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Mn3O4 was prepared by hydrothermal method with 180 ℃ as reaction temperature and 

10 h as reaction time. The obtained samples were bar-like samples with high purity were 

evaluated by X-ray diffraction (XRD) and scanning electron microscopy (SEM). The 

electrochemical performance of Mn3O4 was improved by Sn-doping. The specific 

capacitance of the composites obtained by compounding the modified materials with 

graphene was greatly increased and their cyclic voltammetric curves were rectangular, 

which shows that the graphene modified Mn3O4 has a pleasurable development prospect. 

For the pure Mn3O4, Sn-Mn3O4 and Sn-Mn3O4 / graphene composite, the specific 

capacitance of 21 F·g
-1

, 30 F·g
-1

 and 215 F·g
-1

 were manifested by electrochemical work 

station, respectively. The results show that stannum and graphene greatly enhances the 

electrochemical performance of Mn3O4. 
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1. Introduction 
 
The embarrassment of energy using has led us to continue to develop new technologies for 

energy conversion [1] and energy storage [2]. At present, fuel cells, lithium ion batteries, 
dye-sensitized solar cells and supercapacitors are the most widely used in energy storage [3-6]. As 
a new energy storage component, supercapacitors not only have high power density, long cycle life, 
but also are environmentally friendly, green and non-polluting, and have broad application 
prospects [7-11]. The performance of the electrode material is a key factor affecting the 
performance of the capacitor [12]. Therefore, the preparation of a high-performance electrode 
material with high capacitance and good cycle stability is the research focus of the supercapacitor 
[13]. In recent years, manganese oxide compounds have been widely used in supercapacitor 
electrode materials because of their ideal theoretical capacitance, low cost, and excellent 
performance [14, 15]. Mn3O4 has become one of the potential electrode materials for 
supercapacitors due to its microstructural controllability [16]. However, due to the poor 
conductivity of manganese oxide, its further development in this respect is limited. At present, 
doping other metal atoms or combining Mn3O4 with a carbon material with good conductivity is an 
important means to improve the electrochemical performance of Mn3O4 [17].  

Zhao yufeng et al. [18] used Pluronics P123 (EO20PO70EO20) as both structure-directing 
agent and carbon source to synthesize Sn-doped Mn3O4/C nanocomposite. A high specific 
capacitance of 216 F.g

-1
 was achieved and 93% capacitance retention remained after 10,000 

charge/discharge cycles. With potassium permanganate as precursor and hydrazine hydrate as 
reductant, Song YZ et al. [19] prepared Mn3O4 / Double-Walled Carbon Nanotubes 
Nanocomposites for supercapacitors by chemical precipitation method. The high power density, 
large specific surface area, good catalytic performance, good conductivity and stability of Mn3O4 
nanoparticles were fully utilized. Anilkumar KM et al. [20] prepared a nanocomposite of Mn3O4 
and reduced graphene oxide by simple, physical mixing of the components and its suitability as 
electrode material for high power supercapacitors was analysed by detailed electrochemical 
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characterization.In this study, Mn3O4, Sn-Mn3O4, and Sn-Mn3O4 / graphene have been synthesized 
by hydrothermal method. The performance of Sn-Mn3O4 / graphene electrodes was compared with 
pure Mn3O4 and Sn-Mn3O4, and showed attractive high capacitive performance, implying the great 
potential of this material for high performance energy storage devices. 

 
 
2. Materials and methods 
 
2.1. Materials and preparation 
By hydrothermal method, NH3·H2O(AR) and MnCl2(AR) were used as raw materials. The 

mixture of NH3·H2O(AR) and MnCl2(AR) was dissolved evenly and 1%, 2%, 5%, 10% molar 
ratio of SnCl4(AR) and composite graphene were added separately. After full mixing, 
NH3·H2O(AR) was added to adjust the pH value until pH = 7. Composite Mn3O4 material was 
prepared by filling the reactor at appropriate temperature and holding time. In this experiment, the 
nickel foam was used as the collector. The first step was to cut the nickel foam into 2 cm and 1 cm 
rectangle. Then removed the surface oxide by dilute hydrochloric acid. The electrode active 
material was mixed with acetylene black and polytetrafluoroethylene in 8:1:1 ratio, and then 
adjusted to paste and smeared on the cleaned nickel foam surface, then dried in the vacuum oven 
until the quality of the electrode piece remained unchanged. 

 
2.2. Characterization 
The crystal structures of the product was identified by X-ray diffraction (XRD, 

PANalytical X’Pert PRO MPD, Holland) with Cu-Kα radiation (λ=0.154056 nm), the scanning 
speed of 10 °/ min and scanning range of 5 ° - 90 °. Morphological features of the samples were 
observed using Field emission scanning electron microscopy (FE-SEM, Sirion200, Philip). Then 
RST5000 model Electrochemical Workstation was used to determine the electrochemical 
performance of active electrode. 

