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Abstract: Manganese doped Multiwalled carbon nanotubes were synthesized through a solvo thermal method. 

The surface morphology and structural analyses of the MnO2 doped MCNT have performed by Transmission 

electron microscope (TEM), Field emission scanning electron microscope (FESEM), Atomic force Microscope 

(AFM), X-ray diffraction (XRD) and Energy dispersive spectroscopy (EDS). Fourier transform infrared (FTIR) 

spectrometry was used to analyze the chemical bonding and type of functional groups grafted onto the 

nanotubes. Morphological characterization reveals that three-dimensional hierarchy architecture built with a 

highly porous layer consisting of interconnected MnO2 uniformly coated on the CNT surface.  The XRD and 

EDS results confirmed that the prepared samples containing MnO2/CNT in pure form without impurities. It also 

reveals that birnessite-type MnO2 is formed through the solvo thermal synthesis. The phase transition was take 

place at the annealing temperature of 400 C – 500 C.  
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1. Introduction 

 Carbon nanotube (CNT) is a promising candidate for electronic applications owing to outstanding 

electrical properties and unique charge transfer (1). Both metallic single-walled carbon nanotube (SWCNT) and 

multi-walled carbon nanotube (MWCNT) can transport electron ballistically over long nanotube lengths because of 

their one-dimensional electronic structure (2). In recent years many works have been focused on the application of 

CNT in super capacitors due to their electronic conductivity, high chemical stability and available specific surface 

area (3). CNT super capacitors have attracted considerable interest as energy storage devices of hybrid vehicles and 

rechargeable batteries, etc. For that we need high storage capacitance, long life cycle and low cost materials (4–6). 

The high storage capacitance means the larger amounts of charge injection take place when only a few volts are 

loaded. But pure CNT super capacitors have low specific capacitance, typically about 10–40 F/g, which mainly 

depend on the micro texture, purity and electrolyte (7). Therefore a number of efforts are made on improving the 

capacitance of CNT energy storage systems like configuration of capacitor (8–10), selection of electrolyte (11–13) 

and the modification of electrode (14–16). In recent years, manganese oxides (MnO2) have attracted more research 

interest due to their unique physical and chemical properties. It has wide applications in the field of catalysis, ion 

exchange, molecular adsorption, biosensor, and energy storage (17-21). Specifically, manganese dioxide has been 

considered as a one of the promising electrode material for super capacitors because of its low cost, environmental 

friendly and excellent capacitive performance in aqueous electrolytes (22-25). The charge storage in aqueous 

electrolytes is based either on the adsorption of cations at the surface of the electrode material or on the 

intercalation of cations in the bulk of the electrode material. In order to attain high capacitive performance, a large 

surface area and a fast ion/electron transport of the electrode material are essential       (26-28). In this paper, we 

employed an easy in solvo thermal route to prepare morphologically uniform MnO2/MWCNT composites and 

further characterized their electrochemical behaviors. The effects of annealing temperature were also analyzed. 

 

2. Experimental 
Commercial multiwall CNTs (SMW-200) (Outer diameter: 10±1 nm, Inner diameter:4.5±0.5 

nm&Length:3-6µm, surface area 280-350 m
2
/g (BET), south west nano technologies.Inc., USA). This material 

produced by the Catalytic chemical vapor deposition (CCVD) method and its purity was higher than 98%. A 

typical synthesis process of the MnO2/CNT nanocomposite is described as follows. Firstly, 0.1 g CNTs was 

dispersed in 100 ml deionized water by ultrasonic vibration for 2 h. Subsequently, 0.665 g MnO2 added with 15 
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ml of HCl and 15 ml DI water and it was mixed with above suspension. Then mixed solution was stirred by a 

magnetic bar for 1 hr. 15 ml of Ammonia solution was added drop by drop. Finally, the precipitation composite 

products were obtained through filtering, water washing and drying processes. The prepared MnO2/CNT was 

calcinated further at 400 and 500 C. 

 

3. Characterization 
The surface morphology and structural analyses of the MnO2 doped MCNT have performed by 

Transmission electron microscope (TEM), Field emission scanning electron microscopy (FESEM), X-ray 

diffraction (XRD) and Energy dispersive spectroscopy (EDS). In AFM Studies, tip bending moment force is 

about 4nN which is kept constant for all the samples and the morphology is obtained by silicon nitride tips with 

tip diameter of 10nm.   The pure and oxidized CNTs samples were mixed with KBr prior to the analysis to make 

a pellet. FTIR spectra were recorded using Perkin Elmer instrument (Perkin Elmer) in the 4,000–400 cm
-1

 range. 

