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This paper was conducted on preparation and electrochemical performance of MnO2/Fe3O4/MWCNTs 

nanocomposites as a Lithium-ion Battery Anode Material. For this purpose, hydrothermal synthesized 

MnO2 and Fe3O4 nanoparticles and carboxylated multi-walled carbon nanotubes (MWCNTs) were used 

for preparation of MnO2/MWCNTs, Fe3O4/MWCNTs and MnO2/Fe3O4/MWCNTs nanocomposites. 

The structural characterization and electrochemical properties of prepared nanocomposites were studied. 

Results exhibited the high porosity and high density of both types of nanoparticles were incorporated on 

MWCNTs and high aspect ratio of MWCNT-based nanocomposites were prepared. The cyclic 

voltammetry (CV) and electrochemical impedance spectroscopy (EIS) measurements showed that 

synergistic incorporation of MnO2 and Fe3O4 nanoparticles in nanocomposite improves the dynamic 

behavior and facilitates the electron transport between the nanocomposite and the electrolyte. The 

discharge capacities MnO2/Fe3O4/MWCNTs nanocomposite for initial and after 70th cycle was obtained 

of 207.1 and 189.5 mAh g-1 at 50 mA g-1, respectively. Furthermore, the highest capacity retention was 

recorded of 93.3% and 91.0% for MnO2/Fe3O4/MWCNTs at 50 mA g-1 and 700 mA g-1 after 70 cycles, 

respectively. Therefore, result showed that the MnO2/Fe3O4/MWCNTs nanocomposite possesses more 

appropriate electrochemical properties than the MWCNTs, MnO2/MWCNTs, and Fe3O4/MWCNTs 

nanocomposites because of the highest recorded values of discharge voltage plateau and specific capacity 

and more cycling stability and reversibility. The synergistic incorporation of MnO2 and Fe3O4 

nanoparticles in MWCNTs promoted the cycling and charge–discharge performances of composite. 
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1. INTRODUCTION 

Nowadays development in technology of rechargeable batteries is a big challenge for all 

industries because of increasing societal demands for application of portable optoelectronic and electric 
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vehicles in medical science, military and mobile communications. Many studies are conducted on lead-

acid [1], nickel-cadmium [2], nickel-metal hydride [3], lithium-ion polymer [4], and lithium-ion [5-7] as 

rechargeable batteries. There is considerable attention in lithium ion batteries because of its superior 

energy density over other rechargeable battery technologies, cost-effective, relatively low self-discharge, 

low maintenance and low toxicity [8-10]. However, these batteries need modification because of several 

disadvantages such as their aging negative effects, requirement to protect circuit, chemical changing of 

contents and heat generation in charging time [11-13]. Moreover, miniaturization of portable batteries is 

another factor for more applicable. Thus, development of lithium-ion battery industry depended on 

improving safety, capacity, cycle life, and charge–discharge rates properties using suitable 

nanostructured materials in both electrodes and electrolyte structures.  

In order to modification the electrode the various nano-scale materials are studied such as  Metal 

oxides, oxysalts, phosphates, carbonates,  silicates, vanadium oxides  , sulfides , carbon black, carbon 

nanotubes, molybdenum oxides and graphene [14-16]. Between these materials, carbon 

nanotubes (CNTs) are the most promising materials to improve lithium ion batteries because of  their 

excellent electrochemical stability and good mechanical and electrical properties [17, 18]. Therefore, by 

considering the lower weight loading of CNTs and higher theoretical capacity (1000 mAh·g−1) than other 

carbon structures such as graphite or black carbon, the interpolation of CNTs exhibits more effective 

strategy to promote the efficiency of Lithium-ion Batteries [19, 20]. 

