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(57) ABSTRACT

A method for preparing a supercapacitor with good cycling
stability uses NiO@CoMoO,/NF, an activated carbon plate,
a KOH solution (6 mol/L), and polypropylene as raw
materials, and is implemented through preparation of an
NiO@CoMoO,/NF electrode and assembly of the superca-
pacitor, wherein the NiO@CoMoO,/NF is the anode of the
supercapacitor, the activated carbon plate is the cathode of
the supercapacitor, the KOH solution is the electrolyte, and
the polypropylene is an isolation plate. The NiO@CoMoO,/
NF electrode in the supercapacitor of the present disclosure
treated with the ductile material can better adapt to volume
changes during the charging and discharging process. After
10,000 cycles of charging and discharging, the capacity of
the present disclosure has not faded and still maintains 100%
of the maximum capacity, with a high specific capacitance
of 79.4 F/g, an energy density of 35.7 Whikg, and a
functional density of 899.5 W/kg.
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METHOD FOR PREPARING
SUPERCAPACITOR WITH GOOD CYCLING
STABILITY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of International
Application No. PCT/CN2022/099946, filed on Jun. 20,
2022, which claims priority to Chinese Patent Application
No. 202110693295.5, filed on Jun. 22, 2021. All of the
aforementioned applications are incorporated herein by ref-
erence in their entireties.

TECHNICAL FIELD

[0002] The present disclosure relates to a method for
preparing a supercapacitor with good cycling stability.

BACKGROUND

[0003] Supercapacitors, also known as electrochemical
capacitors, are a type of electrochemical components devel-
oped in the 1970s and 1980s for storing energy by polarizing
electrolytes. Transition metal oxides, as electrode materials
of supercapacitors, have been widely studied for their high
theoretical specific capacitance, abundant earth resources,
low cost, no environmental pollution, etc. However, the
specific capacitance and experimental values obtained by the
transition metal oxides are far lower than theoretical values.
On the other hand, during the charging and discharging
process of transition metal oxide electrodes, due to changes
in the volume of the electrodes, their own structure will be
damaged, ultimately leading to a decrease in the energy
storage performance and less ideal cycling stability of
supercapacitors after multiple times of charging and dis-
charging. In addition, since the electrodes are in the elec-
trolyte which has certain corrosiveness for a long time, the
electrode structure may be damaged, ultimately leading to a
decrease in the charging and discharging performance and a
shortened service life.

SUMMARY

[0004] The objective of the present disclosure is to provide
a method for preparing a supercapacitor with good cycling
stability.
[0005] The present disclosure is implemented through the
following technical solutions.
[0006] The method for preparing a supercapacitor with
good cycling stability uses NiO@CoMoO,/NF, an activated
carbon plate, a KOH solution (6 mol/L.), and polypropylene
as raw materials, and is implemented through preparation of
an NiO@CoMoO,/NF electrode and assembly of the super-
capacitor, wherein the NiO@CoMoO,/NF is the anode of
the supercapacitor, the activated carbon plate is the cathode
of the supercapacitor, the KOH solution is the electrolyte,
the polypropylene is an isolation plate, and the NF in the
NiO@CoMoO,/NF is nickel foam.
[0007] To fully enhance the electrochemical performance
of the electrode, the NiO@CoMoO,/NF electrodes is pre-
pared by the following steps.
[0008] (1) NF is soaked in a hydrochloric acid solution
(2.5-3.0 mol/L)) for 5-10 min and then taken out. The
NF is cleaned with deionized water to eliminate surface
impurities, dried in an environment of 55-60° C. for
12-16 h, and then taken out. Then, the treated NF is
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soaked in deionized water and transferred into a stain-
less steel high-pressure reactor, the mass ratio of the NF
to the deionized water being 1:(700-900). Then, the NF
is insulated at a constant temperature of 140-150° C. for
24-28 h, cooled naturally to room temperature, and
taken out. The NF is cleaned with deionized water 3-5
times, and dried in a vacuum drying oven at a vacuum
degree of —-0.05 to —0.08 MPa and a temperature of
55-65° C. for 20-26 h. After being dried, the NF is
placed in a quartz tube furnace, heated up to 400-450°
C. at a heating rate 0f 0.5-0.8° C./min, and insulated for
2-3 h to obtain NiO sheet/NF, the NF being nickel
foam.

[0009] (2) 65.1 parts by mass of CoCl,-6H,O and 50.8
parts by mass of Na,MoO,-2H,0 are fully dissolved in
2000-2500 parts by mass of deionized water. Then, the
NiO sheet/NF prepared in step (1) is soaked in the
resulting solution and stirred for 30-50 min. After
stirring, the NiO sheet/NF is transferred into a stainless
steel reactor, insulated at 160-170° C. for 6-8 h, cooled
to room temperature and taken out. The NiO sheet/NF
is soaked in deionized water and ultrasonically cleaned
for 3-5 min. Then, the NiO sheet/NF is dried in a
vacuum drying oven at a vacuum degree of -0.05 to
-0.08 MPa and a temperature of 55-65° C. for 12-15 h,
and taken out to obtain an NiO sheet@CoMoO,
nanosheet/NF precursor. Then, the NiO
sheet@CoMoO, nanosheet/NF precursor is placed in a
quartz tube furnace, heated up to 400-420° C. at a
heating rate of 0.5-0.8° C./min, and insulated for 2 h to
obtain the NiO@CoMoO,/NF electrode.

