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ABSTRACT

Tailoring the shape of nanomaterials is a key factor to control their properties. In this
presentation, individual porous NiO nanoflowers via «-Ni(OH), were fabricated through a
simple solvothermal process without any surfactants or growth templates and their
application in lithium battery was investigated. In the method, nickel acetate and urea
were used as starting materials in ethanol media at 190 °C for 3 h followed by calcination at
400 °C. Electron microscopy studies revealed that initially fine nanoparticles precipitate
during solvothermal treatment which then undergo aggregation and self-assembly
resulting in nanoflowers. In prolonged time, each nanoflower gives rise to a solid well-
faceted microparticle. The electrochemical performance of the NiO nanoflowers was
investigated by cyclic voltammetry and conventional galvanostatic charge—discharge tests.
The results showed an initial high discharge capacity of ~1330 mAhg ' after 10 cycles at
0.1 C rate and a stable capacity of 630 mAhg ! after 40 cycles in the range of 0.01—3.0 V with
the excellent columbic efficiency of ~94%, suggesting that they have a very promising
potential in the future application for lithium ion battery.

© 2016 Hydrogen Energy Publications LLC. Published by Elsevier Ltd. All rights reserved.

Introduction

Lithium ion battery, a highly efficient energy storage de-
vice, has been widely applied to various kinds of portable
electronics and is becoming the dominant power source for

electric vehicles [1,2]. In order to improve the intercalation
and deintercalation rate of lithium ions in electrode ma-
terials, capacity, cyclability and safety of lithium ion bat-
tery, nano-sized electrode materials have attracted
considerable attentions over the past few years leading to
fabrication of new nanostructured materials with superior
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properties in Li-ion batteries technology. Specially, many
efforts have been performed for fabrication of three
dimensional (3D) hierarchal nanostructures constructed by
self-assembly of low dimensional building blocks such as
nanowires [3—6], nanotubes [7—9], nanoflakes [10-12],
nanoflowers [13—16] due to that the nanostructure mate-
rials can improve the performance of batteries in principle
[17—-19]. It is believable that the overall activity of a battery
depends on not only the intrinsic properties of active ma-
terials but also their crystallite size and shape. Therefore,
tailoring the morphology and the dimension of the active
battery material can manipulate its electrochemical
behavior.

Metal oxide nanostructures such as NiO, CoO, FesO, and
CuO are promising anode materials in Li-ion batteries
[16,20]. Specifically, there have been lots of interests on using
NiO nanostructures due to their high theoretical capacity,
low cost, low toxicity, high chemical/thermal stability and
widespread availability [21,22]. To date, various NiO nano-
structures with different morphologies such as nano-
particles [23], nanowires [24], nanoplatelets [25], nanowalls
[26], nanoflakes [2], nanotubes [27], and nanoflowers [28]
have been reported. Among them, NiO nanoflowers have
been considered by researchers as an effective architecture
in improving the electrochemical properties due to the ease
of accessibility for the electrolyte, large surface-to-volume
ratio and short diffusion length for lithium intercalation
[29,30]. So far, the reported synthesis methods for NiO
nanoflowers mostly include a complexing agent such as
ammonium hydroxide and dimethylglyoxime, a surfactant
such as polyethyleneglycol (PEG), ployvinylparrolidone (PVP),
cetyltrimethyl ammonium bromide (CTAB) or sodium
dodecyl sulfate (SDS) and employing high temperatures, a
lamp or microwave [28,31-34]. Moreover, the primary
structure is B-Ni(OH), or another intermediate structure and
preserving the structure after calcination is quite important
to get to NiO nanoflowers. For example Zhu et al. synthe-
sized 3D flower-like Ni(OH), architectures using nickel ni-
trate as precursor and PEG as surfactant in ethanol media
together with dropwise adding of NH; as complexing agent
and then employing a high temperature of 160 °C in micro-
wave [32]. Some efforts have been done for surfactant-free
synthesis of Ni(OH), as well. For instance, Yang et al. [34]
developed a flower-like Ni3(NO3),(OH), using nickel nitrate
as precursor and pure ethanol as solvent at 120 °C which
after calcination resulted in NiO. However, the flower-like
structure was seriously damaged after calcination. B-
Ni(OH), nanoflowers has been also reported thorough
aqueous solution of nickel chloride and urea and using NHs
as complexing agent at 120 °C but keeping the morphology
safe after calcination [28].

