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Abstract: Flowerlike and polyhedral NiO/graphene nanocomposites have been
successfully synthesized by a facile hydrothermal method. The formation mechanism
of the two nanocomposites with different morphologies has been studied. The
resulting products are characterized by scanning electron microscopy (SEM),
transmission electron microscope (TEM), X-ray diffraction (XRD), Fourier transform
infrared spectroscopy (FT-IR), X-ray photoelectron spectroscopic analysis (XPS),
thermogravimetry (TG), and Brunauer-Emmett-Teller (BET). The prepared
NiO/graphene nanocomposites with different shapes can be used for supercapacitor
electrode materials. Through electrochemical tests, the flowerlike NiO/graphene
composite shows higher specific capacitance than that of the polyhedral one with a
specific capacitance as high as 500 F/g at a scan rate of 5 mV/s while the polyhedral
NiO/graphene composite delivers better long-term cycle stability with 84% specific
capacitance remaining after 3000 cycles in 1 M KOH electrolyte.

Introduction
With the rapid development of the global economy, the depletion of fossil fuels and
increasing environmental pollution, there is an urgent need for efficient, clean, and
sustainable sources of energy, as well as new technologies associated with energy
conversion and storage.' In many application areas, some of the most effective and
practical technologies for electrochemical energy conversion and storage are batteries

and electrochemical capacitors.” Batteries can keep devices work throughout the day,
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but they take hours to recharge when they run down. For rapid power delivery and
recharging (i.e., high power density), electrochemical capacitors are good candidates.
Electrochemical capacitors, also called supercapacitors, can be divided into two
classes based on the different energy storage mechanisms: electrochemical
double-layer capacitors (EDLCs) which store energy by the adsorption of ions and
pseudo-capacitors that store energy through fast surface redox reactions.” EDLCs
normally use carbon-based materials due to its outstanding electrochemical stability,
good conductivity, low cost, and availability in various different forms.* Metal oxides
and conducting polymers are widely used as electrode materials for
pseudocapacitors.” As the charge accumulation is purely electrostatic, the energy
density of the EDLCs is limited by the available surface area of the electrode
material.’® Though the higher capacitance, the pseudo-capacitors delivered low power
density, bad cycling stability, and poor rate capability (dramatic drop of specific
capacitance with an increased scan rate) because of poor electrical conductivity.” For
improving the properties of supercapacitors, the composites combined double layer
capacitance with pseudo-capacitance are used widely in order to get superior
performances.®

Graphene is a two-dimensional sheet of sp”-hybridized conjugated carbon atoms
with extended honeycomb network structure,” '* due to its high electrical and thermal
conductivities, good transparency, great mechanical strength, inherent flexibility, and
huge specific surface area.'' Thus, it is expected to be an ideal material for energy
storage and conversion and also has attracted a great deal of attention in many other
areas.'”" Recently, lots of investigations have been focused on the graphene-based
composites for supercapacitors,''® especially for graphene-transition metal oxide
composites because they can combine the advantages of two components and offer
special properties through the reinforcement or modification of each other."”?' To
date, graphene-transition metal oxides composites, such as MnO,/graphene,”
SnOz/graphene,23 TiOz/graphene,24 Co3O4/graphene,25 and F6304/graphene26, have

been studied and expected to show improved capacitance owing to their enhanced
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electronic conductivity and the unique nanostructure of graphene.

