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ABSTRACT: In this work, we reported a simplistic co-precipitation technique for the preparation of 

manganese cobaltite-MnCo2O4 material using potassium hydroxide-KOH. A comprehensive study on the 

properties of MnCo2O4 material was studied using characterization techniques like thermogravimetric 

analysis, X-ray powder diffraction, Fourier transform infrared spectroscopy-FTIR, morphology studies, 

and energy dispersive X-ray spectroscopy-EDS with elemental mapping.  The X-ray diffraction and FTIR 

studies of MnCo2O4 material confirm a cubic spinel structure with an Fd3m space group. The average 

crystalline size was 37 nm from the Scherrer formula. FTIR analyses from lower frequency regions have 

also confirmed the ion locations in the spinel structure of MnCo2O4 material. Micrographs look to be in 

irregular shape with an agglomeration of MnCo2O4 particles. To confirm the existence of Mn, Co and O 

elements from EDS studies and the corresponding distribution of elements was studied by elemental 

mapping. Therefore, the prepared material via the simplistic co-precipitation technique may be favorable 

for energy storage and other practical applications. 

Keywords: MnCo2O4; X-ray diffraction; Co-precipitation method; Structural; Morphological 

properties. 

GRAPHICAL ABSTRSCT 

 
1. INTRODUCTION 

Due to their remarkable chemical and 

physical properties, an oxide with one or two 

types of cations containing spinel compounds 

under controlled shape and size is of great 
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interest for various applications including hybrid 

cars, portable electronic devices, memory 

systems, microelectronics, rockets, etc [1]. Spinel 

type-Manganese cobaltite-MnCo2O4 is beneficial 

in several application domains (supercapacitor, 

transportation, telecommunication, medical, and 

energy) owing to their elemental abundance, cost 

effective, and electrical behavior [2]. For the 

MnCo2O4, various cation distributions have been 

put forth in the literature [3]. These findings 

indicate that the preparation conditions of this 

material could affect the crystal phase, 

morphology, cation distribution, and vibrational 

properties. 

 

Researchers are very interested in 

synthesizing the manganese cobalt oxide material 

via common methods including sol-gel, 

combustion technique, ball milling, solid-state 

reaction, solvothermal, mechanochemical 

method, hydrothermal and wet chemical.  

However, some of these methods are frequently 

used and costly, unreliable, and challenging for 

large-scale production. Among them, chemical 

techniques, co-precipitation is cost-effective and 

the best method due to it providing homogeneous 

size distribution, required surface morphology 

and purity. 

 To synthesis the manganese 

cobalt oxide material using the simplistic 

coprecipitation process. The aim is to 

characterize the same materials using TGA 

analysis, X-ray diffraction (XRD), scanning 

electron microscopy (SEM), Fourier transform 

infrared spectroscopy (FTIR) and energy 

dispersive X-ray spectroscopy (EDS) with 

mapping analysis. The struct-morphology 

properties of MnCo2O4 materials were 

investigated and tried to correlate the properties 

of manganese cobalt oxide with morphology and 

crystallite size. 

 

2. EXPERIMENTAL 

2.1. Materials  

Manganese chloride, potassium hydroxide, 

and cobalt (II) chloride were acquired from 

Sigma Aldrich. The synthesis technique used 

deionized water, which was not further refined. 

2.2. Synthesis 

A simplistic co-precipitation technique 

was used to synthesize manganese cobalt oxide 

material. Each product was weighed using a 

weighing machine. Then, 20 ml of distilled water 

was added gradually while being stirred with a 

magnetic stirrer at a speed of 660 rpm. The last 

addition is KOH, which will be added gradually 

to the mixture. This will cause the color of the 

combination to shift from red to a greenish blue 

and precipitate was obtained as a product. The 

precipitated sample was centrifuged for 2:10 

minutes, while the speed was preset at 9340 rpm. 

The samples were collected and washed with de-

ionized H2O and absolute ethanol for 5 times. 

Finally, the samples were dried at 100oC for 4 

hours and stored for characterization. 

 

 
Fig. 1 Synthesis schematic of the MnCo2O4 

prepared via co-precipitation method. 
 

2.3. Materials characterization 

TGA analysis was performed at room 

temperature at a rate of 10 °C per minute using 

an N2 atmosphere and a PerkinElmer 

Simultaneous Thermal Analyzer (STA).  The 

phase identification was performed using a 

Panalytical-Empyrean X-ray measurement, with 

wavelength λ=1.54 Å at 45 kV and recorded from 
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10 to 80°. Standard patterns from the 

International Centre for Diffraction Data (ICDD) 

database was utilized to determine the phase. 

The FTIR spectra were collected over a range of 

400-4000 cm-1 using a Nicolet, Thermo Electron 

Fourier transform infrared spectrometer fitted 

with a deuterated L-alanine triglycine sulfate 

(DLATGS) detector (mid-IR region). The 

sample's microstructure was studied by JEOL-

JSM-6010LA scanning electron microscopy, at 20 

keV. Secondary electron imaging was used to 

capture the SEM images (SEI). A double-sided 

adhesive carbon tape was used to secure the 

sample to the brass stub. Fields of the sample 

were kept in a high-vacuum chamber (ULVAC 

KIKO lnc, Japan), and micrographs of the sample 

were captured by InTouchScope JSM program. 

