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Abstract 

 

In this work, we report a facile one-step hydrothermal approach to synthesize NiWO4 

and CoWO4 nanostructures on nickel foam as the binder-free electrodes for use as 

supercapacitors. The as-synthesized materials showed excellent electrochemical 

performance, with a high specific capacitance of 797.8 F g
-1

 and 764.4 F g
-1

 at a 
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current density of 1 A g
-1

 after 3000 cycles, increasing the current density by 20 times, 

the rate capabilities still maintaining 55.6% and 50.6% of the original value for 

NiWO4/Ni foam and CoWO4/Ni foam, respectively. Moreover, both of these materials 

exhibited outstanding cycling stability, the 6000
th

 cycle at 50 mV s
-1

 demonstrated 

2.06 and 2.81 times, better capacitance than the initial cycles for NiWO4/Ni foam and 

CoWO4/Ni foam, respectively. To our knowledge, this capacitance performance is 

better than any previously reported for these materials and is a consequence of the 

highly evolved surface area/microstructure of the materials formed by this technique. 

 

Introduction 

In order to satisfy the increasing demands for energy, many energy storage devices 

have been explored and intensively developed. Much attention has been paid to 

supercapacitors, also known as the electrochemical capacitors (ECs) in recent years 

due to their outstanding and unique abilities such as fast charge-discharge rate, high 

power density and long-cycle lifespan.
1 

Based on their different charge storage 

mechanisms, supercapacitors can be classified into two groups: electrical double layer 

capacitors (EDLCs) and pseudocapacitors (PCs). EDLCs, carbon-based nanomaterials 

for example, store electrical energy via reversible ion-absorption at the interface of 

electrode and electrolyte. Compared with EDLCs, PCs exhibit higher specific 

capacitance and energy density, which are attributed to the fast reversible redox 

reactions between the different valence states of the transition metal oxide used as the 

electrode. Much effort has been focused on transition metal oxide (TMO) for PCs 
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applications, such as NiO,
2,3

 Co3O4,
4
 MnO2,

5
 WO3

6
 and V2O5

7
. However, the poor 

electrical conductivity and the rapid decline of the capacitance for most binary metal 

oxides are the big hurdles to their practical applications. Ternary transition metal 

oxides with two different metal cations are promising electrode candidates for 

energy-storage applications. The combination of two different metal cations could 

enhance the conductivity greatly or provide a wide range of oxidation states in 

comparison with their individual binary oxide counter parts thus potentially enabling 

improvements in electrochemical properties. Accordingly, various ternary transition 

metal oxides with controlled morphologies have been synthesized and achieved better 

electrochemical performance, such as NiCo2O4,
8,9

 CoMoO4,
10

 NiMoO4,
11

 and 

CoMn2O4.
12

 Currently, the design and synthesis of novel ternary transition metal 

oxides nanomaterials with superior electrochemical properties is still a key area of 

research. Another method to enhance the conductivity could be exchanging O by S. 

13,14
 Compared with metal sulfides, tungstates materials possess easy preparation 

method, low price, low toxicity and stable multifunctional properties.
15-17

 Importantly, 

tungstates materials presents high conductivity, higher than most binary and some 

ternary metal oxides. As reported in some literatures, nickel tungstate (NiWO4) 

presents a conductivity on the order of 10
−7

-10
−2

 S cm
−1

, much higher than NiO (10
-13

 

S cm
−1

)
18,19

 and NiMoO4 (10
-11

-10
-4.5

 S cm
-1

)
20,21

, Because of the various valence 

states of W,
22

 which can be used for taking part in redox reactions for PC electrodes  

Nickel tungstate (NiWO4) and cobalt tungstate (CoWO4) have been investigated as 

promising candidates for catalysis.
23,24

 However, reports related to utilizing them as 
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the new type supercapacitor electrodes are scarce. Niu et al.
18

 prepared amorphous 

NiWO4 nanostructures via a co-precipitation method. They explored the influence of 

synthesis temperature on the specific capacitance. The highest specific capacitance for 

NiWO4 nanostructures was 586.2 F g
-1

 at 0.5 A g
-1

. They indicated that the NiWO4 

showed great conductivity enhancement due to the incorporation of W atoms 

compared with NiO. Ye et al.
25

 used the hydrothermal method to prepare CoWO4 on 

reduced graphene oxide as supercapacitors, which achieved a specific capacitance of 