In this paper, we report a facile and surfactant-free method
for fabrication of 3D flower-like o-Ni(OH), nanostructure
which converts to NiO after calcination with preserving the
morphology. Growth mechanisms, morphological and struc-
tural evolutions have also been discussed in detail which
could be helpful for further investigations and tailoring the
desired architectures in the future. The electrochemical per-
formance of the prepared NiO nanoflowers in Li-ion battery
was also investigated.

Experimental
Chemicals

All the chemicals were analytical grade reagents purchased
from Sigma—Aldrich except 1-Hexanol which was prepared
from Fischer. The chemicals used as received without any
further purifications. Doubly distilled water was used during
all the experiments.

Preparation of NiO nanoflowers

In a typical synthesis, 0.5 g of nickel acetate tetrahydrate
(Ni(ac),.4H,0) and 0.25 g of urea were dissolved in 30 mL
ethanol and stirred magnetically until a homogenous solution
was obtained. The homogenous solution was then transferred
to a Teflon-lined stainless steel autoclave with a total volume
of 45 mL. The sealed autoclave was then placed in an oven at
190 °C for different times ranging from 3 h to 24 h. After
cooling down to room temperature naturally in air, the pre-
cipitate was filtered, washed with ethanol and deionized
water for several times to remove the impurities and dried in
oven at 60 °C for 24 h. The dried green powder was finally
calcined at a muffle furnace through heating with a ramp rate
of 10 °C/min from room temperature to 400 °C and then lev-
eled off at this temperature for additional 1 h followed by
cooling down to room temperature. The black NiO powder
was then collected for characterization and further experi-
ments. Similar experiments were conducted to understand
the key factors affecting the formation of nanoflowers. Table 1
lists details for each experiment. The related samples were
labeled as S1 (with different reaction times) to S5.

Characterization

Powder X-ray diffraction (XRD) patterns were collected with a
Bruker D8 X-ray diffraction system equipped with Cu K,r-
adiation (k, = 0.154 nm). The profiles were collected at a step
width of 0.02° in the 260 range from 20° to 90°. Scanning elec-
tron microscope (SEM) images were obtained with a field-
emission scanning electron microscope (FESEM, JEOL JSM-
6700F). For imaging by Transmission electron microscopy
(TEM) using a FEI TecnaiG® microscope, small amount of the
sample was dispersed in ethanol and two drops were poured
on a copper grid followed by drying in an oven at 60 °C for 4 h.
NiO nanoflowers surface area was determined by Bru-
nauer—Emmett—Teller (BET) experiment and a ASAP2020
volumetric adsorption analyzer (Micromeritics, USA) was
employed by measuring the adsorption of Nj.
Electrochemical properties were measured on electrodes
prepared by compressing a mixture of as-synthesized pow-
ders, carbon black, and poly (vinyl difluoride) (PVDF) binder in
a weight ratio of 70:15:15 and pasting the mixture on copper
foil, following by being dried at 110 °C for 10 h. The foil was cut
into circular strips of 12 mm in diameter to serve as the
working electrodes. The mass loading of active materials was
1.8 mg/cm?. Pure lithium foil was used for the counter and
reference electrodes. The electrolyte was composed of a 1 M
LiPFs dissolved in ethylene carbonate/dimethyl carbonate/
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Table 1 — Materials used in each experiment (T = 190 °C for all the samples).

