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Abstract: In this work, we reported a facile one-pot hydrothermal method to synthesize MnPO4-H,O
nanowire/graphene oxide composite material with coated graphene oxide. Transmission electron
microscopy and scanning electron microscope were employed to study its morphology information,
and X-ray diffraction was used to study the phase and structure of the material. Additionally, X-ray
photoelectron spectroscopy was used to study the elements information. To measure electrochemical
performances of electrode materials and the symmetry cell, cyclic voltammetry, chronopotentiometry
and electrochemical impedance spectrometry were conducted on electrochemical workstation using
3 M KOH electrolytes. Importantly, electrochemical results showed that the as-prepared MnPO4-H,O
nanowire/graphene oxide composite material exhibited high specific capacitance (287.9 F-g~! at
0.625 A-g~1) and specific power (1.5 x 10° W-kg~! at 2.271 Wh-kg~!), which is expected to have
promising applications as supercapacitor electrode material.

Keywords: supercapacitors; manganese phosphate; graphene oxide; high power density

1. Introduction

In view of the limitations of energy storage, the application of supercapacitors (SCs) is becoming
increasingly accepted. SCs, with their advantages such as higher power density, longer cycle stability
and more reliable safety, have generally become the key to solve energy storage problems. According to
storage mechanism, SCs can be divided into two categories: (1) electric double-layer capacitors
(EDLCs) and (2) pseudocapacitors (also called redox supercapacitors). The former stores energy
through charge separation at the interface between the active material and electrolytes [1-3]. Therefore,
graphene based materials with large specific surface area (SSA) are usually considered as ideal
candidates for EDLCs. In addition, theoretical specific capacitance of graphene reaches 550 F-g~! [4-7].
Previous literature has been published on graphene-based SC study, for example, Du et al., who have
reported flower-like graphene nanosheet clusters with the assistance of copper particles [8]. In addition,
Zhao et al. have also reported graphene-based single coaxial structure fiber SCs [9]. Both of their
works show graphene-based materials with great performances for SCs. As for pseudocapacitors,
their energy storage mechanism is fast and demonstrates reversible reactions on activated material.
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Herein, transition-metals (e.g., Ru, Ni, Co, Mn, Mo, Sn, etc.) are widely used as candidates. RuO, was
once considered an excellent material for SCs, but high costs limit its commercial acceptance [3].
Therefore, it is important to develop other alternative electrode materials combining both low cost and
excellent performance.

Among numerous transition-metals, manganese is an ideal material because of its low costs
and high abundance. In this respect, manganese phosphate and its derivatives have been used in
many fields, such as biosensors, photoelectron-catalysts, magnetism, supercapacitors and lithium-ion
batteries (LIBs) [10-14]. Especially in LIBs, LiMnPOy, due to its unique structure, was widely
investigated in recent research. As we know, this device stores energy through Li-ion insertion
and extraction between LiMnPO, composites. This process can be described as LIMnPOy <+ MnPO4 +
Li* + e~. However, no matter whether the LIB field or SCs, little attention is paid to the intermedium
of MnPOy [15-20]. Additionally, considering advantages of graphene based materials in SCs and other
electrochemical fields [21-24], we tried to obtain a kind of material composite with GO (graphene
oxide) and MnPOy.

Herein, we developed a very mild one-pot method to synthesize MnPO,4-H,O nanowire/GO
composite material, which displays uniform morphology with coated GO film. Compared with
MnPO,-HyO without GO, it exhibited a better capacitance of 287.9 F~g_1 at 0.625 A (1.62 times
of MnPO,4-H,O without GO), excellent rate capability and good cycling property. Moreover,
for simulating its real work performance, MnPO,-H,O without GO and a symmetric two-electrode
system test were also conducted. The results suggest that the MnPO,-H;O material composited with
graphene can be a promising candidate in applications of supercapacitors.