159.9 F g
-1

 at 5 mV s
-1

 calculated from CV curves and a capacitance retention of 

~94.7% after 1000 cycles. Despite these efforts, synthesis of NiWO4 and CoWO4 

based electrodes by a simple method and furthermore improving their electrochemical 

properties are still great challenges. Nowadays, a promising strategy has been 

developed to synthesize eletroactive materials on the current collectors directly as 

binder-free electrodes. This strategy avoids the complicated electrodes making 

process for powdery samples, more importantly, it can greatly enhance the electron 

conductivity enabling more electroactive materials to be in good contact with the 

electrolyte to participate in the Faradaic reactions for energy storage, thus enormously 

improving their electrochemical performance.
26-28

 

In this work, for the first time, we used an easily-controlled one-pot hydrothermal 

method to directly synthesize NiWO4 and CoWO4 nanostructures on Ni-foam as the 

binder-free electrodes for PCs. Their electrochemical properties were fully explored 

and compared with their powdery samples analogues. It was demonstrated that these 

binder-free electrode exhibits high specific capacitance (797.8 F g
-1

 for NiWO4/Ni 
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foam and 764.4 F g
-1

 for CoWO4/Ni foam at the current density of 1 A g
-1

, 

respectively), outstanding rate capability (55.6% for NiWO4/Ni foam and 50.6% and 

CoWO4/Ni foam, respectively, with a current density increase of 20 times) and 

excellent cycling stability (more than 200% of their initial specific capacitance after 

6000 cycles). Compared with other reported NiWO4, CoWO4 nanostructures as the 

electrodes for supercapacitors, our NiWO4/Ni foam and CoWO4/Ni foam 

nanostructures showed superior electrochemical properties. It is proposed that these 

two Ni foam supported nanostructures could be used as candidates for supercapacitor 

electrodes. 

 

Experimental Sections 

Materials Synthesis. The chemicals were purchased from Sigma (U.K.) and 

Sinopharm Chemical Reagent Co. (Shanghai, China), they were of analytical grade 

and used without further purification. In a typical synthesis, 0.291 g of 

Ni(NO3)2•6H2O (or 0.291 g of Co(NO3)2•6H2O as the cobalt source) was dissolved in 

40 mL of deionized water to form a light green (or pink) solution. 0.33 g of Na2WO4 

was added to the above solutions and stirred for ~30 min. The Ni foam (~4 cm × 1 cm) 

as the current collector was immersed in 6 M hydrochloric acid for ~30 min under 

ultrasonic vibration to remove the oxide layer on its surface and washed with DI water 

for next step use. The Ni
2+

/Co
2+

, WO4
2-

 solution was transferred into a 60 mL 

Teflon-lined stainless-steel autoclave with the Ni foam standing against the wall. The 

autoclaves were sealed and maintained in the furnace at 180 
o
C for 8 h. The autoclave 
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was cooled down to room temperature naturally and the final samples on the Ni foam 

were washed with deionized water and absolute ethanol successively and dried in a 

vacuum oven at 60 
o
C for 6 h. 

 

Materials Characterization. As-prepared products were characterized by a scanning 

electron microscope (SEM; Hitachi S-4800), a transmission electron microscope 

(TEM; JEM-2100F) equipped with an energy dispersive X-ray spectrometer (EDX), a 

D/max-2550 PC X-ray diffractometer (XRD; Rigaku, Cu-Ka radiation), an X-ray 

photoelectron spectroscopy (XPS; Thermo Scientific K-alpha photoelectron 

spectrometer), Raman Spectroscopy (Renshaw Raman microscope spectrometer with 

laser wavelength 488 nm). The mass of the electrode materials was weighed 

accurately by an XS analytical balance (Mettler Toledo; δ = 0.01 mg). 

 

Electrochemical Measurements. Electrochemical measurements of the 

as-synthesized electrodes were performed on an Autolab electrochemical workstation 

(PGSTAT302N) in a three-electrode cell with 2 M KOH as the electrolyte. A 

platinum (Pt) plate and an Ag/AgCl electrode were used as the counter and reference 

electrode, respectively. The Ni foam supported NiWO4 or CoWO4 nanostructures 

acted as the working electrode. The mass of the active materials on nickel foam is 

~0.75 mg cm
-2

 and ~2 cm
2
 of the nickel foams are immersed in the electrolyte for 

testing. 
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Results and discussion 

 

 

 

Figure 1. Schematic mechanism for the one-pot hydrothermal process of 

self-assembly NiWO4/Ni foam and CoWO4/Ni foam nanostructures. 
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Figure 2 (a, b) Low and high magnification SEM image of as-synthesized NiWO4 

nanoparticles/Ni foam; (c, d) Low and high magnification SEM image of 

as-synthesized CoWO4 nano-shuttles/Ni foam. 