 
 
3. Result and discussion 
 
3.1. Phase characterization 
Fig. 1 showed the XRD patterns of Mn3O4. The angle of the 2 θ of the XRD scan is 10 

degrees ~80 degrees and the crystal phase of Mn3O4 is characterized. Compared with the standard 
PDF card 89-4837, the XRD spectra showed that the XRD spectra were basically identical and 
there was no heterocyclic peak in other crystalline phases. 

 

10 20 30 40 50 60 70 80

 

 

In
te

n
si

ty
（

cp
s）

2θ（ ° ）

89-4837

 

Fig. 1. XRD patterns of Mn3O4 at 180 ℃ for 10 h. 
 
 
Fig. 2 is a scanning electron microscope (SEM) photograph of Mn3O4 at 180 ℃ for 10 h. 

As can be seen from Fig. 2, the powder particles are uniform and fine rod-like particles, and the 
size is very uniform. It may be that the reaction time was sufficient and the grain had enough time 
to grow. 
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Fig. 2. The SEM images of Mn3O4 at 180 ℃ for 10 h 

 
 
3.2. Electrochemical properties of Sn-doped Mn3O4 
Fig. 3 shows the cyclic voltammetric curves of Mn3O4 samples with different doping 

concentration of sn in the range of - 0.1-0.9 V (vs SCE) voltage and scanning rate of 10 mV.s -1 
and 0.5 mol L -1 electrolyte, respectively. From Figure 3-3, it can be seen that the CVA curves are 
approximately rectangular, indicating that the capacitance of the material is good and the current 
can respond quickly when the scan is converted. It can be seen from the diagram that the response 
currents of different doping concentrations are different. The specific capacitance of a, b, c, d and e 
can be calculated from the formula CF = i·(vwm) 

- 1
 as 21 F·g

- 1
, 27 F·g

- 1
, 30 F·g

- 1
, 29 F·g

- 1
 and 

26 F·g
- 1

, respectively. It shows that the specific capacitance increases with the increase of n (Sn): 
n (Mn) doping ratio. 
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Fig. 3. cyclic voltammetry of Mn3O4 with different Sn content. 

 
 
Fig. 4 shows a cyclic volt of different scan rate with 10 m V·s

-1
, 20 mV·s

-1
, 50 mV·s

-1
 and 

100 mV·s
-1

 for a Sn-Mn3O4 sample with a Sn content of 2% . When the scan rate is increased from 
10 mV·s

-1
 to 20 mV·s

-1
, the response current increases and the added multiple is similar to the scan 

rate. It shows that the electrode material can still maintain good capacitance performance when the 
scanning rate is not high. However, when the scanning speed continues to increase, the response 
current does not increase in proportion to the scan rate even when the temperature is increased 
from 20 mV·s

-1
 to 50 mV·s

-1
 to 100 mV·s

-1
. The main reason for this phenomenon is that although 

the acceleration of the scanning speed would increase the speed of the Faraday capacitance 
reaction to some extent, the response current can be increased when the scanning speed is low, but 
the ion diffusion speed cannot be increased when the scanning speed is too fast. Keeping up, the 
speed of the Faraday's capacitance response is limited, so that the magnitude of the response 
current cannot keep up, so the response current increases to a lesser extent. The sample can still 
retain the rectangular characteristic at high scanning speed, and its specific capacitance is not 
attenuated too much, indicating that the electrode material has good reversibility. 
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Fig. 4. cyclic voltammetry of Mn3O4 with 2 % Sn at different scanning speed. 

 
 
Fig. 5 shows the AC impedance spectra of the Sn-Mn3O4 electrode at 1%, 2%, 5%, and 

10% Sn. As can be seen from the figure, when the doping amount of Sn is small, Rs is reduced, 
because a small amount of Sn can also increase the diffusion and transport speed of the overall 
electrolyte ions in the active material. The resistance of Mn3O4 is relatively high, which 
corresponds to the results of the cyclic voltammogram of each sample in Fig. 3, but when the 
concentration of Sn element is too large, the clogging of trimanganese tetraoxide is also caused to 
hinder the ion transfer, so that the electrode electrochemical performance is degraded. In addition, 
regardless of the proportion of the Sn element added, the slope of the impedance spectrum in the 
low frequency region is significantly greater than 45°, indicating that each sample has good 
capacitance characteristics. 

 

 

Fig. 5. AC impedance spectroscopy of Mn3O4 with different Sn content. 