[0010] The CoMoO, nanosheets in the NiO@CoMoO,/
NF electrode are uniformly and vertically grown on the
surface of the NiO nanosheets, forming a core-shell structure
of sheets. The structure can provide a sufficient contact area
between the electrolyte and the electrode to provide suffi-
cient electrochemical active sites. Also, the structure
improves the electron reception efficiency and achieves a
high electron transfer rate, ensuring the electron transfer
kinetic advantages. On the other hand, diffusion channels
formed by the interaction of the CoMoO, nanosheets can
promote diffusion of the electrolyte, which is more condu-
cive to utilization of the core-shell material. In addition, the
abundantly porous structure can provide a stress release
space for the electrode material during the charging and
discharging process to ensure stability of the electrode.
[0011] In order to solve the technical problems of the
electrode structure being damaged due to changes in the
electrode volume during multiple times of charging and
discharging, or the electrode being corroded and damaged
due to long-time contact between the electrode and the
electrolyte, which ultimately leads to a decrease in the
energy storage performance and a shortened service life, the
NiO@CoMoO,/NF electrode is further soaked in a ductile
material, wherein the ductile material is composed of a
carbon powder, sodium carboxymethyl cellulose, styrene-
butadiene rubber, a metal powder and deionized water in a
mass ratio of (2-6):(3-8):(20-28):(0.9-1.5):(30-50), the par-
ticle size of the carbon powder is 10-50 um, and the metal
powder is an iron powder or a copper powder, with a particle
size of 10-50 um.

[0012] Furthermore, the ductile material is prepared by the
following steps. The deionized water is heated to 50-60° C.
The sodium carboxymethyl cellulose is added while stirring,
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dispersed uniformly and allowed to stand for 1-2 h to obtain
a sodium carboxymethyl cellulose solution for later use. The
styrene-butadiene rubber is heated to 70-90° C. The sodium
carboxymethyl cellulose solution is added while stirring and
stirred for 30-50 min. The carbon powder and the iron
powder are added in sequence, stirred for 20-30 min and
insulated for later use, the stirring speed being 20-50 r/min.
[0013] Furthermore, the NiO@CoMoO,/NF electrode is
further soaked in the ductile material. Specifically, the
NiO@CoMoO,/NF electrode is soaked in the ductile mate-
rial, allowed to stand at 70-90° C. for 2-3 h, and then taken
out and dried in a blast drying oven at 40-45° C. for 8-10 h.
The unique bonding performance of the sodium carboxym-
ethyl cellulose makes the ductile material firmly cover the
surface of the NiO@CoMoO,/NF electrode. On the one
hand, the combination of the styrene-butadiene rubber and
the sodium carboxymethyl cellulose can make the
NiO@CoMoO,/NF electrode more resilient and more adapt-
able to volume changes during charging and discharging
processes, ensuring that the core-shell structure is not dam-
aged. On the other hand, the styrene-butadiene rubber and
the sodium carboxymethyl cellulose can form a thin film on
the surface of the NiO@CoMoO,/NF electrode to prevent
corrosion and damage of the electrode from the electrolyte,
ultimately ensuring that the charging and discharging per-
formance does not decrease during multiple times of charg-
ing and discharging, and ensuring good cycling stability.
[0014] Furthermore, the supercapacitor is assembled by
pressing the NiO@CoMoO,/NF treated with the ductile
material, the polypropylene and the activated carbon plate
together according to the same size, and using the KOH
solution (6 mol/L)) as the electrolyte.

[0015] The present disclosure has the following beneficial
effects.
[0016] The supercapacitor of the present disclosure uses

the NiO@CoMoO,/NF as the electrode, and the CoMoO,
nanosheets are uniformly and vertically grown on the sur-
face of the NiO nanosheets, forming a core-shell structure of
sheets. The 2D branched core-shell structure can provide a
sufficient contact area between the electrolyte and the elec-
trode to provide sufficient electrochemical active sites. The
2D characteristic of the NiO sheets and the CoMoO,
nanosheets improves the electron reception efficiency and
achieves a high electron transfer rate, ensuring the electron
transfer kinetic advantages. The abundantly porous structure
can provide a stress release space for the electrode material
during the charging and discharging process to ensure good
stability in repeated charging and discharging. The
NiO@CoMoO,/NF electrode treated with the ductile mate-
rial can better adapt to volume changes during the charging
and discharging process, while also preventing the corrosion
from the electrolyte, ultimately resulting in good cycling
stability of a product. After 10,000 cycles of charging and
discharging, the capacity of the present disclosure has not
faded and still maintains 100% of the maximum capacity,
with a high specific capacitance of 79.4 F/g, an energy
density of 35.7 Wh/kg, and a functional density of 899.5
W/kg. Therefore, the present disclosure has excellent elec-
trochemical energy storage performance and worth of mar-
ket promotion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 is a map showing measurements of the mass
specific capacitance of a product prepared in Example 1.
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[0018] FIG. 2 is a map showing the cycling stability of
charging and discharging of the product prepared in
Example 1.

