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ABSTRACT 
Nanocomposite of MnS/MnO2 has been prepared by a modest Hydrothermal method. 

The heating effect on MnS/MnO2 Nano composites was studied by various characterization 
techniques. The crystalline nature of the as prepared and annealed MnS/MnO2 Nanocomposite 
was analyzed using X-ray diffraction. Surface morphological analysis was carried out using a 
Scanning Electron Microscope. EDAX analysis was taken to confirm the composition of 
Nanocomposite. The functional groups were confirmed by using Fourier transform 
Spectroscopy. The result suggests that prepared MnS/MnO2 Nano composite is very suitable 
for super capacitor applications.   

Keywords: Fourier transform infrared spectroscopy; Hydrothermal; Nanocomposite; SEM; 
XRD 

1. Introduction
Perfect and renewable energy 

resources are urgently needed to deal with 
environmental pollution and the end of 
fossil fuels [1, 2]. Electrochemical energy 
storage and energy innovations, such as 
super capacitors, lithium-ion batteries, fuel 
cells and solar cells are considered as future 
renewable energy sources due to their 
insignificant impacts on the environment [3, 
4]. The development of these energy 
systems with high energy and power 
outputs, and long lifetimes is needed and 

noteworthy for applications in many vital 
zones such as electric vehicles and 
engineering equipment, etc. [5]. Amongst 
the various energy storage systems, super 
capacitors have a lot of appeal due to their 
high-power density, large capacitance, low 
cost and long cycle life compared to 
traditional batteries and conventional 
capacitors [6, 7]. Several metal oxides such 
as TiO2, MnO2, NiO, RuO2, Co2O3, and 
MoO3 have been used for super capacitor 
electrode congregation [8-13]. 
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RuO2 shows an unexpected 
electrochemical property with high explicit 
capacitance due to its large number of 
oxidation states. However, the high cost 
and toxicity of RuO2 limit the 
commercialization of RuO2 electrode-
based supercapacitors [14]. Conversely, 
MnO2-based electrodes have attracted 
great interest due to their low toxicity, low 
cost, and better electrochemical property. 
For the past two decades, several research 
investigations have been conducted using 
MnO2-based composites as super capacitor 
electrodes. Although MnO2-based elec-
trodes reveal high specific capacitance, the 
specific capacitance value radically 
decreases at strong current regimes due to 
high electrical resistivity, which reduces 
the performance as well the cycle 
constancy of the super capacitor [15].  

To enhance the performance of 
MnO2 electrode, various transition 
metals/metal oxides and nanocarbon 
materials such as, TiO2, ZnO, Co, Cu, 
carbon nanotubes, graphene activated 
carbon and etc. were merged [16-18]. Still, 
the performance of MnO2 nanomaterials 
requires further improvement. Recently, 
metal sulfides were accepted as a 
promising group of electrically active 
materials for super capacitor electrode 
fabrication. For instance, MnS, MoS2, NiS, 
RuS, WS2 and CoS were extensively 
probed for energy storage applications [19, 
20] Among them, MnS revealed 
remarkable specific capacitance due to its 
high conductivity (3.2´10-3 Scm-1) and 
structural faces.  

MnS is well known to have a strong 
redox reaction and stores the energy by the 
non-faradaic procedure. The layered 
lamellar nanostructure of MnS offers high 
ionic permeation and intercalation-
deintercalation, which improves the 
electrochemical stability of super 
capacitor. In addition, Manganese disulfide 
is inexpensive and eco-friendly, with high 
thermal steadiness, compared with other 

metal sulfides. For instance, Teng et al. 
reported the synthesis of MnS nanocrystals 
for supercapacitor application and 
achieved a specific capacitance value of 
573.9 Fg-1 at a current density of 0.5 Ag-1 
[21] Unfortunately, the phase transfer, poor 
rate and lower cycle performance of MnS 
limit the everyday applications [22] Thus, 
the performance of pure MnS-based super 
capacitors does not compete with other 
metal oxides/sulfides and still needs to be 
improved.  

To resolve this problem, many 
studies have been devoted to the 
preparation of various metal sulfide 
mixed/doped MnS nanocomposites. 
Recently, the hydrothermal process has 
opened a successful route for the synthesis 
of advanced inorganic materials that are 
tough or impossible to obtain by high 
temperature solid state reactions [23, 24]. 
The main benefit of such a soft solution 
process is to bring the preparation of 
metastable phases or to diminish 
significantly the reaction temperature and 
successively the sintering effects. 