Sample Nickel precursor Media Additives Time
S1 Ni(ac),.4H,0(0.5 g) Ethanol (30 cc) Urea (0.25 g) 0
S1-2.5h 25h
S1-3h 3h
S1-4h 4h
S1-4.5h 45h
S1-8h 8h
S1-24h 24h

S2 Ni(ac),.4H,0(0.5 g) 1-Hexanol (30 cc) Urea (0.25 g) 3h

S3 Ni(ac),.4H,0(0.5 g) Ethanol (25 cc) Urea (0.25 g) 3h

+H,0(5 cc)
S4 Ni(ac ac), (0.5 g) Ethanol (30 cc) Urea (0.25 g) 3h
S5 Ni(ac),.4H,0(0.5 g) Ethanol (30 cc) None 3h

diethyl carbonate (EC/DMC/DEC) with the weight ratio of 1:1:1.
Celgard 2400 was used as the separator film to isolate the two
electrodes. The cell was assembled in an argon-filled glove box
where moisture and oxygen concentrations were strictly
limited to below 1 ppm. Capacity and Rate capability tests of
the electrodes were then carried out systematically using a
LAND-CT2001A instrument in a potential range of 0.01-3.0 V.
Cyclic voltammetry was performed on a Solartron 1260/1287
electrochemical work station.

Results and discussion
Structure and morphology of the prepared samples

The crystal structure and phase transformation of the sam-
ples were studied by XRD. The XRD patterns for the sample S1-
3h before and after calcination are represented in Fig. 1a and
b, respectively. The peaks in Fig. 1a match with «-Ni(OH),
crystallized in F.C.C. structure according to JCPDS card no. 38-
0715. The peaks, however, are very broad indicating the low
crystallinity of «-Ni(OH),. After calcination of «-Ni(OH), at
400 °C for 1 h, the green color turned black and the structure
was totally converted to well-crystallized NiO with a F.C.C.
structure (JCPDS card no. 44-159). No evidence of «-Ni(OH),
was found in the XRD pattern describing the whole phase
transformation of the structure to NiO. By Applying Scherrer
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Fig. 1 — XRD patterns for (a) S1-3h before calcination (b) S1-
3h after calcination at 400 °C for 1h (c) S1-8h and (d) S1-24h.

equation D = kA/(Bcosb) (1), where D is the main crystallite size,
1 is the wavelength of the X-ray radiation (1.54 A), k is a con-
stant to be taken as 0.9, B is the full width at half maximum
height of the peak (FWHM) and 0 is the diffraction angle, the
crystallite sizes were calculated to be 3 nm and 6 nm for «-
Ni(OH), and NiO, respectively.

Fig. 1c and d demonstrate XRD patterns for the S1 sample
with extending the reaction time to 8 h and 24 h (labeled as S1-
8h and S1-24h), respectively. The peaks at44.5°,51.9° and 76.3°
could be indexed to (111), (200), (220) crystal planes of metallic
Ni with a F.C.C. unit cell (a = 3.523 A) based on JSPDS card no.
04-0580, indicating that the «-Ni(OH), structure has been
totally converted to metallic nickel with the further reaction
times. The peaks are sharp suggesting the structures are well
crystallized. Applying the Scherrer formula results in 20 nm
and 17 nm crystallite size for samples of S1-8 h and S1-24 h,
respectively.

Fig. 2 displays SEM and TEM images for the S1 sample
before and after calcination.

Fig. 2a shows the morphology of the prepared «-Ni(OH),
which clearly depicts individual hierarchical nanoflowers
have been prepared in large scale. The structure is porous and
diameter of each nanoflower constructed of thin petals is
about 1 pm. The nanoflowers are homogenous without any
further growing structure.

The morphology was preserved after calcination of a-
Ni(OH), at 400 °C and no major damage was observed resulting
in NiO nanoflowers (Fig. 2b).