[0019] FIG. 3 shows SEM images of the electrode before
and after 10,000 times of charging and discharging cycles of
the product prepared in Example 1, indicating that the
structure of the product does not collapse before and after
the charging and discharging cycles.

[0020] FIG. 4 is a map showing measurements of the mass
specific capacitance of a product prepared in Example 2.
[0021] FIG. 5 is a map showing the cycling stability of
charging and discharging of the product prepared in
Example 2.

[0022] FIG. 6 is a map showing measurements of the mass
specific capacitance of a product prepared in Example 3.
[0023] FIG. 7 is a map showing the cycling stability of
charging and discharging of the product prepared in
Example 3.

[0024] FIG. 8 is a map showing measurements of the mass
specific capacitance of a product prepared in Example 4.
[0025] FIG. 9 is a map showing the cycling stability of
charging and discharging of the product prepared in
Example 4.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0026] The present disclosure will be further described in
detail through examples and in conjunction with the accom-
panying drawings.

Example 1

[0027] A supercapacitor with good cycling stability was
prepared by the following steps.
[0028] 1. Preparation of an NiO@CoMoO,/NF electrode:
[0029] (1) NF (nickel foam, 1.5 cm*3.5 cm) was soaked
in a hydrochloric acid solution (2.8 mol/LL) for 8 min
and then taken out. The NF was cleaned with deionized
water to eliminate surface impurities, dried in an envi-
ronment of 60° C. for 15 h, and then taken out. Then,
the treated NF was soaked in deionized water and
transferred into a stainless steel high-pressure reactor,
the mass ratio of the NF (nickel foam) to the deionized
water being 1:800. Then, the NF was insulated at a
constant temperature of 140° C. for 26 h, cooled
naturally to room temperature, and taken out. The NF
was cleaned with deionized water 5 times, and dried in
a vacuum drying oven at a vacuum degree of -0.08
MPa and a temperature of 55° C. for 22 h. After being
dried, the NF was placed in a quartz tube furnace,
heated up to 420° C. at a heating rate of 0.6° C./min,
and insulated for 2.5 h to obtain NiO sheet/NF.
[0030] (2) 65.1 mg of CoCl,'6H,0 and 50.8 mg of
Na,MoO,-2H,0 were fully dissolved in 22 ml of
deionized water. Then, the NiO sheet/NF prepared in
step (1) was soaked in the resulting solution and stirred
for 40 min. After stirring, the NiO sheet/NF was
transferred into a stainless steel reactor, insulated at
165° C. for 7 h, cooled to room temperature and taken
out. The NiO sheet/NF was soaked in deionized water
and ultrasonically cleaned for 4 min. Then, the NiO
sheet/NF was dried in a vacuum drying oven at a
vacuum degree of -0.08 MPa and a temperature of 55°
C. for 14 h, and taken out to obtain an NiO
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sheet@CoMoO, nanosheet/NF precursor. Then, the
NiO sheet@CoMoO, nanosheet/NF precursor was
placed in a quartz tube furnace, heated up to 420° C. at
a heating rate of 0.6° C./min, and insulated for 2 h to
obtain the NiO@CoMoO,/NF electrode.

[0031] 2. Preparation of a ductile material: 40 g of
deionized water was heated to 55° C. 5 g of sodium
carboxymethyl cellulose was added while stirring, dis-
persed uniformly and allowed to stand for 1.5 h to
obtain a sodium carboxymethyl cellulose solution for
later use. 25 g of styrene-butadiene rubber was heated
to 80° C. The sodium carboxymethyl cellulose solution
was added while stirring and stirred for 40 min. Then,
5 g of carbon powder with a particle size of 10-50 pm
and 1.2 g of iron powder with a particle size of 10-50
um were added in sequence, stirred for 25 min and
insulated for later use, the stirring speed being 40 r/min.

[0032] 3. Treatment of the NiO@CoMoO,/NF elec-
trode: The NiO@CoMoO,/NF electrode was soaked in
the ductile material prepared in step 2, allowed to stand
at 80° C. for 2.5 h, and then taken out and dried in a
blast drying oven at 45° C. for 8 h.

[0033] 4. Assembly of the supercapacitor: The
NiO@CoMoO,/NF treated with the ductile material,
polypropylene and an activated carbon plate were cut in
equal sizes of 1 cm*2 cm and then pressed together, and
a KOH solution (6 mol/L) was used as the electrolyte
to assemble the supercapacitor.