 

4. Results 
4.1. XRD Studies 

 XRD patterns of the CNTs, the pure MnO2 powder, and the MnO2/CNT nanocomposites are shown in 

Figure 1. The XRD pattern of the CNTs shows three diffraction peaks at 26.5° and 43.2° which can be indexed 

as the (002) and (100) reflections of graphite, respectively.  The diffraction peaks which appeared at 2θ =  28.8°, 

37.5°, 56.2°, and 60.3° matched well with the diffraction peaks of (211), (301), (600) and (521) crystal planes of  

MnO2 standard data (JCPDS card PDF file no. 44-0141). The lattice parameters of prepared MnO2 are a = 

9.7875 and c = 2.8600, which are highly identical to the standard values (JCPDS card PDF file no. 44-0141, a = 

9.7847, c = 2.863). The cell volume of caddice-clew-like MnO2 is 273.97 Å
 
 which is also highly identical to the 

standard values (274.1 Å
 
). The average grain size of the prepared MnO2 crystal is calculated to be 32 nm 

according to the Scherrer equation D = Kλ/βcosθ using the strongest diffraction peak of (211) where D is crystal 

grain size (nm), K is the Scherrer constant (0.89), λ is the X-ray wavelength (0.154056 nm) for Cu Kα, β is the 

full width at half maximum (FWHM) of the peak (211), and θ is the angle of diffraction peak. The XRD pattern 

of the MnO2/CNT nanocomposite shows that the diffraction peaks from the birnessite-type MnO2 phase can be 

observed while the diffraction peaks from the CNTs are not obvious due to the uniform coating of the MnO2 

layer. The XRD pattern of MnO2/CNT samples annealed at 400 and 500 C was confirms that the while 

increasing the annealing temperature the crystallinity of MnO2 was increased. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1: XRD patterns of the (a) pristine CNTs, (b) pure MnO2, and (c) MnO2/CNT  nanocomposite. 
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Fig.2: EDS spectrum of the MnO2/CNT nanocomposite. 

 

 Energy dispersive spectrum of MnO2 doped MWCNT was showed in the figure 2. The results are reveals 

that the prepared sample has only Mn, O and C content without any impurities. When the annealing temperature 

was increased to 500 C the amount of carbon content decreases while amount of MnO2 content was increased. It 

shows that at 400 C MnO2 and CNT are in amorphous nature. it can be modified to high crystallinty. While  

increasing  the annealing temperature to 500 C. So we can deduce that the nanoparticles decorated on surfaces of 

MWNTs are MnO2 doped CNT nanoparticles. 

4.2. Morphological Studies 

4.2.1. AFM Studies 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3: AFM images of CNT dissolved in water and methonal. 

  

The AFM (Fig.3) images shows surface morphology of CNT dissolved in water  and methanol. From the 

image the average diameter of CNTs was  50nm. The CNTs have very low roughness and kurtosis values while 

dissolving in methanol. The average roughness was decreased from 2.18 nm to 0.27 nm while changing the water 

to methanol. The root mean Square value was changed from 2.61 nm to 0.38 nm. It confirms that the CNT was 

more dissolved in methanol compare to water. 

 

4.2.2. SEM and TEM Studies 

 Morphologies of the MnO2/CNTs nanocomposite annealed at 400 and 500 Cwas characterized by 

FESEM (Fig. 4A&B) and TEM (Fig. 4C&D) as shown in Figure 4. It can be observed that in Figure 4A that the 

diameter of the CNTs is about 20 to 50 nm. When the annealing temperature was 400 C the prepared MnO2 doped 

MWCNT shows low number MnO2 was attached with the MWCNT. While increasing the annealing temperature 

to 500 C more number of  MnO2 particles uniformly decorated on the MWCNT (Fig.5C &D). The insert picture 

of TEM show that the MnO2/CNT have diameter of 26 nm. 
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Fig.4: SEM images (A), (B) and (C), (D) TEM images of MnO2/CNT nanocomposite annealed at 400 C (C) & 

500 C (D). 

 

4.3 Optical studies 

The FTIR spectrum of as-prepared manganese dioxide exhibited a very broad peak centered at 3400 

cm
-1

 associated with the stretching vibration of OH groups of adsorbed water molecules. The bands at 1623 and 

1415 cm
-1

 represented the vibrations related to interactions of Mn with OH and other surface groups. The broad 

peak below 750 cm
-1

 can be attributed to the vibrations of the Mn-O bonds. The peaks at 2920 and 2854 cm
-1

 

correspond to the C–H stretch vibration, originated from the surface of tubes.  The intensity of peak decreases 

while increasing annealing temperature, which suggests that the surface of MWCNT has been covered by 

MnO2.  
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Fig.4: FTIR spectrum of prepared samples. 

5. Conclusion 
 Manganese doped Multiwalled carbon nanotubes were synthesized through a solvo thermal method. 

The surface morphology and structural analyses of the MnO2 doped MCNT were performed by Transmission 

electron microscope (TEM), Field emission scanning electron microscopy (FESEM), X-ray diffraction (XRD) 

and Energy dispersive spectroscopy (EDS). Morphological characterization reveals that three-dimensional 

hierarchy architecture built with a highly porous layer consisting of interconnected MnO2 uniformly coated on 

the CNT surface. The AFM image confirms that the CNT was more dissolved in methanol compare to water. The 

XRD and EDS results confirmed that the prepared samples containing MnO2/CNT in pure form without 

impurities. It also reveals that birnessite-type MnO2 is formed through the solvo thermal synthesis. The phase 

transition was take place at the annealing temperature of 400 C – 500 C. Due to their surface deposition and 

chemical bonding, nanocomposites are used for energy storage and electrode material in super capacitors. 
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