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Abstract: Transition−metal−based materials show great promise for energy conversion and storage
due to their excellent chemical properties, low cost, and excellent natural properties. In this paper,
through simple strategies such as classical electrospinning, air calcination, and the one−step hy-
drothermal method, a large area of Ni(OH)2 nanosheets were grown on NiMoO4 nanofibers, forming
NiMoO4@Ni(OH)2 nanofibers. The one−dimensional nanostructure was distributed with loose
nanosheets, and this beneficial morphology made charge−transfer and diffusion more rapid, so
the newly developed material showed good capacitance and conductivity. Under the most suitable
experimental conditions, the optimal electrode exhibited the highest specific capacitance (1293 F/g
at 1 A/g) and considerable rate capability (56.8% at 10 A/g) under typical test conditions. Most
interestingly, the corresponding asymmetrical capacitors exhibited excellent electrochemical cycle sta-
bility, maintaining 77% of the original capacitance. NiMoO4@Ni(OH)2 nanofibers were verified to be
simple to prepare and to have good performances as energy−storage devices within this experiment.

Keywords: Ni(OH)2; NiMoO4; nanofibers; electrospinning; supercapacitor

1. Introduction

As a new kind of high−power−density device, supercapacitors can achieve a fast
charge and discharge within a few seconds, which show their excellent electrochemi-
cal abilities, excellent cycle performances, and high ratio discharge properties. This has
far−reaching implications for the progress of electrochemical energy storage. Supercapaci-
tors that combine the advantages of chemical batteries and electrostatic capacitors are more
utilized in the market. As we all know, with the development of technology, the variety
of electrode materials is constantly being enriched, so the mechanisms of their electrical
storage are also being studied more and more. Different electrode materials are classified as
different reaction mechanisms, some of which reflect the superior performance of multiple
energy−storage mechanisms under the combined action. From the perspective of material
classification, it can be divided into three types: (1) carbon−based materials with large spe-
cific surface areas [1], (2) conductive polymer materials with good pseudo−capacitances,
and (3) metal composites with high theoretical capacitances. According to the above infor-
mation, a carbon material is used as electrostatic energy−storage material, and its charge
adsorption and desorption occur at the interface of the carbon nanomaterial electrode
and electrolyte. Conductive polymers and metallic compounds are pseudo−capacitive
materials in which material energy can be stored through Faraday reactions.

Over the years, the main areas of research, such as transition−metal compounds as
electrodes for supercapacitors, have been applied on a large scale due to the excellent
chemical properties, electronic properties, and diverse chemical states. Transition metal
oxides (TMOs) have the characteristics of simple preparation methods and easy control
of nanostructures. However, there are still many problems with TMOs, such as their mag-
nification performances, poor cycle stabilities, high preparation costs, and high toxicities,
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which lead to their limitation in practical applications. The researchers found that spinel
binary transition metal oxides have better conductivity than single−transition metal oxides,
theoretically greater than larger capacitives and richer centers of electrochemical activ-
ity. Tarasankar and the group successfully prepared NiCo2O4 nanosheets with a thinner
thickness (less than 20 nm) [2], which was conducive to the rapid occurrence of surface
redox reactions and could provide more active sites. Measured as 1540 F/g at a current
density of 1 A/g, the specific capacitance could still reach 89% of the initial capacitance
after a continuous 10,000 cycles at a current density of 30 A/g [3]. Wang et al. synthe-
sized FeCo2O4−based composites with core/shell nanowire structures on carbon cloth
by hydrothermal synthesis. The asymmetric capacitors consisted of samples as positive
electrodes and activated carbon as negative electrodes; they had excellent flexibility and
output a maximum energy density of up to 94.9 Wh·kg−1 [4]. As the active material
of the supercapacitor, pure−phase monoclinic NiMoO4 had a discharge capacitance of
815 F/g [5]. However, as molybdenum has recently faced a global supply shortage and
its price has increased compared with the past, electrostatic spinning has been used to
construct one−dimensional NiMoO4 nanofibers in order to reduce costs. Electrostatic
spinning is a convenient and versatile emerging technology that allows for the construction
of a relatively large number of fabric nanostructures with various morphologies from a
small amount of raw material. One−dimensional nanofibers constructed by electrostatic
spinning have been shown by many researchers to have excellent electrocatalytic properties,
such as hydrogen (HER) or oxygen (OER) production from water−cracking under acidic or
alkaline conditions [6–10]. At the same time, the large specific surface area of 1D nanofibers
allows them to bind more easily to other compounds. Layered compounds such as Ni(OH)2
nanosheets can be grown on the surface of a one−dimensional (1D) material [11], making
this a method of changing the properties of a material by regulating the shape of a structure.
Covering Ni(OH)2 nanosheets on a 1D material has following advantages; (i) The size
of the nanosheets may affect the capacitance properties of multi−recombinant materials.
Therefore, by changing the ratio of the reactants to control the nanosheets’ growth allows for
the formulation of the most suitable size. (ii) Large swathes of nanomaterials grow directly
into the crosslinked fiber mesh, which enhances conductivity and also helps to reduce the
length of the ion diffusion path at the electrode/electrolyte interface. The combination of
the two nanostructures expands the reaction area, provides a fast channel for fast electron
transport, and avoids the aggregation of multilayer structures, ultimately enhancing the
electrochemically active site of the entire electrode material. The feasibility of growing
hydroxide nanosheets on nickel foam to prepare supercapacitors [12] and of wrapping
nickel hydroxide around nickel molybdate nanorods has been reported by researchers [13].

Based on these considerations, this study reports a simple, straightforward, and ef-
ficient method for the synthesis of one−dimensional linear nickel molybdate nanofibers
encapsulated in nickel molybdate nanosheets which requires only trace amounts of raw
materials in order to reduce costs while achieving a balance between reducing materials
and maintaining excellent properties. One−dimensional Ni(OH)2 nanosheet composite
NiMoO4 nanofibers for supercapacitor electrodes are synthesized by classical electrostatic
spinning, air calcination, and the one−step hydrothermal method. In this study, the electro-
chemical performances of the prepared NiMoO4@Ni(OH)2 nanofibers were systematically
studied [14], and asymmetric supercapacitors were assembled to explore their capacitive
properties as practical applications. Indeed, the NiMoO4@Ni(OH)2 nanofibers electrode
material exhibited an excellent specific capacitance of 1293 F/g at 1A/g, while saving 60.8%
of the virginal capacitance after 5000 cycles. Furthermore, the rate capability obtained
was almost 56.8% of that at the beginning. The two−electrode asymmetric supercapacitor
(ASC) assembled by NiMoO4@Ni(OH)2 nanofibers and an activated carbon (AC) device
exhibited the energy density of 46.8 Wh/kg at 700 W/kg and an excellent capacitance ratio
(77% after 5000 cycles). It is worth noting that in practical applications, the ASC device
successfully illuminated the light plate with 23 red−light−emitting diodes, indicating that
the NiMoO4@Ni(OH)2 nanofibers have great potential for practical applications.
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2. Experimental Section
2.1. Materials

Polyacrylonitrile (PAN, Mw ~150,000) was purchased from Sigma−Aldrich Corpo-
ration. N,N−dimethylformamide (DMF), Ni(CH3COO)2·4H2O, hexamethylenetetramine
(HMTA), and (NH4)6Mo7O24·4H2O were prepared from Zhiyuan Reagent (Tianjin Kaida
Chemical Plant, Tianjin, China).

