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A B S T R A C T

Graphene oxide (GO)-supported polyoxometalates (POMs) have been considered as promising electrode mate-
rials for energy storage applications due to their ability to undergo fast and reversible redox reactions. Herein,
vanadomanganate-GO composites (K7MnIVV13O38.18H2O-GO with 2:1 and 4:1 ratio) were investigated for use as
potential electrode materials in supercapacitors (SCs). The K7MnIVV13O38.18H2O (MnV13) was synthesized and
anchored on GO through electron transfer interaction and electrostatic interaction to make the composite
electrodes for the present study. All synthesized electrode materials were fully characterized by various tech-
niques, e.g., Fourier Transform Infrared (FTIR) Spectroscopy, Powder X-ray Diffraction (XRD), Scanning Electron
Microscopy/Energy Dispersive X-ray Spectroscopy (SEM/EDS) and High Resolution-Transmission Electron
Microscopy (HR-TEM). The electrochemical properties of MnV13/GO composites with different MnV13/GO ratios
were investigated by two-electrode cyclic voltammetry (CV) and galvanostatic charge/discharge (GCD) in dif-
ferent electrolytes. The MnV13/GO composite of ratio 2:1 in 1M LiCl electrolyte and that of ratio 4:1 in 1M
Na2SO4 electrolyte showed significant specific capacitance values of 269.15 F/g and 387.02 F/g, respectively
and energy density of 37.38Wh/kg and 53.75Wh/kg, respectively for a scan rate of 5mV/s. Interestingly, the
1:1 (MnV13/GO) composite in 1M Na2SO4 and 1M LiCl electrolytes showed very low specific capacitance values
as the deposition of MnV13 on GO was not sufficient, as indicated by FTIR and SEM. Thus, it is evident that the
specific capacitance value of these composite materials depends on the amount of MnV13 deposited on GO and
these composite materials exhibit the potential to improve the performance of GO-based SCs.

1. Introduction

To meet the increasing demand for electrical energy in the modern
world, there has been a need to produce clean energy and store a large
amount of electrical energy in an eco-friendly way [1]. The large pro-
duction of sustainable energy increases the importance of corre-
sponding energy storage devices. Batteries and capacitors are the most
commonly used energy storage devices with their own drawbacks [2].
Batteries store a large amount of energy but it takes several hours to
charge up. In contrast, capacitors charge almost instantly but store only
a small amount of energy. This aspect has pushed researchers towards
building a different class of energy storage capacitive called “super-
capacitors” (SCs). SCs are also known as ultracapacitors– thereby,
bridging the gap between batteries and capacitors [2,3]. This

electrochemical energy storage device stores electrical energy by con-
verting chemical energy to electrical energy. Their charge/discharge
time is significantly less compared to that of conventional batteries and
they provide much higher energy density than normal capacitors [4–6].
In addition to the capability of SCs to store as much energy as batteries,
the former can be fully recharged instantaneously [7]. Owing to their
high-power density and long-cycle lifetime, SCs can be incorporated in
portable electronic devices, memory backup systems, load leveling,
hybrid electric vehicles, and many other electrical appliances
[1,4,8–13].

SCs can store energy in two ways—one is electric double layer ca-
pacitance (EDLC) and other, is pseudocapacitance (faradic in nature).
For the case of EDLC, carbon-based materials such as activated carbon
(AC), carbon nanotubes(CNTs), carbon aerogels, etc. have been used as
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electrode material in SCs due to their low cost, availability in variety of
forms (powders, fibres, aerogels, sheets, composites, etc.), controllable
porosity and relatively inert electrochemical properties [3,9,11,14–17].
Those above-mentioned materials have low energy density and exhibit
a limited capacitance, as the carbon-based materials have limited
charge storage capability [4,7]. Although conducting polymers (e.g.,
polyanilines) can store charges in the electrical double layer and also
show high pseudocapacitance, resulting in higher specific capacitance
than that of carbon-based Electric Double Layer Capacitors (EDLCs) [3]
they are brittle and weak in terms of mechanical strength, and there-
fore, SCs with these materials as electrode exhibit poor cyclic stability
[7]. In order to enhance their cyclic stability, conducting polymers are
complexed with carbon-based materials [7,18]. A high energy density
can be achieved using a combination of carbon-based materials and
pseudocapacitive materials such as transition metal oxides, electro-
conductive polymers (ECPs), polyoxometalates (POMs), among others
[4,10,13,17].