Experiment 1: Measurement of Mass Specific
Capacitance

[0034] The mass specific capacitance of the supercapaci-
tor prepared in Example 1 was measured, and the results are
as follows.

[0035] The experimental results show that the specific
capacitance is as high as 79.4 F/g, the energy density is 35.7
Wh/kg, and the functional density is 899.5 W/kg. The
specific results are shown in FIG. 1.

Experiment 2: Measurement of Cycling Stability of
Charging and Discharging

[0036] A 1 cm*1 cm electrode was prepared by cutting
and charged and discharged for 10,000 cycles at a current
density of 10 A/g. The specific capacity was recorded and
calculated every 500 cycles, and the experimental results are
shown in FIG. 2.

[0037] The experimental results show that after 10,000
cycles, the capacity of the present disclosure has not faded
and still maintains 100% of the maximum capacity.

Experiment 3: Comparison of Electron Micrographs
Before and After the Measurement of Cycling
Stability of Charging and Discharging

[0038] Electron microscopic observation was performed
on the electrode of the present disclosure before the charging
and discharging cycles, and then performed again after
10,000 cycles of charging and discharging. The electron
micrographs before and after the charging and discharging
cycles are shown in FIG. 3.

[0039] As shown in the figure, the structure of the elec-
trode of the supercapacitor of the present disclosure does not
collapse before and after the charging and discharging
cycles, indicating that the electrode of the supercapacitor of

Mar. 28, 2024

the present disclosure can adapt to volume changes during
the charging and discharging process.

Experiment 4: Comparative Experiment

[0040] Comparative Experiment 1: A supercapacitor with
good cycling stability was prepared by the method of
Example 1, except that the electrode material was not treated
with a ductile material. The specific steps are as follows.

[0041] 1. Preparation of an NiO@CoMoO,/NF electrode:

[0042] (1) NF (nickel foam, 1.5 cm*3.5 cm) was soaked
in a hydrochloric acid solution (2.8 mol/LL) for 8 min
and then taken out. The NF was cleaned with deionized
water to eliminate surface impurities, dried in an envi-
ronment of 60° C. for 15 h, and then taken out. Then,
the treated NF was soaked in deionized water and
transferred into a stainless steel high-pressure reactor,
the mass ratio of the NF (nickel foam) to the deionized
water being 1:800. Then, the NF was insulated at a
constant temperature of 140° C. for 26 h, cooled
naturally to room temperature, and taken out. The NF
was cleaned with deionized water 5 times, and dried in
a vacuum drying oven at a vacuum degree of -0.08
MPa and a temperature of 55° C. for 22 h. After being
dried, the NF was placed in a quartz tube furnace,
heated up to 420° C. at a heating rate of 0.6° C./min,
and insulated for 2.5 h to obtain NiO sheet/NF.

[0043] (2) 65.1 mg of CoCl,-6H,O and 50.8 mg of
Na,MoO,-2H,0 were fully dissolved in 22 ml of
deionized water. Then, the NiO sheet/NF prepared in
step (1) was soaked in the resulting solution and stirred
for 40 min. After stirring, the NiO sheet/NF was
transferred into a stainless steel reactor, insulated at
165° C. for 7 h, cooled to room temperature and taken
out. The NiO sheet/NF was soaked in deionized water
and ultrasonically cleaned for 4 min. Then, the NiO
sheet/NF was dried in a vacuum drying oven at a
vacuum degree of -0.08 MPa and a temperature of 55°
C. for 14 h, and taken out to obtain an NiO
sheet@CoMoO, nanosheet/NF precursor. Then, the
NiO sheet@CoMoO, nanosheet/NF precursor was
placed in a quartz tube furnace, heated up to 420° C. at
a heating rate of 0.6° C./min, and insulated for 2 h to
obtain the NiO@CoMoO,/NF electrode.

[0044] 2. Assembly of the supercapacitor: The
NiO@CoMoO,/NF, polypropylene and an activated
carbon plate were cut in equal sizes of 1 cm*2 cm and
then pressed together, and a KOH solution (6 mol/L)
was used as the electrolyte to assemble the superca-
pacitor.

[0045] (1) Measurement of Mass Specific Capacitance
[0046] The mass specific capacitance of the supercapaci-
tor prepared in Comparative Experiment 1 was measured,
and the results are as follows.

[0047] The experimental results show that the specific
capacitance is as high as 60.9 F/g, the energy density is 27.4
Wh/kg, and the functional density is 888.6 W/kg. The
specific results are shown in FIG. 4.