2.2. Synthesis of NiMoO4 Nanofibers

The NiMoO4 nanofibers were synthesized according the previously described method [15].
To prepare the NiMoO4 nanofibers, 500 mg PAN powder was dissolved in 5 mL DMF and
stirred for 1 h at room temperature to form a transparent solution. A total of 0.7 mmol
Ni(CH3COO)2·4H2O and 0.1 mmol (NH4)6Mo7O24·4H2O were orderly added to the above
mixture and stirred for 12 h to obtain a clear solution. The solution was then poured into a
20 mL adapter for the next step. In order to stabilize the electrostatic spinning process, the
operating voltage was set to 6 kV, and the distance between the adjustment needle and the
receiver plate was 13 cm. With a certain downward slope, the solution could only flow out
after breaking through the surface tension of the liquid, forming a solidified fiber mat on
the tin foil after several hours of continuous operation. Afterwards, the resulting PAN/salt
matrix was heated to 500 ◦C at a rate of 2 ◦C/min for 2 h under an air atmosphere to sustain
the stable nanostructure. The sample was named NMO.

2.3. Synthesis of NiMoO4@Ni(OH)2 Nanofibers

For the preparation of the NiMoO4@Ni(OH)2 nanofibers, 0.06 mmol Ni(NO3)2•6H2O
and 0.12 mmol HMTA were thoroughly mixed in 30 mL deionized water, then the mixed
solution and 40 mg NMO sample were transferred to a Teflon−lined autoclave and heated at
90 ◦C for 8 h. The sample was washed with DI and ethanol to obtain the NiMoO4@Ni(OH)2
nanofibers, which were named NMH−1. Control samples were prepared by the above
solvothermal method with different solution concentrations and a constant NMO sample.
A total of 0.08 mmol and 0.16 mmol of Ni(NO3)2•6H2O and HMTA, respectively, formed a
sample that was named NMH−2. The solution containing 0.10 mmol of Ni(NO3)2•6H2O
and 0.20 mmol of hexamethylenetetramine was called NMH−3.

2.4. Characterizations

The morphologies and structures of the samples were characterized by scanning
electron microscopy (SEM, Tokyo, Japan, Hitachi, SU70), transmission electron microscopy
(TEM, FEI, Hillsboro, OR, USA, Tecnai TF20), and X-ray diffraction (XRD, Tokyo, Japan,
Japan Institute of Technology, Rigaku D/max2600) analyses with a Cu Kα radiation source
(λ = 0.154178 nm). In addition, the BET analysis was used to measure the specific surface
areas of the samples.

2.5. Electrochemical Measurements

All of the OER and HER electrochemical performances were performed on a VMP3
electrochemical workstation with a three−electrode system in 1 M KOH electrolyte. A
standard calomel electrode (SCE) and a graphite rod were used as the reference and counter
electrodes, respectively. To prepare the working electrode, we mingled the nanofibers,
the acetylene black, and polytetrafluoroethylene (PTFE) binder based on 8:1:1 weight
proportion. Then, the mixture was printed on the carbon paper and dried for 24 h. The
linear sweep voltammetry (LSV) curves were recorded with a scan rate of 5 mV s−1

with iR−compensation. The calculated potentials were all referred to as the reversible
hydrogen electrode (RHE) obeying the relationship of ERHE = ESCE + 0.2415 V + 0.059*pH.
Electrochemical impedance spectroscopy (EIS) tests were recorded in the frequency range
from 0.01 Hz to 104 Hz. The stability of electrocatalyst was evaluated by successive cyclic
voltammetry tests. Double−layer capacitance (Cdl) measurement roughly measured the
electrochemical surface area (ESCA) through the linear relationships between the different
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scan rates and the current density. The turnover frequency (TOF) was calculated by
scanning the surrounding areas of the cyclic voltammetry tests in a 1 M PBS solution.

The VMP3 (France) electrochemical test equipment was used to evaluate the properties
of the as−prepared samples. The platinum sheet and the Ag/AgCl electrode set were
used as the counter and reference electrodes, respectively [16]. The working electrode
preparation process was to ground the required materials, conductive agents, and adhesives,
coating on conductive substrate nickel foam. Then, the material was dried at 60 ◦C for
12 h in vacuum. Through the same process, the active carbon (AC) was smeared onto
cut NF (0.5’0.5 CM2) for the preparation of another electrode. Cyclic voltammetry (CV),
galvanostatic charge/discharge (GCD), and electrochemical impedance spectroscopy (EIS)
tests were carried out in 2 M KOH [17].

The two−electrode measurement was also performed in 2 M KOH. The asymmetric
capacitors (ASC) equipment was assembled with the NiMoO4@Ni(OH)2 nanofibers and
active carbon as the positive and negative electrodes, respectively [18]. The load of the
activated carbon electrode could be set by the charge balance theory, and the charge storage
amount could be obtained according to the calculation formula Equations (1) and (2). C,
∆V, I, and m in the equations represent the specific capacitance, voltage range, current
density, and loading mass, respectively [19–23].

Cs =
I× t

∆V×m
(1)

q = C× ∆V×m (2)

∆t and Cs correspond to the discharge time and the specific capacitance that exist in the
above equation, respectively. To ensure the q+ = q−, we used Equation (3) [24].

m+C+V+ = m−C−V− (3)

As mentioned in the formula, +/− represent the electrodes on both sides of ASC
device, respectively. The optimum ratio of m+/m− for the device was 0.2. The energy and
power density could be obtained by the following calculation Equations (4) and (5) [25–28].

