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HIGHLIGHTS

® A kind of novel CoMoO4@MoZn,; structures were directly grown on Ni foam through a two-step hydrothermal strategy.
® An as-assembled asymmetric supercapacitor keeps excellent capacitance retention after 10,000 cycles.
® The as-synthesized products present a low overpotential of 240 mV at 20 mA cm~ 2 for OER.
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In this work, we report CoMoO4@MoZn,, core-shell structures grown on Ni foam via a simple hydrothermal
route. The as-prepared products can be utilized directly as electrode materials for supercapacitors, demon-
strating a capacity of 923 Cg~'. The as-assembled hybrid capacitor using CoMoO,@MoZn,, as positive elec-
trode delivers an energy density of 129 Whkg ™' at a power density of 2740 W kg ™! and a capacitance retention
of 97% after 10,000 cycles. Moreover, the as-obtained products are also used as the alternative electrocatalysts,
which shows a low overpotential of 240 mV at 20 mA cm ~ 2 for oxygen evolution reaction (OER). It suggests that

the bi-functional CoMoO,@MoZn,, structures could be potential candidate materials for future energy storage

devices and electrocatalysts.

1. Introduction

Rapid development of industrial civilization and economic society
has caused an increasing demand for energy sources that expected to
double by 2050 [1]. Therefore, it is very urgent to design and develop
some renewable and sustainable clean energy source systems. Among
various energy storage devices, supercapacitors are the best examples,
which possess high power density, excellent cycle stability and fast
charge/discharge capability [2-6]. The performances of supercapacitor
depend seriously on the morphologies and structures of their electrode
materials [7-10]. Therefore, it is especially important to design elec-
trode materials with unique spatial structure feature. Thereinto, ternary
transition metal oxides have been research focuses owing to their
highly active redox reaction, large specific surface area and distinct
crystalline characteristics [11-13]. CoMoO, stands out due to its high
theoretical capacity. However, as the electrode materials for super-
capacitor, it behaves poor conductivity and cycle stabilities. In litera-
ture, several different morphologies of CoMoO, structures are reported,
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such as microspheres, nanowire arrays and 3D nanosheets [14-16].
However, the supercapacitors based on single electrode materials still
suffer from low energy density, unsatisfactory specific capacitance and
poor cycling life, which limit their further industrial applications
[17-19]. Therefore, to design novel composite electrodes have attracted
considerable interests due to their synergistic effects between different
electrode materials.

Recently, some alloys as emerging electrode materials have also
attracted one’s concerns. Ultrathin surface of the alloy is believed to be
responsible for the performance improvement [20]. Xu et al. synthe-
sized sponge-like nanoporous nickel alloy structures with capacitance
of 498 Cg~! at a current density of 1 Ag~ "' and 95.7% retention even
after 10,000 charge/discharge cycles at 40 Ag~! [21]. Wu’s group re-
ported Ni-Co alloys showing a specific capacitance of 240 Cg ™' [22]. Li
and coworkers prepared Ni-B alloys exhibiting a specific capacitance of
1003Cg 'at1Ag ! [23].

Electrochemical water splitting for oxygen evolution reaction (OER)
can convert electrical energy to chemical energy, which are one of the
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most clean energy and efficient carriers [24]. However, it presents a
high overpotential and sluggish kinetic process. Therefore, in order to
overcome these drawbacks, it is important to precisely design and ra-
tionally synthesize novel catalysts for improving half reaction rate
[25,26]. Precious metals such as ruthenium (Ru) and iridium (Ir) oxides
exhibit excellent OER performance, but their high cost and scarcity
have seriously limited their widespread applications [27-29]. There-
fore, it is indispensable to fabricate cheap, earth-abundant catalysts.
Transition metal oxides are considered ideal alternatives. Among them,
CoMoOy-based catalysts have attracted enormous interest owning to
the prominent redox activities and modest overpotential under mild
reaction conditions [30-32]. For example, CoMoO,4 nanorods grown on
Ni foam showed an overpotential of 343mV at 10mAcm™2 [33].
CoMoO, porous nanoflowers as the electrocatalysts for OER exhibited
electrocatalytic performance of 312 mV at 10 mA cm 2 [34]. However,
their catalytic activities are still inferior to precious metal oxides.
Heterogeneous electrocatalysts can accelerate electrochemical reac-
tions on the surface of electrode materials. At the same time, surface
and interface engineering could obtain novel physical and chemical
properties and excellent synergistic effects in heterogeneous electro-
catalysts [35,36]. Thus, to develop highly active heterostructured
electrocatalysts is an important task.