[0048] (2) Measurement of Cycling Stability of Charging
and Discharging

[0049] A1 cm*1 cm electrode was prepared by cutting the
product prepared in Comparative Experiment 1 and charged
and discharged for 10,000 cycles at a current density of 10
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A/g. The specific capacity was recorded and calculated
every 500 cycles, and the experimental results are shown in
FIG. 5.
[0050] The experimental results show that after 10,000
cycles, the capacity has faded to 65.7% of the maximum
value.
[0051] Comparative Experiment 2: A supercapacitor with
good cycling stability was prepared by the method of
Example 1, except that sodium carboxymethyl cellulose was
not added to a ductile material. The specific steps are as
follows.
[0052] 1. Preparation of an NiO@CoMoO,/NF electrode:
[0053] (1) NF (nickel foam, 1.5 cm*3.5 cm) was soaked
in a hydrochloric acid solution (2.8 mol/L)) for 8 min
and then taken out. The NF was cleaned with deionized
water to eliminate surface impurities, dried in an envi-
ronment of 60° C. for 15 h, and then taken out. Then,
the treated NF was soaked in deionized water and
transferred into a stainless steel high-pressure reactor,
the mass ratio of the NF (nickel foam) to the deionized
water being 1:800. Then, the NF was insulated at a
constant temperature of 140° C. for 26 h, cooled
naturally to room temperature, and taken out. The NF
was cleaned with deionized water 5 times, and dried in
a vacuum drying oven at a vacuum degree of -0.08
MPa and a temperature of 55° C. for 22 h. After being
dried, the NF was placed in a quartz tube furnace,
heated up to 420° C. at a heating rate of 0.6° C./min,
and insulated for 2.5 h to obtain NiO sheet/NF.
[0054] (2) 65.1 mg of CoCl,-6H,O and 50.8 mg of
Na,MoO,-2H,0 were fully dissolved in 22 ml of
deionized water. Then, the NiO sheet/NF prepared in
step (1) was soaked in the resulting solution and stirred
for 40 min. After stirring, the NiO sheet/NF was
transferred into a stainless steel reactor, insulated at
165° C. for 7 h, cooled to room temperature and taken
out. The NiO sheet/NF was soaked in deionized water
and ultrasonically cleaned for 4 min. Then, the NiO
sheet/NF was dried in a vacuum drying oven at a
vacuum degree of -0.08 MPa and a temperature of 55°
C. for 14 h, and taken out to obtain an NiO
sheet@CoMoO, nanosheet/NF precursor. Then, the
NiO sheet@CoMoO, nanosheet/NF precursor was
placed in a quartz tube furnace, heated up to 420° C. at
a heating rate of 0.6° C./min, and insulated for 2 h to
obtain the NiO@CoMoO,/NF electrode.
[0055] 2. Preparation of a ductile material: 25 g of styrene-
butadiene rubber was heated to 80° C. 40 g of deionized
water was added while stirring and stirred for 40 min. 5 g of
carbon powder with a particle size of 10-50 um and 1.2 g of
iron powder with a particle size of 10-50 pum were added in
sequence, stirred for 25 min and insulated for later use, the
stirring speed being 40 r/min.
[0056] 3. Treatment of the NiO@CoMoO,/NF electrode:
The NiO@CoMoO,/NF electrode was soaked in the ductile
material prepared in step 2, allowed to stand at 80° C. for 2.5
h, and then taken out and dried in a blast drying oven at 45°
C. for 8 h.
[0057] 4. Assembly of the supercapacitor: The
NiO@CoMoO,/NF treated with the ductile material, poly-
propylene and an activated carbon plate were cut in equal
sizes of 1 cm*2 cm and then pressed together, and a KOH
solution (6 mol/L.) was used as the electrolyte to assemble
the supercapacitor.
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[0058] (1) Measurement of Mass Specific Capacitance
[0059] The mass specific capacitance of the supercapaci-
tor prepared in Comparative Experiment 2 was measured,
and the results are as follows.
[0060] The experimental results show that the specific
capacitance is as high as 71.6 F/g, the energy density is 32.2
Wh/kg, and the functional density is 899.2 W/kg. The
specific results are shown in FIG. 6.
[0061] (2) Measurement of Cycling Stability of Charging
and Discharging
[0062] A1 cm*1 cm electrode was prepared by cutting the
product prepared in Example 2 and charged and discharged
for 10,000 cycles at a current density of 10 A/g. The specific
capacity was recorded and calculated every 500 cycles, and
the experimental results are shown in FIG. 7.
[0063] The experimental results show that after 10,000
cycles, the capacity has faded to 80.4% of the maximum
value.
[0064] Comparative Experiment 3: A supercapacitor with
good cycling stability was prepared by the method of
Example 1, except that styrene-butadiene rubber was not
added to a ductile material. The specific steps are as follows.
[0065] 1. Preparation of an NiO@CoMoO,/NF electrode:
[0066] (1)NF (nickel foam, 1.5 cm*3.5 cm) was soaked
in a hydrochloric acid solution (2.8 mol/LL) for 8 min
and then taken out. The NF was cleaned with deionized
water to eliminate surface impurities, dried in an envi-
ronment of 60° C. for 15 h, and then taken out. Then,
the treated NF was soaked in deionized water and
transferred into a stainless steel high-pressure reactor,
the mass ratio of the NF (nickel foam) to the deionized
water being 1:800. Then, the NF was insulated at a
constant temperature of 140° C. for 26 h, cooled
naturally to room temperature, and taken out. The NF
was cleaned with deionized water 5 times, and dried in
a vacuum drying oven at a vacuum degree of -0.08
MPa and a temperature of 55° C. for 22 h. After being
dried, the NF was placed in a quartz tube furnace,
heated up to 420° C. at a heating rate of 0.6° C./min,
and insulated for 2.5 h to obtain NiO sheet/NF.
[0067] (2) 65.1 mg of CoCl,'6H,0 and 50.8 mg of
Na,MoO,-2H,0 were fully dissolved in 22 ml of
deionized water. Then, the NiO sheet/NF prepared in
step (1) was soaked in the resulting solution and stirred
for 40 min. After stirring, the NiO sheet/NF was
transferred into a stainless steel reactor, insulated at
165° C. for 7 h, cooled to room temperature and taken
out. The NiO sheet/NF was soaked in deionized water
and ultrasonically cleaned for 4 min. Then, the NiO
sheet/NF was dried in a vacuum drying oven at a
vacuum degree of -0.08 MPa and a temperature of 55°
C. for 14 h, and taken out to obtain an NiO
sheet@CoMoO, nanosheet/NF precursor. Then, the
NiO sheet@CoMoO, nanosheet/NF precursor was
placed in a quartz tube furnace, heated up to 420° C. at
a heating rate of 0.6° C./min, and insulated for 2 h to
obtain the NiO@CoMoO,/NF electrode.
[0068] 2. Preparation of a ductile material: 40 g of deion-
ized water was heated to 55° C. 5 g of sodium carboxym-
ethyl cellulose was added while stirring, dispersed uni-
formly and allowed to stand for 1.5 h to obtain a sodium
carboxymethyl cellulose solution. Then, 5 g of carbon
powder with a particle size of 10-50 um and 1.2 g of iron
powder with a particle size of 10-50 um were added to the
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sodium carboxymethyl cellulose solution in sequence,
stirred for 25 min and insulated for later use, the stirring
speed being 40 r/min.