 

3. RESULTS AND DISCUSSION 

3.1. Thermal analysis 

Fig. 2 displays the TGA thermogram of 

the synthesized manganese cobalt oxide by the 

co-precipitation method. From 50 to 800C, there 

was no considerable weight loss (ie, the TGA plot 

remained virtually steady) or exothermic peak. 

As a result, it suggests that the destruction of 

organic derivatives and the formation of 

manganese cobalt oxide as highly crystalline 

nature occurred at his temperature range. 

 

Fig. 2 TGA graph of the synthesized manganese 

cobalt oxide by co-precipitation method. 

 

3.2. XRD investigation 

The structural XRD analyses were 

utilized to investigate the phase formation of the 

manganese cobalt oxide by the co-precipitation 

method. The XRD pattern of manganese cobalt 

oxide at room temperature is given in Fig. 3. The 

2 angles indexed to JCPDS card No. 023-1237 

with (111), (220), (311), (222), (400), (422), (511), 

440), (620), and (533) planes are coupled to an 

FCC spinel MnCo2O4 with an Fd3m space group 

[4]. All the XRD peaks were strong and distinct, 

suggesting the materials are crystalline in 

nature.  No more phases were found within the 

range of the XRD. The average grain sizes, Davg 

was calculated using the Scherrer formula [5],  

 

Davg= 0.9λ/βcosθ     (1) 

 

Where λ denotes the X-ray wavelength (Å), Davg 

reprents the grain size, β reprents the full width 

at half maximum, and θ reprents the Bragg's 

angle. The predicted Davg for the manganese 

cobalt oxide material was 37 nm. This value is 

satisfactory when compared to other methods of 

synthesis of manganese cobalt oxide material [6]. 

 

Fig. 3 XRD pattern of the synthesized manganese 

cobalt oxide by co-precipitation method. 

 

3.3. FTIR studies 

Fig. 4 displays the FTIR spectra that were 

acquired at room temperature for the 

nanocrystalline MnCo2O4 material spanning the 

wavelength range of 400–4000 cm-1. In general, 

most prominent bands arise between 700 and 350 

cm-1, where intensity and wave number rely on 
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cation distribution in spinel-type material. For 

MnCo2O4, the band at 557 cm-1 (ν1) is allocated to 

the octahedral complexes, whereas the band at 

656 cm-1 (ν2) is ascribed to the tetrahedral 

complexes [7]. The FTIR analyses further 

confirmed the ion locations in the spinel structure 

of the MnCo2O4 nanocrystalline material. 

 

 
Fig. 4. FTIR spectra for the synthesized 

manganese cobalt oxide by co-precipitation 

method. 

 

3.4. Microscopic analysis 

Micrographs taken by a scanning electron 

microscope (SEM) of the synthesized manganese 

cobalt oxide are shown in Fig. 5. The MnCo2O4 

material seems to be irregular in shape. This can 

be ascribed to the presence of particle 

agglomeration via magnetic interaction between 

them during synthesis. The particles displayed 

sizes between 10-70 nm [8, 11]. 

 

 
 

 
 

Fig. 5.  SEM micrographs with 10 µm of the 

synthesized manganese cobalt oxide by co-

precipitation method. 

 

3.5. Energy Dispersive X-Ray, EDS analysis 

 The elemental analysis of manganese 

cobalt oxide produced by the co-precipitation 

method is shown in Fig. 6. Mn, Co, and O 

elements can be found in the EDS spectra. No 

other elements were presented within the EDS 

spectra This shows the prepared sample's purity 

[12]. 

 
Fig. 6.  EDS spectrum of the synthesized 

manganese cobalt oxide by co-precipitation 

method. 

 

3.6. Elemental mapping analysis 

Fig. 7 shows the elemental mapping analysis 

of manganese, cobalt, and oxygen in the 

manganese cobalt oxide produced by a co-

precipitation process [13-15]. The constituent 

cations are spread uniformly throughout the 

entire sample. 
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Fig. 7 Elemental mapping of the manganese 

cobalt oxide by co-precipitation method. 

4. CONCLUSION 

 In conclusion, a simplistic co-

precipitation technique was used to synthesize 

successfully MnCo2O4 material using KOH. A 

comprehensive study on the properties of 

MnCo2O4 material was analyzed by various 

characterizations. The X-ray diffraction and FTIR 

studies confirm the formation of MnCo2O4 

material in cubic spinel structure form with an 

Fd3m space group. The calculated average 

crystalline size was 37 nm from the Scherrer 

formula. Micrographs reveal an irregular shape 

with an agglomeration of MnCo2O4 particles. The 

distribution of elements in MnCo2O4 material 

was confirmed from elemental mapping. Overall, 

the synthesized material via simplistic co-

precipitation technique may be favorable for 

energy storage and other practical applications. 
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