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Abstract. NMC is a lithium-ion battery that combines three primary metals, namely Nickel, Manganese, and Cobalt. 

Manganese metal is used in the form of manganese sulfate (MnSO4). This research has studied the effect of adding alkali 

in the precipitation of impurities from the solution of manganese ore leaching on the crystals of MnSO4 as raw material for 
the manufacture of NMC. Some manganese ores are leached using oxalic acid as a reducing agent in a sulfuric acid 

atmosphere. Then, the impurities (mainly iron) precipitation from pregnant leached solution was carried out with pH 

adjustment using various alkalis. The alkalis used in this study were NaOH, NH4OH, and Ca(OH)2. The MnSO4 products 

were characterized using XRF and XRD. The results showed that the use of Ca(OH)2 in the precipitation of iron and other 

impurities from the pregnant leached solution could provide better MnSO4 crystals than the use of NaOH and NH4OH 

INTRODUCTION 

Lithium-ion batteries are the future energy for electric vehicles. This type of battery has a high energy density and 

has several types, namely lithium NCA (Nickel Cobalt Aluminum Oxide), lithium NMC (Nickel Manganese Cobalt 

Oxide) and LFP (Lithium Ferrous Phosphate) or known as lithium iron phosphate batteries [1- 4]. The electric car 

company, such as Tesla, currently uses NCA batteries and is currently developing the LFP type battery which is 

believed to be cheaper and has a longer lifespan of up to 10 years. Research on batteries for electric vehicles is being 

carried out [5-7]. One type of battery that is being developed is NMC [8-9]. NMC battery is a lithium type battery 

with the main components consisting of Nickel, Manganese, and Cobalt in the form of oxide. The source of Mn can 

be obtained from MnSO4.  

The raw material for producing MnSO4 is available in Indonesia in the form manganese ores that are distributed 

in many areas such as Lampung, West Sumatera, Yogyakarta, East Java, and East Nusa Tenggara. Manganese ores 

are divided into two types, namely high grade and low-grade manganese ore. Manganese ores with high grades are 

usually processed by pyrometallurgical method to produce ferromanganese (FeMn) for the iron and steel industries 

[10-13]. Meanwhile, manganese ore with lower grades is processed through the hydrometallurgical route to become 

MnSO4[14], MnO2[15-17] or KMnO4[18. MnSO4 can be used as a raw material for NMC batteries which require high 

purity. To produce MnSO4, several hydrometallurgical processes including reductive-leaching process, the impurities 

removal from pregnant leached solution, and crystallization of MnSO4 product have to be conducted. The purification 

process is needed to remove the impurities in the leaching solution. In this study, the effect of alkali types on the iron 
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and other impurities removal of pregnant leached solution will be investigated on the purity of the MnSO4 product 

from manganese. The product of MnSO4 was analyzed using XRF and XRD. 

METHODOLOGY 

The material used in this study was manganese ore from Way Kanan regency, Lampung Province. Chemical 

composition of the manganese ore was analysed using X-ray Fluorescence (XRF, PANalytical Epsilon 3 XLE, 

Netherland) that was shown in Table 1. The experimental processes were conducted to produce MnSO4 including 

reductive-leaching, iron and impurities removal by precipitation using pH adjustment, and crystallization to obtain a 

product in the form of MnSO4 crystals. In the reductive-leaching process, oxalic acid was used as a reducing agent 

and sulphuric acid as a leaching reagent at atmospheric condition. Leaching process was conducted in these 

parameters: sulphuric acid used with the concentration of 6% v/v, leaching temperature is 80oC, leaching period is 6 

hours, oxalic acid used is 30 g/l, and the ratio of ore to sulphuric acid solution is 52.63 g/l. Further, pregnant leached 

solution was purified to remove iron and other impurities by the precipitation method using pH adjustment. Some 

alkalis (NaOH, NH4OH, Ca(OH)2, and CaCO3) were applied as precipitating agent to adjust the pH. Then 

crystallization was carried out.  MnSO4 product was characterized using XRF and X-Ray Diffraction (XRD, 

PANalytical X’pert 3 Powder, Netherland). 

 
Table 1. Chemical composition of the manganese ore 

Raw material 
Composition (%) 

Si Mn Fe S Al 

Manganese Ore (Way Kanan) 4.1 36.77 6.59 0.41 0.45 

 

RESULTS AND DISCUSSION 

Crystallization of Manganese Sulphate from Filtrate after Leaching and Precipitation of 

Iron with NaOH 

After the leaching process, the leached solution contains Mn and Fe because Fe is also dissolved in sulphuric acid. 

Since iron is not desired in the product, it must be separated first using precipitation with a pH adjustment. This 

precipitation process is carried out to reduce the amount of Fe metal contained in the leached solution. This process is 

carried out by adding 10% sodium hydroxide (NaOH) to the leached solution to the desired pH. The pH used were 6. 