Moreover, Fe2O3 is one of the appropriate candidates to fabrication of CNT composite-based 

anodes in  lithium ion batteries due to its low cost,  High-availability, eco-friendly and  high theoretical 

capacity of 1005 mAh·g−1 [21]. It shows an excellent redox performance [22-24]. Furthermore, for 

improvement the electrochemical performance of the Fe2O3/CNTs composites-based anodes, the 

crystallinity, size, morphology and concentration of the materials are optimized [25]. For example, there 

are many electrochemical studies of  SnO2-Fe2O3@carbon [26], and NiO/Fe3O4/rGO [27] 

nanocomposites for developments in battery electrochemical activity. Manganese is an inexpensive and 

environment friendly transition metal that was utilized in batteries and gas sensors [28-31]. MnOx have 

been also studied as the suitable candidate battery material because of high theoretical capacity (>700 

mAh g-1) [32]. Therefore, this study was carried out for electrochemical evaluation of the 

MnO2/Fe3O4/MWCNTs nanocomposites as a lithium-ion battery anode material.  

 

 

 

2. EXPERIMENTAL 

The MnO2 nanoparticles were synthesized using hydrothermal method accordance [33]. The 

mixture aqueous solutions of KMnO4 (99.3%, Lianyungang, Jiangsu, China) and MnSO4 (99%, Eisen-

Golden Laboratories, USA) were prepared in a molar ratio of (1: 1). HNO3 (98%, Jungar Banner Xinrong 

Chemicals Co., Ltd., China) was used to adjust the pH~1 of prepared solution and transferred in 

autoclave at 150°C for 24 hours. The reaction products were filtered (0.2 µm, Whatman 

polytetrafluoroethylene, Merck, Germany) and washed sequentially with deionized water and ethanol 

(99%, Briture Co., Ltd., China ) for several times. The filtered nanoparticles were ultrasonically 

dispersed in 10 ml of ethanol. 
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In order to synthesis the Fe3O4 nanoparticles [34],  the homogeneous green mixture of 30 ml of 

polyethylene glycol (PEG, molecular weight of 20000, Merck, Germany) and 5mM aqueous solution of 

FeSO4·7H2O (99%, Merck, Germany) was prepared and transferred in an autoclave at 100°C for 24 

hours. The obtained suspension was rinsed by deionized water and ethanol for several times, 

respectively. Finally, the black synthesized Fe3O4 nanoparticles dispersed in 10 ml of ethanol. 

In next step for carboxylation the MWCNTs, 1 g of commercial MWCNTs (95 wt %, 10–30 μm, 

Time Nano, China) were sonicated in a mixture of HNO3/H2SO4 (98%, Wuhan Kangzheng Science and 

Technology Co., Ltd., China) in volume ratio of (1: 3) for 60 minutes. Then, the carboxylated MWCNTs 

were filtered (2 μm, Millipore nylon filter membrane, Merck, Germany) and washed by deionized water 

and dispersed in 10 ml of ethanol, respectively 

In final step for synthesis of MnO2/Fe3O4/MWCNTs nanocomposites, the mixture of 

carboxylated carbon nanotubes and MnO2 and Fe3O4 nanoparticles in volume ratio of (2: 1: 1) were 

sonicated for 20 minutes. For synthesis of Fe3O4/MWCNTs and MnO2/MWCNTs nanocomposites, the 

mixture of carboxylated carbon nanotubes and nanoparticles was selected in volume ratio of (2: 1). 

Subsequently, the mixture was transferred on the magnetic stirring plate and heated at 65°C for 60 

minutes. The final product was dried in room temperature and washed with deionized water. 