Among all the transition metal oxides, nickel oxide (NiO) appears to be a promising
candidate applied in supercapacitors due to its high theoretical specific capacitance,
large surface area, low cost, and environmentally friendly.”’ In the past few years,

many synthetic techniques have been explored in the preparation of NiO with

28-30 31-33

different morphologies and structures such as microspheres, nanowalls,
nanopwires,”* nanoplates,” and nanoflowers.’®*” However, NiO usually delivers poor
rate capability and reversibility during the charge/discharge process due to its
relatively poor electrical conductivity and low accessible surface areas. Therefore,
many investigations were focused on combination NiO with conductive materials to
improve the electrochemical performances, such as activated carbon®®, carbon
nanotubes,”” and graphene are the main candidates. Xing et al. reported a specific
capacitance of 124 F/g at a current density of 0.1 A/g for a spherical mesoporous
NiO.* Polyhedron shaped NiO exhibited a specific capacitance of 165 F/g at a scan
rate of 5 mV/s.*! Graphene porous NiO nanocomposite was synthesized by a facile
hydrothermal route, delivering a specific capacitance of 429.7 at 0.2 A/g, reported by
Jiang et al..** Monolayer graphene/NiO nanosheets based on self-assembly displayed
a specific capacitance of 525 F/g at a current density of 0.2 A/g.*’

In this report, flowerlike and polyhedral NiO/graphene composites were
synthesized by a simple thermal treatment process, respectively. When Graphene
oxide (GO) precursor handled with vacuum freeze-drying process, the as-prepared
nanocomposite appeared a good-looking flowerlike structure. On the other operation
that GO suspension was the substitute, the final corresponding composite presented a
polyhedral structure. SEM results confirm NiO was anchored on the graphene sheets.
The XPS spectrum demonstated NiO adhered to graphene through a C-O-Ni linkage.
XRD, FT-IR, and TG were also used to investigate the structure and composition of
NiO/graphene nanocomposites. The as-prepared NiO/graphene nanocomposites had
been used for supercapacitor electrode materials. Through electrochemical tests, the

flowerlike NiO/graphene nanocomposite showed higher specific capacitance than that
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of the polyhedral one with a specific capacitance as high as 500 F/g at a scan rate of 5
mV/s while the polyhedral NiO/graphene composite delievers better long-term cycle
stability with 84% specific capacitance remaining after 3000 cycles in 1 M KOH
electrolyte.

2. Experimental

2.1 Chemicals

Natural graphite flake (about 325 mesh) was purchased from Alfa Aesar Chemical
Reagent Co. Nickel(I) chloride hexahydrate (NiCl,.6H,0O), urea, acetylene black,
polytetrafluorene ethylene (PTFE), potassium hydroxide (KOH), and ethanol were
purchased from Shanghai Chemical Reagent Co. All reagents were analytical grade
and used as received without further purification.

2.2 Preparation of different morphologies NiO/graphene composites

GO was prepared through the modified Hummer’s method from natural flake graphite
powder as described previously.* Part of the as-prepared GO suspension was dried by
vacuum freeze-drying and the rest of GO suspension was used directly. Flowerlike
graphene/NiO nanocomposites were synthesized by the following steps: 1.6(mmol)
nickel (II) chloride hexahydrate (NiCl,.6H,O) were added into freeze-drying GO
sloution (90 mg freeze-drying GO were dispersed in 60 mL DI water) and kept
vigorous stirring for 30 minutes at ambient temperature. Subsequently, 10 (mmol)
urea dissolved in 10 mL water was added into the above solution drop by drop and
kept magnetic stirring for 30 minutes. The resulted mixture was removed into a
Teflon-Lined autoclave with a stainless-steel shell, maintained at 180 'C for 2 h.
Subsequently, the precipitate was separated and washed with distilled water and
ethanol. Then, it was dried at 60 'C under a vacuum overnight. The precursor obtained
was further calcinated in flowing argon by heating at the rate of 10 "C/min from room
temperature to 400 C and maintained for 2 h to obtain the final composites.
Meanwhile, the GO suspension containing the equal mass GO was used to synthesis
the polyhedral NiO/graphene nanocomposites, and the other experimental conditions

were same with the above. For a comparision, pure NiO and rGO were prepared by
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the same process.