In this work, we report a kind of novel CoMoO4@MoZn,, structures
directly grown on Ni foam through a facile hydrothermal strategy. The
as-synthesized products consist of CoMoO,4 nanosheets as the cores and
MoZn,, nanofilms as the shells with excellent conductivity. Hybrid
CoMoO4@MoZn,, structures as the electrode materials show a high
capacitance of 923Cg~! at a current density of 1Ag~'. An as-as-
sembled asymmetric supercapacitor keeps 97% capacitance retention
after 10,000 cycles at current density of 4 A g~'. Meanwhile, owing to
sheet-like structure feature, the as-synthesized products present a low
overpotential of 240 mV at 20 mA cm ™2 for OER in 1 M KOH.

2. Experimental section

In the experiments, all chemicals were used as received without
further purification. Prior to the synthesis, Ni foam (2 x 2 cm?) was
immersed into 3 M HCl solution for 30 min to remove the oxidation film
and grease on the surface. Next, Ni foam was cleaned by sonication in
deionized water and ethanol in sequence for 30 min and then dried
overnight.

2.1. Synthesis of CoMoO4 nanosheets

CoMoO, nanosheets were grown on Ni foam substrate by a facile
hydrothermal method. 1 mmol Co(NO3),'6H50, 1 mmol
Na,Mo042H,0, 5 mmol urea and 5 mmol NH4F were dissolved in 40 ml
deionized water and then the above solution was magnetically stirred
for 30 min. After that, the uniform solution was transferred into a
100 ml autoclave. Afterwards, a piece of pre-treated Ni foam was im-
mersed into it. The autoclave was heated at 140 °C for 6 h. After cooled
to room temperature, Ni foam was taken out and washed with ethanol
and deionized water three times, respectively. The prepared sample was
dried at 60 °C for 12 h, followed by calcination at 300 °C for 2h. The

average mass loading of Ni foam is 1.0 mgcm ™2

2.2. Synthesis of CoMoO,@MoZn,, nanosheets

To synthesize CoMoO4@MoZn,, samples, a hydrothermal method
was utilized for the growth of MoZn,, on the precursors of CoMoOj,.
The Ni foam coating CoMoO,4 precursors was put into a 100 ml auto-
clave with the solution of 2mmol Zn (NO3),6H,0, 2mmol
Na,MoO42H,0. After continuous stirring for 30 min, the autoclave was
heated at 140 °C for 7 h. The treat process was the same as the above

experiments. Average mass loading of Ni foam is 2.1 mgcm ™2,
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2.3. Material characterization

The composition and crystal structure of the as-synthesized samples
were measured by a powder X-ray diffraction analyzer (XRD,
Shimadzu-7000) with Cu Ka radiation (A = 0.1541 nm, 40 KV). X-ray
photoelectron spectra (XPS) measurements (ESCALAB250) were con-
ducted to investigate the elemental composition and surface states
using an Al Ka source. The structure and morphology of the samples
were characterized by using a scanning electron microscope (SEM,
Gemini, 300-71-31) and a high resolution transmission electron mi-
croscope (HRTEM, JEM-2100 PLUS) operated at 200 kV.

2.4. Electrochemical measurements

Electrochemical characteristics of the as-synthesized products were
studied by using a CHI660E electrochemical workstation in a standard
three-electrode system. The samples were used as working electrode, Pt
foil as counter electrode and Hg/HgO as reference one in 3M KOH
electrolytes. Specific capacitance of the electrode materials were cal-
culated by the GCD curves using the follow equation:

Cs = IAt/m (@)

where I is current density, /\t represents discharge time and m stands
for mass of the electrode.

2.5. Assembly of asymmetric supercapacitor

An asymmetric supercapacitor was constructed by using CoMoO4@
MoZn,, sample as cathode and activated carbon (AC) as anode. The
mass ratio of cathode and anode was determined to keep the charge
balance by the following equations:

q-=q- @)
q= cmAV 3)
mt/m~ = C"V-/CtV+ (C))

In the above formula, q represents charge, c is capacity, m refers the
mass of the active material and V denotes voltage window.