2. Results and Discussion

The crystal structure of the as-prepared MnPO4-H,O nanowire/GO composite material and
MnPO,4-HyO without GO were characterized by X-ray diffraction (XRD). The black vertical lines
indicate the peak positions of standard MnPO,4-H,O (JCPDS No.44-0071). From Figure 1, all of
the diffraction peaks are sharp and can be well indexed with MnPO4-H,O (JCPDS No.44-0071).
These diffraction peaks with narrow shapes indicate that the sample possesses good crystallinity.
Usually, good crystallinity can improve the electrochemical performance of the material since the
stable crystal structure cannot be destroyed easily during charge-discharge processes [25]. The inset in
Figure 1 shows the possible schematic crystal structure of the sample, which is constructed according
to the information from the standard PDF card [26]. However, peaks corresponding to GO were not
observed. It may be caused by the fact that GO peaks are much weaker than MnPOy4-H;O or the
amounts are not sufficient enough to be detected.

Figure 2a,b are the scanning electron microscope (SEM) images of the as-obtained MnPO4-H,O
nanowire/GO composite material. The MnPO4-H,O nanowire/GO composite is relatively
homogeneous in morphology. They are mainly nanowires and twined together to be clew-like.
In Figure 2¢,d, the as-prepared MnPO,4-H,O sample without GO seems not as homogeneous as
MnPOy4-HyO nanowire/GO composite in morphology. Some chunk particles can be observed.
They may be ascribed to the existence of GO. As we know, there are some oxide functional groups
on the surface of GO that can enhance its hydrophilicity. Therefore, GO may act as the surfactant in
this system, which may lead to the formation of this homogeneous morphology [27-29]. In addition,
GO, in this system, not only acts as a surfactant but also serves as a conductive agent in the sample,
which contributes to the highly improved stability and great anti-aggregation ability during the
charge—discharge process. In addition, the efficient conduction of electrons results in the increasing
conductivity [30].
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Figure 1. XRD (X-Ray Diffraction) patterns of as-prepared MnPO,-H,O nanowire/GO (graphene
oxide) composite material, as-prepared MnPO,-H,O sample without GO, and standard MnPO,4-H,O
(JCPDS-44-0071). Inset: the possible schematic crystal structures of MnPOy4-H,O.
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Figure 2. (a,b) SEM (scanning electron microscope) images of as-prepared MnPOy4-H,O nanowire/GO
composite material; (c,d) and as-prepared MnPO,4-H;O sample without GO.

Transmission electron microscopy (TEM) images in Figure 3a—d show the uniform wire clews
of the MnPO4-H,O nanowire/GO microarchitectures at different magnifications. In Figure 3a, it is
clearly seen that the MnPO,4-H,O nanowire /GO samples are twined wire-like. The inset in Figure 3a
shows that the average width of nanowires is about 15 nm. Figure 3b-d display morphologies of
the sample at a higher magnification, showing that the sample was nanowire morphology. It can be
observed in HR-TEM images, shown in Figure 3e, that the lattice distance of the sample is ca. 0.487 nm,
which matches well with the (110) lattice planes of a monoclinic MnPO4-H,O [26]. Furthermore, in the
red dashed circle, GO can be clearly observed. Meanwhile, HAADF-STEM (high angle annular dark
field-scanning transmission electron microscope) and EDS (energy dispersive spectrometer) line scan
were also employed to characterize GO film coated on the sample surface, and the corresponding
results can be seen in Figure 3f,g. EDS line scan data suggest that the thickness of the GO film was
about 15 nm, which was different from that of Figure 3e, indicating that the GO film was coated on
MnPOy4-H;O nanowire with various thicknesses. And corresponding optical images before and after

reaction can be seen from Figure S1.
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Figure 3. (a—d) TEM (transmission electron microscope) images of MnPO,-H,O nanowire/GO
composite material at different magnifications (the inset in Figure 3a: the width distribution of
the as-prepared sample); (e) HR-TEM (high resolution- transmission electron microscope) image
of the MnPOy-H,0O nanowire/GO; (f,g) high-magnification HAADF-STEM (high angle annular dark
field-scanning transmission electron microscope) image and EDS (energy dispersive spectrometer)
line scan.