E =
CV2

2
(4)

P =
3600E

∆t
(5)

3. Results and Discussion

Scheme 1 shows the synthesis process of NMH. Firstly, the NiMo/PAN nanofibers were
prepared through the classical electrospun method. Afterwards, the NiMoO4 nanofibers
(NMO) were prepared by calcining above composite nanofibers in air [29]. Lastly, the
NMH−X nanofibers were prepared by a one−step hydrothermal process. The microstruc-
tures and morphologies of the NiMoO4 nanofibers (NMO) and NiMoO4@Ni(OH)2
nanofibers−1,2,3 (NMH−1.2.3) were characterized by scanning electron microscopy (SEM).
As shown in Figure 1a, the NMO presented well−organized structures with more spaces
between each fiber. These NMO showed a neat and clear surface. As shown on a local
SEM image of the NMO, the nanostructure size of the NMO was about 261 nm on average
(Figure 1b). This ideal morphology may have been caused by the continuous and stable
filament output during electrospinning. The template PAN was removed by the air during
the calcination of the NiMo/PAN nanofibers, and then the metal oxide grains gradually
coalesced inwards to form a solid one−dimensional structure [10]. After a typical hy-
drothermal process, the nanosheets of Ni(OH)2 were evenly distributed on the surface of
the NMO and densely arranged in the network of fiber cross−linking, showing an obvious
core/shell structure. In the low−magnification SEM image of NMH−1 (Figure 1d), the
nanofibers covered by the nanosheets structure became larger that NMH−1 at about 290 nm
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on average. With the solution concentration adjustment during the hydrothermal process,
the average diameter of NMH−2 was increased to almost 542 nm, and the nanosheets
morphology of NMH−2 was relatively shown a small aggregation degree (Figure 1e,f). Due
to the overgrowth of the Ni(OH)2 nanosheets, the surfaces of NMH−3 were denser than
NMH−2, and the nanosheets were filled with spaces in the nanofibers network. Consider-
ing that the electrochemical reaction needed to be stretched and the reaction area required
was wide, the morphology of MNH−2 was more suitable, so NMH−2 was suitably studied
in relation to the electrochemical performance.
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Figure 1. SEM images of (a,b) NMO, (c,d) NMH−1, (e,f) NMH−2, and (g,h) NMH−3.

The phase identification of the NiMoO4 and NiMoO4@ Ni(OH)2 nanofibers was
formed by the XRD patterns in Figure 2. It can be seen from the NiMoO4 nanofibers that
the characteristic diffraction peaks at 23.4◦, 26.5◦, 27.2◦, 28.5◦, and 32.1◦ perfectly assigned
to the (0 2 −1), (002), (1 1 −2), (3 1 −1), and (112) crystallographic planes of the monoclinic
NiMoO4 (PDF#45−0142), respectively, proving the success of the synthesis of NMO. It
is obvious that the XRD result of the NiMoO4@ Ni(OH)2 nanofibers not only shows that
the above peaks belong to monoclinic NiMoO4, but that in addition the characteristic
diffraction peaks of Ni(OH)2 in the composite samples are not obvious. The main reasons
may be as follows: first, the content of Ni(OH)2 was small, and the crystallization was
poor. Secondly, the crystallization of the NiMoO4 prepared by calcination was better and
the diffraction peak was stronger, which covered the diffraction peak of Ni(OH)2. We will
conduct further analysis in the TEM test later. Combining the above analyses of SEM and
XRD allowed for the further detection of the porosity and BET data of the samples via
N2 physisorption. The sample exhibited typical mesoporous material characteristics, as
shown in the Figure 3a; the isothermological linear type belongs to type IV, and it can be
observed that NMH−2 has a larger specific surface area of about 179.2 m2/g compared
with the precursor, which is consistent with the SEM characterization. The experimental
isotherm in Figure 3a was accompanied by hysteresis, which may be due to the effect of
capillary condensation on the isotherm [30]. In addition, the pore diameter center was
about 3.9 nm, demonstrating that such a special material can provide more reaction areas
for electrochemical reactions, therefore making them more suitable for charge transfer
and diffusion.
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As shown in Figure 4, TEM was carried out to further reveal the finer nanostructures of
the NMH−2 samples. The Ni(OH)2 nanosheets were wound around the surface of the NMO
with a width of about 285 nm, so that the NMH−2 as a whole become coarser and larger in
size. This morphology could offer a channel for electrons and ions (Figure 4a,b).The partial
TEM image (Figure 4c) also depicts that the NMH−2 presented obvious lattice fringes with
interplanar distances of 0.22 nm, which were ascribed to the (002) planes of Ni(OH)2. The
selected area electron diffraction (SAED) pattern (Figure 4d) presented concentric rings,
corresponding to the (310) and (0 −2 0) planes of NiMoO4 and the (001) planes of Ni(OH)2
from nanofibers to nanosheets. It clearly shows that the Ni, Mo, and O elements were
uniform decorative in the sample, while the Mo element was located in the middle of
sample, possessing nanosheets wholely covered on the surface of NMH−2 (Figure 4e–h).
The EDS pattern (Figure 4i) of NMH−2 confirms the atomic percentages of Mo, Ni, and O
are 12.46, 15.24, and 72.30%, respectively, which corresponds to the above data. The EDS
pattern of all of the samples are shown in Table 1.

Table 1. Elemental contents of the Mo, Ni, and O of NMO and NMH−1, 2, 3.

Element
Atomic %

NMO NMH−1 NMH−2 NMH−3

O 72.75 77.40 72.30 64.28
Ni 12.03 12.12 15.24 18.92
Mo 15.22 10.48 12.46 16.80
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NMH−2.

The chemical compositions and bonds were studied by XPS analysis. The XPS spec-
trums of NMO and NMH−2 are showed in Figure 5. As shown in Figure 5a, the XPS
spectra of NMO and NMH−2 confirmed the relevant elements present in the sample,
matching the result of above analysis. The Ni peaks of NMO were located at 855.6 and
873.1 eV, which match the Ni 2p3/2 and Ni 2p1/2. The binding energies of the Ni species
satellite peaks at 862.0 and 880.3 eV, respectively (Figure 5b) [31–33], are also shown. In
addition, the difference between the Ni 2p3/2 and Ni 2p1/2 peaks was measured at about
17.5 eV, indicating that divalent nickel species were present in the sample [34]. Compared
with NMO, the peaks of Ni 2p3/2 and Ni 2p1/2 for NMH−2 shifted by ~0.1 eV towards
higher binding energy. As shown in Figure 5c of Mo 3d in two samples, the peaks located
at 232.3 and 235.5 eV can be assigned to Mo 3d5/2 and Mo 3d3/2, respectively, which corre-
spond to Mo6+ [35]. By further analyzing the peaks of NMO and NMH−2, it was found
that the hydrothermal process did not affect the valence state of Mo [36]. However, with
the decrease of the Mo proportion, the Mo 3d5/2 peak of the final product gradually shifted
to a lower binding energy. From Figure 5d, two peaks in the NMO can be seen. The peaks
at 530.2 and 532.5 eV correspond to lattice oxygen−metal (M−O) on the material surface
and hydroxyl groups or surface−adsorbed oxygen, respectively [35,37]. Furthermore, two
peaks were present in the NMH−2. Specifically, the two peaks located at 530.3 eV and
531.5 eV in O 1’s core level spectrum indicate the existence of metal−oxygen bonds and
OH groups, respectively [38,39]. In addition, The XPS test of NMH−2 confirms that the
atomic percentages of Mo, Ni, and O are 12.70, 16.17, and 71.13%, respectively, which
correspond to the above EDX data. The above analysis shows that NMO and NMH−2
were successfully synthesized.
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The electrochemical behaviors of NF, NMO, and NMH−1,2,3 were determined in the
three−electrode system in 2 M KOH. These electrodes were measured via CV, GCD, and
EIS. As shown in Figure 6a, the potential window set from 0.05 to 0.45 V with the scan rate
of 5 mV s−1 of all the above materials, and the NMH−2 displays the largest integrated
area of the CV curve, which might be superior due to the electrode reaction on the surface
acting fast and continuing, resulting the highest capacitance. Specifically, a distinct pair of
redox peaks were observed, mainly governed by the Faradaic redox reactions of Ni (II)↔
Ni (III) + e−. Faradic redox reactions are as follows [40–44]:

[Ni(OH)3]
− ↔ NiO + H2O + OH− (6)

NiO + OH− ↔ NiOOH + e− (7)

The NMH−2 electrodes exhibited larger redox peaks than the other samples, which
implies a superior pseudocapacitive behavior of NMO. The Ni(OH)2 nanosheets grown on
the surface of NMO considerably increased the carrier density and enhanced the surface
redox reaction reactivity of NMO. Furthermore, as Figure 6b shows, the CV curves of
NMH−2 can remain undistorted within the scan rates as they increase, implying that the
electrochemical process is highly reversible and demonstrating the excellent capacitance
exhibited in each curve. In Figure 6c, the galvanostatic charge/discharge voltage profiles
of NMH−2 at 1 mA cm−2 can be seen, along with the great discharge time of NMH−2
was 564 s and the wonderful performance of its energy storage. As presented in Figure 6d,
the specific capacitances of the electrode materials were estimated. At the current density
of 1 A/g, the specific capacitance of NMH−2 was 1293 F/g, which exceeds that of other
samples such as NMO (337 F/g), NMH−1 (521 F/g), and NMH−3 (1192 F/g). At a high
current density of 10 A/g, the NMH−2 still maintained 734 F/g, demonstrating a superior
rate capability (56.8%). The higher the current density, the shorter the electrochemical
reaction time, and the lower the capacitance performance exhibited. The superior behaviors
of NMH−2 in the electrochemical test might be related to the synergy reaction of the
electrode. Furthermore, the Faraday reaction on the electrode surface was evaluated by
by EIS. The Nyquist plots of nickel foam, NMO, NMH−1, NMH−2, and NMH−3 show
the standard shape in the high−frequency zone (Figure 6e). In addition, the equivalent
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series resistance (Rs) can be calculated by interception of the Z′−axis, and the diameter
distance in the impedance spectrum matches the transfer charge resistance (Rct). It is clearly
shown that the electrochemical impedance spectroscopy of the NMH−2 showed the lowest
values of Rs and Rct (0.63 and 0.1 Ω, respectively) among these catalysts. More practically,
cycling durability is the most crucial factor for the comment of supercapacitors. As can
be seen from Figure 6f, NMH−2 have shown an excellent cycling ability after long−term
testing (5000 cycles) at a high current density of 10 A/g, and could still maintain 60.8%
of their original performance compared with the initial. The improved electrochemical
property of the NMH−2 is ascribed to the following factors. First, the Ni(OH)2 nanosheets
provided the bigger active surface area compared with pure NMO for testing capacitance,
and the crosslinked nanofibers captured OH− in the electrolyte. Second, the 1D NMO
precursor could serve as a template to link the nanosheets for accelerating the transport
of the two components. Finally, the synergistic effect between the NMO and Ni(OH)2
nanosheets promoted an improved and stable capacitance performance. At the same time,
we evaluated some recent research results and compared the charge storage performance
of various related supercapacitors with that of the prepared NMH−2. The results show
that NMH−2 had relatively good properties under alkaline conditions (Table 2).
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Figure 6. (a) CV curves of the NF, NMO, NMH−1, NMH−2, and NMH−3 at 5 mV/s. (b) CV curves
of the NMH−2 at 5–50 mV/s. (c) GCD curves of the NMH−2 at 1–10 A/g. (d) Specific capacitances
of the NMO, NMH−1, NMH−2, and NMH−3 at 1–10 A/g. (e) Nyquist plots of the NF, NMO,
NMH−1, NMH−2, and NMH−3. (f) Cyclic performance of the NMH−2 at 10 A/g.

Table 2. Comparison of specific capacitances of NMH−2 electrode materials with reported related
electrodes at 1 A/g.

Supercapacitor Specific Capacitance Electrolyte Ref.

NiMoO4 nanorods 815 F/g 3 M KOH [5]
NiMoO4/rGO 706 F/g 3 M KOH [45]
NiMoO4/NG 441 F/g 1 M KOH [46]

ZnCo2O4@Ni(OH)2 1021 F/g 3 M KOH [47]
CoMoO4@Ni(OH)2 1246 F/g 3 M KOH [48]