Energy density (E) and power density (P) of the asymmetric su-
percapacitor can be calculated by the equations below:

E= 1/2CV? 5)

P= 3600E/t 6)

2.6. Electrocatalytic activity

In the experiment, Ag/AgCl was used as the reference electrode in
the electrolyte of 1M KOH. All potentials were measured by the
equation: Egug = E ag/agal + 0.197V + 0.059V X pH (1.0 M KOH, pH
~13.6) [37]. The overpotential was calculated using the equation:
n = Eggg — 1.23V. Linear sweep voltammetry (LSV) polarization
curves, EIS, double-layer capacitance (Cq)), long-term durability were
investigated in detailed in order to evaluate OER performance of the as-
synthesized products.

3. Results and discussion

CoMoO,@MoZn,, samples are synthesized through a hydrothermal
method, as illustrated in Fig. 1. Pristine CoMoO,4 nanosheets are grown
on Ni foam first. Secondly, MoZn,, nanofilms are covered on the sur-
face of CoMoO, precursors by second hydrothermal route and the an-
nealing process.

The crystal structures of the as-synthesized samples are studied by
XRD. Typical XRD patterns of CoM0O4, MoZn,, and CoMoO,@MoZn,,
products are recorded and shown in Fig. 2a, which peaks marked with
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Fig. 1. Synthesis schematic illustration of CoMoO4@MoZn,,/Ni foam heterostructures.

“%” are from Ni foam. XRD pattern of CoMoO, sample is marked with a
red line. The diffraction peaks at 26 of 26.5, 29.1, 33.7, 38.9 and 54.5
can be indexed to the (0 0 2), (31 0), (222), (04 0) and (4 4 0) planes
of cubic phase (PDF No. 21-0868), respectively. The crystal planes of
(032),(212),(123), (410) and (1 06) can be indexed to MoZn,,
phase (PDF No. 21-0577). Additionally, The intensity of diffraction
peak of CoMoO,@MoZn,, at 20 = 33.8° shows an increase due to the
peak overlapping of CoMoO4 and MoZn,,, revealing that MoZnj,
samples are successfully coated on the surface of CoMoO, precursors.
The elemental composition and surface chemical states of the as-
synthesized samples were studied by XPS. In Fig. 2b, a XPS full survey
spectrum of CoMoO4@MoZn,, sample is showed, indicating the pre-
sence of Co, Mo, Zn and O elements. As shown in Fig. 2¢, two strong
peaks at 780.5 and 796.7 eV correspond to Co 2p;,» and Co 2ps3,». The

spin-orbit splitting energy between two Co 2p peaks is 16.2¢eV, re-
vealing the formation of CoMoO, product. In addition, the above
mentioned peaks could be ascribed to Co®* species and the peaks at
784.9 and 804.1 eV could be attributed to a charge transfer satellite. Mo
3d peaks are shown in Fig. 2d, two main peaks at 232.2 and 235.5eV
with spin orbit splitting of 3.3 eV are in accordance with the reported
peaks for Mo®* [38]. The Zn 2p spectrum is presented in Fig. 2e, in
which two strong peaks at 1022.1 and 1044.7 eV correspond to the
binding energy of Zn 2p;,, and Zn 2p,», respectively, indicating the
presence of Zn element [39]. Ols peaks at 529.8 and 531.2eV are
shown in Fig. 2f (name O1 and 03). O1 component could be attributed
to metal oxygen bonds, the O3 component origins from physicochem-
ical water at the surface of active material.