 
2. Materials and Methods   

The MnS/MnO2 nanocomposite was 
synthesized by a low temperature 
hydrothermal method. Analytical grade 
precursors were purchased and used for the 
preparation of MnS/MnO2 nanocomposite.  
1M of KMnO4 was dissolved in 20ml of 
distilled water and stirred for 30 minutes. 
1M of manganese chloride tetra hydrate 
and 1M of Na2S were added to the KMnO4 
solution while stirring and continued for 2 
hours. The mixture was then transferred to 
a Teflon coated autoclave and dried for 6 
hours at 100ºC and then washed with 
distilled water several times. The mixture 
was then dried in a hot air oven for 6 hours 
at 100ºC and grained for 2 hours.  The 
prepared MnS/MnO2 nanocomposite was 
annealed at two different temperatures of 
150ºC and 250ºC, respectively, using 
muffle furnace for 1 hour. 
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       X-ray diffraction analysis was 
carried out using a powder X-ray 
diffractometer (Schimadzu model: XRD 
6000) with Cu-Kα radiation of 0.154187 
nm wavelength to inspect the formation, 
crystalline behavior and the quality of 
synthesized MnS/MnO2 nanocomposite. 
The scanning was done in the region of 2θ 
from 30º to 80º. The grain size of 
MnS/MnO2 nanocomposite was calculated 
by the Debye-Scherer equation. The surface 
morphology and particle size of 
synthesized MnS/MnO2 nanocomposite 

were investigated by JEOL, JSM-
67001(Scanning Electronic Microscope). 
The chemical composition in the 
MnS/MnO2 nanocom-posite was 
determined by using a Philips XL 20 
energy dispersive X-ray (EDX) analysis. 
Fourier Transform Infrared spectra study 
was used to identify the presence of 
functional groups. FT-IR spectra were 
measured by a JASCO FTIR spectrometer 
having a resolution of 1 cm-1 in the 
wavelength range 500-4000 cm-1. 

 

 
Fig.1. XRD pattern of MnS/MnO2 Nanocomposite. 

 
 Table 1. XRD parameters of MnS/MnO2 Nanocomposite. 

Sample 2θ (degree) (h k l) Crystalline Size 

MnS/MnO2 

34.4 
37.3 
55.8 
59.9 

111 
200 
201 
222 

26.71 
8.11 
14.47 
20.27 

avg   17 

MnS/MnO2 (150 ºC) 

37.19 
41.84 
49.53 
60.14 

200 
301 
400 
222 

12.97 
23.98 
18.10 
34.08 

avg   22 

MnS/MnO2 (250 ºC) 
 

37.32 
42.11 
50.27 
59.86 

200 
301 
400 
222 

11.77 
21.21 
27.83 
22.05 

avg   21 
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3. Results and Discussion  
3.1 Structural analysis (XRD)  

The structural appearances of 
prepared MnS/MnO2 nanocomposites were 
studied using XRD analysis. Fig. 1 shows 
the XRD pattern of as prepared MnS/MnO2 
nanocomposite (see Table 1). MnS/MnO2 
nanocomposite exhibit diffraction peaks at 
angles of 34º4ꞌ, 37º3ꞌ, 55º8ꞌ, and 59º9ꞌ and 
their corresponding (h k l) planes were 
indexed to the values of (1 1 1), (2 0 0), (2 
0 1), and (2 2 2) [25]. Also, for the 
annealed MnS/MnO2 nanocomposite, the 
diffraction peaks were observed at 37º1ꞌ, 
41º8ꞌ, 49º5ꞌ, 60º1ꞌ for 150ºC and 37º3ꞌ, 
42º1ꞌ, 50º2ꞌ, 59º8ꞌ for 250ºC, respectively, 
and their corresponding (h k l) planes were 
(2 0 0), (3 0 1), (4 0 0) and (2 2 2) [26]. 
The observed XRD pattern matched with 
JCPDS No. 01-076-6012. The crystalline 
size based on X-ray diffraction is 
determined with the help of Debye-
Scherrer’s formula as  
The average crystalline size was found to 
be 17 nm for as-prepared MnS/MnO2 
nanocomposite, 22 nm and 21 nm for 
MnS/MnO2 nanocomposite at 150ºC and 
250ºC, respectively. Crystallite sizes 
increased after annealing the samples due to 
atomistic rearrangement and relieving of 
residual stress of lattice. The peaks in the 
XRD pattern will broaden as the crystalline 
size decreases [27]. The XRD pattern 
revealed that the peak broadening would 
happen when the annealing temperature 
increases, which is due to change in growth 
rate between the different crystallographic 
planes. No peaks were observed for 
Sodium and Sulfur compounds in the XRD 
pattern. Peak intensity also was found to be 
decreased for annealed MnS/MnO2 
nanocomposite. 