Furthermore, ZnO/Graphene and MnO2/GO nanocomposites have
been employed as an electrode material for energy storage application
which yielded specific capacitance values of 236 F/g and 192.7 F/g,
respectively [19–21]. Efforts are on to search for new electrode mate-
rials to further improve the specific capacitance using GO as supporting
material. In this regard, POMs have attracted a lot of attention as redox-
active metal oxide electrode in energy storage devices [4,22].

POMs are transition metal-oxide inorganic water-soluble clusters
with unique features, e.g., high thermal stability, electrical con-
ductivities, and exhibit diverse properties such as catalytic activity and
high stability in their redox states [23–29]. Due to the fast, reversible
and stepwise multi-electron redox reactions, they exhibit a high capa-
city for energy storage applications [4,30,31]. Dissociation of ionic
aggregates in aqueous solution and low specific surface area of POM
(< 10m2 g-1), make them necessary to be anchored on an insoluble
solid matrix of the large surface area [8]. In this regard, carbon nano-
tubes and graphene can be considered as potential candidates as sup-
porting solid matrix due to their considerably high surface area which
enhances EDLC [8,32]. Composites of POMs with carbon nanotubes
(CNTs) and graphene have been demonstrated to hold promise to meet
the requirements of energy storage, electrocatalysis, sensor devices, etc.
[33]. In addition, it was shown that the electronic properties of gra-
phene can be modified by selecting the appropriate POMs [34].

There are very few reports available in the literature on POMs being
used as supercapacitor electrodes [35–38]. It was in 1998, when A.
Yamada from Japan, first demonstrated that POMs could be used as an
electrode material for energy storage applications [5]. In Yamada’s
report, acid forms of POMs were employed as electrodes and a specific
capacitance value of 112 F/g and an energy density of 36 J/g were
obtained [5]. Furthermore, POMs were supported on different con-
ducting polymers to make polymer-POM hybrid materials such as PAni/
H3PMo12O40 [39], PAni/PMo12 and PEDOT/PMo12 [40], which yielded
specific capacitances of 120 F/g, 168 F/g, and 130 F/g, respectively.
However, the combinations of POMs with carbon-based materials such
as graphene, CNTs, ACs, GO, reduced GO (rGO), etc. have been sub-
sequently reported with significant improvement in the specific capa-
citance and the energy density [8,41–46]. In 2014, H.-Y. Chen et al.
studied the vanadium-based POM (Na6V10O28) as an electrode material
for SCs and obtained a fairly high capacitance value of 354 F/g [41].
Their work serves as an incentive for us to explore the use of vanadium-
based POMs in order to improve overall performance in SCs. In 2014, Ni
et al. showed that other compound MnV13 could also be used as a
cathode material of lithium-ion battery applications [47]. H.-Y. Chen
et al. observed that due to the availability of multiple oxidation states of
vanadium metal (from V2+ to V5+), V2O5 shows relatively higher
specific capacitance [41] values. Similarly, manganese also shows
multiple oxidation states (Mn2+ to Mn4+) and MnO2 on GO showed
high specific capacitance [21]. Therefore, we believe that the combi-
nation of two different redox metal centers manganese-vanadium-

containing POMs can serve as a promising electrode for SCs and thus,
we choose MnV13 as an active redox electrode material for our current
investigation [35,42].

In this report, we investigate for the first time the utilization of the
GO supported vanadomanganate-containing POM (MnV13) as electrode
material in SC. Here, the different ratios of MnV13/GO composites were
synthesized and their electrochemical performances, such as cyclic
voltammetry (CV) and galvanostatic charge/discharge (GCD) in Na2SO4

(1M) and LiCl (1M) electrolyte medium were investigated. We have
chosen above mentioned two electrolytes for our current study to
achieve high energy and power density. The demand for specific power
and energy values determines the choice of the electrolyte used in our
electrochemical analysis. Importantly, the stability and operating po-
tential window of the electrolyte used to play a vital role in determining
the performance metrics of a supercapacitor (SC). The potential
window of acidic aqueous solutions is approximately 1V. This is be-
cause water splitting occurs above 1.23V. However, most of the SCs
based on POM use acidic aqueous electrolytes like H2SO4, which limits
the operating voltage of the SC.