[0069] 3. Treatment of the NiO@CoMoO,/NF electrode:
The NiO@CoMoO,/NF electrode was soaked in the ductile
material prepared in step 2, allowed to stand at 80° C. for 2.5
h, and then taken out and dried in a blast drying oven at 45°
C. for 8 h.

[0070] 4. Assembly of the supercapacitor: The
NiO@CoMoO,/NF treated with the ductile material, poly-
propylene and an activated carbon plate were cut in equal
sizes of 1 cm*2 cm and then pressed together, and a KOH
solution (6 mol/L.) was used as the electrolyte to assemble
the supercapacitor.

[0071] (1) Measurement of Mass Specific Capacitance
[0072] The mass specific capacitance of the supercapaci-
tor prepared in Comparative Experiment 3 was measured,
and the results are as follows.

[0073] The experimental results show that the specific
capacitance is as high as 69.1 F/g, the energy density is 31.1
Wh/kg, and the functional density is 900 W/kg. The specific
results are shown in FIG. 8.

[0074] (2) Measurement of Cycling Stability of Charging
and Discharging

[0075] A 1 cm*1 cm electrode was prepared by cutting
and charged and discharged for 10,000 cycles at a current
density of 10 A/g. The specific capacity was recorded and
calculated every 500 cycles, and the experimental results are
shown in FIG. 9.

[0076] The experimental results show that after 10,000
cycles, the capacity of the present disclosure has not decayed
and still maintains 88.7% of the maximum capacity.

Example 2

[0077] A supercapacitor with good cycling stability was
prepared by the following steps.
[0078] 1. Preparation of an NiO@CoMoO,/NF electrode:

[0079] (1) NF (nickel foam, 1.5 cm*3.5 cm) was soaked
in a hydrochloric acid solution (2.5 mol/L)) for 5 min
and then taken out. The NF was cleaned with deionized
water to eliminate surface impurities, dried in an envi-
ronment of 55° C. for 16 h, and then taken out. Then,
the treated NF was soaked in deionized water and
transferred into a stainless steel high-pressure reactor,
the mass ratio of the NF (nickel foam) to the deionized
water being 1:700). Then, the NF was insulated at a
constant temperature of 140° C. for 28 h, cooled
naturally to room temperature, and taken out. The NF
was cleaned with deionized water 3 times, and dried in
a vacuum drying oven at a vacuum degree of -0.05
MPa and a temperature of 65° C. for 20 h. After being
dried, the NF was placed in a quartz tube furnace,
heated up to 400° C. at a heating rate of 0.5° C./min,
and insulated for 3 h to obtain NiO sheet/NF.