Cu2O@Ni(OH)2 892 F/g 6 M KOH [49]
This work 1293 F/g 2 M KOH

In order to analyze the charge storage mechanism of NMH−2 and its possibility for
practical applications, Figure 7a’s data were analyzed. A calculation based on the equation
( I = aυb) [50] shows that there is a relationship between the peak current (i) and the scan
rate (υ). The slopes (value of b) of the NMH−2 and AC electrodes (anode and cathode)
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are 0.81 and 0.75, respectively, indicating that the charge−storage mechanism of NMH−2
coexists with the processes of diffusion−control and capacitance [51,52]. Therefore, the
above two contributions were studied separately. Figure 7c shows that the capacitive
process provided most of the current response. As the scan rate increased to 5 mV s−1, the
capacitive process proportion increased from 80.3% to 89.7% (Figure 7d). This phenomenon
was caused by lagged access of electrolytes to active sites. To further expand the properties
of the electrode material [53], NMH−2 and AC electrodes were used as asymmetric super-
capacitor devices for the positive and negative electrode materials, and the appropriate
potential window was selected in 2 M KOH for testing. During the assembly process, it
was necessary to control the charge balance between the electrodes (q+ = q−), the mass
ratio of NMH−2 to AC was fixed at 0.3 according to the formula, and the mass−loadings
of NMH−2 and AC were 0.8 and 2.4 mg/cm2, respectively. Before testing the ASC device,
we measured the CV curve of cathode NMH−2 and anode activated carbon at a sweep rate
of 5 mV s−1 in a three−electrode system to estimate the best operating potential windows
in Figure 8a. As shown in Figure 8b, the voltage window of the assembled ASC device can
be up to approximately 1.4 V, approximately the sum of the voltages of two independent
electrodes. Electrochemical test curves of Figure 8c,d show that the CV cycles and GCD
trends of NMH−2//AC in various voltage windows confirm that the combined device can
operate normally at 1.4 V with significant charge–discharge characteristics and little change
in shape. After specifying the operating voltage of the most suitable device, as shown in
Figure 8e, the CV diagram shows a shape close to a rectangle, but including a weak redox
peak, which proves that the current response that makes up the device is contributed to by
AC with a double−layer capacitance and NMH with a large pseudocapacitance value. The
GCD curve of the assembled symmetrical supercapactior is almost linear, which further
confirms the excellent fit of the selected cathode and anode materials (Figure 8f). The spe-
cific capacitance was evaluated against the GCD curve, and the current density increased
from 1 A/g to 10 A/g. The capacitance values of NMH−2//AC (Figure 8g) were calculated
as 172, 157,140, 125, and 121 F/g, respectively. Therefore, the energy density and power
density of NMH−2//AC could be calculated, as shown in the Ragone plots (Figure 8h);
furthermore, the NMH−2//AC could afford a high energy density of 46.8 Wh/kg at a
power density of 700 W/kg, and this value is better than many NiMoO4−based ASCs,
such as ZnCo2O4@Ni(OH)2//AC (40.0 Wh/kg at 802.7 W/kg) [47], Cu2O@Ni(OH)2//AC
(34.8 W h/kg at 798 W/kg) [49], MnCo2O4@NiMoO4//AC (42.3 Wh/kg at 797 W/kg) [54],
or AC//Ni(OH)2/expanded graphite (37.7 Wh/kg at 490.9 W/kg) [55]. To demonstrate
the practical application of the NMH−2//AC device, the prototype device was connected
to 23 small red LEDs and successfully lit them up (illustration in Figure 8h). As shown
in Figure 8i, the NMH−2//AC exhibited an excellent cycling performance, maintaining
77.0% initial capacitance after 5000 cycles of 10 A/g and maintaining a Coulomb efficiency
of 98.2% during this period.
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Figure 8. (a) CV curves of NMH−2 and AC in three−electrode systems. The energy storage
performance of the NMH−2//AC. (b) the demonstration of the device. (c) CV curves under different
working voltages at 50 mV/s. (d) GCD curves under various working voltages at 1 A/g. (e) CV
curves at 5–100 mV/s. (f) GCD curves at 1–10 A/g. (g) Specific capacitances at 1–10 A/g. (h) Ragone
plots. (i) Capacitance retention and Coulombic efficiency during cycling at 10 A/g.
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4. Conclusions

The synthesis of NiMoO4@Ni(OH)2 nanofibers using simple strategies such as classical
electrospinning, air calcination, and the one−step hydrothermal method, resulted in a
large area of Ni(OH)2 nanosheets being grown on NiMoO4 nanofibers. Layered nanosheet
Ni(OH)2 nanosheets can be grown on the surface of a one−dimensional (1D) material to
expand the reaction area on which the optimal NMH−2 exhibits a high specific capacitance
(1293 F/g at 1 A/g) and 56.8% of above−capacitance with a high current density 10 A/g)
in the typical test condition. The assembled two−electrode asymmetric supercapacitor
NMH−2//AC also shows a high energy density of 46.8 Wh/kg with a power density
of 700 W/kg. The stability of the two−electrode asymmetric supercapacitor device is
superior, maintaining 77.0% of virgin capacitance after the cycling test (5000 cycles). The
Coulomb efficiency is calculated to reach 98.2%. This study proves the superiority of
NiMoO4@Ni(OH)2 nanofibers as an energy−storage material and shows their unlimited
potential in specific applications.

Author Contributions: J.L.: conceptualization, writing—original draft. X.C.: methodology, dis-
cussion. X.Z.: writing—review & editing. M.Z.: supervision, funding acquisition. All authors
contributed to comments on this paper. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Data Availability Statement: All of the relevant data are included in this published article.

Acknowledgments: The authors are grateful to be supported in part by the National Natural Science
Foundation of China (No.51872068).

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Jung, S.; Myung, Y.; Kim, B.N.; Kim, I.G.; You, I.−K.; Kim, T. Activated Biomass−derived Graphene−based Carbons for

Supercapacitors with High Energy and Power Density. Sci. Rep. 2018, 8, 1915. [CrossRef]
2. Yin, Z.; Zhang, S.; Chen, Y.; Gao, P.; Zhu, C.; Yang, P.; Qi, L. Hierarchical nanosheet−based NiMoO4 nanotubes: Synthesis and

high supercapacitor performance. J. Mater. Chem. A 2015, 3, 739–745. [CrossRef]
3. Sahoo, R.; Acharyya, P.; Singh, N.K.; Pal, A.; Negishi, Y.; Pal, T. Advance Aqueous Asymmetric Supercapacitor Based on Large 2D

NiCo2O4 Nanostructures and the rGO@Fe3O4 Composite. ACS Omega 2017, 2, 6576–6585. [CrossRef] [PubMed]
4. He, X.; Li, R.; Liu, J.; Liu, Q.; Chen, R.; Song, D.; Wang, J. Hierarchical FeCo2O4@NiCo layered double hydroxide core/shell

nanowires for high performance flexible all−solid−state asymmetric supercapacitors. Chem. Eng. J. 2018, 334, 1573–1583.
[CrossRef]

5. Zhang, Y.; Chang, C.-r.; Gao, H.-l.; Wang, S.-w.; Yan, J.; Gao, K.-z.; Jia, X.-d.; Luo, H.-w.; Fang, H.; Zhang, A.-q.; et al.
High−performance supercapacitor electrodes based on NiMoO4 nanorods. J. Mater. Res. 2019, 34, 2435–2444. [CrossRef]

6. Ding, X.; Liu, J.; Cang, R.; Chang, X.; Zhang, M. Electrospun Hollow Carbon Nanofibers Decorated with CuCo2O4 Nanowires for
Oxygen Evolution Reaction. Catalysts 2022, 12, 851. [CrossRef]