The thickness of each petal is less than 30 nm from Fig. 2b.
TEM observation in Fig. 2c suggests that the ultrathin petals
are the building blocks at each nanoflower connected through
the bottom to each other resulting in a rose like flower. It
seems that each individual petal forms a continuous structure
curled around a hole in the middle thus creating a porous
structure. For a better understanding we took a higher reso-
lution TEM image from a petal in nanoflower (Fig. 2d). It is
interesting that unlike our expectation, each petal in the
flower is not a monolithic structure but consists of very fine
nanoparticles which aggregated to each other. Therefore, the
initial building blocks for nanoflower are tiny nanoparticles
with a size less than 5 nm which is in agreement with the
particles size obtained from XRD analysis.

The porous nature of the prepared NiO nanoflowers was
furthered confirmed by N, adsorption—desorption isotherms.
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Fig. 2 — SEM images of NiO nanoflowers (a) before and (b) after calcination; (c) and (d) TEM images of NiO nanoflowers at

different magnifications.

The isothermsin Fig. 3 are characterized as type IV and show a
hysteresis loop which is the characteristic of mesoporous
materials. The BET surface area plot (inset of Fig. 3) also
delivered a high surface area of 46 m? g~* for the structure.
When the reaction time was further increased to 8 h,
nanoflowers were transformed from flower-like structure
with ultrathin petals to solid and bulky microparticles (Fig. 4a).
As noted before, the structure was also converted from o-
Ni(OH), to metallic Ni according to the data from XRD (Fig. 1c).
Therefore, simultaneously structural and morphological
conversions have been occurred. Looking more accurately,
these structures are not quite spherical but rather faceted.
Therefore, each «-Ni(OH), nanoflower gives rise to a faceted
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Fig. 3 — Nitrogen adsorption-desorption isotherm of NiO
nanoflowers. The inset shows BET surface area plot.

solid microparticle but with metallic Ni structure. This may be
referred to oxidation of ethanol to aldehyde which is well-
known:

Ni(OH), + CH;CH,OH = Ni + CH;CHO + 2H,0 )

Prolonging the reaction time to 24 h, the solid micro-
spheres would be still the dominant structure but it gives rise
to more faceted structures (Fig. 4c). TEM images (Fig. 4b and d)
are also in agreement with the above discussions, confirming
that the Ni microparticles are more uniform in 24 h of reaction
time. Polyhedron of Ni microparticles is formed due to Ost-
wald ripening which results in more uniform and more
faceted structures. However, the composition is still Ni sug-
gesting that there would be no more chemical reaction and Ni
would be the stable material for the rest of reaction times.

Growth and evolution mechanisms of nanoflowers

The growth mechanism of nanoflower structure is still under
further investigations in the community. To date, various
types of nanoflowers for NiO and Ni(OH), have been described
by researchers via very different synthesis method. This is
mainly because the formation mechanism of nanoflower
structure is complicated and greatly depends on various pa-
rameters such as time, temperature, hydro-
phobic—hydrophilic  interactions, hydrogen bonding,
electrostatic and van der Walls forces, crystal-face attraction,
dipolar fields, and Ostwald ripening [31].

In order to understand the growth conditions for the pre-
pared NiO nanoflowers, several experiments were conducted
as listed in Table 1.
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Fig. 4 — SEM and TEM images for (a,b) S1-8h and (c,d) S1-24h, respectively.

As described earlier, each nanoflower initially constructed
from fine aggregated nanoparticles (Fig. 2d) which is consis-
tent with the previous works in fabrication of crystals with
hierarchical structures and complex morphologies [19,28,35].

The hotspots in the solution are the driving force for
nucleation of the initial nanoparticles [31]. Hot spots are
mainly originated from heating of the solution creating
potentially reaction points in the solution. In the absence of
these driving forces no reaction occurs. In all the experiments,
the temperature was increased to 190 °C for this aim. It is
worth noting that this initially results in supersaturation of
nickel precursor as well.