 

The NiWO4/Ni foam and CoWO4/Ni foam nanostructures were synthesized by the 

facile one-step hydrothermal method. The reaction system can be considered as a 

highly controllable and environmentally friendly for large scale and low-cost 

production of pseudocapacitors. The nanostructures (hill-shaped for NiWO4 

nanostructures and shuttle-like for CoWO4 nanostructures) were self-assembled by 

the small individual nanoparticles and coated on the Ni foam to form a uniform 

coverage, as shown in Figure 1 and further demonstrated by the following analysis. 
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The morphologies of the as-synthesized materials were investigated by scanning 

electron microscopy (SEM). Commercial nickel foam still maintained its 3D porous 

structures after immersing in 6 M hydrochloric acid to remove the surface NiO layer 

and the hydrothermal reactions with the chemicals (Supplementary Figure S3a, b). Ni 

foam was utilized as the current collector directly because of its uniform 

macropore-structures providing a large support area and fast and efficient pathways 

for ion and electron transport for the active materials as well as excellent intrinsic 

electrical conductivity. Figure 2a and c are the low magnification SEM image of 

NiWO4 and CoWO4 nanostructures on nickel foam, respectively. Obviously, the 

nanostructures covered the Ni foam uniformly with no bare Ni foam being detected, 

as also can be demonstrated from lower magnification SEM (Supplementary Figure 

S3c, d). The NiWO4 nanostructures exhibit hill-like hemisphere morphology 

composed of many small overlapped nanoparticles with the diameter of 100-200 nm, 

which can be demonstrated by high magnification SEM image in Figure 2b. 

Meanwhile, the high magnification SEM image of CoWO4 nanostructures is shown in 

Figure 2d. CoWO4 nanoparticles presented shuttle-like structures with rough surfaces, 

the length of which are ~100 nm and width of ~50 nm. As the electrodes for 

supercapacitors, both of their rough morphologies provide sufficient active sites for 

redox reactions and a huge surface area contacting with the electrolyte for the process 

of energy storage. 
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Figure 3 (a, b) TEM image and HRTEM of NiWO4 nanostructures, respectively, inset 

is the corresponding FFT diffraction pattern; (c, d) TEM image and HRTEM of 

CoWO4 nanostructures, respectively, inset is the corresponding FFT diffraction 

pattern; (e, f) EDX spectrum of NiWO4 and CoWO4 nanostructures, respectively. 

 

The nanostructures and morphology of the samples were further investigated by 
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transmission electron microscopy (TEM) equipped with an energy dispersive X-ray 

spectrometer (EDX). The TEM samples were prepared through removing NiWO4 and 

CoWO4 structures from Ni foam by strong ultrasonic vibration in ethanol for ~30 min. 

Clearly, the large NiWO4 hill-like nanostructures in SEM are composed of many tiny 

nanoparticles and the CoWO4 shuttle-like nanostructures are constructed by lots of 

small nanoshuttles. Figure 3a and c are the typical TEM images of NiWO4 and 

CoWO4 nanoparticles, respectively. The diameters of individual nanoparticles are ~15 

nm for NiWO4 samples and the length of ~50 nm and the width of ~25 nm for 

CoWO4 samples which can be corresponding to the rough morphology in the SEM 

samples, thus inducing the whole structures full of mesoporous. It is widely known 

the porous structures facilitate the mass-transport of electrodes within electrolytes for 

Faradaic redox reactions, which is also the critical issue for the electrolyte to contact 

with the active materials more efficiently. HRTEM of NiWO4 nanostructures in 

Figure 3b showed clear lattice fringe with interplanar spacing (d-spacing) of 0.37 and 

0.36 nm which are attributed to the {011}, {110} plane of the NiWO4 crystal. The 

inset fast Fourier transformation (FFT) pattern from this image can be indexed as the 

[1 1
_

1] zone axis of the NiWO4 monoclinic crystal. The HRTEM of CoWO4 

nanostructures are represented in Figure 3d, the d-spacing of 0.29 and 0.36 nm 

corresponds to the distance of the {1
_

11}, {011} facets of CoWO4 crystals, an inset 

FFT pattern from this image can be indexed as the [011
_

] zone axis of the CoWO4 

monoclinic crystal. The EDX analysis (Figure 3e, f) also demonstrates the presence of 

Ni, W, O and Co, W, O elements; the Cu and C are from the TEM sample 
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carbon-copper grid. 