7. Guo, X.; Yu, M.; Chang, X.; Ma, X.; Zhang, M. Cobalt Sulfide Nanoparticles Encapsulated in Carbon NanotubeGrafted Carbon
Nanofibers as Catalysts for Oxygen Evolution. ACS Appl. Nano Mater. 2022. [CrossRef]

8. Yang, B.; Chang, X.; Ding, X.; Ma, X.; Zhang, M. One−dimensional Ni2P/Mn2O3 nanostructures with enhanced oxygen evolution
reaction activity. J. Colloid Interface Sci. 2022, 623, 196–204. [CrossRef] [PubMed]

9. Yu, M.; Guo, X.; Chang, X.; Ma, X.; Zhang, M. Assembled cobalt phosphide nanoparticles on carbon nanofibers as a bifunctional
catalyst for hydrogen evolution reaction and oxygen evolution reaction. Sustain. Energy Fuels 2022, 6, 5000–5007. [CrossRef]

10. Chang, X.; Yang, B.; Ding, X.; Ma, X.; Zhang, M. One−dimensional CoP/MnO hollow nanostructures with enhanced oxygen
evolution reaction activity. J. Colloid Interface Sci. 2022, 610, 663–670. [CrossRef] [PubMed]

11. Cheng, J.P.; Zhang, J.; Liu, F. Recent development of metal hydroxides as electrode material of electrochemical capacitors. RSC
Adv. 2014, 4, 38893–38917. [CrossRef]

12. Xing, H.; Lan, Y.; Zong, Y.; Sun, Y.; Zhu, X.; Li, X.; Zheng, X. Ultrathin NiCo−layered double hydroxide nanosheets arrays
vertically grown on Ni foam as binder−free high−performance supercapacitors. Inorg. Chem. Commun. 2019, 101, 125–129.
[CrossRef]

13. Zhang, Y.; Ma, W.; Wang, T.; Guo, J.; Zhang, T.; Yang, D.a. Fabrication coralline Ni−Mo−O−S composites as advanced electrodes
for high−performance asymmetric hybrid supercapacitors. J. Energy Storage 2021, 35, 102234. [CrossRef]

http://doi.org/10.1038/s41598-018-20096-8
http://doi.org/10.1039/C4TA05468G
http://doi.org/10.1021/acsomega.7b01091
http://www.ncbi.nlm.nih.gov/pubmed/31457255
http://doi.org/10.1016/j.cej.2017.11.089
http://doi.org/10.1557/jmr.2019.165
http://doi.org/10.3390/catal12080851
http://doi.org/10.1021/acsanm.2c03663
http://doi.org/10.1016/j.jcis.2022.05.039
http://www.ncbi.nlm.nih.gov/pubmed/35576650
http://doi.org/10.1039/D2SE01128J
http://doi.org/10.1016/j.jcis.2021.11.114
http://www.ncbi.nlm.nih.gov/pubmed/34848056
http://doi.org/10.1039/C4RA06738J
http://doi.org/10.1016/j.inoche.2019.01.031
http://doi.org/10.1016/j.est.2021.102234


Nanomaterials 2022, 12, 4079 13 of 14

14. Zhang, X.; Xu, Y. The fabrication of hierarchical NiMoO4@Ni(OH)2 nanocomposites and its electrochemical behavior used as
supercapacitor electrode. Inorg. Chem. Commun. 2018, 87, 8–11. [CrossRef]

15. Liao, S.; Lu, S.; Bao, S.; Yu, Y.; Wang, M. NiMoO4 nanofibres designed by electrospining technique for glucose electrocatalytic
oxidation. Anal. Chim. Acta 2016, 905, 72–78. [CrossRef] [PubMed]

16. Pu, J.; Zhang, L.; Li, J.; Wang, Z. In−situ formation of atomic−level Mn−Sn interfacial compounds for enhanced Li−ion
integrated anode. Appl. Surf. Sci. 2020, 508, 145243. [CrossRef]

17. Li, M.; Luo, Y.; Jia, C.; Zhang, Q.; Luo, G.; Zhao, L.; Boukherroub, R.; Jiang, Z. Facile Synthesis of Bimetal Nickel Cobalt Phosphate
Nanostructures for High−Performance Hybrid Supercapacitors. J. Alloys Compd. 2022, 893, 162340. [CrossRef]

18. Qiu, H.; An, S.; Sun, X.; Yang, H.; Zhang, Y.; He, W. MWCNTs−GONRs/Co3O4@Ni(OH)2 core−shell array structure with a high
performance electrode for supercapacitor. Chem. Eng. J. 2020, 380, 122490. [CrossRef]

19. Li, S.; Yu, C.; Yang, J.; Zhao, C.; Zhang, M.; Huang, H.; Liu, Z.; Guo, W.; Qiu, J. A superhydrophilic “nanoglue” for stabilizing
metal hydroxides onto carbon materials for high−energy and ultralong−life asymmetric supercapacitors. Energy Environ. Sci.
2017, 10, 1958–1965. [CrossRef]

20. Jing, C.; Liu, X.; Liu, X.; Jiang, D.; Dong, B.; Dong, F.; Wang, J.; Li, N.; Lan, T.; Zhang, Y. Crystal morphology evolution of Ni–Co
layered double hydroxide nanostructure towards high−performance biotemplate asymmetric supercapacitors. CrystEngComm
2018, 20, 7428–7434. [CrossRef]

21. Wang, D.; Guan, B.; Li, Y.; Li, D.; Xu, Z.; Hu, Y.; Wang, Y.; Zhang, H. Morphology−controlled synthesis of hierarchical mesoporous
α−Ni(OH)2 microspheres for high−performance asymmetric supercapacitors. J. Alloys Compd. 2018, 737, 238–247. [CrossRef]

22. Dong, G.; Fan, H.; Fu, K.; Ma, L.; Zhang, S.; Zhang, M.; Ma, J.; Wang, W. The evaluation of super−capacitive performance of novel
g−C3N4/PPy nanocomposite electrode material with sandwich−like structure. Compos. B. Eng. 2019, 162, 369–377. [CrossRef]

23. Brousse, T.; Bélanger, D.; Long, J.W. To Be or Not To Be Pseudocapacitive? J. Electrochem. Soc. 2015, 162, A5185–A5189. [CrossRef]
24. Peng, H.; Jing, C.; Chen, J.; Jiang, D.; Liu, X.; Dong, B.; Dong, F.; Li, S.; Zhang, Y. Crystal structure of nickel manganese−layered

double hydroxide@cobaltosic oxides on nickel foam towards high−performance supercapacitors. CrystEngComm 2019, 21,
470–477. [CrossRef]

25. Qiu, H.; An, S.; Sun, X.; Yang, H.; Zhang, Y.; He, W. Excellent performance MWCNTs−GONRs/Ni(OH)2 electrode for outstanding
supercapacitors. Ceram. Int. 2019, 45, 18422–18429. [CrossRef]