 

 

The fact that the Sn element plays a role in improving the electrochemical performance in 
Mn3O4 can be explained by the fact that the addition of Sn ions of different valence states produces 
a partially deficient Sn ion among the Mn3O4, which improves the conductivity of Mn3O4. This 
further increases the electrochemical performance of the overall active material. When the content 
of Sn was insufficient in the material, the conductive particles generated by the electrode material 
were insufficient, so that the electrode material also had a space for improving its capacitance 
characteristics. However, when the Sn element was too much, the channel for ion in and out in the 
crystal structure of the Mn3O4 was blocked, forcing the conductivity of the electrode material to 
decrease and the capacitance characteristics were also deteriorated, so that only in the range of 
suitable Mn and Sn ratios can obtain an electrode material with good capacitance performance. At 
the same time, the addition of Sn can prevent the irreversible reaction of Mn3O4, which is 
beneficial to increase the stability of the electrode material. 
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3.3. Electrochemical properties of Sn-doped Mn3O4/graphene composites 
Fig. 6 is a TEM photograph of the Sn-Mn3O4/graphene material. 
 

 

 

Fig. 6. TEM images of Sn-Mn3O4 graphene composite. 

 
 
It is found from Fig. 6 that Mn3O4 has also been successfully grown on the surface of 

graphene, and the composite material has the same lamellar structure as graphene and the Mn3O4 
particles can also be seen in the figure. The particle size is very small and reaches the nanometer 
level. From the distribution, the distribution of Mn3O4 in the composite material is relatively 
dispersed, which indicates that it plays a better carrier role in the composite graphene and is related 
to Mn3O4. The combination is very tight. 

Fig. 7 shows that cyclic voltammetry curve of Sn-Mn3O4/graphene composite with 
different graphene concentrations of 0%, 1%, 2%, 5%, and 10% has a scanning speed of 10 mV.s

-1
 

in a 0.5 mol·L
-1

 Na2SO4 electrolyte. 
 

 

Fig. 7. cyclic voltammetry of Sn- Mn3O4 / graphene composites  

with different graphene content. 

 
 
It can be seen from Fig. 7 that the addition of graphene increases the response current of 

the electrode material. And as the content of graphene increases, the cyclic voltammetry curve is 
closer to a rectangular shape and the specific capacitance is greatly improved by calculation. 
Among them, the specific capacitance is 5% of the graphene concentration of the electrode, the 
specific capacitance can reach 215 F·g

-1
. 

Fig. 8 shows the cyclic volt-ampere curve of Sn-Mn3O4/graphene electrode with a 
graphene content of 5% at a scan rate of 10 mV·s

-1
, 20 mV·s

-1
, 50 mV·s

-1
, and 100 mV·s

-1
, 

respectively. That can be seen as the cyclic voltammetry scan speed increases, the integral area of 
the cyclic voltammetry curve decreases significantly. The shape of the curve will become closer to 
the elliptical shape, indicating that the Sn-Mn3O4/graphene composite does not have good rate 
performance. And as the scanning speed increases, the response current of the cyclic voltammetry 
curve does not increase exponentially. It is indicated that the Sn-Mn3O4/graphene electrode with a 
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graphene content of 5% is not suitable for operation under high current conditions. 
 

 

 

Fig. 8. cyclic voltammetry of Sn- Mn3O4 / graphene composites with 5 % graphene  

at different scanning speed. 
 

Fig. 9 shows the AC impedance spectra of Sn-Mn3O4/graphene electrodes with graphene 
content of 1%, 2%, 5%, and 10%, respectively. It can be seen from Figure 3-8 that when the 
composite amount of graphene changes, Rs decreases slightly with the increase of graphene 
content. The reason may be that the conductivity of graphene is much better than that of Mn3O4. 
Therefore, as the content of graphene in the electrode material increases, Rs decreases. In the low 
frequency region of the impedance spectrum, it can be seen that the slope is greater than 45 °. It is 
found that the Sn-Mn3O4/graphene composite has good capacitance characteristics. 

 

Fig. 9. AC impedance spectroscopy of Sn- Mn3O4 / graphene composites 

with different graphene content. 
 
 
 
4. Conclusions 
 
Finally, conclusions and furture work are summarized. Sn-modified Mn3O4 material was 

prepared by hydrothermal method and its electrochemical properties were tested. When the content 
of Sn element reaches 2%, the Sn modified Mn3O4 material has better electrochemical 
performance and the introduction of Sn element increases the stability of the electrode material. 
The composite material obtained by compounding this material with 5 wt.% graphene had been 
analyzed by cyclic voltammetry and AC impedance method. It was found that the capacitance 
characteristics of the composite material were greatly improved and specific capacitance of 21 
F·g

-1
, 30 F·g

-1
 and 215 F·g

-1
 were displayed for the pure Mn3O4, Sn-Mn3O4 and Sn-Mn3O4 / 

graphene composite, respectively. Therefore, graphene can be used to improve Mn3O4 with 
outstanding development prospects. 
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