After reaching the desired pH, the solution resulting from the addition of NaOH was filtered and separated from the 

precipitate. The filtrate obtained from the precipitation of Fe is then crystallized by heating on a hot plate at a 

temperature of 80oC for approximately 5 hours to obtain white-pink crystals which are expected to be manganese 

sulphate crystals. The results of the XRD analysis are shown in Figure 1. 
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Figure 1. XRD analysis of MnSO4 

  

From the data obtained, it is concluded that the process carried out has not produced manganese sulphate 

powder/crystals with the expected purity because there are still impurities, one of which is sodium which may also 

crystallize. Sodium comes from NaOH which is used during the precipitation of Fe from the leached filtrate. 

Crystallization of Manganese Sulphate from Filtrate after Leaching and Precipitation of 

Iron with NH4OH 

The process flow carried out in this experiment is similar to the previous one, but the NaOH used as the Fe 

precipitation reagent is replaced with NH4OH. The purpose of this replacement is because based on the previous 

experiments, it was known that Na from NaOH also crystallized with Mn, so that the crystal product also contained a 

large amount of Na. The manganese sulphate product was analysed by XRD to determine the purity of the product 

obtained. The results of the XRD analysis are shown in Figure 2. From the XRD analysis, it is known that the 

manganese sulphate product still contains Ammonium Manganese Sulphate, so the resulting product is not pure. 
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Figure 2. Data XRD MnSO4 

Crystallization of Manganese Sulphate from Filtrate after Leaching and Precipitation of 

Iron with Ca(OH)2 

In this experiment, Ca(OH)2
 was applied as the pH adjusting in the pregnant leached solution to precipitate iron 

and other impurities. The product of MnSO4 from this experiment is the best product compare the previous 

experiments. The crystalline manganese sulphate product was analysed using XRF and XRD, and those compared 

with commercial MnSO4. From Figure 3, it can be seen that the MnSO4 product extracted from manganese ore 

produced from this process has an XRD pattern that is close similar to the XRD pattern of commercial MnSO4. But 

there are other peaks besides MnSO4 namely CaSO4 (gypsum) which makes this product not pure. Further experiments 

are needed to obtain high-purity MnSO4 products.  

The summary of all results of the XRF analysis were presented in Table 2. From Table 2, it can be seen that the 

use of Ca(OH)2 as the precipitation agent in the removal of iron and other impurities produces the higher purity of 

manganese sulphate product than other precipitation agents.  

 
Figure 3. XRD MnSO4 Synthesis Product compared to Commercial XRD MnSO4 (Merck) 

 

TABLE 2. The summary of the results of the XRF analysis of MnSO4 

Product 
Composition (%) 

Mn S Ca Al K 

MnSO4 (commercial) 79.638 19.834 0.15 0.166  

Precipitation with NH4OH 47.886 50.102 0.463 0.319  

Precipitation with NaOH 52.723 45.886 0.479 0.318  

Precipitation with Ca(OH)2 71.863 21.937 3.160 0.167 1.128 

 

CONCLUSION 

The use of Ca(OH)2 in the removal of iron and other impurities from the pregnant leached solution of manganese 

ore can produce MnSO4 crystals with higher purity (around 93%) compared to the use of NaOH and NH4OH. 

However, there is still gypsum (CaSO4) in the product as the impurities. For the next study, it has to be investigated 

the process for calcium removal before crystallization process. 

 

=MnSO4. H2O 

020005-4

D
ow

nloaded from
 http://pubs.aip.org/aip/acp/article-pdf/doi/10.1063/5.0121683/17305812/020005_1_5.0121683.pdf



ACKNOWLEDGMENTS 

This work is partially supported by the LPDP through the National Research Priority (PRN) Mandatory No. 

84/E1/PRN/2020 on Energy Storage 2020 under the Ministry of Research and Technology, Indonesian Government. 

The authors also acknowledge the facilities, scientific, and technical support from Advanced Characterization 

Laboratories Lampung, Indonesian Institute of Sciences (LIPI) through E-Layanan Sains, Lembaga Ilmu Pengetahuan 

Indonesia (LIPI).  

Contributors statement: in this paper, all authors are main contributors. 

 

REFERENCES 

1. Ding, Y.; Cano, Z.P.; Yu, A.; Lu, J.; Chen, Z. 2019. Automotive Li-Ion Batteries: Current Status and Future 

Perspectives. Electrochem. Energy Rev.2, 1–28. 

2. Velázquez-Martínez, O.; Valio, J.; Santasalo-Aarnio, A.; Reuter, M.; Serna-Guerrero, R. 2019. A critical 

review of lithium-ion battery recycling processes from a circular economy perspective. Batteries 5, 5–7 

3. Dunn, J.B.; Gaines, L.; Kelly, J.C.; James, C.; Gallagher, K.G. 2015. The significance of Li-ion batteries in 

electric vehicle life-cycle energy and emissions and recycling’s role in its reduction. Energy Environ. 

Sci.8,158–168. 

4. Ellingsen, L.A.W.; Hung, C.R.; Strømman, A.H. 2017. Identifying key assumptions and differences in life 

cycle assessment studies of lithium-ion traction batteries with focus on greenhouse gas emissions. Transp. 