2.4 Characterization

The morphologies of nanocomposites were characterized by scanning electron
microscopy (SEM, S-4800) and transmission electron microscope (TEM,
JEOL-JEM-2100F at 100 kV). The structure of nanocomposites was investigated by
means of X-ray diffraction patterns (XRD, Philip-X’Pert X-ray diffractometer). The
composition of products was examined by Fourier transform infrared spectroscopy
(FT-IR, a Bruker model VECTOR-22 Fourier transform spectrometer). The X-ray
photoelectron spectroscopic analysis was obtained using ESCA-LAB MK II X-ray
photoelectron spectrometer. Brunauer-Emmett-Teller (BET) specific surface areas were
determined from nitrogen sorption isotherms that were obtained from a V-Sorb2800P
analyzer at 77 K. The thermogravimetry (TG) measurements were carried out with a
NETZSCH STA449C thermal analyzer. Electrochemical experiments were investigated
by a CHI660C electrochemical workstation (Chenhua, Shanghai). The three-electrode
cell consisted of a platinum wire as counter electrode and saturated calomel electrode
(SCE) as reference electrode, respectively. The working electrode was prepared by
mixing active material, acetylene black, and polyfluortetraethylene (PTFE) at a weight
ratio of 70: 25: 5 and pasted onto graphite electrode. The average loading mass of
mixed materials were about 10 mg on per extrode. The specific capacitance could be

calculated from the cyclic voltammograms (CV) curves according to eqn 1*:
_ ([ 1dv)
G = (mVv) (1)

Where [ is the response current, V' is the potential range, v is the scan rate, and m is
the mass of the active material in the electrode. The specific capacitance was
calculated from the galvanostatic charge/discharge curves using eqn 2%,

It

2)

Where [ represent the discharge current (A), At is the discharge time (s), m is the mass
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of the active material in the electrode, and 4V is the potential window .

3. Results and discussion

The NiO/graphene nanocomposites with different shapes were synthesized by a
simple hydrothermal treatment process. When GO was handled with freeze-drying
process, the obtained NiO appealed a good-looking flowerlike structure. While the
as-prepared GO suspension without vacuum freeze-drying process was used, the final
corresponding NiO showed a polyhedral structure. The pure NiO flowers expressed a
flowerlike shape by lack of GO. Fig. 1A and 1B showed the SEM images of the
flowerlike NiO/graphene nanocomposites. From Fig. 1A, we could see that the
NiO/graphene nanocomposite had been successfully prepared after hydrothermal
process and graphene acted as support material with NiO on it. (Fig S1). In the view
of NiO at high magnification, as shown in Fig. 1B, it displayed a good-looking flower
with an average size of 4 um. The 3D flower-like architecture was formed from the
primary nanosheets assembling by driving forces, such as crystal-face attraction, van
der Waals forces, and hydrogen bonds.*”*® The images of polyhedral NiO/graphene
nanocomposite were shown in Fig. 1C and 1D. In the two pictures, thin and crumpled
graphene sheets could be seen and polyhedral NiO with an average size ranging from
50 nm to 70 nm anchored on graphene nanosheets uniformly. The flowerlike and
polyhedral NiO/graphene nanocomposites were denoted as GN-f and GN-p,
respectively. The presence of NiO effectively prevented the agglomeration and
restacking of graphene and helped maintain their high active surface area, which was
favorable to increase accessible reaction sites to enhance the supercapacitive
properties.

The formation mechanism of the nanocomposites with different shapes could be
described as follows: Firstly, when GO sheets solution was mixed with NiCl,, NiZ*
ions could anchor onto the surface of GO and effectively bond with the
oxygen-containing functional groups of GO through electrostatic attraction. Then,
nickel ions, which were adsorbed on both side of graphene nanosheets, react with urea