On the other hand, surfactants and organic compounds
present in the solution could create hotspots as well [31,36,37].
This was further confirmed when urea was removed from the
reaction (S5) in which the amount of collected precipitate was
dramatically decreased and nanoflowers morphology was not
obtained. It is then concluded that urea favors the nucleation
of nanoparticles and their subsequent growth to nanoflowers.

The surface energy of initial crystalline nanoparticles is
high which makes them tend to aggregate to minimize the
surface energy. Under homogeneous and slow precipitation
conditions, aggregated nanoparticles are oriented along a
crystal plane which after assembly results in a petal
morphology. Fig. 5a surprisingly shows an incomplete nano-
flower formed after 2.5 h of reaction treatment (S1-2.5h),
confirming the above discussion. The petals then undergo
random self-assembly and Ostwald ripening processes giving
rise to a flowerlike morphology.

The morphologies of Ni(OH), in the presence of two
different solvents, 1-Hexanol and a mixture of ethanol and

water (5:1v/v), are demonstrated in Fig. 5b and ¢, respectively.
Fig. 5b shows the SEM image of Ni(OH), in which ethanol was
totally replaced by 1-Hexanol resulting in a totally irregular
shape. In contrast, when small amount of water was added to
ethanol, Ni(OH), nanoflakes were surprisingly fabricated
(Fig. 5¢). The presence of water favors the basic conditions by
hydrolysis of CH3COO ions which promotes the planar growth
of crystals [38].

Moreover, this gives the opportunity to hydrolysis of urea
as follow:

(NH,),CO + H,0 = 2NH; + CO, 3)

resulting in generation of hydroxyl anions which again favors
the formation of nickel hydroxide. Different properties of the
solvents such as viscosity, boiling point, polarity, etc. are
directly responsible for the nucleation and growth of the
particles and therefore different final morphologies [38].
Therefore, ethanol plays a key role in providing the suitable
environment for nucleation and growth of the nanoflowers.
As reported, solvents, inorganic additives and surfactants
could adsorb to certain crystallographic planes and modify the
surface energies resulting in a flowerlike morphology [31].

It is worth noting that when Ni(ac),.4H,0 was replaced by
Ni(ac ac),, agglomerated nanoparticles were formed (Fig. 5d)
suggesting that the nickel source is also a determining factor
on the final morphology.

Prolonging the reaction time of S1 to 4 h results in disso-
lution and recrystallization of the nanoparticles in nano-
flowers (S1-4h). Fig. 6a shows a very interesting TEM image in
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which a nanoflower is transforming to a faceted microparticle.
The sheets of nanoflower are discrete which then undergo a
packed self-assembly in microparticle creating a faceted
structure. The faceted microparticle morphology is nearly
completed after 4.5 h (S1-4.5h) in Fig. 6b suggesting that the
actual complete reaction time is no longer than 5 h. According
to the above experimental results, a proposed formation
mechanism is illustrated in Fig. 6c.

Electrochemical performance of the NiO nanoflowers

The as-prepared NiO nanoflowers were used as anode mate-
rials for Lithium-ion batteries and their electrochemical re-
sponses were examined. Fig. 7a represents the cyclic
voltammetric (CV) curves of NiO nanoflowers over a potential
range from 0.01 V to 3V at the 1st, 2nd and 3rd scanning cycles
at a scan rate of 0.5 mV . In the first cathodic scan a strong
broad peak located at 0.232 V together with a shoulder at
around 0.66 V are observed corresponding to the initial
reduction of NiO to metallic Ni and the formation of amor-
phous Li,O (NiO + 2Li* + 2e~ = Ni + Li,0(5)) as well as surface
electrolyte interface (SEI) which is a polymeric gel-like layer
containing ethylene-oxide-based oligomers, LiF, Li,COs, and
lithium alkyl carbonate (ROCO,Li), respectively [23,29,39]. This
peak shifts to more positive potentials (0.89 V) in the second
scan due to activation of the electrode and becomes smaller.