X-ray photoelectron spectroscopy (XPS) recorded surface electronic state of C 1s and Mn 3p
regions of MnPOy-H,O nanowire/GO material at high energy resolution are shown in Figure 4a,b,
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respectively. As shown in Figure 4a, the C 1s spectrum are fitted to three components. The most intense
peak at lowest binding energy (BE) of 284.87 eV, which are attributed to C-C, C=C and C-H functional
groups. In addition, the second component at BE of 286.35 eV is attributed to C-OH in GO or other
substances with carbon-oxygen single bonds. The third peak with highest BE of 288.2 eV confirm C=0
functional groups in MnPO,4-H;O nanowire /GO material [31,32]. This evidence suggests the presence
of C in the sample, and by Raman spectra in Figure 5, the existence of GO can be further confirmed.
In Figure 4b, the Mn 3p spectrum for MnPO,4-H,O nanowire /GO material is fitted to two components,
which are centered at 641.29 eV and 653.82 eV belonging to Mn 2p3/, and Mn 2p; /;. These results
conform to the reported Mn!! compounds [33,34].
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Figure 4. (a) C 1s XPS (X-ray photoelectron spectroscopy) of MnPO,-H,O nanowire/GO composite
material; (b) Mn 2p3,, and 2pq /, spectra in this material.
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Figure 5. Raman spectra of MnPOy4-H;O nanowire/GO composite, as-prepared MnPO,-H,O sample
without GO and GO reactant.

Raman spectroscopy is a powerful method to characterize GO. Raman spectroscopy was employed
to prove the existence of GO, and the results were shown in Figure 5. From Figure 5, it can be seen
that there are two peaks respectively appearing at ~1348 cm ™! and ~1591 cm~! in the as-obtained
MnPO,-H;O nanowire/GO composite. For comparison, the GO precursor was tested as a reference.
The results show that two peaks are located in the same regions, corresponding to characteristic D bands
and G bands, where the D band depicts the disordered structural defects or edge areas, and the G band
is a signature of in-plane vibration of sp2 bonded carbon atoms [35-39]. The as-obtained MnPOy4-H,O
sample without GO was also measured as shown in Figure 5. In the same wave number region, no
G band or D band was detected, suggesting that no GO signal was detected in the MnPO,-H,O sample.



Catalysts 2016, 6, 198 6 of 15

Cyclic voltammetry (CV), chronopotentiometry (CP) and electrochemical impedance spectrometry
(EIS) were conducted in 3.0 M KOH solution as electrolytes at room temperature to investigate the
performances of MnPO,4-H;O nanowire/GO electrode materials. Figure 6a shows the CV curves of
the electrode measured in 3.0 M KOH solution at the scan rates of 5, 10, 20, 30, 50 and 100 mV-s~1,
respectively. It can be seen that the shapes of the curves obviously differ from that of typical EDLC.
In Figure 6, the strong redox peaks at ~0.17 V and 0.3 V indicate that the energy storage is mainly
ascribed to pseudocapacitance. The relatively symmetrical curves suggest that the redox reaction is
reversible. Meanwhile, both the sizes of the loops and the redox peaks enlarge with the increasing of
the scan rate, suggesting that the fast redox reactions occur during the scan processes. The possible
reaction mechanism is shown below [1]:

Mn(OH)PO4 + e~ <> MnPO4 + OH™
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Figure 6. (a) CV (Cyclic voltammetry) curves at scan rates of 5-100 mV-s~! of as-prepared MnPO,-H,O
nanowire/GO material in a three-electrode system; (b) GCD (galvanostatic charge-discharge) curves of
MnPO,-H, O nanowire/GO material at current densities of 0.625-12.5 A-g~1; (c) specific capacitances
derived from the CV curves by Equation (1); and (d) specific capacitances calculated from the GCD
curves by Equation (2) at various charge-discharge rates.