to produce basic nickel hydroxide depositing on graphene sheets. These nanoparticles
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also prohibited the stacking of graphene sheets by van der Waals forces. After the
hydrothermal process, GO was reduced to graphene. Finally, the precursor was heated
at 400 'C in Ar for 2 h to obtain the final product of NiO/graphene nanocomposites.
During the calcinations process, the basic nickel hydroxide was decomposed into
nickel oxide®. Increased interlayer distance of GO sheets could be retained by
vacuum freeze-drying, which benefitting to provide sufficient growth space. The
reaction between Ni*™ ions and urea could be carried out completely because of the
presence of sufficient growth space. At the first stage, nickel hydroxide nanosheets
generated as the main morphology and then flowerlike nickel hydroxide would be
formed by crystal-face attraction, van der Waals forces, and hydrogen bonds via
previous nanosheets self-agglomerating.”” >' The flowerlike structure could be
maintained in the next calcinations process. By comparison, GO suspension brought
narrow interlayer distance, Ni*" ions were wrapped between grpahene layers and
could not get full access with urea, then nickel hydroxide crystal nucleus could not get
sufficient space to grow. On the other hand, the increase of viscosity in the reaction
system restricted the growth of nickel hydroxide particles in some directions when
GO suspension was used.”? The nickel hydroxide particles caused the exfoliation of
lamellar GO. As a result, the smaller polyhedral NiO/graphene was obtained. As a

result, the smaller polyhedral NiO/graphene was obtained.*!
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Fig. 1. SEM images of GN-f (A/B) and GN-p (C/D) with different magnifications.

Fig. 2 shows the XRD patterns of freeze-drying GO, pristine GO, GN-f, and GN-p.
Obviously, the pristine GO shows a strong diffraction peak at around 10.7 -
corresponding to the (001) reflection of the stacked GO sheets. For freeze-drying GO,
the (001) diffraction peak has shifted to small angle (about 10.0 * ) and becomes

much weaker than that of the pristine GO. The stronger (001) diffraction peak of
pristine GO shows serious restacking phenomenon of GO nanosheets than than that of
freeze-drying GO. The diffraction peak appears smaller angle of freeze-drying GO
implies the increased interlayer distance after the vaccum freeze-drying process. The
possible reasons might be that ice crystals were stuffed into the interspacing of GO
sheets to increase the interlayer distance in the process of GO solution was frozen.
When the ice crystal was sublimated under high vacuum in the freeze-drying process,
the increased interlayer distance was retained.” For rGO, it was found a typical (002)

diffraction peak position at 26 ° (inset in Fig. S3b). Both GN-f and GN-p show
diffraction peaks at 20 degrees of 37.2, 43.2, 62.7, 75.4, and 79.2 - , which can be

indexed as (111), (200), (220), (311), and (222) crystal planes of NiO phase (JCPDS
4-0835), respectively. The peaks of GO in the two samples were disappeared
illustrating that the GO was reduced to graphene during the hydrothermal process and

calcinations.
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Fig. 2. XRD patterns of freeze-drying GO (a), pristine GO (b), GN-f (c), and GN-p (d)

The FTIR spectra of GO, GN-f, and GN-p are shown in Fig. 3. The spectrum of the
oxygen-containing functional groups of GO reveals absorption at 1051, 1224, 1403,
and 1739 cm™', which correspond to the stretching vibrations of alkoxy C—O, epoxy
C-0O, carboxy C-OH, and C=0O groups from carbonyl, and carboxylic groups
respectively. The C-O and C=0O stretches of GO were found almost
indistinguishable (Fig.S3b). The peak at 1624 cm ' can be assign to bending
vibrations of O-H in the adsorbed water molecules and also the contributions from the
skeletal vibrations of unoxidized graphitic domains. Compared with GO, these
absorption peaks are dramatically weaken in the spectra of GN-f and GN-p
composites, suggests that most of the oxygen-containing groups have been removed.
The FTIR spectra of GN-f and GN-p exhibit a strong absorption peaks at around

428.8 cm™ corresponding to the Ni-O stretching vibrations of NiO.>*



New Journal of Chemistry Page 10 of 22

GN-p

GN-f

Transmittance (T%)

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm'1 )