 

 

 

Figure 4 (a) XRD pattern of NiWO4 nanostructures before (green line) and after (red 

line) anealing; (b) XRD pattern of CoWO4 nanostructures; (c, d) XPS spectrum of 

NiWO4/Ni foam and CoWO4/Ni foam nanostructures, respectively.  

 

The crystallographic phase of the NiWO4/Ni foam and CoWO4/Ni foam were further 

characterized by X-ray Diffraction (XRD). XRD samples were made by scratching 

the nanoparticles from the Ni foam in order to avoid the strong background of the Ni 

foam on XRD peak signals. The diffraction pattern of the standard NiWO4 (JCPDS 

Page 12 of 25Journal of Materials Chemistry A

Jo
ur

na
lo

fM
at

er
ia

ls
C

he
m

is
tr

y
A

A
cc

ep
te

d
M

an
us

cr
ip

t



card No. 15-0755) corresponds to that seen for the NiWO4 nanostructures. Because of 

such small sizes of as-synthesized NiWO4 nanostructures, this lead to broad and low 

intensity diffraction peaks. To get easily recognizable phase-distinguished samples, 

the NiWO4 samples synthesized by hydrothermal methods were annealed at 600 
o
C 

for 1 h, XRD patterns were indexed to the standard pattern, furthermore, the Raman 

Spectrum (Supplementary Figure S4a) were an exact match for NiWO4 after 

annealing. The CoWO4 samples formed after hydrothermal system corresponded to 

the standard CoWO4 structure (JCPDS card No. 15-0867) and Raman spectrum 

(Supplementary Figure S4b) were also in accordance with the literature.
18,25

 These 

techniques demonstrated that larger crystal structures of CoWO4 samples compared to 

NiWO4 only after the hydrothermal procedure. X-ray photoelectron spectroscopy 

(XPS) of NiWO4 and CoWO4 nanostructures are shown in Figure 4 c, d and 

Supplementary Figure S5. The survey scan spectrum shows the expected elements. 

Supplementary Figure S5 shows two major peaks with binding energies at 873.7 eV 

and 856.3 eV, agreeing well with the Ni 2p1/2 and Ni 2p3/2 spin-orbit peaks of the 

NiWO4 phase, respectively,
18

 Co 2p1/2 and Co 2p3/2 peaks of Co can be detected in 

Supplementary Figure S5, O 1S and W 4p can be seen in the XPS of both samples. 

Moreover, the W 4f7/2 peaks at 35.8 eV combining with the Ni 2p3/2 peak at 856.3 eV 

for NiWO4 nanostructures; the W 4f7/2 peak appearing at 35.5 eV with the Co 2p3/2 

peak at 780.6 eV together for CoWO4 samples suggest the formation of NiWO4 and 

CoWO4 binary metal oxide.
18,25,29 
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Figure 5 (a, b) cyclic voltammetry curves of the NiWO4/Ni foam and CoWO4/Ni 

foam at various scan rates, respectively. (c) A comparison of galvanostatic 

charge-discharge curves of NiWO4/Ni foam, CoWO4/Ni foam, NiWO4 powder and 

CoWO4 powder at a current density of 1 A g
-1

. (d) A comparison of specific 

capacitances for NiWO4/Ni foam, CoWO4/Ni foam, NiWO4 powder and CoWO4 

powder as a function of current density. 

 

To explore the electrochemical performance of the as-synthesized electrodes, we 

carried out cyclic voltammetry (CV) and galvanostatic charge-discharge (CD) 

measurements on both by using NiWO4/Ni foam, CoWO4/ Ni foam nanostructures 

and by fabricating their powdery samples onto the nickel foam as the working 
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electrodes in a three electrode test system with 2M KOH as the electrolyte (Procedure 

in Supplementary information). CV curves and CD curves for NiWO4/Ni foam and 

CoWO4/Ni foam nanostructures were investigated after 3000 cycles at 50 mV s
-1

 for 

activation. From Figure 5 a and b, the CV curves at a series of scanning rates within 

the potential range of 0~0.6 V of the NiWO4/Ni foam and CoWO4/Ni foam 

respectively, strong redox peaks can be easily identified in each curve, which 

demonstrated the Faradic capacitive mechanism, i.e. reversible redox reactions 

between the Ni
2+

 and Ni
3+

 and the Co
2+

 and Co
3+

, respectively. From the Pourbaix 

diagram,
25

 W does not take part in any redox reaction in the alkaline electrolyte and 

its role is to increase the conductivity of the whole active materials in the electrodes. 