The specific capacitance of the materials can be calculated from CV test according to the
Equation (1), [40] and the results are plotted in Figure 6c:

. Q  [Idv )
AV xm AV xmxv

Cs

where C;, AV, m, I and v are the specific capacitance (F-g~!), potential window (V), the mass of
active material (g), current (A) and scan rate (V-s~1), respectively. In Figure 6c, when the scan rate is
5mV-s~!, the specific capacitance is as high as 532.14 F-g~1. When the scan rates gradually increased
t0 10, 20, 30, 50 and 100 mV-s~1, the specific capacitances decreased to 459.67, 400.82, 362.14, 324.06 and
282.20 F-g~1, respectively. This phenomenon may result from the electrode polarization or the redox
reaction occurring on the interface not being complete. In order to investigate the substrate effects
on as-prepared material, we took a series of CV tests as control experiments based on Younis et al.
work [41]. Herein, a piece of bare nickel foam was used as a work electrode. Relevant results can be
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seen in Figure S2. CV curves of bare nickel foam current collector are almost straight lines, as shown
in Figure S2a, and the calculated specific capacitances of bare nickel foam electrode were negligible
compared with the as-prepared material electrode.

CP is another useful method to evaluate energy storage performance of electrode material.
Figure 6b shows that the galvanostatic charge—discharge (GCD) plots at current densities are 0.625,
1.250, 2.500, 3.750, 6.250, 8.750 and 12.50 A-g_l, respectively. These curves are symmetrical, indicating
that the electrodes with excellent electrochemical capability and the redox process are reversible [42].
In addition, the corresponding charge—discharge times get shorter with the current densities enlarged.
According to Equation (2), [43] the specific capacitance of the electrode material can be calculated as

0 At
pr— p— 2
AV xm AV xm’ @)

Cs

where Cs, AV, m, [ and At are the specific capacitance (F-g~1), potential window (V), the mass of active
material (g), current (A) and discharge time (s), respectively. The calculated results are displayed in
Figure 6d. When the current densities are set as 0.625, 1.250, 2.500, 3.750, 6.250, 8.750 and 12.50 A-g’l,
respectively, the corresponding specific capacitances are 287.90, 286.35, 283.46, 275.62, 260.26, 248.86,
and 235.34 A-g~!, respectively. Based on the above analysis, it can be concluded that when the current
density increases to 20 times its initial value, the specific capacitance retains ~82% of initial value,
indicating the good rate ability of the material. This may be ascribed to the existence of GO, which can
not only optimize the conductivity, but also benefit the total capacitance by enhancing the stability of
materials attributed to its unique stable structure and great conductivity [30,44,45].

In comparison, the electrochemical performances of material synthesised without GO and other
conditions kept the same as MnPO4-H;O nanowire/GO were tested. In this section, CV, CP and EIS
were employed and conducted in 3.0 M KOH solution. The results can be seen in Figure 7.
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Figure 7. (a) CV curves of the sample without GO material in the three-electrode system; (b) GCD
curves of the sample without GO at various current densities; (c) specific capacitances derived from

the CV curves; (d) specific capacitances calculated from the GCD curves; (e) EIS (electrochemical
impedance spectroscopy) for MnPOy4-H,O nanowire without GO electrode.
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Figure 7a displays the CV curves of the material tested at the scan rates of 5, 10, 20, 30, 50 and
100 mV-s~!, respectively. It is clear that the current densities that increase with the scan rates range
from 5 mV-s~! to 100 mV-s~!. The corresponding specific capacitances calculated through CV were
shown in Figure 7c. When the scan rate is 5 mV-s~!, the specific capacitance is about 167.96 F-g~1,
and the value decreases to 92.75 F-g~! with the scan rate reaching 100 mV-s~!. Figure 7b is the CP
curves of the tested sample, and the current densities, respectively, are 0.625, 1.250, 2.500, 3.750, 6.250,
8.750 and 12.50 A-g~!. From the results, it can be observed that the charge and discharge segments
are symmetric, and specific capacitances were calculated by discharge time through Equation (2).
Interestingly, the calculated results shown in Figure 7d are close to that of CV, suggesting that these
results are reasonable. When the current density is 0.625 A-g !, corresponding specific capacitance is
177.56 F-g~1. When current density is 12.50 A-g~!, twenty times of 0.625 A-g~!, specific capacitance
is about 47.1% of initial level. Additionally, an EIS test was performed with MnPO4-H,O nanowire
without GO electrode, and the result can be seen in Figure 7e. The bulk solution resistance Rs is
2.082 ), which is higher than MnPOy4-H;O nanowire/GO electrode (1.081 (2).