Furthermore, H2SO4, being a strong acid, is highly corrosive in
nature, which consequently limits practical application of the electrode
materials. We also believe that there is a possibility that in strong acidic
medium, POMs will leach out from the GO surface and which could
further offer serious hindrance to the stability and durability of the
electrode material. Therefore, neutral electrolyte such as Na2SO4 and
LiCl are used in this work to achieve high energy and power density
[41,48]. Also, we varied the amount of POM on the GO surface to
realize the variation of pseudocapacitive properties.

2. Experimental section

2.1. Preparation of graphene oxide (GO)

We synthesized GO by exfoliation of graphite using the Modified
Hummers Method as narrated in Refs. [49,50]. We took 2 g of graphite
powder and sodium nitrate each followed by their mixing in 90mL of
98% sulfuric acid at about 0 °C–5 °C with constant stirring on. After
about 4 h, 12 g of potassium permanganate was slowly added to the
suspended solution. The addition of potassium permanganate was
precisely regulated to maintain the reaction temperature at less than
15 °C. Then 184mL of distilled water was slowly added to the resulting
compositions and stirred for approximately 2 h. The mixture tempera-
ture was then increased to 35 °C and stirred for 6 h. The resultant so-
lution was then maintained at 98 °C in a reflux system for about
10–15min. After 10min the temperature was brought down to 30 °C to
obtain a brown-colored solution. The reaction solution was kept at
25 °C for 2 h. The mixture was finally combined with 40mL of hydrogen
peroxide (30 w/v %) which resulted in a bright yellow solution. An
equal amount of the prepared solution was then added to two separate
beakers having 200mL of water in it and stirred for 1 h. The solution
was aged for around 3–4 h. The liquid was then filtered to obtain a
mixture which was washed repeatedly by centrifugation with 10%
hydrochloric acid followed by deionized water until a gel-like substance
was obtained (pH neutral). Thus obtained GO gel was dried under va-
cuum at a temperature of 60 °C for 6 h to get GO powder.

2.2. Synthesis of potassium 13-vanadomanganate (K7MnIVV13O38.18 H2O)

The synthesis of potassium 13-vanadomanganate was carried out
using the method reported elsewhere [51]. A composition of 35.9 g of
potassium metavanadate with around 900–1000mL of hot water was
prepared. We added, in order, 1M nitric acid (20mL), 20mL of 1M
manganese(II) sulfate with 10.8 g of potassium peroxydisulfate to the
as-prepared composition. The solution was then maintained at 80 °C
and blended continuously ed while the mixture evaporated for a few
hours. Initially, a brownish-red precipitate was seen to form which
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again got dissolved in solution producing an orange-red and finally a
brown-red colour solution. After 5–7 h, the volume of the solution
mixture was decreased to 300mL, and this compound solution then was
filtered followed by addition of 40mL of 1M potassium acetate to it.
After aging overnight, reddish-orange colored crystals were obtained
and then washed with 0.5 M potassium acetate plus 0.5 M acetic acid.
Then the solution was recrystallized with 0.5 M potassium acetate with
0.5 M acetic acid mixture and finally treated with ethanol and water
mixture followed by 95% ethanol. After that, the crystals were air-dried
and use for our studies.

2.3. Preparation of the composites

The three MnV13/GO composites were synthesized using below-
mentioned methods.

2.3.1. Preparation of MnV13/GO composite of ratio 4:1
About 20mg of GO was sonicated along with 20mL of distilled

water for 30min. 80mg of the synthesized MnV13 was dissolved in
10mL of distilled water and then it was added dropwise to the GO
solution. Then the mixture was again sonicated for 30 more min. The
solution was then stirred for 24 h at room temperature and then dried in
the hot-air oven at 60 °C. After air drying, the composites were collected
and washed with distilled water several times and then air-dried.

2.3.2. Preparation of MnV13/GO composite of ratio 2:1
This MnV13/GO (2:1) composite was prepared using the method

outlined above taking 40mg of MnV13 to make the MnV13/GO ratio 2:1.

2.3.3. Preparation of MnV13/GO composite of ratio 1:1
This MnV13/GO (1:1) composite was prepared using the method

outlined above taking 20mg of MnV13 to make the MnV13/GO ratio 1:1.