Clearly, the shapes of the CV curves at different sweeping rates showed almost no 

change; the anodic peaks and cathodic peaks relating to oxidation and reduction 

processes shift to higher and lower potentials, respectively, due to faster ion and 

electron transport between the interface of active materials and electrolytes at higher 

scan rate. These phenomena indicated the excellent electrochemical reversibility of 

the synthesized electrodes. The comparison of the CD curves in a potential window 

between 0 and 0.45 V for NiWO4/Ni foam and CoWO4/Ni foam nanostructures, pure 

NiWO4 and CoWO4 powdery samples at the same current density of 1 A g
-1

 are 

displayed in Figure 5c. It’s well known that the galvanostatic charge-discharge 

measurement is an accurate method for estimating specific capacitance of 

pseudocapacitors by , where I (A) is the current applied for the 

charge-discharge, t (s) is the discharge time, m (g) is the weight of the active materials 
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in the electrodes, and ΔV (V) is the voltage interval of the discharge, the specific 

capacitance of NiWO4 nanoparticles/Ni foam and CoWO4 nanoshuttles/Ni foam are 

higher due to the longer discharging time compared with their powdery samples. The 

specific capacitance values are 797.8, 738.7, 658.9, 556.7, 486.7 and 443.6 F g
-1

 for 

NiWO4/Ni foam nanostructures and 764.4, 697.8, 611.1, 528.9, 430 and 386.7 F g
-1

 

for CoWO4/Ni foam nanostructures at current densities of 1, 2, 5, 10, 15, 20 A g
-1

, 

respectively, which were calculated from the discharge curves at different current 

densities (Supplementary Figure S6). The rate capability is an important parameter for 

power applications which reflects the retention of specific capacitance with increasing 

current density. Ni foam supported nanostructures possess much better rate capability 

compared with their powdery sample analogues, as shown in Figure 5d, which can be 

ascribed to the fact that Ni foam supported electrode materials exhibit more active 

reaction sites with the electrolyte to participate in the fast redox reactions and stronger 

adhesion with the current collector. The rate capabilities were 55.6% and 50.6% for 

NiWO4 nanoparticles/Ni foam and CoWO4 nanoshuttles/Ni foam, respectively, when 

the current density was increased by 20 times. These drops may be due to the 

incremental voltage drop and the fact that more active materials are not involved in 

the fast redox reaction with an increase in current density. 
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Figure 6 (a) EIS spectra of NiWO4/Ni foam and CoWO4/Ni foam nanostructures 

electrodes, inset shows the high frequency region of spectra; (b) Cycling 

performances of NiWO4/Ni foam and CoWO4/Ni foam nanostructures for 6000 cycles 

at 50 mV s
-1

. 

 

The electrical conductivity and ion-transfer ability of the supercapacitor working 

electrodes can be investigated by electrochemical impedance spectroscopy (EIS). 

Figure 6a shows the Nyquist plots of NiWO4 and CoWO4 nanostructures/Ni foam 

electrodes, respectively; and Supplementary Figure S7 described their equivalent 

fitting circuit. From the high frequency range, the inset of Figure 6 (a), equivalent 

series resistance (ESR) values, including inherent resistances of the active materials, 

bulk resistance of electrolyte and contact resistance of the interface between 

electrolyte and electrodes, are 0.575 and 0.515 Ω for NiWO4/Ni foam and CoWO4/Ni 

foam, respectively. Moreover, the open and free interspaces among these 

nanoparticles can act as an “ion storage” that can shorten the diffusion distance from 

the external electrolyte to the interior surfaces and thus minimize ion transport 
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resistance. Meanwhile, there is the semi-circle with an unclear arc in the 

high-frequency region, which can calculate the charge-transfer resistance (Rct), 

reflecting the diffusion of electrons. The Rct are 4.037 Ω of NiWO4/Ni foam and 

3.479 Ω of CoWO4/Ni foam nanostructures, respectively. These parameters indicated 

that the good electrical conductivity and ion-diffusion behavior of as-synthesized 

electrodes, which are better than their parental binary metal oxides (NiO,
30

 Co3O4,
31

 

WO3
32

) nanostructures in the literature. The cycling stability is another critical 

parameter to measure the long-term performance of the supercapacitors for practical 

use. In our work, the cycling stability of the as-synthesized electrode materials was 

evaluated by repeating the CV test between 0 and 0.6 V at 50 mV s
-1 

for 6000 cycles. 