In the anodic sweep, two distinct oxidation peaks are
found located at 1.58 V and 2.28 V which corresponds to
dissolution of SEI and the reverse reaction in which metallic
Ni is oxidized to NiO, respectively [40]. The decrease in the
peak current and the integrated area of the anodic peak in the
anodic scan is attributed to the capacity loss during the
charging process [29]. After the activation in the first scan, the
second and third cycles show similar potentials indicating the
reversibility of the electrochemical cell becomes better after
the second cycle and thus a stable electrochemical reaction
between Li* and NiO has been set up. Fig. 7b compares the CV
curves of the different prepared NiO nanostructures including
NiO nanoflowers, and NiO microparticles (S1-8h and S1-24h)

= 3rd scan

2nd scan

——— 1st scan

-3 T T

1 2
Voltage(V, vs Li*/Li)

obtained after calcination at 400 °C for 1 h. The amount of
currents in NiO nanoflowers are much higher, by far, sug-
gesting that the NiO nanoflowers electrode is a strong elec-
trode due to the large surface area and hence the most
suitable material for lithium-ion batteries, here, as expected.

Fig. 8a shows the galvanostatic charge—discharge curves of
NiO nanoflowers electrode as a function of specific capacity
for the first two cycles at a constant current rate of 0.1 C in the
potential range of 0.01 V-3 V. In the first discharge (Li*
insertion), there is an initial drop in potential and then the
curve shows a plateau at around 0.6 V corresponding to the
reduction of NiO to Ni (reaction 5) which is extended to a ca-
pacity of about 1000 mAhg . The sloping part in the end of the
discharge curve between 0.6 and 0.01 V corresponds to the
formation of the SEI layer [41]. The corresponding discharge
capacity is 1936.9 mAhg *. The large specific surface area of
NiO nanoflowers provides more contact area between NiO and
electrolyte and offers more sites to accommodate Li*, leading
to high initial discharge capacity. Yet, this value is much
higher than the theoretical capacity of 718 mAhg * based on
the reaction 9. The extra capacity is mainly due to the
decomposition of non-aqueous electrolyte during the
discharge process [29].

There are two slopes around 1.1 and 2.5 V in the first charge
cycle and a reversible charge (Li* deinsertion) capacity of
1114 mAhg~' was obtained. As noted, the irreversible capacity
loss is mainly due to the formation of SEI film [42].

The second discharge curve is different from the first one
and the plateau is more slopped and shows a higher value
(1.1V) indicating that the Li* insertion would be easier due to
the fast kinetic within the structure, as it is frequently re-
ported [42,43]. The second discharge and charge capacities are
1286.8 and 956.2 mAhg ! which are yet relatively high. The
second charge profile is very similar to the first one indicating
stability of the electrode.

The lithium storage capacity of the NiO nanoflowers was
evaluated through galvanostatic charge—discharge cycling at
a current rate of 0.1 C. Fig. 8b depicts that the values of
discharge capacities for the first 10 cycles are near to

b

15 -
1
0.5 -
0 -
B Calcined S1-8h
-1 1 Calcined 51-24h
1.5 1 Calcined S1-3h(nanoflowers)
-2 T T 1
0 1 2 3
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Fig. 7 — GV curves of (a) NiO nanoflowers electrode for the first three cycles (b) the prepared NiO nanostructures including
different NiO microparticles (Red and green lines) and NiO nanoflowers (blue line) at the second cycle at a scan rate of
0.5 mV/s. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this

article.)
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Fig. 8 — (a) Charge-discharge curves of NiO nanoflowers between 0.01 and 3.0 V at a current density of 0.1 C for the first two
cycles (b) and (c) Specific capacity and columbic efficiency of NiO nanoflowers as a function of the cycle number at current
rates of 0.1 C and 1 G, respectively, between 0.01 and 3.0 V and (d) rate capability of NiO nanoflowers at various current

densities.