2.4. Preparation of electrode

Two pieces of carbon cloth of dimension 2 cm×2 cm were taken
and their individual masses were measured separately. A 15mg of the
prepared composite was sonicated in 4mL ethanol for 30min and
spread evenly over both the pieces of carbon cloth. The wet clothes
were then dried for about an hour in the hot air oven at 60 °C and the
mass of the composite-coated cloths were measured. A separator (filter
paper) of dimension 2 cm×2 cm was sandwiched between the two
composite-coated cloths along with a few drops of the electrolyte
(Na2SO4 or LiCl) spread over it. Then the two-electrode electrochemical
measurements (IVIUM Vertex Galvanostat instrument) were performed
with each of the cloths acting as an electrode.

3. Results and discussion

3.1. Material characterization of all MnV13/GO composites

The GO and MnV13 were synthesized and characterized according to
the procedures published elsewhere [49–51]. Fig. 1a shows the FTIR
spectra (Bruker Alfa FTIR spectrometer) of all synthesized MnV13/GO
composites of different ratios as well as synthesized GO. The FTIR
spectrum (Fig. 1a(i)) shows the characteristic absorption band of GO.
The IR band at 1713 cm-1 is attributed to C]O, other IR bands at 1611,
1388, 1217, and 1043 cm-1 are assigned to C]C, C–O (carboxyl), C–O
(epoxy), C–O (alkoxy), respectively [52]. The IR spectrum of MnV13

(Fig. S1, Supplementary Information) shows characteristic bands at
around 963, 852, and 810 cm-1 attributed to the terminal V]O bonds
and the V–O–V bridging bonds vibration. The band at 540 cm-1 desig-
nated to the Mn–O–V bridging bond vibration [47,53,54]. The com-
posites of both the ratios showed all the characteristics peaks of GO and
MnV13 as shown in Fig. 1b.

Fig. 2 shows the XRD pattern (Rigaku 600 mini flex X-ray

diffractometer) of MnV13/GO of ratio 2:1. The XRD pattern shows GO
diffraction peak at 2θ of around 10° (0 0 2) and 42° (1 1 1) [55,56]. The
diffraction peaks at 2θ=15.533° (2 0 0), 20.258° (0 1 0), 26.268° (1 0
1) and at 31.138° (4 0 0) are characteristics peaks of the vanadium-
oxygen crystal structure (from JCPDS data, card no. 00-001-0246)
which confirms the presence of the materials (K, Mn. V, O) in crystalline
form [57]. The XRD pattern of the composite of ratio 4:1 is shown in
Fig. S2, where the presence of characteristic diffraction peaks of va-
nadium oxygen metal cluster is clearly indicated.

The surface morphology of all composites and GO along with EDS is
shown in Fig. 3. The SEM image of GO (Fig. 3a) shows the random
orientation and wavy appearance of exfoliated graphite oxide [58]. The
SEM image of MnV13/GO (2:1) in Fig. 3b shows the randomly oriented
flakes type POM structures of about 89 nm in diameter and the corre-
sponding EDS data confirms the presence of all elements in MnV13 on
GO. On the other hand, in MnV13/GO (4:1) (Fig. 3c), MnV13 is a flower-
like structure with numerous “petals” of length of about 0.339 μm and
width 0.136 μm, deposited on the surface of GO and it is uniformly
distributed over GO surface and again the EDS data confirms the pre-
sence of all elements in MnV13 on GO.

The structural orientation and crystal planes of MnV13 were further
investigated by HR-TEM. Fig. 4a shows the HR-TEM image of the
composite of MnV13/GO of ratio 4:1, which suggests the presence of
ordered crystalline nano-rods of MnV13. The d-spacing measured from
the HR-TEM image (for the above-mentioned composite ratio) is
0.25 ± 0.2 nm. However, randomly oriented nano-rods of about
0.36 nm and 0.259 nm in diameter were observed for the composites of
ratio 2:1 and 4:1 respectively as shown in Fig. 4 (insets).

3.2. Electrochemical performance of all MnV13/GO composite electrodes

Two-electrode GCD and CV were performed (using IVIUM Vertex
Galvanostat instrument) to examine the electrochemical performance of
MnV13/GO composites as an electrode material for SCs in 1M Na2SO4

and 1M LiCl electrolytes. The composites were prepared in appropriate
ratios (as described in the experimental section) before it was employed
for the study. The capacitance of all the composites was calculated
using the area under the CV curve using the below equation.