Morphologies of the as-synthesized samples are observed using SEM
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Fig. 2. (a) XRD patterns of CoMoO,4, MoZn,, and CoMoO,@MoZn,, composites and XPS spectra of CoMoO4@MoZn,, composites (b) full spectrum (c) Co 2p (d) Mo

3d, (e) Zn 2p and (f) O 1s.
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Fig. 3. (a—c) SEM images of CoMoO4 nanosheets structure, MoZn,, nanofilms and CoMoO,@MoZn,, core-shell heterostructures, the inset is the local images (d)
Elemental mappings of Co, Mo, Zn and O elements (e-f) TEM images of CoMoO4@MoZn,, structure.

firstly. The as-prepared CoMoO, samples present sheet-like shape,
which are uniformly covered on the whole surface of Ni foam with
small pores. The average thickness of the nanosheets is around 10 nm,
as shown in inset in Fig. 3a. SEM image of the as-prepared MoZn,,
samples (Fig. 3b) shows film morphology. CoMoO4@MoZn,, hetero-
structures are obtained through decorating with a layer of MoZn,, on
the surface of CoMoO, samples (Fig. 3c). Uniform nanowall structures
of the samples might exhibit large specific surface area. EDS mappings
(Fig. 3d) shows that elements of Co, Mo, Zn and O are evenly dis-
tributed the whole sample, which is consistent of XPS analysis. Struc-
tural information of the CoMoO4@MoZn,, product is further in-
vestigated by TEM. Fig. 3e shows that a layer of MoZn,, nanofilm is
evenly coated on the surface of CoMoO,4 nanosheet. HRTEM image in
Fig. 3f shows that two interplanar spacings of 0.208 nm and 0.213 nm
correspond to the (4 2 2) plane of the CoMoO, phase and (1 1 4) plane
of cubic MoZn,,, respectively.

The electrochemical performances of the as-synthesized products
are investigated in three-electrode system using 3 M KOH aqueous so-
lution as electrolyte. Fig. 4a—c show CV curves of CoMoO,4, MoZn,, and
CoMoO,@MoZn,, electrodes between a potential window varying from
0 to 0.65V at a scan rate of 5-100 mV s~ *. With the increase of scan
rate, CV curve area increases accordingly. Meanwhile, no significant
change in the shapes of CV curves is observed, suggesting excellent
structure stability of electrode materials. Fig. 4d-f exhibit GCD curves
of the above mentioned electrodes at various current densities. Ap-
parently, the charge and discharge time of the electrodes are almost the
same, indicating the reversibility of the electrode materials.

CV curves of the as-synthesized electrode materials are recorded at a
scan rate of 100mVs~! in different potential windows of 0-0.65V
(Fig. 5a). Since the specific capacitance of the electrode material is
directly proportional to the area of the curve, CoMoO,@MoZn,, sample
possesses the biggest area in three electrodes, indicating its superior
specific capacitance to CoMoO,4 and MoZn,, samples. The GCD curves
of three electrode materials at 1 Ag~! are showed in Fig. 5b. It is ob-
served that CoMoO4@MoZn,, electrodes present much longer dis-
charge time than the other two electrodes. The specific capacitance of
three-electrode material is a function of current density (Fig. 5c). The
specific capacitance of CoM0oO4@MoZn,, reaches 923 C g_1 at a cur-
rent density of 1 Ag™!, and still retains 655Cg~' when the current
density increases 10 times. The capacitance retention is 71% when
current density varies from 1Ag~! to 10A g™ L. In contrast, CoMoO4
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and MoZn,, electrodes show capacitance retention of 56% and 54% at
the same current density, respectively, indicating the excellent capaci-
tive stability of CoMoO4,@MoZn,» composites.

EIS of the electrode materials are studied in the frequency range
from 100 kHz to 0.01 Hz at the amplitude of 0.01 V, as shown in Fig. 5d.
The intercept of CoMoO,@MoZn,,, CoMoO, and MnZn,, electrode
materials with Xaxis are 0.6, 1.1 and 0.8, respectively, revealing
good conductivity and very low internal resistance of composite ma-
terial. Meanwhile, the curve of composite electrode possesses maximum
slope, it means that the diffusion of redox species in the electrolyte can
be reflected from the slope of EIS curve in low frequency range. The
diffusion controlled and pseudo-capacitive contribution to the total
stored charges of CoMoO4@MoZn,; electrode at different scan rates are
shown in Fig. 5e. The estimated diffusion controlled charges are about
84.6% of the total charges storage at a scan rate of 5mV s~ !, which are
more than the pseudo-capacitive induced ones, indicating effective
diffusion charge storage ability of CoMoO4@MoZn,, composites. With
the scan rate increasing, the diffusion controlled contribution becomes
increasingly fewer. The cycling stabilities of the electrode materials are
tested by 7000 charge-discharge cycling at a high current density of
20A g~ As shown in Fig. 5f, the capacitance retention of CoMoO,@
MoZn,, composite is 92.3%, which is much higher than those of
CoMo0Oy, (73.8%) and MoZn,, (75%).