 
3.2 Scanning electron microscope (SEM) 

The surface morphology of the 
synthesized MnS/MnO2 nanocomposite 
was studied with the help of SEM. Fig. 2 
displays the SEM image of the MnS/MnO2 

nanocomposite annealed at 150ºC. This 
figure evidently reveals that the 
MnS/MnO2-150ºC nanocomposite has 
coral like structure in the 1μm range. 

 

 
 

Fig. 2. SEM images of MnS/MnO2 Nanocom-
posite. 

 
 

/ cos .D kl b q=
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3.3 Energy dispersive analysis of x-ray 
(EDAX) 

The chemical compositions of the 
prepared MnS/MnO2 nanocomposite were 
studied with the help of EDAX. Fig. 3 
shows the EDAX spectrum of the 
MnS/MnO2 nanocomposite annealed at 
150ºC. Only Manganese, Oxide and Sulphur 
peaks were observed in the MnS/MnO2 

nanocomposite. The observed weight 
percentage values were near to the standard 
theoretical weight percentage values. The 
weight percentage values are shown in 
below. 

 

 
 

Fig. 3. EDX Spectrum of MnS/MnO2 Nanocom-
posite annealed at 150ºC. 

 
Table 2. EDX spectrum confirmed the 

presence of representative elements in the 
nanocomposite. 
 
Table 2. Compositional Analysis of 
MnS/MnO2 Nanocomposite annealed at 
150ºC. 

 
 

 
 

 

3.4 Fourier transform infra-red 
spectroscopy (FTIR) 

The characteristic peaks of 
MnS/MnO2 nanocomposites were 
examined by Fourier Transform Infrared 
Spectrometer (FTIR) in the range of 4000-
500 cm-1. The most characteristics peaks 
observed in the synthesized MnS/MnO2 
nanocomposite are shown in Fig. 4. The 
band located at 700.5 cm-1 corresponds to 
the vibrational stretching of MnO and MnS 
vibrations. The additional bands observed 
at approximately 1226 cm−1 and 1210 cm−1 
were assigned to the sulfide source in MnS 
indicating the coordination between Mn 
atoms in MnS [28]. The broad absorption 
peaks in the range 1627cm-1,1624 cm-1 and 
1375 cm-1 were assigned to the C=O 
stretching modes due to the absorption of 
carbon dioxide. The bands at 3379 cm-1, 
3370 cm-1 1740 cm-1, 1741 cm-1 and 1743 
cm-1 correspond to the existence of O-H 
vibrating modes. 

 

 
Fig. 4. FTIR Spectra of MnS/MnO2 Nanocom-
posite. 

 
4. Conclusion 

The MnS/MnO2 nanocomposite was 
synthesized by Hydro- thermal method. The 
synthesized MnS/MnO2 nanocomposite 
was annealed at 150 ºC and 250 ºC, 
respectively. The MnS/MnO2 nanocom-
posites were characterized by XRD, FTIR, 
SEM and EDAX analysis. The XRD 

Elements Weight % Atomic % 
Mn 34.92 64.78 
S 0.16 0.15 
O 64.92 35.07 
Total 100 100 
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analysis revealed that the crystalline size 
‘D’ was increased with annealing 
temperature. The average crystalline size 
was found to be 17 nm for as-prepared 
MnS/MnO2 nanocomposite,22 nm and 21 
nm for 150ºC and 250ºC annealing 
temperatures. The observed band at   700.5 
cm-1 resembled the vibrational stretching of 
MnO and MnS from the FTIR studies. The 
surface morphology of the MnS/MnO2 
nanocomposite displayed the coral like 
structure and there was no cluster due to 
annealing. EDAX analysis confirmed the 
occurrence of Mn, O and S compounds in 
the MnS/MnO2 nanocomposite. It has been 
seen that significant improvement of 
supercapacitors can be achieved by using 
optimized MnO2/MnS nano composite 
electro active materials. 
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