∫⎜ ⎟= ⎛
⎝

⎞
⎠

ΔC idV /(2mv V)S

where i, ΔV, v, and m represent the response current (A), the voltage
window (V), the voltage scan rate (V/s), and the mass (g) of active
material deposited on the electrode (on carbon clothe), respectively.
Applying the above mathematical expression, the specific capacitance
of composites MnV13/GO (387.02 F/g, 4:1 ratio) in Na2SO4 electrolyte
and MnV13/GO (269.15 F/g, 2:1 ratio) in LiCl electrolyte at a scan rate
of 5mV/s can be calculated.

The electrochemical performances of all composites were in-
vestigated in two different electrolytes (Na2SO4 and LiCl) to explore the
behavior of the electrodes. Fig. 5a and b show the CV curves of GO,
MnV13/GO (2:1) in LiCl electrolyte and MnV13/GO (4:1) in Na2SO4

electrolyte. The curve of GO (Fig. 5a, inset) at a scan rate of 50mV/s
retain nearly rectangular shape indicating that there is no faradic pro-
cess involved and that it exhibits almost pure electrochemical double-
layer behavior [41,43]. In Na2SO4 electrolyte, the composite ratio of
4:1 shows specific capacitance of 387 F/g in 5mV/s (Fig. 5b, Table 1),
whereas in case of the composite ratio of 2:1 specific capacitance of
128.06 F/g in 5mV/s (Fig. S3a, Table S1) was achieved. The low value
of capacitance is attributed to the leaching of POM from the GO surface
in Na2SO4 electrolyte medium, resulting in less storage energy of
17.79Wh/kg for a scan rate of 5mV/s. Therefore, the electrolyte was
changed to LiCl and the analysis was carried out again for the ratio of
2:1, which resulted in specific capacitance value of 269.15 F/g for
5mV/s scan rate (Fig. 5a, Table 2) and showed more storage energy of
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37.5Wh/kg at the same scan rate (which is almost double the value of
earlier). However, the composite of ratio 4:1 showed a moderate spe-
cific capacitance of 192.01 F/g in LiCl electrolyte for a scan rate of
5mV/s (Fig. S3b, Table S2) and we believe this is due to the detach-
ment of the POM layer (leaching of POM) from the GO surface in LiCl
medium or due to the diffusion ion exchange phenomenon [41]. Fur-
thermore, the composite of ratio 1:1 showed very little energy storage
value in both the electrolytes (Figs. S3c and S3d, Tables S3 and S4).
This may be due to a very little amount of POM deposited on GO ma-
trix, which is confirmed by SEM images of the composite (Fig. S4). The
potential range (0 to +1 V) was considered in the potential polarization
range of working electrode and the available potential window was
measured from the current values of reduction/oxidation of the sup-
porting electrolyte [59,60]. The CV curves of MnV13/GO (2:1) in 1M
LiCl electrolyte and MnV13/GO (4:1) in1M Na2SO4 (Fig. 5a and b)
electrolyte slightly deviate from the ideal rectangular shape indicating
pseudocapacitive behavior (faradic process). This pseudocapacitance
adds to the specific capacitance of GO, thus improving the specific
capacitance of the MnV13/GO hybrid electrode [4,41,43].

The MnV13/GO hybrid electrodes showed much better specific ca-
pacitance and energy density values as compared to those of the pris-
tine-GO electrode (Fig. 5b, inset). The MnV13/GO composite of ratio 4:1
shows a high specific capacitance of 387.02 F/g and energy density of

53.75Wh/kg at a scan rate of 5mV/s in 1M Na2SO4 electrolyte. We
believe that the large specific capacitance and energy density values for
the composite of ratio 4:1 are because of the more of quantity deposi-
tion of MnV13 on GO compared to that of ratio 2:1. This implies that the
extent of redox-active POM deposition on GO matrix determines the
specific capacitance as well as energy density values. Higher the
amount of POM deposition on GO larger the electrical quantities pro-
vided POM does not leach out from GO support during the electrolysis
process. These specific capacitance values were retained for more than
500 cycles.