To study their practical applications in energy storage devices, an
ASC is constructed by using CoMoO4@MoZn,, composite as positive
electrode and AC as negative electrode. Fig. 6a exhibits CV curves of
CoMoO,@MoZn,, and AC electrode, it is found that the operating po-
tentials are 0-0.65 and —1.0-0V, respectively, revealing that the po-
tentials of electrode materials could be adequately utilized. Fig. 6b
shows CV curves of the as-assembled device with different voltage
window from 1.1 to 1.6 V at a scan rate of 100 mV s~ *. The CV curves at
scan rate from 5 to 100 mV s~ * with the voltage window of 0-1.6 V are
shown in Fig. 6¢. The CV curves keep similar shapes even when the scan
rate reaches 100 mV s~ 1. It indicates fast charge/discharge capability of
ASC. Galvanostatic discharge measurements between from 0 to 1.52V
are tested at various current densities (Fig. 6d). At a current density of
1Ag~ 1, the specific capacitance reaches 169.3 Cg~ ', which is much
larger than previously reports [15,16]. Fig. 6e shows that the capaci-
tance retention of the device is 97% after 10,000 cycles, which indicates
its excellent cycle performance. The inset in Fig. 6e is the XRD pattern
of positive electrode. After cycling, the diffraction peaks of the
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Fig. 4. (a—c) CV curves of three electrodes at scan rates 5-100 mV s~ 1 (d-f) GCD curves of three electrodes at different current densities.

electrode material shift to small angle, which might be ascribed to the
fact that the ions in the electrolyte are accessible to the crystal lattice of
electrode material and make the crystal cell increase. According to the
charge/discharge curves at different current densities, the power den-
sities and energy densities of CoMoO4@MoZn,,//AC ASC are shown in
Fig. 6f. It can deliver a maximum energy density of 129 Whkg™! at a
power density of 2740 Wkg ™', which are superior to some previous
reports [32,40-44].

In order to evaluate the electrocatalytic performances of electrode

0.25

materials, OER activities are studied in 1M KOH at a scan rate of
2mVs~!. Fig. 7a shows LSV curves of the as-synthesized electrodes.
CoMoO,@MoZn,, electrode exhibits the larger current and lower
overpotential (240 mV@20mAcm~2) than those of CoMoO,
(260mV@20 mA cm ™) and MoZny, (295mV@20mAcm ). It in-
dicates that a layer of MoZn,, nanofilm possesses an excellent sy-
nergistic effect with CoMoO4 nanosheets. Reaction kinetics of the
electrocatalysts is further investigated by Tafel plots (Fig. 7b). The liner
part of the Tafel plot is fitted by the following equation: n = a + b log .

0.6 1000
f@—oe (b) ( onesi,
20 MoZi
MoZn,, 0.5F COMHB MoZ, 800 F MoZn
0.15F = CoMoO,@MoZn,, -0MoO,@MoZn,, 2
04} =
< 0.10F 2 S 600
= So3} 3
§ 0.05 F ] 2
= 2 s
Sooof Lozt G 400
By
005 L ©
0.1 200 b
-0.10
0.0
-0.15 i i i i i A A I I 1 I I I I I 0 I I I I I
0.0 0.1 0.2 0.3 . 0.4 0.5 0.6 0.7 0 300 600 900 1200 1500 1800 2100 0 2 4 6 8 10
Potential / V Time / sec Current density (A/g)
70 120
CoMoO, I diffusion +  CoMoO
sudocapacitanc ot (f r..,.» W L
60 F (d) —+—MoZn,, I (e) Il pesudocapacitance ’(,{* - Mozn,,
) *
sl A120 Fos m*w’* *  CoMoO, @ MoZn,,
° o0 N ok
D ~ * ok,
E40- = B_IOO- ’v-““"" i ﬂ** Ho * %
: g 3 e i
O30t k=] o 80 . ,’\' “W
¥ 20} £ g o0F
5 2
6 =
10} O 40F
0F . 20 F
A (S ERE R S
10 L L L L L ol— L L L L L L L
0 10 20 30 40 5 10 20 30 40 50 0 1000 2000 3000 4000 5000 6000 7000
Z'/ Ohm

Scan rate/mV's”

Cycle numbers

Fig. 5. Electrochemical characterizations of three electrodes (a) CV curves (b) GCD curves (c) Specific capacitances (d) Nyquist plots (e) Contribution ratio between

capacitances and diffusion-limited ones (f) Cycling performance.