The results of the two samples’ CV, GCD and specific capacitances are displayed together in
Figure 8. In Figure 8a, CV tests at scan rates of 5 mV-s~! and 100 mV-s~! of as-prepared samples with
and without GO are shown. It is easy to find that no matter which scan rate it is, the current densities
of MnPOy-H,O nanowire/GO are higher than those of another one without GO. During calculation,
the integral part of Equation (1) is related to current density. Therefore, specific capacitances of the
former one are higher than the latter one as shown in Figure 8c. Meanwhile, the GCD test shows a
similar result. Figure 8b shows that the discharge time of MnPOy4-H,O nanowire/GO in red is longer
than the other one at the same current density, indicating a better performance. Specific capacitances at
various current densities as shown in Figure 8d suggest that MnPO,4-H,O nanowire/GO demonstrates
a higher capacitance than MnPOy4-H,O without GO.
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Figure 8. (a) CV curves of MnPOy-H;O nanowire/GO and MnPO,-H,O without GO at 5 mV-s~!and
100 mV-s~! in the three-electrode system; (b) the discharge times of the two samples at 0.625 A-g~1;
(c) specific capacitances of the two samples derived from the CV measurement; (d) specific capacitances
of the two samples calculated from the GCD curves.
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To further investigate the performance of this material, CV and CP were performed in 3 M KOH
solution with a symmetry two-electrode system. The corresponding test results can be seen in Figure 9.

As seen in Figure 9a, typical two-electrode CV curves were shown. With the scan rate increasing,
the shape of the curves changes little, which indicates the great electrochemical reversibility and
good rate ability of the as-prepared material. Additionally, GCD measurements were conducted, and
showed that the electrode material has excellent electrochemical performance. From Figure 9b, it can be
seen that the segments of charge and discharge are fairly symmetric, and negligible IR drops (voltage
drop) are observed, which indicate that the material has great energy storage ability. The specific
capacitance was calculated according to GCD measurement. Since the measurements were carried
out on symmetric assemblies of materials and series capacitors, what is measured is actually 1/2 of

the capacitance of the freestanding electrode. Therefore, the corresponding equation can be seen as
below [46—48]:
2IAt

= A’ ®)

where Cs, AV, m, I and At are the specific capacitance (F-g_l), potential window (V), the mass of active
material loaded on each electrode (g), current (A) and discharge time (s), respectively. In addition, the
calculated results were shown in Figure 9c. The GCD results show that when the measurement was
conducted at low current density (0.625 A-g~1), the specific capacitance is 115.63 F-g~!, and when
current density increases, the specific capacitance is decaying. Even when the current density increases
to 20 times of initial value, the specific capacitance retains ~40%, which shows that this electrode
material has excellent rate ability.
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Figure 9. (a) CV experiments of as-prepared MnPO4-H,O nanowire/GO in a symmetric
double-electrode system; (b) GCD curves of MnPO,4-H,O nanowire/GO; (c) specific capacitances
calculated from the GCD curves; (d) charge-discharge cyclic test of MnPOy4-H;O nanowire/GO in a
symmetric double-electrode system at the current density of 1 A-g~1.