In addition, we also examined galvanostatic charge/discharge
(GCD) characteristics of both the composites of MnV13/GO. The GCD
curves of MnV13/GO (2:1) at different areal current densities of 15mA/
cm2, 30mA/cm2, and 45mA/cm2 are shown in Fig. 5c. The charge/
discharge curves of MnV13/GO (4:1) at current densities of 15mA/cm2

and 30mA/cm2 are shown in Fig. 5d. In the case of EDLC, the voltage
varies linearly for the charge as well as for discharge, but for pseudo-
capacitance, the charge-discharge of the material varies with time (sec)
exponentially. Therefore, all the charge/discharge curves are not
strictly linear, indicating that the behavior of the MnV13/GO hybrid
electrodes is a combination of the double-layer capacitance contributed
by GO and the pseudocapacitance attributed to MnV13 [41]. The spe-
cific capacitance, energy density, and power density were calculated for
both the composites at various current densities (Tables S5 and S6 in SI
units). The composite MnV13/GO (2:1) showed specific capacitance,
energy density and power density of 47.86 F/g, 6.65Wh/kg and
40.91 kW/kg, respectively, at a current density of 45mA/cm2. Notably,
Fig. 6 shows the comparison of the specific capacitance values obtained
for GO, MnV13/GO (2:1) in LiCl electrolyte and MnV13/GO (4:1) in
Na2SO4 electrolyte. It was evident from the GCD graphs that as we
increase the areal current density, the potential window also increases
resulting in higher capacitance and energy density but the voltage
stability decreases as we decrease the discharge current. The electro-
chemical analysis of the MnV13/GO hybrid material presented here
shows that it can serve as a promising electrode material for SCs. We
also found that by changing the concentration of the POM deposited on
GO matrix and by choosing suitable electrolyte the electrochemical
performance of SCs can further be improved.

4. Conclusions

In summary, different MnV13/GO composite ratios were synthesized
and then characterized using various structural as well as electro-
chemical analysis tools. Excellent interfacial contact and an increased

Fig. 1. FTIR spectrum of (a) (i) GO, (ii) MnV13, (iii) MnV13/GO (2:1), (iv) MnV13/GO (4:1), (b) MnV13/GO of ratio (2:1 and 4:1).

Fig. 2. XRD pattern of MnV13/GO (2:1).
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contact area between the POM and GO promote the quick charge
transfer between POM and GO. The MnV13/GO composite of ratio of 2:1
in LiCl electrolyte showed a specific capacitance of 269.15 F/g for a
scan rate of 5mV/s and a moderate energy density of 37.38Wh/kg
which gradually reduced to 4.30Wh/kg with increasing scan rates and
a high power density of 40.91 kW/kg at a current density of 45mA/
cm2. MnV13/GO (4:1) produced a specific capacitance of 387.02 F/g
and energy density of 53.75Wh/kg for a scan rate of 5mV/s in Na2SO4

electrolyte. Specific capacitance values were found to vary with the
choice of electrolyte used and also the contact area of composites. The

CV and GCD curves indicate that the MnV13/GO hybrid materials show
a pseudocapacitive behavior and therefore, they can be used to improve
the performance of the SCs. These results suggest that the MnV13/GO
composites potentially can serve as an effective electrode material for
SCs.
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Fig. 3. (a) SEM image of GO, (b) SEM/EDS image of MnV13/GO (2:1), (c) MnV13/GO (4:1).

Fig. 4. HR-TEM image of (a) MnV13/GO (2:1) and nanorods (inset), (b) MnV13/GO (4:1) and nanorodes (inset).
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GO (inset); Charge-discharge curves of (c) MnV13/GO 13 (2:1) in 1M LiCl, (d) MnV13/GO (4:1) in 1M Na2SO4 electrolyte solution.

Table 1
Specific capacitance and energy density values of MnV13/GO (4:1) in 1M
Na2SO4 electrolyte.

Scan rate (mV s-1) Specific capacitance (Fg-1) Energy density (W h kg-1)

100 20.89 2.90
50 31.52 4.38
30 43.41 6.03
20 117.53 16.32
5 387.02 53.75

Table 2
Specific capacitance and energy density values of MnV13/GO (2:1) in 1M LiCl
electrolyte.

Scan rate (mV s-1) Specific capacitance (Fg-1) Energy density (W h kg-1)

100 30.97 4.30
50 51.75 7.19
30 64.44 8.95
20 88.60 12.31
5 269.15 37.38

Fig. 6. Comparison of specific capacitances of GO, MnV13/GO (2:1) and
MnV13/GO (4:1) at various scan rates.
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Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.ceramint.2019.10.002.
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