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Abstract--In this work, pure carbon spheres (CSs) and Mn3O4 

nanoparticles (NPs) embedded on carbon sphere were synthesized 

by hydrothermal method. The prepared CS/Mn3O4 was examined 

with structural, functional, and morphological properties by 

XRD, FTIR, and SEM analysis. The average grain size and 

crystalline size of Mn3O4 coated carbon sphere were found 

through morphological analysis. The element ratio, composition 

and distribution of the prepared Mn3O4 coated carbon sphere were 

analyzed through EDS and Mapping analysis. Electrochemical 

performance such as redox behavior, charge storage/discharge 

capacity and resistive nature of Mn3O4/CSs was evaluated using 

cyclic voltammetry, chronopotentiometry, and electrochemical 

impedance spectroscopic analysis. 

Keywords-- Mn3O4, Carbon sphere, Mn3O4 @carbon sphere, 

Electrochemical studies, Charge-discharge. 

I. INTRODUCTION 

Unique properties and applications of nanoscale 

materials made the field of nanotechnology and nanomaterials 

a growing interest in the past few decades. Some of examples 

includes 0D materials (quantum dots), 1D materials (carbon 

nanotubes, CNTs), 2D materials (Graphene), and 3D 

materials (Graphite). The various form of carbon derivatives 

is getting much interest among researchers working on 

nanotechnology field [1-7]. Among various segregations, the 

carbon spheres make promising nanomaterial in various 

applications. It can be prepared via various techniques such as 

arc discharge, laser ablation chemical vapour deposition 

methods, and hydrothermal respectively [8, 9]. Many 

nomenclature is given for spherical shaped carbon materials 

which includes carbon blacks, carbon balls, etc., [10] The 
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potential applications acquired from these materials are many 

that includes wide variety of physical properties and 

outstanding mechanical properties [4]. A large number of 

technical applications includes electron field emitters, gas 

sensor, nano-electronic devices, energy storage devices such 

as supercapacitor have been demonstrated [11-13].  

Based on the major excellent physic-chemical property, the 

transition metal oxides were of significant interest for the 

researches that provides way for various applications 

[14–16]. The preparation of metal oxide nanomaterials in the 

few nanometric sizes would enhance the additional properties 

that are possessed by the material [17]. Among most 

transition metal oxides, the most notable transition metal is 

the manganese oxide which is a promising electrode material 

for electrochemical devices as it possesses large theoretical 

capacity (~1370 F/g) with affordable price and environment 

friendliness [18, 19]. Though it has maximum theoretical 

capacitance value, some of the drawback like poor 

conductivity, minimum ion diffusion etc., respectively made 

the material to exhibit quite lower specific capacitance 

reported so far comparing the theoretical value. Until today 

many forms of manganese oxide were reported in order to 

improve the specific capacitance values. 

Present work, we reported the combination of transition 

metal oxides embedded on carbon spheres. Comparing all 

other techniques, the mild hydrothermal synthesis was simple 

and user friendly method. Various analytical techniques were 

undertaken for the prepared material to analyse different 

properties. In addition, the electrochemical studies were made 

to interpret redox properties, charge-discharge mechanism 

and conductivity nature of prepared pure and Mn3O4/CSs. To 

the best of our knowledge there has been no report yet on 

combination of manganese oxide with Mn3O4 structure on to 

the surface of carbon sphere for evaluation of electrochemical 

activity. 

II.  EXPERIMENTAL SECTION  

A. Materials   

In order to prepare the sample, Glucose, MnCl2, NaOH and 

ethanol were purchased from Sisco Research Laboratories 

Pvt. Ltd., Mumbai, India. Analytical grade chemicals with 

high purity of 99% were used. Ultra-pure Millipore deionized 

(DI) water was used as a solvent for whole reaction. To do the 

electrochemical test, activated 

carbon (AC), potassium 

hydroxide (KOH), 
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N-methyl-2-pyrrolidinone (C5H9NO, NMP) and 

polyvinylidene fluoride ((-(C2H2F2)n-), PVDF) were used and 

it  obtained from Sigma-Aldrich (Mumbai). 