Commercial lithium-ion battery electrolyte was prepared with a mixture of 1 M LiPF6 solution 

and ethylene carbonate-dimethyl carbonate-ethyl methyl carbonate (EC/DMC/EMC) with a volume ratio 

of (1:1:1). The working electrode were prepared of the mixture of synthesized nanocomposites, acetylene 

black and polyvinylidene fluoride (PVDF 5130, Shandong Gelon Lib Co.,Ltd., China) at ratio of (10:1:1)  

in 1-methyl-2-pyrrolidone (99%, Sigma-Aldrich, USA). Then, the prepared mixture was transferred to 

copper foils (1 cm2) in the oven and dried at 70°C for 7 hours. The weight of the resulting mixture on 

copper foil was 1 mg which assembled in a coin-cell.  Finally, the coin-cell 2032 as cathode, prepared 

electrodes as anode electrode, and Celgard 2325 as a separator were assembled in a glove box under the 

Argon atmosphere. 

The morphology of synthesized nanocomposites was analyzed by scanning electron microscopy 

(SEM, Carl Zeiss SMT, Jena, Germany). The crystal structures of samples were analyzed with Xpert 

Pro X-ray diffractometer in wavelength of 1.5404 Å (Cu Kα) and 40KV/30 mA in power. The 

charge/discharge measurements of cells were conducted Neware  battery measurement system (CT-

3008, Neware technology, Shenzhen, China) with a range of 1.5–4.0 V. Cyclic voltammetry and EIS 

measurements were recorded on electrochemical  potentiostat/galvanostat system (PGSTAT 30 Autolab, 

Eco Chemie, Switzerland). EIS tests were conducted on frequency range from 10-3 to 105 Hz at a 

potentiostatic signal amplitude of 5 mV. 

 

 

 

3. RESULTS AND DISCUSSION 

The SEM images of the MWCNTs and MnO2/Fe3O4/MWCNTs are presented in Figure 1. The 

SEM image of MWCNTs in Figure 1a shows the high aspect ratio of nanotubes in diameter of around 

80 nm and average length less than 3 µm. MnO2/Fe3O4/MWCNTs SEM image in Figure 1b exhibits the 

high porosity and high density of both types of nanoparticles were incorporated on MWCNTs. It is 
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suggested utilizing MnO2 nanoparticles in prepared composite can reduce aggregation phenomena in 

Fe3O4 nanoparticles and create the uniform distribution of resulting nanocomposite. Therefore, it can 

enhance the stability of the obtained functionalized nanoparticles on MWCNTs surface [35, 36]. 

 

 

 
 

Figure 1. SEM images of (a) MWCNTs, (b) MnO2/Fe3O4/MWCNTs nanocomposites 

 

The XRD patterns of the MWCNTs, MnO2/MWCNTs, Fe3O4/MWCNTs and 

MnO2/Fe3O4/MWCNTs, are presented in Figure 2.   

 

 

 
 

Figure 2.  XRD patterns of MWCNTs, MnO2/MWCNTs, Fe3O4/MWCNTs and MnO2/Fe3O4/MWCNTs 

nanocomposites  
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The sharp diffraction peak is observed at 2θ = 26.33° for XRD pattern of MWCNTs that it could 

display the high crystallinity and referred to (002) reflection of graphite crystal in MWCNTs structures 

[37]. This MWCNTs peak is observed in all XRD patterns of nanocomposites which indicates the 

successful preparation of MWCNTs nanocomposites. Another low intense peak in the XRD pattern of 

MWCNTs is observed at 2θ = 44.38° that it reflects the (100) plane of the MWCNTs. The XRD pattern 

of Fe3O4/MWCNTs shows peaks at 2θ = 18.10°,30.11°, 35.51°,53.02°,57.10°, 62.53°, and 74.54° which 

assigning to the (111) (220), (311), (422), (511), (440), and (533) planes of synthesized Fe3O4 

nanoparticles in the cubic spinel crystal structure (JCPDS Card. No. 79-0418). In XRD pattern of  

MnO2/MWCNTs nanocomposite, diffraction peaks of  birnessite-type MnO2 phase is observed  because 

of  diffraction peak at 2θ = 12.11°, 37.15° and 66.25° which reflect to (001), (111) and  (312) planes 

(JCPDS Card. No. 80-1098). Moreover, the XRD pattern of MnO2/Fe3O4/MWCNTs shows the peaks of 

MnO2, Fe3O4 and MWCNTs that indicate that the nanocomposite has been prepared of a mixture of three 

nanostructures in this method. 