Fig. 3. FTIR spectra of GO, GN-f and GN-p

The surface chemical compositions were further investigated by XPS. In Fig. 4a,
the Cls and Ols can be seen in the XPS spectrum of GO. After combination with NiO,
two new peaks of Ni 2p3» and Ni 2p;; are appeared, indicating the presence of NiO in
the nanocomposites. The Ni 2p peak shows two edge splits by spin-orbital coupling
(Fig. 4b), a main peak of 2p;, at 851.1-869.4 eV and a satellite peak of 2py;, at
870-885 eV.>® Fig. 4c shows the C1s XPS spectra of GO, GN-f and GN-p, which are
divided four Gaussian peaks at ~284.8, 286.7, 287.5, and 288.8 eV assigned to
C-C/C=C, C-0, C=0, and O=C-0 species, respectively. The peaks for C-O, C=0, and
O=C-O of rGO declined significantly (Fig. S3a). In contrast with GO, the intensities
of three Gaussians peaks for oxygen-containing functional groups become very weak
obviously in the Cls XPS spectra of GN-f and GN-p, which indicates most
oxygen-containing groups have been removed successfully. Fig. 4d shows the O 1s
spectra of GO, GN-f, and GN-p, which can be divided into four peaks. In general, the
peak at 529.3 eV correspond to oxygen of NiO.*® The peak at 531.2 ¢V is assigned to
C=0 groups or shoulder peak of Ols of NiO, and the peak at 533.1 eV is ascribed to
C-OH and/or C-O-C groups (hydroxyl and/or epoxy). Moreover, compared with the
peak located at 533.4 eV in O 1s spectrum of the pristine GO, the content of C-OH

10
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and/or C-O-C groups in the composite is dramatically smaller, which suggests the
replacement of hydrogen in hydroxyl groups or a possible ring opening reaction of
epoxy groups after the join of Ni*" resulting in the formation of the C-O-Ni linkage.”’

The extra peak located at 530.2 eV is attributed to the possible formation of a C-O-Ni

58
bond.
Ni2p,, =N 2P3i2 (a) Ni 2p (b)
N 2p3/2
N |
0¥ |
o _ 2p32 P12 GNf
5 o e 5
S © 8
> | 2
% GN-p = GN-p
s 5
= e | £
£ £
w I GO
1000 800 600 400 200 0 850 ged 570 gs0
Binding energy (eV) Binding energy (eV)
C1s c-0 O1s
c-cio=C (©) -~ _~ C-OH/C-O0-C (d)
e Cc=0 Cc=0
=C-0
GO ~ |eo
5 3
© & Ni-O !
; > C=0/Ni-O
% | oN-f @ -OH/O-C-0
C
15 £
£ IS
GN-
L GN-p A
1 1 1 1 1 1 1 1 1
280 282 284 286 288 290 292 525 530 535 540

Binding energy (eV) Binding energy (eV)

Fig. 4. XPS spectra of (a) survy scan of GO, GN-f, and GN-p, (b) Ni 2p of GN-f, GN-p, (¢) Cls,
and (d) Ols of GO, GN-f, and GN-p

The thermal properties and composition of NiO/graphene nanocomposites were
investigated by TG analysis, which were performed with a heating rate 10 *C/min in
air atmosphere. As shown in Fig. 5, with the temperature is increased from room
temperature to 100 °C, the NiO/graphene composites show a slow mass loss, which is
due to the loss of adsorbed water molecular. A large mass loss between 250 °C and

400 °C can be attributed to the removal of graphene from the composites.”® After 400

11
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°C, the TG curves become stable without further mass loss, indicating graphene
removal from the composites completely. The residual wt.-% refers to the weight
percentage content of NiO in the composite because it does not lose weight in this
experimental condition. The NiO mass ratio of GN-f and GN-p based on TG curves

was about 52% and 56%, respectively.
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Fig. 5. TG curves of the GN-f and GN-p