Res. Part D Transp. Environ.55,82–90. 

5. Kallitsis, E.; Korre, A.; Kelsall, G.; Kupfersberger, M.; Nie, Z. 2020, Environmental life cycle assessment of 

the production in China of lithium-ion batteries with nickel-cobalt-manganese cathodes utilising novel 

electrode chemistries. J. Clean. Prod 254, 120067.  

6. Kelly, J.C., Dai, Q. & Wang, M. 2020. Globally regional life cycle analysis of automotive lithium-ion nickel 

manganese cobalt batteries. Mitig Adapt Strateg Glob Change 25, 371–396.  

7. Evvy Kartini, 2021. Current State of Development of Lithium-Ion Battery NMC Based on Local Mineral 

Resources in Indonesia, The 21st International Unionof Materials Research Societies – International 

Conference in Asia (IUMRS-ICA2020), 23-26 February 2021 Faculty of Science, Chiang Mai University, 

Chiang Mai, Thailand. 

8. Maria Kayra Saskia, Evvy Kartini,2019. Current State of Lithium Ion Battery Components and Their 

Development, 2018IOP Conf. Series: Materials Science and Engineering 553 (2019) 012058IOP 

Publishingdoi:10.1088/1757-899X/553/1/012058. 

9. Dunn, Jennifer B., James, Christine, Gaines, Linda, Gallagher, Kevin, Dai, Qiang, and Kelly, Jarod C. 2015. 

Material and Energy Flows in the Production of Cathode and Anode Materials for Lithium Ion Batteries. 

United States:  doi:10.2172/1224963. 

10. Yayat I. Supriyatna, 2013, Studi Pengolahan Bijih Mangan menjadi Ferromangan Menggunakan Tanur Busur 

Listrik Satu Fase, Jurnal Teknologi Mineral dan Batubara 9, 50 – 60. 

11. G. Tranell, S. Gaal, D. Lu, M. Tangstad and J. Safarian, 2007. Reduction Kinetics of Manganese Oxide From 

Hc Femn Slags, Infaxon, 231-240 

12. Larssen, T.A., M. Tangstad, M. and Kero, I.T. 2019. Energy distribution in HC FeMn and SiMn production: 

energy vs exergy analyses. The Southern African Insitute of Mining and Metallurgy 119, 1071-1076. 

13. Merete Tangstad , Kiyoshi Ichihara , Eli Ringdalen, 2015, Pretreatment Unit in ferromanganese Production, 

The Fourteenth International Ferroalloys Congress, 99-106. 

14. Ahmet Ekmekyapar, Celal Asin, Nizamettin Demirkiran, Asim Künkül, Ahmet Baysar,Kadim Ceylan, 2012, 

Reductive Leaching of Pyrolusite Ore by Using Sawdust for Production of Manganese Sulfate, Russian 

Journal of NonFerrous Metal 53, 211-217. 

15. Fikri Erdem Şeşen, 2017, Practical reduction of manganese oxide, J Chem Tech App 1, 1-2. 

16. Mitchell H. Wright, Saad M. Farooqui, Alan R. White, Anthony C. Greene, 2016, Production of Manganese 

Oxide Nanoparticles by Shewanella Species, American Society for MicrobiologyApplied and Environmental 

Microbiology, 82, 5402-5409 

17. Mario Villalobos, Brandy Toner, John Bargar, Garrison Sposito, 2003, Characterization of the manganese 

oxide produced by pseudomonas putida strain MnB1,Geochimica et Cosmochimica Acta 67, 2649-2662. 

020005-5

D
ow

nloaded from
 http://pubs.aip.org/aip/acp/article-pdf/doi/10.1063/5.0121683/17305812/020005_1_5.0121683.pdf

https://doi.org/10.1016/j.jclepro.2020.120067
https://doi.org/10.1007/s11027-019-09869-2
https://doi.org/10.2172/1224963
https://doi.org/10.3103/S1067821212030054
https://doi.org/10.3103/S1067821212030054
https://doi.org/10.1007/s41918-018-0022-z
https://doi.org/10.3390/batteries5010005
https://doi.org/10.1039/C4EE03029J
https://doi.org/10.1039/C4EE03029J
https://doi.org/10.1016/j.trd.2017.06.028
https://doi.org/10.1016/j.trd.2017.06.028
https://doi.org/10.1088/1757-899X/553/1/012058
https://doi.org/10.1128/AEM.00663-16
https://doi.org/10.1128/AEM.00663-16
https://doi.org/10.1016/S0016-7037(03)00217-5


18. Namgoo Kang, Inez Hua, P. Suresh, C. Rao,2004. Production and Characterization of Encapsulated 

Potassium Permanganate for Sustained Release as in Situ Oxidant, Ind. Eng. Chem. Res. 43, 5187–5193 

 

 

 

020005-6

D
ow

nloaded from
 http://pubs.aip.org/aip/acp/article-pdf/doi/10.1063/5.0121683/17305812/020005_1_5.0121683.pdf

https://doi.org/10.1021/ie0499097