B. Materials characterization 

The bare carbon sphere was synthesized using 1M of 

glucose. It was dissolved in 125 ml of DI water and 

continuously stirred until gets the homogeneous reaction 

mixture. Then the solution was transferred into the 150 ml 

autoclave and kept undisturbed in oven at about 180° C for 

12h. The obtained bare carbon sphere was cleaned and 

washed by centrifuging with DI water and ethanol for several 

times to remove extra additives.  Following this, the sample 

was dried overnight in hot air oven at 80° C [20]. The Mn3O4 

coated carbon sphere was prepared by taking prepared bare 

carbon sphere and MnCl2 in the equimolar ratio of 0.05M in 

125 ml DI water. The reaction mixture was kept in magnetic 

stirring for about half an hour. After complete dispersion and 

dissolution of bare carbon sphere and MnCl2 in the solvent, 

0.1 M of NaOH was added to adjust pH:9. Then the same 

procedure was carried out as like as the bare carbon sphere 

[21].  The entire procedure for preparation of Mn3O4 coated 

carbon sphere was shown in fig 1. 

 

 

 

 

 

Fig. 1. Synthesis procedure of Mn3O4 embedded on carbon 

spheres nanocomposites. 

C. Modified electrode fabrication 

With the help of some reported procedures, modified 

working electrode was fabricated [22, 23]. In brief, the as 

prepared material with the weight ratio of 80%, AC as 

conducting material was taken in the ratio 15% and 5% PVDF 

as a binder was used. All the three were mixed using NMP 

solvent and made into slurry. The formed slurry was coated on 

to the nickel foil with the area composed of (1 × 1 cm). The 

resulting mixture on the substrate was dried in hot air oven at 

a temperature of about 60° C for 6 h to fabricate an electrode. 

III. CHARACTERIZATION 

A. Structural analysis 

Using powder X-ray diffraction analysis Bruker X-ray 

diffractometer (D8 advance ECO) with monochromatic 

Cu-Kα radiation containing 1.5406 Å wavelengths, the crystal 

structure was determined. To study functional groups of the 

prepared sample fourier transform infrared spectrometer 

(FTIR) was employed using a Shimadzu (IR Tracer-100) 

spectrophotometer within the range of 4000–400 cm−
1
 using 

KBr pellet system. Bare and Mn3O4 covered carbon sphere 

formation was confirmed through the morphological analysis 

using Scanning Electron Microscope (SEM, ZEISS-EVO 18 

Research, Japan) along with Energy Dispersive X-Ray 

analyses (EDS) (BRUKER-X Flash 6130). The mapping 

analysis reveals the purity of the prepared materials. 

B.  Electrochemical analysis 

Electrochemical behavior of the prepared Mn3O4/CSs was 

examined with the help of electrochemical workstation (CH 

Instruments-CHI 6008e, USA) at room temperature. A 

three-electrode system with modified electrode material 

employed as working electrode, a platinum (Pt) wire as 

counter electrode and silver electrode (Ag/AgCl) as reference 

electrode was employed. An aqueous electrolyte solution 

utilized was 6M KOH. 

IV. RESULTS AND DISCUSSION 

A. Powder XRD analysis 

The PXRD pattern of prepared (a) bare carbon sphere (b) 

Mn3O4 covered carbon sphere was depicted in Fig. 2. A hump 

at 2 theta value of 20° shown in fig. 2(a) reveals the PXRD 

pattern of pure carbon sphere. The 2 theta values were fixed 

between 10-80°.  

 

Fig. 2.  XRD patterns of (a) bare carbon sphere (CSs) and (b) 

Mn3O4/CSs nanocomposites. 

The crystalline peaks of Mn3O4 were perfectly matched 

with the standard JCPDS card number 80-0382 depicted in 

fig. 1(b) [24]. Tetragonal structure with space group I41/and 

(141) was obtained. The maximum diffraction peaks were 

observed in 32.3, 36.0, 58.5, 59.9, 65.6° with corresponding 

(h k l) indices (211), (103), (224), (400) and (112). The 

particles size of prepared Mn3O4 NPs was found ~ 10 to 50 nm 

by SEM morphological analysis. 

B. FTIR analysis 

FTIR spectra of prepared (a) bare carbon sphere (b) Mn3O4 

NPs evenly decorated on carbon spheres was revealed in fig. 

3. The functional group, metal bond interactions such as 

bending and stretching vibrations between the molecules 

present were estimated using FTIR analysis. In finger print 

region, the metal oxide interactions i.e., Mn-O bond 

vibrations were observed in peaks 630, 524, and 418 cm
-1

. In 

the wavenumber between 2881 cm
-1

 the C-H bond stretch 

were seen. The triple bond formation of carbon-carbon atom 

was observed in peaks 2351 and 2312 cm
-1

.  C=C, C=O bond 

interactions were noted in peaks 1635 and 1394 cm
-1

. The 

observed result was in accordance with the other few reported 

results [21, 25]. 
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Fig. 3. FTIR spectra of (a) bare carbon spheres and (b) Mn3O4 

decorated carbon spheres 

C. SEM and EDS analysis  

The (a) bare carbon sphere (b) Mn3O4 embedded on carbon 

spheres was shown in Fig. 4. The spherical formation of 

carbon spheres was witnessed from the SEM image fig. 3 (a). 