1330 mAh g ! with excellent charge reversibility and a
columbic efficiency of 94%. In the following cycles, the values
however, gradually decrease to reach a plateau after 40 cycles
and a discharge capacity of 551.8 mAh g * after 50 cycles with
a high columbic efficiency of 94.1%. Fig. 8c demonstrates ca-
pacity values at a high current rate of 1 C for NiO nanoflowers
which represents a good cyclability. The amount of capacity is
maintained at 306.8 mAh g* with a very high columbic effi-
ciency of 98% after 80 cycles which is quite good at such a high
current density. Table 2 highlights the electrochemical prop-
erties of the prepared nanoflowers and similar NiO

nanostructures fabricated by other researchers. In compari-
son with other structures like NiO nanotubes [27], Ni-NiO
nanocomposites [42], 3D porous NiO [43], and flower-like NiO
microspheres [44], the NiO nanoflowers electrode presents a
good and stable discharge capacity.

The rate capability of NiO nanoflowers at different current
rates from 0.1 C to 5 C between 0.01 and 3 V is represented in
Fig. 8d. The charge—discharge capacity values decrease with
an increase in current density which could be ascribed to
lower Li* diffusion rate into NiO nanoflowers [42]. The NiO
nanoflowers electrode shows a good performance at low

Table 2 — Summaries of the electrochemical properties of the NiO nanoflowers prepared in this work with other reported

NiO nanostructures.

Sample Current density Potential Initial capacity Capacity retention (mAh/g) Reference
(mA/g) range(V) (mAh/g)
NiO nanotubes 25 0.01-3.0 610 200 after 200 cycles [27]
NiO microspheres 50 0.01-3.0 1570 80 after 30 cycles [37]
Hollow NiO microspheres 100 0.02-3.0 1100 560 after 50 cycles [39]
NiO nanospheres 100 0.01-3.0 1200 518 after 60 cycles [41]
NiO—Ni nanocomposite 286 0.02-3 503 420 after 100 cycles [42]
Three-dimensional porous NiO 200 0.05-3.0 800 520 after 30 cycles [43]
Flower-like NiO microspheres 50 0.01-3.0 1104 105 after 30 cycles [44]
Urchin-like NiO microspheres 50 0.01-3.0 1295 134 after 50 cycles [44]
Electrospun NiO nanofibers 100 0.005—3.0 1280 583 after 100 cycles [45]
Porous NiO nanoparticles 15 0.01-3.0 900 380 after 100 cycles [46]
Hierarchical NiO nano/microspheres 100 0.01-3.0 1165 720 after 100 cycles [47]
Hierarchical NiO microsphere 700 0.005—3.0 1452 598 after 100 cycles [48]
Hollow NiO nanotubes 200 0.01-3.0 1072 600 after 100 cycles [49]
NiO nanoflowers 100 0.01-3.0 1936.9 552 after 50 cycles This work
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current rates which could be referred to smaller charge
resistance and large surface area [29]. However, at high cur-
rent rates such as 5 C, the specific storage capacity dramati-
cally decreases. The decrement of storage capacity could be
referred to the structural damage due to the large volume
expansion/constriction which also follows by continues
destroy and formation of SEI and continuous consumption of
the electrolyte [37]. Yet, itis interesting that when current rate
was switched again to 0.1 C after 60 cycles, a specific discharge
capacity of 933.7 mAhg ! was maintained which shows the
electrode could still perform good.

Conclusion

A simple solvothermal method was developed to fabricate NiO
nanoflowers via a-Ni(OH),. It was found that ethanol, urea and
nickel source had key roles on developing the nanoflowers
morphology. The fabricated NiO nanoflowers showed prom-
ising results as anode material for lithium-ion batteries which
could be referred to their high surface area and short diffusion
length. Under high current rate of 1 C, the electrode demon-
strated an initial discharge capacity of 671.2 mAhg * and a
stable capacity of 306.8 mAhg™' even after 80 cycles with a
high columbic efficiency of 98%. However, further improve-
ment in electrochemical properties and cyclic stability is still
needed.
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