Figure 3a shows the initial discharge and charge profiles of the prepared nanocomposites at a 

current density of 50 mA g-1 in the voltage range of 1.5 – 4.0 V. As seen, the initial discharge capacities 

of MWCNTs, MnO2/MWCNTs, Fe3O4/MWCNTs and MnO2/Fe3O4/MWCNTs nanocomposites are 

recorded of 189.9, 200.1, 210.2 and 207.1 mAh g-1, respectively. Moreover, Figure 3b shows that the 

discharge capacities of the MWCNTs, MnO2/MWCNTs, Fe3O4/MWCNTs and MnO2/Fe3O4/MWCNTs 

nanocomposites were recorded 162.2, 170.3, 179.9 and 189.5 mAh g-1 after 70 cycles, respectively. 

Result exhibits that the MnO2/Fe3O4/MWCNTs nanocomposite possesses appropriate electrochemical 

properties than the other prepared MWCNTs based nanocomposites because of the highest recorded 

values of discharge voltage plateau and specific capacity. Therefore, this nanocomposite can exhibit the 

low electrochemical polarization because of the lithium transport efficiency for Li-ion batteries [38-40].  

 

 

 

 

Figure 3. (a) First cycle and (b) the 70th cycle charge/discharge profiles of MWCNTs, MnO2/MWCNTs, 

Fe3O4/MWCNTs and MnO2/Fe3O4/MWCNTs nanocomposite electrodes at a current density of 

50 mA g-1 in the voltage range of 1.5-4.0 V. 
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In order to study the cycling performances of the prepared MWCNTs based nanocomposites, the 

cycling performances of MWCNTs, MnO2/MWCNTs, Fe3O4/MWCNTs and MnO2/Fe3O4/MWCNTs 

nanocomposites at 50 mA g-1 and 700 mA g-1 in the voltage range of 1.5 – 4.0 V over 70 cycles were 

recorded in Figure 4. As shown, the Coulombic efficiencies of prepared nanocomposites are more than 

96.5%. Moreover, capacity retention of the prepared electrodes at 50 mA g-1 and 700 mA g-1 in voltage 

profile are presented in Table 1. It is observed that the highest capacity retention rates are recorded of 

93.3% and 91.0% for MnO2/Fe3O4/MWCNTs at 50 mA g-1 and 700 mA g-1, respectively. Therefore, the 

cycling stability of MnO2/Fe3O4/MWCNTs is considerably better than other prepared electrodes. 

 

 

 
Figure 4. Cycling performances of MWCNTs, MnO2/MWCNTs, Fe3O4/MWCNTs and 

MnO2/Fe3O4/MWCNTs nanocomposite electrodes at current densities of 50 mA g-1 C and 700 

mA g-1. 

 

In order to further study of electrochemical performances of the MWCNTs, MnO2/MWCNTs, 

Fe3O4/MWCNTs and MnO2/Fe3O4/MWCNTs nanocomposites were recorded at a scan rate of 0.1 mV 

s−1 in Figure 5. As observed, there are the similar pairs of reversible redox peaks which assign to the 

similar electrochemical response of electrodes in insertion/extraction of Li+. As shown, the E values 

(the difference between the anodic and cathodic peak) of MWCNTs, MnO2/MWCNTs, Fe3O4/MWCNTs 
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and MnO2/Fe3O4/MWCNTs nanocomposites are about 0.29, 0.34, 0.31 and 0.25 V, respectively. This 

exhibits that the highest polarization is belonging to the MnO2/MWCNTs nanocomposite. Furthermore, 

minimum value of E and maximum values of current and area of the recorded CV take place for 

MnO2/Fe3O4/MWCNTs nanocomposite that these quantities are correlated to the obtained capacity [41]. 