The Mn3O4 NPs embedding was clearly observed on the 

surface of the carbon spheres in the fig. 4 (b). The obtained 

result clearly state the formation of sphere shaped particles 

were formed and the Mn3O4 nanoparticles were wrapped as 

the outer surface of CSs uniformly. The agglomeration in 

Mn3O4 wrapped carbon sphere was due to van der waals 

forces attracted between carbon spheres and transition metal 

oxide. Fig.4. depicts the EDS spectrum and mapping of 

prepared Mn3O4 NPs coated on carbon spheres. From 

elemental mapping (figure.5) the elemental composition and 

uniform distribution of the prepared Mn3O4 NPs embedded on 

carbon sphere was determined. It clearly proves the purity of 

sample prepared. The morphology obtained was quite similar 

as observed in reported by Wu et al [8, 26]. 

D. Electrochemical analysis 

The electrochemical behavior and redox properties of the 

as prepared Mn3O4 covered carbon spheres were investigated 

using Cyclic Voltammetry (CV) analysis. Fig.6. Reveals the 

CV curves of the Mn3O4 NPs coated on carbon spheres. The 

potential window was fixed between 0 to +0.5 V and the 

current values changed in accordance with potential. 

Different scan rates from lower 5 mV/s to higher 100 mV/s 

were applied to find the redox behavior. The shift was 

observed in anodic and cathodic region, it denotes the internal 

resistance of the material with respect to the 

electrolyte/electrolyte interface.  

 

Fig. 4. SEM images of (a) bare carbon spheres and (b) Mn3O4 

decorated carbon spheres 

 

 

Fig. 5. EDS spectrum and elemental mapping of Mn3O4 NPs 

embedded on carbon spheres 
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Fig. 6. CV curves of Mn3O4 decorated carbon spheres. 

 The charge-discharge mechanism of prepared Mn3O4 

NPs decorated on carbon spheres was examined with the help 

of Galvanometric Charge-Discharge (GCD). Fig.6. shows the 

GCD curve of prepared Mn3O4/CSs. The potential window 

was kept constant to the value from 0 to +0.4V. The current 

applied varied from 0 to 0.5 mA/Cm
2
. It is observed that, from 

the fig. 7, for lower current the discharge capacity gained 

larger time due to the slower motion of ions inside the cell i.e., 

between electrode and electrolyte and lower discharge time 

for the higher current.   

 

Fig. 7. GCD plateaus of Mn3O4/CSs nanocomposites. 

 The conducting property of the prepared Mn3O4/CSs 

nanocomposites was examined by electrochemical 

Impedance Spectroscopic analysis (EIS). Fig.8. reveals that 

the EIS curve of Mn3O4 NPs coated carbon spheres. The 

semi-circle with quasi spike clearly shows the resistive nature 

of Mn3O4 NPs coated on carbon spheres. The resistance value 

was found to be very low. 

 

Fig. 8. EIS curve of Mn3O4 coated on carbon spheres. 

V. CONCLUSION 

In summary, the carbon spheres both pure CSs and Mn3O4 

NPs embedded on carbon spheres were successfully prepared 

by facile hydrothermal method. The pure uniform carbon 

spheres size was measured ~300 nm. The crystal structure of 

prepared Mn3O4 material was found to be tetragonal structure 

that has wrapped on the surface of the carbon spheres were 

confirmed through SEM analysis. The diameter of both bare 

and Mn3O4 wrapped carbon sphere were found to have slight 

difference which further proved the coating of nanomaterials 

on the outer surface of carbon sphere. The functional groups 

with C-C and metal oxide bond interactions were clearly 

observed through FTIR analytical technique. The combined 

composition of Mn3O4 and carbon prepared, and uniform 

distribution was confirmed with EDS analysis along with the 

mapping. The electrochemical activity such as reversible 

redox mechanism, charge-discharge property and 

conductance by movement of ions of as prepared Mn3O4 

coated carbon sphere was examined and the obtained results 

were in coherence with one another. 
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