[0080] (2) 65.1 mg of CoCl,-6H,O and 50.8 mg of
Na,MoO,-2H,0 were fully dissolved in 20 ml of
deionized water. Then, the NiO sheet/NF prepared in
step (1) was soaked in the resulting solution and stirred
for 50 min. After stirring, the NiO sheet/NF was
transferred into a stainless steel reactor, insulated at
160° C. for 8 h, cooled to room temperature and taken
out. The NiO sheet/NF was soaked in deionized water
and ultrasonically cleaned for 3 min. Then, the NiO
sheet/NF was dried in a vacuum drying oven at a
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vacuum degree of -0.05 MPa and a temperature of 65°
C. for 12 h, and taken out to obtain an NiO
sheet@CoMoO, nanosheet/NF precursor. Then, the
NiO sheet@CoMoO, nanosheet/NF precursor was
placed in a quartz tube furnace, heated up to 400° C. at
a heating rate of 0.5° C./min, and insulated for 2 h to
obtain the NiO@CoMoO,/NF electrode.
[0081] 2. Preparation of a ductile material: 30 g of deion-
ized water was heated to 50° C. 3 g of sodium carboxym-
ethyl cellulose was added while stirring, dispersed uni-
formly and allowed to stand for 1 h to obtain a sodium
carboxymethyl cellulose solution for later use. 20 g of
styrene-butadiene rubber was heated to 70° C. The sodium
carboxymethyl cellulose solution was added while stirring
and stirred for 30 min. Then, 2 g of carbon powder with a
particle size of 10-50 um and 0.9 g of iron powder with a
particle size of 10-50 pm were added in sequence, stirred for
20 min and insulated for later use, the stirring speed being
20 r/min.
[0082] 3. Treatment of the NiO@CoMoO,/NF electrode:
The NiO@CoMoO,/NF electrode was soaked in the ductile
material prepared in step 2, allowed to stand at 70° C. for 2
h, and then taken out and dried in a blast drying oven at 40°
C. for 10 h.
[0083] 4. Assembly of the supercapacitor: The
NiO@CoMoO,/NF treated with the ductile material, poly-
propylene and an activated carbon plate were cut in equal
sizes of 1 cm*2 cm and then pressed together, and a KOH
solution (6 mol/Ll) was used as the electrolyte to assemble
the supercapacitor.
[0084] Measurement of mass specific capacitance and
measurement of cycling stability of charging and discharg-
ing were performed on the product prepared in Example 2 by
the experimental method in Example 1. The measurement
results show that the specific capacitance is as high as 79.1
F/g, the energy density is 35.2 Wh/kg, and after 10,000
cycles, the capacity of the product has not faded and still
maintains 100% of the maximum capacitance.

Example 3

[0085] A supercapacitor with good cycling stability was
prepared by the following steps.
[0086] 1. Preparation of an NiO@CoMoO,/NF electrode:

[0087] (1) NF (nickel foam, 1.5 cm*3.5 cm) was soaked
in a hydrochloric acid solution (3.0 mol/L)) for 10 min
and then taken out. The NF was cleaned with deionized
water to eliminate surface impurities, dried in an envi-
ronment of 60° C. for 12 h, and then taken out. Then,
the treated NF was soaked in deionized water and
transferred into a stainless steel high-pressure reactor,
the mass ratio of the NF (nickel foam) to the deionized
water being 1:900. Then, the NF was insulated at a
constant temperature of 150° C. for 24 h, cooled
naturally to room temperature, and taken out. The NF
was cleaned with deionized water 5 times, and dried in
a vacuum drying oven at a vacuum degree of -0.08
MPa and a temperature of 55° C. for 20 h. After being
dried, the NF was placed in a quartz tube furnace,
heated up to 450° C. at a heating rate of 0.5° C./min,
and insulated for 3 h to obtain NiO sheet/NF.

[0088] (2) 65.1 mg of CoCl,-6H,O and 50.8 mg of
Na,MoO,-2H,0 were fully dissolved in 25 ml of
deionized water. Then, the NiO sheet/NF prepared in
step (1) was soaked in the resulting solution and stirred
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for 50 min. After stirring, the NiO sheet/NF was
transferred into a stainless steel reactor, insulated at
170° C. for 6 h, cooled to room temperature and taken
out. The NiO sheet/NF was soaked in deionized water
and ultrasonically cleaned for 3 min. Then, the NiO
sheet/NF was dried in a vacuum drying oven at a
vacuum degree of -0.08 MPa and a temperature of 55°
C. for 15 h, and taken out to obtain an NiO
sheet@CoMoO, nanosheet/NF precursor. Then, the
NiO sheet@CoMoO, nanosheet/NF precursor was
placed in a quartz tube furnace, heated up to 420° C. at
a heating rate of 0.5° C./min, and insulated for 2 h to
obtain the NiO@CoMoO,/NF electrode.

[0089] 2. Preparation of a ductile material: 50 g of deion-
ized water was heated to 60° C. 8 g of sodium carboxym-
ethyl cellulose was added while stirring, dispersed uni-
formly and allowed to stand for 2 h to obtain a sodium
carboxymethyl cellulose solution for later use. 28 g of
styrene-butadiene rubber was heated to 90° C. The sodium
carboxymethyl cellulose solution was added while stirring
and stirred for 50 min. Then, 6 g of carbon powder with a
particle size of 10-50 um and 1.5 g of iron powder with a
particle size of 10-50 pum were added in sequence, stirred for
30 min and insulated for later use, the stirring speed being
50 r/min.