Consequently, incorporation of MnO2 and Fe3O4 nanoparticles in MWCNTs can promote the cycling 

and charge–discharge performances of composite. 

 

 

Table 1. Result of cycling performances  

 

Nanocomposite 
Capacity retention (%) 

50 mA g-1 700 mA g-1 

MWCNTs 87.6 77.1 

MnO2/MWCNTs 90.1 85.1 

Fe3O4/MWCNTs 89.2 83.4 

MnO2/Fe3O4/MWCNTs 93.3 91.0 

 

 

 

 

Figure 5. The recorded CVs of MWCNTs, MnO2/MWCNTs, Fe3O4/MWCNTs and 

MnO2/Fe3O4/MWCNTs nanocomposites at 50 mA g-1in the voltage range of 1.5–4.0 V at scan 

rate of 0.1 mV s-1. 

 

To evaluate the rate performance of the prepared nanocomposites, the rate performance plots 

were recorded at current densities of 20, 100, 500, 1000 and 2000 mA g-1 in Figure 6. As observed for 

all samples, with increasing the current density, the discharge capacity is decreased. The capacity 

retentions of MWCNTs, MnO2/MWCNTs, Fe3O4/MWCNTs and MnO2/Fe3O4/MWCNTs 

nanocomposites are 73.1, 91.1, 93.1 and 93.8%, respectively. In order to study the stability and 

reversibility, rate performance of samples were again recorded at 20 mA g-1. Additionally, 
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MnO2/Fe3O4/MWCNTs nanocomposite shows significant improvement in capacity retention, rate 

capability, stability and reversibility. 

 

 
 

Figure 6. Discharge capacities of MWCNTs, MnO2/MWCNTs, Fe3O4/MWCNTs, and 

MnO2/Fe3O4/MWCNTs nanocomposites at various current densities from 20 to 2000 mA g-1. 

 

 

 
Figure7.  The impedance plots of (a) the first and (b) 70th cycles of MWCNTs, MnO2/MWCNTs 

Fe3O4/MWCNTs and MnO2/Fe3O4/MWCNTs nanocomposites; (c)  the equivalent circuit model. 
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Figure 7 exhibits the EIS plots and the equivalent circuit model of MWCNTs, MnO2/MWCNTs, 

Fe3O4/MWCNTs and MnO2/Fe3O4/MWCNTs nanocomposites in first and after the 70th cycles at room 

temperature. As seen, the Nyquist plots with a semicircle at high frequency (103 – 105 Hz) and a linear 

tail at low frequency (10-3 – 103 Hz). The semicircle is associated with the diffusion and transfer process 

of Li+ through the solid electrolyte interface on the active sites of nanoparticles [27]. The slope of linear 

tail in low frequency region is attributed to Warburg impedance (W) which shows the solid-state 

diffusion of Li+ in active materials [27, 42, 43]. The equivalent circuit of the nanocomposites is presented 

in Figure 7c where R, Rct are the electrolyte resistance and the Li+ charge transfer resistance at the 

interface. CPE is the capacity of double-layer and the passivation film. The plots obviously demonstrate 

that the conductivity of MnO2/Fe3O4/MWCNTs nanocomposite and its electron transfer efficiency are 

enhanced which due to decreasing the charge transfer resistance at the electrode interface. It illustrates 

that coexistence of MnO2 and Fe3O4 nanoparticles in nanocomposite facilitates the electron transport 

between the nanocomposite and the electrolyte which depends on the frequency of ion diffusion/transfer 

to the electrode surface [44]. Therefore, MnO2/Fe3O4/MWCNTs nanocomposite shows excellent 

electrochemical properties as an anode material for Lithium-ion batteries. It should be considered 

homogeneous MnO2 and Fe3O4 nanoparticles are incorporated on the surface of the MWCNTs and 

generate the large surface area on the electrode surface. In consequence, the large electrode/ electrolyte 

interface are formed and leads to decrease the diffusion paths of the Li+ ions [45, 46]. Nano-scale of 