Furthermore, the cycle stability test was performed with electrode material for 1000 consecutive
cycles at 1 A-g~! current density. The performance can be seen in Figure 9d. It can be seen that after
1000 continuous cycles, the specific capacitance has no obvious decay. Importantly, it is 85.3% of initial
specific capacitance, and the little decay of MnPO,4-H,O nanowire/GO electrode may be ascribed to
the slight collapse of MnPO4-H;O nanowire/GO composite when the ions are intercalated /extracted
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into the microstructures. Another reason is that electrode material inevitably falls off of nickel
foam substrate.

The relationship between specific power and specific density is obtained according to CP
measurement, namely the Ragone plot. In Figure 10, it can be observed that this MnPO4-H,O
nanowire/GO electrode material has ultrahigh specific power, which is close to conventional solid
state and electrolytic capacitors. However, compared with some reported similar phosphates [49,50],
which are applied in supercapacitors, this specific energy (5.78 Wh-kg ! in this work) is average, and
the corresponding results can be seen in Figure S3. It drives us to develop other phosphates with high
specific energy in the following research. This performance may result from the existence of GO carbon
material, enhancing the electron transfer. Ultrahigh specific power means that this supercapacitor
electrode material can serve some high power machines.

-
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X 10°- %o
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o\

w

= 104 o
10°+
10%4
10"+
10° . : |

0 2 4 6 8
Specific Energy / Wh kg1

Specific Power

Figure 10. The Ragone plot of MnPO4-H;O nanowire/GO composite material in the symmetric
double-electrode system.

EIS was carried out to investigate the electrode kinetics and other properties of as-prepared
material. In general, the impedance curves present two partially overlapped semicircles in the high
and medium frequency regions and an inclined line in the low-frequency region as seen in Figure 11.
The impedance of the material was calculated using ZSimpWin software (3.10 version, Princeton
Applied Research , Oak Ridge, TN, USA, 2002) based on an equivalent circuit shown in Figure 11
as an inset. The EIS data can be fitted by a bulk solution resistance R;, a charge-transfer resistance
Rct, a pseudocapacitance Cp, from redox process of materials, and a constant phase element (CPE) to
simulate the double-layer capacitance. The charge-transfer resistance Ry, also called Faraday resistance,
is 17.95 Q) calculated by ZSimpWin software, which is a limiting factor for the specific power of the
supercapacitor [1]. Therefore, it is the low Faraday resistance that results in the high specific power.
In addition, the bulk solution resistance Ry is calculated to be 1.081 Q). This low Rg allows ions to run
quickly, leading to fast reactions occurring on the material interface.
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Figure 11. EIS (electrochemical impedance spectroscopy) for MnPO4-H,O nanowire/GO electrode
and fitting plots (inset: corresponding equivalent circuit consisting of a bulk solution resistance Rs, a

charge-transfer R, a pseudocapacitive element Cp, from redox process of MnPOy4-H,O nanowire/GO,
and a constant phase element (CPE) to account for the double-layer capacitance).

3. Materials and Methods

3.1. Materials

Ammonium phosphate tribasic trihydrate (NH4)3PO4, Shanghai Zhanyun Chemical Co., Ltd.,
Shanghai, China), manganese nitrate solution (Mn(NOs),, 50 wt %, Sinopharm Chemicals Reagent
Co., Ltd., Shanghai, China), and GO (Nanjing XFNANO Materials Tech Co., Ltd., Nanjing , China)
were purchased and used in the below syntheses without any purification.

3.2. Synthesis of MnPO4-H,O Nanowire/GO Composite Material

For the synthesis of MnPO4-H;O nanowire/GO composite material, 5 mg GO and 200 mg
(NH4)3PO4 were dispersed in 15 mL HyO through the ultrasound method in a beaker over 1 h. Then,
a brown liquid was obtained. Subsequently, 2 mL Mn(NOj3), solution was put into the above liquid,
and with the addition of Mn(NO3), solution, a precipitate appeared. Afterwards, the mixture was
transferred into a Teflon®-lined stainless steel autoclave and heated at 220 °C for 4 h. After reaction,
a dark brown precipitate was obtained by centrifugation, thoroughly washed with plenty of distilled
water and ethanol to remove the residual salts, and then dried at 60 °C in an oven. The synthesis
process is illustrated in Scheme 1.