489



H. Liu, et al.

Chemical Engineering Journal 373 (2019) 485-492

0.25 0.06
—— Active carbon ( —5mV /s 0.06 '( ) —5mV/s
020F (a) CoMoO,@MoZn,, b — 10mV /s Y —10mV /s
0.15F 0.04F —20mV /s —20mV /s
) —40mV /s 0.04 —40mV/s
L ——50mV /s —50mV/s
::0,10 <002} 100 mV /s < 100 mV /s
P = s o002}
5005} £ £
= 2 =
2000l 5000 = .00
o o} O 000
-0.05
0.02} 002}
-0.10 |
L0.15 L L L L L L L L L 0.04 L= . . . . . . . . 0.04 L= : . . . . . . .
-1.0 -08 -06 -04 -02 00 02 04 06 00 02 04 06 08 1.0 12 14 16 18 00 02 04 06 08 1.0 12 14 16
L6 Potential / V vs Hg/HgO Potential / V Potential / V
- 1A/g This work
—2Alg 100 \C) o 104 (f) 0\0\0‘“’
—4Alg —— Orfginal CoMoO, @ MoZn, _ .
—o6Alg | Ty 00 /(@ MoZn., after lod Ten
—_—8Alg < _ 4 = = -
= . = *
> =—10a/g| § ] s
= = & < *
E g 60 < = A
€ £ £ Z 10! il
2 = F] £ 10'4
oS 5 40 o =]
A~ g =
H = z "
3 1] ® NiMoO -rGO/NG
< oy 4
o E * NiCo,0,@NiMoO /AC % AC/NiMoO xH,0
2 30 m 0 50 70 30 A 0-MoO,//AC * Carbon//Carbon
. . . . . . . . . 0 2Theta / Degree )
. . . A ! A . . . 10
0 20 40 60 80 100 120 140 160 180 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 10" "I)’ 1I N . o'
Time / sec Cycle numbers Power density (W kg')

Fig. 6. Electrochemical characterizations of ASC (a) CV curves of active carbon and CoMoO4@MoZn,, (b) CV curves at different voltage windows (c) CV curves at
different scan rates (d) GCD curves (e) Cycling performance, the inset shows the XRD patterns of composite materials before and after cycling (f) Ragone plots.

180 ; 1.65
o i MoZi
0 (a) CoMoO,@MoZn,, I o (b) - CoMoO,@MoZn,, o300 f (c) oZn,,
- —— CoMoO, | 621 2 g
MoZn bi _ CoMoO, RO I CoMoO,
120} 2 : 2is9f s £ 250 F CoMoO @Moz:
- i E ’ + MoZn W ; [ CoMoO @MoZn,,
L) N N - A
§ oo} £156f Qs §
E z oW ®200 F
Z 60} 153t A ]
- g gaomY & 5
30} Sisof gisof
2
0 147} o
N N N N N N . . . . A 1 1 100
0.9 10 11 12 13 14 15 1.6 150 165 180 195 210 225 240 255 Catalysts
E (V vs.RHE) Log [j (mA cm™)]
2.0
2E(d) ¢ cowo@mn, (e) - “C’“’;“O 1204 (f) * CoMoO,@MoZn,,
—o— CoMo! A . CoMoO
4
10k ® MoZn,, ° 15F —— CoMoO,@MoZn,, 105 F + MoZn,,
CdI=127.56 mF em™ V4 )
—_~ * ———
/
g 8} E # ~9F
: S 1.0} Pd £
~ <
E o - 2 5F
a . N K Q) £
=y 05F & o = 60
' Cd1=30.33 mF em”
451
r ',.,/—'/'—//* 00}
Mﬂs.l F em® L
0 : . | CamsimEen % B S
0 10 20 30 40 50 1520 25 30 35 40 45 50 0 2 4 6 8 10 12 14
Z' /Ohm Time (h)

Scan Rate (mV's™)

Fig. 7. Catalytic characterization (a) LSV curves (b) Tafel plots (c) overpotential of electrode materials (d) double-layered capacitance measurement linear fitting (e)

Nyquist plots (f) stability tests.