MnO2, Fe3O4 and CNTs leads to decrease the potential barrier to electron transfer and increase the 

electron transmission rate which is an important factor to improve the both specific capacitance and rate 

capability values. In addition, MWCNTs enhance the electrical conductivity of the modified electrode 

[47]. The dispersion of MnO2 nanoparticles in MWCNTs textures and between the Fe3O4 nanoparticles 

prevents aggregation of the magnetic Fe3O4 structures which is useful for cycling stability [44, 48]. 

Moreover, the comparison of performance of MWCNTs, MnO2/MWCNTs, Fe3O4/MWCNTs 

and MnO2/Fe3O4/MWCNTs nanocomposites with the other reported CNTs and Fe-based composites as 

anode material for lithium-ion batteries is presented in Table 2. As shown, there are higher value of first 

cycle discharge for reported CNTs and Fe-based composites [29, 49-54] but the higher Coulombic 

efficiency is obtained for MnO2/Fe3O4/MWCNTs nanocomposite which indicates a long battery cycle 

life [55].  
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Table 2. Performance comparisons of MWCNTs, MnO2/MWCNTs, Fe3O4/MWCNTs and 

MnO2/Fe3O4/MWCNTs nanocomposites with the other reported CNTs and Fe-based composites 

as anode material for Lithium-ion batteries 

 

Anode materials First 

cycle discharge 

(mAh g-1) 

Coulombic 

efficiency 

(%) 

Current density 

(mA g-1) 

Ref  

MWCNTs 189.9 96 50 This work 

MnO2/MWCNTs 200.1 97 50 This work 

Fe3O4/MWCNTs 210.2 97 50 This work 

MnO2/Fe3O4/MWCNTs 207.1 98 50 This work 

N-doped graphene/Fe–Fe3C 904 24 100 [29] 

CoO/N-CNTs 1250 83 100 [49] 

Cage-like CNTs/Si  730 68 100 [50] 

CNT/N- Si  - 80 - [51] 

CuO/CNT   - 56 100 [52] 

Fe3O4/C/CNTs  - 75.7 200 [53] 

Porous Fe3O4/C  1796 56.2 100 [54] 

 

 

4. CONCLUSION 

In this study, MnO2 and Fe3O4 nanoparticles were synthesized using hydrothermal method and 

mixed with carboxylated carbon nanotubes for preparation of MnO2/MWCNTs, Fe3O4/MWCNTs and 

MnO2/Fe3O4/MWCNTs nanocomposites. The morphology and structure characterization of prepared 

nanocomposites were carried out using SEM and XRD analyses. The electrochemical properties were 

conducted with charge/discharge, EIS and CV analyses. Results of SEM and XRD analyses displayed 

the high porosity and high density of both types of nanoparticles were homogeneously mixed with 

MWCNTs. The CV and EIS measurements illustrate that coexistence of MnO2 and Fe3O4 nanoparticles 

in nanocomposite ameliorates the dynamic behavior of nanocomposite and simplifies the electron 

transport between the electrode and the electrolyte. The highest capacity retention was obtained 93.3% 

and 91.0% for MnO2/Fe3O4/MWCNTs at 50 mA g-1 and 700 mA g-1 after 70 cycles, respectively. 

Therefore, it is concluded that the MnO2/Fe3O4/MWCNTs nanocomposite showed better 

electrochemical properties than the MWCNTs, MnO2/MWCNTs, and Fe3O4/MWCNTs nanocomposites 

due to the highest recorded values of discharge voltage plateau and specific capacity and high cycling 

stability and reversibility. The synergistic incorporation of MnO2 and Fe3O4 nanoparticles in MWCNTs 

enhanced the cycling and charge–discharge activities of nanocomposite. 
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