Mn(NO3)2

(NH,)3PO,

Scheme 1. The process for the preparation of MnPO4-H,O nanowire/GO (graphene oxide)
composite material.
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3.3. Electrochemical Measurement

The electrochemical study of MnPOy4-H;O nanowire/GO composite material was conducted at a
CHI 760E electrochemical work station (Shanghai Chenhua Instrument, Inc., Shanghai, China) in a
three-electrode system and symmetric two-electrode system. In a three-electrode system, platinum
electrode and saturated calomel electrode (SCE) were employed as counter and reference electrodes,
respectively. The working electrode was made from the mixture of active material, acetylene
black, and PTFE (polytetrafluoroethylene) with a weight ratio of 80:15:5, which was coated on a
piece of nickel foam of ~1 cm?, and pressed into a thin foil at a pressure of ~5.0 MPa. After the
abovementioned process, the typical mass loading of the active material is about 5 mg. As for
the symmetric two-electrode system, two pieces of the as-obtained working electrode with the
same mass loading were used. All of the tests were carried out in a 3.0 M KOH solution at room
temperature. Before electrochemical measurement, we purged out O, from the solution by the
inert gas-Ar. Cyclic voltammetry, galvanostatic charge—discharge and electrochemical impedance
spectroscopy methods were used to measure the performance of this composite material applied in SCs.

3.4. Characterization

The morphology of the sample was obtained by a Hitachi S-4700 scanning emission microscope
(Hitachi Corporation, S-4700, Tokyo, Japan) and TecnaiG20 transmission electron microscope
(FEI Tecnai G2 F20 S-TWIN TMP, Hongkong, China). HR-TEM, HAADF-STEM and EDS line scan
were acquired by the TecnaiF20 transmission electron microscope (FEI Tecnai G2 F20 S-TWIN TMP,
Hongkong, China) at 200 kV emission voltage. XRD analysis was carried out on a PANalytical X'Pert
PRO MRD X-ray diffractometer (PANalytical Company, Amsterdam, The Netherlands) with Cu K«
radiation (A = 1.54056 A) operated at 40 kV and 30 mA. XPS was performed on a Thermo Scientific
ESCALab 250Xi (Thermo Fisher Scientific Inc., Waltham, MA, USA) using 200 W monochromated
Al Ka radiation, and Raman spectra were obtained with a Renishaw Invia Raman microscope with
532 nm laser excitation (Renishaw plc, Wotton-under-Edge, Glos., UK).

4. Conclusions

In this work, we successfully synthesized MnPO4-H,O nanowire/GO composite material through
the one-pot hydrothermal method. Multiple measurement methods were employed to study the
performances of the material. Importantly, CV, CP and EIS tests show that MnPO,-H,O nanowire/GO
composite material displays better properties than MnPO4-H,O without GO, suggesting that it
can be used as supercapacitor electrode material with excellent specific capacitance (287.9 F-g~!
and 115.63 F-g~! at 0.625 A-g~! in the three-electrode system and symmetric two-electrode system,
respectively) and ultrahigh specific power (1.5 x 10° W-kg~!), which indicates that this material is a
promising electrode material used in high power applications.

Supplementary Materials: The following are available online at www.mdpi.com/2073-4344/6/12/198/s1,
Figure S1: Optical images of GO dispersions before and after reaction. Figure S2: (a) CV tests of as-prepared
MnPO4-H,O nanowire/graphene oxide material and bare nickel foam at different scan rates; inset: enlarged
view of CV curves of bare nickel foam; (b) calculated specific capacitances of bare nickel foam electrode at scan
rates of 5-100 mV s~ 1. Figure S3: Ragone plot of MnPOy-H,O nanowire/graphene oxide material and other
similar phosphates.
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