Where 1 is the overpotential, b denotes Tafel slope and j represents
current density. Tafel slopes of the electrode materials are
99.04 mV dec ™!, 108.09 mV dec ! and 58.46 mV dec™ !, respectively.
In order to understand the reaction kinetics mechanism of electro-
catalysts, electrochemically active surface area (ECSA) is studied by
double layer capacitance (Cq) at different scan rates from 0.1 to 0.3 V.
As shown in Fig. 7d, Cq of CoMoO4@MoZn,, electrode material
(127.56 mF cm ™ 2) is higher than those of CoMoO, (28.18 mF cm™?)
and MoZny, (30.33mFcm™2). It demonstrates that high
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electrochemical surface area of CoMoO,@MoZn,, might provide more
active sites for OER. EIS of the electrodes in the frequency range of
0.01-100 kHz are shown in Fig. 7e, the Ry value of CoM0oO4@MoZn,;,
CoMoO,4 and MoZn,, electrode materials are 1.48, 3.20 and 3.15Q,
respectively. It suggests that the heterostructure benefits the exposure
of the active sites, even improves OER performance. Fig. 7f shows cycle
performances of the electrode materials, revealing excellent stability
and not significant decrease after 14 h. It indicates that the as-prepared
electrode materials possess excellent electrocatalytic performance.
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Table 1

Electrochemical performance comparison of various electrode materials.
Materials Specific capacitance Current density Electrolyte Refs.
nanoporous Ni Alloy 712Cg '(1424Fg™ 1) 1Ag™! 4M KOH [20]
CoMoO, nanoflowers 142Cg ' (259Fg™ 1) 1Ag™! 3M KOH [45]
WO5 nanorods 127Cg~ ' (319.26Fg™") 0.7Ag™ ! 0.5M H,S0,4 [46]
CoMoO, nanosheets 493Cg ! (1234Fg™ 1) 1Ag™! 3M KOH [471
MnCo0O,/CoMoO,4 nanowires 81Cg~ ' (204.1Fg™ 1) 0.5Ag7! 2M NaOH [48]
NiC0,0,@CoMoO, nanorods 617Cg ' (1543Fg™ 1) 1Ag™! 2M KOH [49]
CoMoO4@MoZn,, nanowalls 923Cg ! (1774Fg™ 1) 1Ag™! 3M KOH This work

Table 2

Electrocatalytic performance comparison of various electrode materials.
Materials n (mV) Tafel (mV dec™ ') Cd (mFem™?) Refs.
Co-Fe Alloy nanofilm 290 (10mA cm™2) 94 - [50]
CoMoO, nanoarchitectures 286 (15 mA cm ™~ 2) 67 0.0702 [51]
CoMoO, porous flowers 312 (50 mA cm ~2) 56 - [33]
MCo,0,4@MCo,S,@ppy structures 298 (50 mA cm~ %) 55.6 0.271 [2]
CoMoO, nanoneedle 343 (10mAcm ™2 66 - [52]
CoMoO, nanorods 343 (10mAcm~2) 67 - [32]
CoMoO,@MoZn,, nanowalls 240 (20 mA cm ™~ %) 58.4 0.127 This work

Tables 1 and 2 illustrate the electrochemical performance of various
electrode materials. The result shows that CoMoO4@MoZn,, electrode
material possesses high specific capacitance and low overpotential
[45-52].

4. Conclusion

In summary, bi-functional CoMoO,@MoZn,, electroactive materials
are successfully grown on Ni foam via a facile hydrothermal route. It
delivers outstanding specific capacitance and excellent cyclic perfor-
mance. The as-assembled CoMoO,@MoZn,,//AC ASC exhibits high
energy density up to 129.4 Whkg~! at a power density of 2740 Wkg !
and 97% of its capacitance retention after 10,000 cycles. Meanwhile,
the electrode material shows excellent performance for OER with a low
overpotential. It demonstrates that this preparation strategy could be
extended to synthesize other bi-functional electrode materials for en-
ergy storage and electrocatalysis.
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