26. Zhang, M.; Fan, H.; Zhao, N.; Peng, H.; Ren, X.; Wang, W.; Li, H.; Chen, G.; Zhu, Y.; Jiang, X.; et al. 3D hierarchical CoWO4/Co3O4
nanowire arrays for asymmetric supercapacitors with high energy density. Chem. Eng. J. 2018, 347, 291–300. [CrossRef]

27. Raymundo−Piñero, E.; Leroux, F.; Béguin, F. A High−Performance Carbon for Supercapacitors Obtained by Carbonization of a
Seaweed Biopolymer. Adv. Mater. 2006, 18, 1877–1882. [CrossRef]

28. Peng, S.; Li, L.; Wu, H.B.; Madhavi, S.; Lou, X.W. Controlled Growth of NiMoO4 Nanosheet and Nanorod Arrays on Various
Conductive Substrates as Advanced Electrodes for Asymmetric Supercapacitors. Adv. Energy Mater. 2015, 5, 1401172. [CrossRef]

29. Yun, H.; Zhou, X.; Zhu, H.; Zhang, M. One−dimensional zinc−manganate oxide hollow nanostructures with enhanced
supercapacitor performance. J. Colloid Interface Sci. 2021, 585, 138–147. [CrossRef]

30. Thommes, M.; Kaneko, K.; Neimark, A.V.; Olivier, J.P.; Rodriguez-Reinoso, F.; Rouquerol, J.; Sing, K.S.W. Physisorption of gases,
with special reference to the evaluation of surface area and pore size distribution (IUPAC Technical Report). Pure Appl. Chem.
2015, 87, 1051–1069. [CrossRef]

31. Li, X.-P.; Zheng, L.-R.; Liu, S.-J.; Ouyang, T.; Ye, S.; Liu, Z.-Q. Heterostructures of NiFe LDH hierarchically assembled on MoS2
nanosheets as high−efficiency electrocatalysts for overall water splitting. Chin. Chem. Lett. 2022, 33, 4761–4765. [CrossRef]

32. Geng, B.; Yan, F.; Liu, L.; Zhu, C.; Li, B.; Chen, Y. Ni/MoC heteronanoparticles encapsulated within nitrogen−doped carbon
nanotube arrays as highly efficient self−supported electrodes for overall water splitting. Chem. Eng. J. 2021, 406, 126815.
[CrossRef]

33. Zhang, F.; Wang, L.; Park, M.; Song, K.−Y.; Choi, H.; Shi, H.; Lee, H.-J.; Pang, H. Nickel sulfide nanorods decorated on graphene as
advanced hydrogen evolution electrocatalysts in acidic and alkaline media. J. Colloid Interface Sci. 2022, 608, 2633–2640. [CrossRef]
[PubMed]

34. Wang, Y.; Yin, Z.; Yan, G.; Wang, Z.; Li, X.; Guo, H.; Wang, J. New insight into the electrodeposition of NiCo layered double
hydroxide and its capacitive evaluation. Electrochim. Acta 2020, 336, 135734. [CrossRef]

35. Xiong, S.; Weng, S.; Tang, Y.; Qian, L.; Xu, Y.; Li, X.; Lin, H.; Xu, Y.; Jiao, Y.; Chen, J. Mo−doped Co3O4 ultrathin nanosheet arrays
anchored on nickel foam as a bi−functional electrode for supercapacitor and overall water splitting. J. Colloid Interface Sci. 2021,
602, 355–366. [CrossRef]

36. Xiong, S.; Wang, L.; Chai, H.; Xu, Y.; Jiao, Y.; Chen, J. Molybdenum doped induced amorphous phase in cobalt acid nickel for
supercapacitor and oxygen evolution reaction. J. Colloid Interface Sci. 2022, 606, 1695–1706. [CrossRef]

37. Zhuang, L.; Ge, L.; Yang, Y.; Li, M.; Jia, Y.; Yao, X.; Zhu, Z. Ultrathin Iron−Cobalt Oxide Nanosheets with Abundant Oxygen
Vacancies for the Oxygen Evolution Reaction. Adv. Mater. 2017, 29, 1606793. [CrossRef]

38. Natarajan, S.; Anantharaj, S.; Tayade, R.J.; Bajaj, H.C.; Kundu, S. Recovered spinel MnCo2O4 from spent lithium−ion batteries for
enhanced electrocatalytic oxygen evolution in alkaline medium. Dalton Trans. 2017, 46, 14382–14392. [CrossRef] [PubMed]

39. Li, S.; Cai, M.; Liu, Y.; Wang, C.; Yan, R.; Chen, X. Constructing Cd0.5Zn0.5S/Bi2WO6 S−scheme heterojunction for boosted
photocatalytic antibiotic oxidation and Cr(VI) reduction. Adv. Powder Mater. 2023, 2, 100073. [CrossRef]

http://doi.org/10.1016/j.inoche.2017.11.013
http://doi.org/10.1016/j.aca.2015.12.017
http://www.ncbi.nlm.nih.gov/pubmed/26755139
http://doi.org/10.1016/j.apsusc.2019.145243
http://doi.org/10.1016/j.jallcom.2021.162340
http://doi.org/10.1016/j.cej.2019.122490
http://doi.org/10.1039/C7EE01040K
http://doi.org/10.1039/C8CE01607K
http://doi.org/10.1016/j.jallcom.2017.12.095
http://doi.org/10.1016/j.compositesb.2018.12.098
http://doi.org/10.1149/2.0201505jes
http://doi.org/10.1039/C8CE01861H
http://doi.org/10.1016/j.ceramint.2019.06.059
http://doi.org/10.1016/j.cej.2018.04.113
http://doi.org/10.1002/adma.200501905
http://doi.org/10.1002/aenm.201401172
http://doi.org/10.1016/j.jcis.2020.11.060
http://doi.org/10.1515/pac-2014-1117
http://doi.org/10.1016/j.cclet.2021.12.095
http://doi.org/10.1016/j.cej.2020.126815
http://doi.org/10.1016/j.jcis.2021.10.181
http://www.ncbi.nlm.nih.gov/pubmed/34758920
http://doi.org/10.1016/j.electacta.2020.135734
http://doi.org/10.1016/j.jcis.2021.06.019
http://doi.org/10.1016/j.jcis.2021.08.151
http://doi.org/10.1002/adma.201606793
http://doi.org/10.1039/C7DT02613G
http://www.ncbi.nlm.nih.gov/pubmed/29027560
http://doi.org/10.1016/j.apmate.2022.100073