Fig. 6 shows the EIS results of GN-f and GN-p. The Nyquist plots of the electrodes
are constituted by a single depressed semicircle in the high-medium frequency region
and an inclined line at low frequency. The high-medium frequency semicircle is
attributed to the charge-transfer impedance on the electrode/electrolyte interface, and
the inclined line in the low frequency region corresponds to the ion diffusion process
within the electrodes. It is well known that a larger semicircle means a larger
charge-transfer resistance and a steeper slope signifies a lower ion-diffusion rate.®
Obviously, the GN-f exhibits a steeper slope and smaller semicircle than GN-p. It
means that the GN-f has a lower ion diffusion resistance and charge transfer
resistance. The inset was equivalent circuit, R, is the solution resistance, Cy is the

double layer capacitance, C, is pseudocapacitance, R., is the interfacial charge transfer

12
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resistance and Ws is the Warburg impedance due to the distributed resistance within
the electrodes. The calculated values of ESR (equivalent series resistance, R+R,,) are

1.33 and 1.98 Q for GN-f and GN-P, respectively.
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Fig. 6. EIS results of GN-f (A) and GN-p (B), inset is equivalent circuit

The cyclic voltammogram (CV) and galvanostatic charge/discharge (GCD)
measurements were operated to study the electrochemical properties of rGO, pure
NiO, GN-f and GN-p composites. Fig. 7a show the CV curves rGO, pure NiO, GN-f
and GN-p at a scan rate of 50 mV/s with potential windows between 0 V and 0.6 V. It
is apparent a pair of redox peaks was observed in all CV curves except for rGO
because faradaic reactions happened on NiO, GN-f, and GN-p, which induced to high
pseudo-capacitance. The CV curve of pure NiO is narrower than that of the
NiO/graphene composites at the same scan rate and indicates the smaller specific
capacitances. It can be interpreted that the introduction of GNS increases the
capacitance value mainly through improving the conductivity of the NiO. The
enclosed area under the CV curve of GN-f is larger than that of GN-p, implying GN-f
possesses better capacitive property than that of GN-p, which can be also confirmed in
the charge/discharge measurement. In the Fig. 7b, the GCD curves of rGO, pure NiO,
GN-f and GN-p composites are carried out at a current density of 1 A/g. The
calculated specific capacitance were 387.2, 232.1, 125, and 54 F/g corresponding to

GN-f, GN-p, NiO, and rGO, respectively, illustrating the significantly enhanced
13
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capacitance is probably attributed to the recombination of NiO and graphene.®"®* On
the other hand, GN-f showing better capacitance performance of GN-f than GN-p
might be due to that the specific surface areas of GN-f (196.5 mz/g) was much larger
than that of GN-p (124.2 m?/g). The larger specific area is beneficial to improve the
specific capacitance by shortening the diffusion and migration length of the
electrolyte ions. In addition, the 3D flowerlike morphology of NiO is favorable to the
occurrence of pseudocapcacitance of NiO resulting in an improved specific
capacitance of the composite because of its short diffusion path lengths for both
electrolyte ions and electrons, favoring the diffusion and migration of electrolyte ions
during the rapid charge/discharge process and consequently improving the effective
electrochemical utilization of NiO.*” Furthermore, the lower resistance of GN-f is
favorable for enhancing capacitive properties too. Though a lower NiO content in

GN-f than that in GN-p, GN-f shows a better capacitance performance than that of

GN-p. In the following studies, GN-f was taken as an example for the study of the

application to the supercapacitors.
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Fig. 7. CV curves at 50 mV/s (a) and galvanostatic charge/discharge curves at 1 A/g (b) of rGO,

NiO, GN-p, and GN-f.