Apparently, both of the specific capacitance of the two electrodes increased sharply in 

the first periods. This is due to the long activation period which can be ascribed to the 

rough morphology loaded with many tiny materials and it may take a long time to 

activate most of the active electrode materials. During this period, the electrode will 

be activated through the intercalation and de-intercalation of the ions from the 

electrolyte, thus contributing more active points to participate in the redox reactions. 

Interestingly, for both of the electrodes, there were further increases after some 

cycles’ decline, which can be related to two reasons: (1) an improvement in the 

surface wetting of the electrode by the electrolyte during extended cycling;
33

 (2) a 

small number of the nanoparticles dissolved during the cycling and the inner 

nanoparticles began to be activated. The specific capacitance after the 6000 cycles 

were 2.06 and 2.81 times of their first cycle for NiWO4/Ni foam and CoWO4/Ni foam 
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nanostructures, respectively. Impressively, the capacitance of CoWO4/Ni foam 

nanostructures showed a rising trend even after 6000 cycles. The electrodes after 

cycling maintained their initial rough morphology after the long time duration of 

cycles (Supplementary Figure S8) which demonstrates the electrochemical properties 

and the structures are stable even after long-term cycling. The electrochemical 

performance of our Ni foam supported NiWO4 and CoWO4 nanostructures superior to 

other reported tungstate-based electrodes in the literature, as listed in Table 1. 

Table 1 Comparison of electrochemical performance 

Nanostructures Specific 

capacitance 

Cycling Stability (Compared 

with initial value) 

Reference 

NiWO4/Ni foam 

nanostructures 

797.8 F g
-1

 at 

1 A g
-1

 
2.06 times after 6000 cycles 

Our work 

CoWO4/Ni foam 

nanostructures 

764.4 F g
-1

 at 

1 A g
-1

 
2.81 times after 6000 cycles 

Our work 

NiWO4 amorphous 

nanostructure 

586.2 F g
-1

 at 

0.5 A g
-1

 
0.9 times after 1000 cycles 

18 

CoWO4/rGO 

nanocomposites 

159.9 F g
-1

 at 

5 mV s
-1

 
0.947 times after 1000 cycles 

25 

NiWO4 DNA 

Scaffold 

173 F g
-1

 at 5 

mV s
-1

 
0.9 times after 1000 cycles 

34 

WO3/carbon aerogel 

composites 

700 F g
-1

 at 

25 mV s
-1

 
0.95 times after 4000 cycles 

35 

ZrO2-SiO2/ultrasmall 

WO3 nanoparticles 

313 F g
-1

 at 1 

A g
-1

 
0.9 times after 2500 cycles 

36 

 

Conclusion 

In summary, an easily-controlled one-pot hydrothermal process was developed to 

synthesize NiWO4 and CoWO4 nanostructures on Ni foam with superior 

electrochemical properties for use as pseudocapacitors electrodes. The as-synthesized 

electrodes showed excellent electrochemical performance, such as a high specific 
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capacitance of 797.8 F g
-1

 and 764.4 F g
-1

 at the current density of 1 A g
-1

 after 3000 

cycles; both of these materials exhibited outstanding cycling stability, the 6000
th

 cycle 

at 50 mV s
-1

 were 2.06 and 2.81 times of their initial cycles for NiWO4/Ni foam and 

CoWO4/Ni foam, respectively. These outstanding electrochemical performances can 

be attributed to the excellent conductivity and high stability of the electrodes’ material, 

reduced electro- and ion- transport pathways and enlarged contacting area with the 

electrolyte. The synthesis of other nanostructures of NiWO4, CoWO4 and their 

composites with other active materials on different current collectors and the 

fabrication of supercapacitor devices with multi-functional properties in ongoing. 
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Graphical Abstract 

 

 

 

 

Novel NiWO4 and CoWO4 nanostructures showed excellent electrochemical 

properties for supercapacitor electrodes, better than previously reported for these 

materials. 
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