Nanomaterials 2022, 12, 4079 14 of 14

40. Yan, J.; Fan, Z.; Sun, W.; Ning, G.; Wei, T.; Zhang, Q.; Zhang, R.; Zhi, L.; Wei, F. Advanced Asymmetric Supercapacitors Based
on Ni(OH)2/Graphene and Porous Graphene Electrodes with High Energy Density. Adv. Funct. Mater. 2012, 22, 2632–2641.
[CrossRef]

41. Mai, L.-Q.; Yang, F.; Zhao, Y.-L.; Xu, X.; Xu, L.; Luo, Y.-Z. Hierarchical MnMoO4/CoMoO4 heterostructured nanowires with
enhanced supercapacitor performance. Nat. Commun. 2011, 2, 381. [CrossRef] [PubMed]

42. Liang, K.; Tang, X.; Hu, W. High−performance three−dimensional nanoporous NiO film as a supercapacitor electrode. J. Mater.
Chem. 2012, 22, 11062–11067. [CrossRef]

43. Zeng, Y.; Lai, Z.; Han, Y.; Zhang, H.; Xie, S.; Lu, X. Oxygen−Vacancy and Surface Modulation of Ultrathin Nickel Cobaltite
Nanosheets as a High−Energy Cathode for Advanced Zn−Ion Batteries. Adv. Mater. 2018, 30, 1802396. [CrossRef] [PubMed]

44. Qing, C.; Yang, C.; Chen, M.; Li, W.; Wang, S.; Tang, Y. Design of oxygen−deficient NiMoO4 nanoflake and nanorod arrays with
enhanced supercapacitive performance. Chem. Eng. J. 2018, 354, 182–190. [CrossRef]

45. Zhang, Y.; Chang, C.-r.; Jia, X.-d.; Huo, Q.-y.; Gao, H.-l.; Yan, J.; Zhang, A.-q.; Ru, Y.; Mei, H.-x.; Gao, K.-z.; et al.
Morphology−dependent NiMoO4/carbon composites for high performance Supercapacitors. Inorg. Chem. Commun.
2020, 111, 107631. [CrossRef]

46. Arshadi Rastabi, S.; Sarraf-Mamoory, R.; Razaz, G.; Blomquist, N.; Hummelgard, M.; Olin, H. Treatment of NiMoO4/nanographite
nanocomposite electrodes using flexible graphite substrate for aqueous hybrid supercapacitors. PLoS ONE 2021, 16, 0254023.
[CrossRef]

47. Han, X.; Yang, Y.; Zhou, J.-J.; Ma, Q.; Tao, K.; Han, L. Metal−organic framework−templated 3D hierarchical ZnCo2O4@Ni(OH)2
core−shell nanosheet arrays for high−performance supercapacitor. Chem. A Eur. J. 2018, 24, 18106–18114. [CrossRef]

48. Wang, X.; Rong, F.; Huang, F.; He, P.; Yang, Y.; Tang, J.; Que, R. Facile synthesis of hierarchical CoMoO4@Ni(OH)2 core−shell
nanotubes for bifunctional supercapacitors and oxygen electrocatalysts. J. Alloys Compd. 2019, 789, 684–692. [CrossRef]

49. Li, H.; Liu, A.; Che, H. Synthesis of hierarchical Cu2O octahedra@Ni(OH)2 nanosheets core−shell heterostructures for
high−performance supercapacitor. Mater. Sci. Semicon. Process. 2019, 91, 115–123. [CrossRef]

50. Xue, Z.; Tao, K.; Han, L. Stringing metal–organic framework−derived hollow Co3S4 nanopolyhedra on V2O5 nanowires for
high−performance supercapacitors. Appl. Surf. Sci. 2022, 600, 154076. [CrossRef]

51. Chen, Y.B.; You, J.J.; Chen, Y.H.; Ma, L.A.; Chen, H.X.; Wei, Z.H.; Ye, X.Y.; Zhang, L. Low−crystalline nickel hydroxide nanosheets
embedded with NiMoO4 nanoparticles on nickel foam for high−performance supercapacitor applications. CrystEngComm 2022,
24, 5238–5250. [CrossRef]

52. Wei, X.; Li, Y.; Peng, H.; Zhou, M.; Ou, Y.; Yang, Y.; Zhang, Y.; Xiao, P. Metal−organic framework−derived hollow CoS nanobox
for high performance electrochemical energy storage. Chem. Eng. J. 2018, 341, 618–627. [CrossRef]

53. Liu, K.; Zhang, W.; Tang, M.; Wang, Z.; Yang, Y.; Li, S.; Long, H. NiCo2O4 nanosheet stereostructure with N−doped carbon/Co
array supports derived from Co−MOF for asymmetric supercapacitor. J. Electroanal. Chem. 2022, 923, 116818. [CrossRef]

54. Chen, T.; Shi, R.; Zhang, Y.; Wang, Z. A MnCo2O4@NiMoO4 Core−Shell Composite Supported on Nickel Foam as a Supercapacitor
Electrode for Energy Storage. ChemPlusChem 2019, 84, 69–77. [CrossRef]

55. Qu, R.; Tang, S.; Qin, X.; Yuan, J.; Deng, Y.; Wu, L.; Li, J.; Wei, Z. Expanded graphite supported Ni(OH)2 composites for high
performance Supercapacitors. J. Alloys Compd. 2017, 728, 222–230. [CrossRef]

http://doi.org/10.1002/adfm.201102839
http://doi.org/10.1038/ncomms1387
http://www.ncbi.nlm.nih.gov/pubmed/21730961
http://doi.org/10.1039/c2jm31526b
http://doi.org/10.1002/adma.201802396
http://www.ncbi.nlm.nih.gov/pubmed/29962041
http://doi.org/10.1016/j.cej.2018.08.005
http://doi.org/10.1016/j.inoche.2019.107631
http://doi.org/10.1371/journal.pone.0254023
http://doi.org/10.1002/chem.201804327
http://doi.org/10.1016/j.jallcom.2019.03.077
http://doi.org/10.1016/j.mssp.2018.11.004
http://doi.org/10.1016/j.apsusc.2022.154076
http://doi.org/10.1039/D2CE00577H
http://doi.org/10.1016/j.cej.2018.02.032
http://doi.org/10.1016/j.jelechem.2022.116818
http://doi.org/10.1002/cplu.201800549
http://doi.org/10.1016/j.jallcom.2017.08.270

	Introduction 
	Experimental Section 
	Materials 
	Synthesis of NiMoO4 Nanofibers 
	Synthesis of NiMoO4@Ni(OH)2 Nanofibers 
	Characterizations 
	Electrochemical Measurements 

	Results and Discussion 
	Conclusions 
	References

