ext. Metall. 112 (2003) 131-134.

Sun, W.Y., Su, S.J., Wang, Q.Y., Ding, S. Lab-scale circulation
process of electrolytic manganese production with low-grade
pyrolusite leaching by SO2, Hydrometallurgy. 133 (2013) 118-



34 Sustainability Research: Technology Development and Assessment 1(1):23-34 (2025)

[36]

(371

[38]

[39]

[40]

[41]

[42]

[43]

[44]

125.

Keshavarz, S., Faraji, F., Rashchi, F., & Mokmeli, M.
Bioleaching of manganese from a low-grade pyrolusite ore using
Aspergillus niger: Process optimization and Kinetic studies,
Journal of Environmental Management. 285 (2021) 112153.
Zhao, Z., Wang, R., Shu, J., Chen, M., Xu, Z., Xue, T., Zeng, X.,
He, D., Tan, D., Deng, Z., & Kehua, A. Enhanced manganese
leaching from electrolytic manganese residue by electrochemical
process and Na2SO3, Minerals Engineering. 189 (2022) 107862.
Zawrah, M. F., Fadaly, E. a. E., Khattab, R., Aly, M. H., &
Shafei, H.F. Synthesis and characterization of nano Mn304 and
LiMn204 spinel from manganese ore and pure materials,
Ceramics International. 46 (2020) 17514-17522.

Hariprasad, D., Dash, B., Ghosh, M. K., & Anand, S. Leaching
of manganese ores using sawdust as a reductant, Minerals
Engineering. 20 (2007) 1293-1295.

Hariprasad, D., Ghosh, M. K., & Anand, S. Dried leaves —
Novel reductant for acid leaching of manganese ore,
Transactions of the Indian Institute of Metals. 62 (2009) 551—
554,

Naseri , M; Irannejad, M; Mahdilo, A. The use of agricultural
waste and products as a reductant agent in the manganese
dioxide leaching process, in: In: The Third National Conference
on Green Waste Management, 2023.

Zhang, H., Zhu, G., Yan, H., Zhao, Y., Li, T., & Feng, X.
Reduction of low-grade manganese dioxide ore pellets by
biomass wheat stalk, Acta Metallurgica Sinica (English Letters).
26 (2013) 167-172.

Feng, Y., Zhang, S., & Li, H. Reductive leaching of manganese
from low-grade pyrolusite ore in sulfuric acid using pyrolysis-
pretreated sawdust as a reductant, International Journal of
Minerals, Metallurgy and Materials. 23 (2016) 241-246.
Dwivedi, D., Randhawa, N. S., Saroj, S., & Jana, R. An
overview of manganese recovery by hydro and Pyro-

[45]

[46]

[47]

(48]

[49]

(50]

(51]

(52]

(53]

Naseri et al.

Metallurgical routes, Journal of the Institution of Engineers
(India): Series D. 98 (2016) 147-154.

Sun, Y., Fu, G., & Jiang, L. Reductive leaching of low-grade
manganese oxide ores using pretreated straw as reductant,
Mineral Processing and Extractive Metallurgy. 130 (2018) 10—
15.

Tang, Q., Zhong, H., Wang, sh., Li, j., Liu, g. reductive leaching
of manganese oxide ores using waste tea as reluctant in sulfuric
acid solution, Trans. Nonferrous Met. Soc. China. 24 (2014)
861-867.

Aripin, H., Joni, I. M., Busaeri, N., Usrah, I, Sudiana, I. N., &
Sabchevski S. Banana peel reductant for leaching medium grade
manganese ore in sulfuric acid solution, in: In AIP Conference
Proceedings. American Institute of Physics, 2017.

Riazi A, Preparation of manganese oxide nanostructures from
low-grade manganese sources and their applications, 2015.

Su, H., Wen, Y., Wang, F., Sun, Y., & Tong Z. Reductive
leaching of manganese from low-grade manganese ore in H2SO4
using cane molasses as reductant, Hydrometallurgy. 93 (2008)
136-139.

Muthalib, N., Ismail, S., Abdullah, N. S., & Jabit NA. Reductive
leaching of low-grade manganese ore with bamboo sawdust:
study of bamboo sawdust and glucose degradation, Arabian
Journal of Chemistry. 14 (2021) 103288.

Ashtari, P., Karimi, S., & Hosseini SA. Reductive leaching of
pyrolusite using orange peel as a reducing agent, Journal of
Mining and Environment. 14 (2023) 1307-1319.

Ali, S., Igbal, Y., Faroog, U., & Ahmad S. Leaching of
manganese ores using corncob as reductant in H2SO4 solution,
Physicochemical Problems of Mineral Processing. 52 (2016).
Sun 'Y, Fu G, Jiang L. Kinetic study of the leaching of low-grade
manganese ores by using pretreated sawdust as reductant,
Minerals. 7 (2017) 83.