[0090] 3. Treatment of the NiO@CoMoO,/NF electrode:
The NiO@CoMoO,/NF electrode was soaked in the ductile
material prepared in step 2, allowed to stand at 90° C. for 3
h, and then taken out and dried in a blast drying oven at 45°
C. for 8 h.

[0091] 4. Assembly of the supercapacitor: The
NiO@CoMoO,/NF treated with the ductile material, poly-
propylene and an activated carbon plate were cut in equal
sizes of 1 cm*2 cm and then pressed together, and a KOH
solution (6 mol/L.) was used as the electrolyte to assemble
the supercapacitor.

[0092] Measurement of mass specific capacitance and
measurement of cycling stability of charging and discharg-
ing are performed on the product prepared in Example 3 by
the experimental method in Example 1. The measurement
results show that the specific capacitance is as high as 78.8
F/g, the energy density is 36.2 Wh/kg, and after 10,000
cycles, the capacity of the product has not faded and still
maintains 100% of the maximum capacitance.

What is claimed is:

1. A method for preparing a supercapacitor with good
cycling stability, using NiO@CoMoO,/NF, an activated
carbon plate, a KOH solution (6 mol/L.), and polypropylene
as raw materials, and being implemented through prepara-
tion of an NiO@CoMoO,/NF electrode and assembly of the
supercapacitor, wherein the NiO@CoMoO,/NF is the anode
of the supercapacitor, the activated carbon plate is the
cathode of the supercapacitor, the KOH solution is the
electrolyte, the polypropylene is an isolation plate, and the
NF in the NiO@CoMoO,/NF is nickel foam;
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the NiO@CoMoO,/NF electrodes is prepared by the
following steps:

(1) NF is soaked in a hydrochloric acid solution (2.5-3.0
mol/L.) for 5-10 min and then taken out; the NF is
cleaned with deionized water to eliminate surface
impurities, dried in an environment of 55-60° C. for
12-16 h, and then taken out; then, the treated NF is
soaked in deionized water and transferred into a stain-
less steel high-pressure reactor, the mass ratio of the NF
to the deionized water being 1:(700-900); then, the NF
is insulated at a constant temperature of 140-150° C. for
24-28 h, cooled naturally to room temperature, and
taken out; the NF is cleaned with deionized water 3-5
times, and dried in a vacuum drying oven at a vacuum
degree of —-0.05 to —0.08 MPa and a temperature of
55-65° C. for 20-26 h; and after being dried, the NF is
placed in a quartz tube furnace, heated up to 400-450°
C. at a heating rate 0f 0.5-0.8° C./min, and insulated for
2-3 h to obtain NiO sheet/NF, the NF being nickel
foam;

(2) 65.1 parts by mass of CoCl,-6H,0O and 50.8 parts by
mass of Na,MoO,-2H,0 are fully dissolved in 2000-
2500 parts by mass of deionized water; then, the NiO
sheet/NF prepared in step (1) is soaked in the resulting
solution and stirred for 30-50 min; after stirring, the
NiO sheet/NF is transferred into a stainless steel reac-
tor, insulated at 160-170° C. for 6-8 h, cooled to room
temperature and taken out; the NiO sheet/NF is soaked
in deionized water and ultrasonically cleaned for 3-5
min; then, the NiO sheet/NF is dried in a vacuum
drying oven at a vacuum degree of —0.05 to —0.08 MPa
and a temperature of 55-65° C. for 12-15 h, and taken
out to obtain an NiO sheet@CoMoO, nanosheet/NF
precursor; then, the NiO sheet@CoMoQO, nanosheet/
NF precursor is placed in a quartz tube furnace, heated
up to 400-420° C. at a heating rate of 0.5-0.8° C./min,
and insulated for 2 h to obtain the NiO@CoMoO,/NF
electrode;

the NiO@CoMoO,/NF electrode is further soaked in a
ductile material, wherein the ductile material is com-
posed of a carbon powder, sodium carboxymethyl
cellulose, styrene-butadiene rubber, a metal powder
and deionized water in a mass ratio of (2-6):(3-8):(20-
28):(0.9-1.5):(30-50), the particle size of the carbon
powder is 10-50 m, and the metal powder is an iron
powder or a copper powder, with a particle size of
10-50 m.

2. The method for preparing a supercapacitor with good
cycling stability according to claim 1, wherein the ductile
material is prepared by the following steps: the deionized
water is heated to 50-60° C.; the sodium carboxymethyl
cellulose is added while stirring, dispersed uniformly and
allowed to stand for 1-2 h to obtain a sodium carboxymethyl
cellulose solution for later use; the styrene-butadiene rubber
is heated to 70-90° C.; the sodium carboxymethyl cellulose
solution is added while stirring and stirred for 30-50 min;
and the carbon powder and the iron powder are added in
sequence, stirred for 20-30 min and insulated for later use,
the stirring speed being 20-50 r/min.
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