The CV curves of GN-f were investigated in the potential window of 0-0.6 V at scan
rates of 5, 10, 25, 50, 75, 100, 125, and 150 mV/s in 1M KOH aqueous solution (Fig.
8a). They show similar rectangle-shaped and symmetric shape with a pair of redox

peaks, which is attributed to quasireversible redox processes occurring on the surface

14
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of flowerlike NiO microstructure, as shown in eqn?a.63 It indicates this GN-f
nanocomposite combined both electrochemical double-layer capacitance and

pseudocapacitance.

NiO+OH <> NiOOH+e" 3)

The specific capacitances of GN-f at different scan rates are shown in Fig. 8b, the
calculated specific capacitance values of GN-f at 5, 10, 25, 50, 75, 100, 125, and 150
mV/s are 500.1, 435.4, 403.9, 339.5, 309.4, 289.8, 263.2, and 246.4 F/g, respectively.
Fig. 8c showed the GCD curves of GN-f at different current densities. The calculated
specific capacitances of GN-f are 406.2, 402.2, 390, 381, 362 and 326.3 F/g at 0.5, 1.0,
2.0, 3.0, and 5.0 A/g, respectively. It is obvious that the specific capacitance is
decreased with the increasing of current density. The high capacitance is attributed to
the synergistic effect between graphene that provides the excellent electrical
conductivity and NiO that contributes to the high pseudocapacitance. In addition, the
unique flowerlike NiO anchored layered graphene sheets, which induced to larger
specific surface area of the composite favoring intercalation/extraction of protons
into/out of GN-f and shortening the path length for both ions and electrons

contributing to the excellent electrochemical performances of GN-f.
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Fig. 8. CV curves of GN-f at different scan rates: from inner to outside (5, 10, 25, 50, 75, 100, 125
and150 mV/s) (a) and the corresponding specific capacitance of GN-f at different scan rates (b).
GCD curves of GN-f at different current densities (c) and the corresponding specific capacitance

of GN-f (d).

The cycle stability is another important parameter for supercapacitors. The cycle
stability of GN-f and GN-p were compared by galvanostatic charge/discharge tested at
a current density of 2.0 A/g for 3000 cycles. With the increasing cycles, the specific
capacitance of GN-f has a slight decrease until 1000 cycles from 384 to 352 F/g. After
that, GN-f showed an obvious decline to 201 F/g while GN-p kept a slight drop
between 215 and 181 F/g. As a result, the specific capacitance of GN-p remained 84%
of the initial value, which is higher than GN-f (53%). The cycle life test demonstrated
polyhydrol NiO/ graphene has better long-term cycle stability than flowerlike NiO/
graphene. The main reason could be assigned to structural instability of GN-f with
large size flowerlike NiO adhering to graphene sheets. The porous NiO flowers
improved effectively the contact between the active material and the electrolyte and
made full use of the active material, while the structure of GN-f could not be preserved
long and degraded during the continuous galvanostatic charge/discharge tests. In
comparison, polyhedral NiO showed small size and wrapped by graphene sheets, which
kept stabilization and then assured the cycle stability of GN-p during the continuous
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Fig. 9. The specific capacitance changes of GN-f and GN-p at a constant current density of 2.0

A/g as a function of cycle numbers
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4. Conclusions

In general, the flowerlike and polyhedral NiO/graphene composites have been
successfully synthesized by hydrothermal method, followed by annealing in argon
atmosphere. When GO handled with freeze-drying process, the as-prepared composite
appears a good-looking flowerlike structure. While the as-prepared GO suspension
without freeze-drying process is used, the final corresponding composite present a
polyhedral structure. Electrochemical experiments demonstrate that the flowerlike
NiO/graphene composite exhibits higher capacitance of 500 F/g at a scan rate of 5
mV/s in 1 M KOH electrolyte but poor long-term cycle life, while the polyhedral

NiO/graphene showed a better cycle stability but lower specific capacitance.
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Enhanced Supercapacitive Properties

Graphical Abstract

The flowerlike and polyhedral NiO/graphene composites show high supercapacitive
performances which were synthesized by a facile hydrothermal method.
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