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A B S T R A C T

Realizing stable cycling performance with high areal capacity is a great challenge for metal-ion battery anodes.
Achieveing high areal capacity generally requires the electrode in a high active loading with increased electrode
thickness, which is not beneficial to the cycling stability. In this work, novel nanosheet-assembled compact
CaV4O9 microflowers are firstly synthesized through a facile method, which exhibit both high areal capacity and
stable cycling performance at high mass loadings. The compact microflower structure leads to an increased tap
density of the electrode materials, benefiting to reduce the anode thickness at high mass loadings. Meanwhile,
the assembled nanosheets maintain the nano-effects of the active materials for favorable electrochemical reac-
tions. These merits together with the intrinsic superior electrochemical properties of CaV4O9, result in the
outstanding electrochemical performance. When used as Li-ion battery anodes, a high areal capcity of ~2.5mAh
cm−2 at a high mass loading of 4.4 mg cm−2 is obtained, and a stable cycling over 400 cycles with the areal
capacity over 1.5 mAh cm−2 is demonstrated. Besides, the superior electrochemical performance at high mass
loadings is also observed for Na storage. These achievements may pave the way for constructing applicable high-
capacity and stable anode materials in metal-ion batteries.

1. Introduction

Electrochemical energy storage devices play increasingly important
roles in the modern society. Lithium-ion batteries (LIBs) have domi-
nated the market of portable electronic devices, and also gradually
become the main power source for electric vehicles [1]. The increasing
demand for high energy-density LIBs requires the innovations of elec-
trode materials. Several high-capacity anode materials (such as SnO2,
Fe2O3, Si, etc.) beyond commercialized graphite have received great
attention [2–4]. However the serious structure degradation and fast
capacity fading resulting from large volume change is a big issue [5].
The emerging sodium-ion batteries (SIBs), which are similar to LIBs in
electrochemical process, are placed in a high expectation for stationary
energy storage systems or smart grids in recent years, due to the high
abundance and low cost of Na resource [6]. Whereas, the severe ca-
pacity fading is also one of the challenges suffered by most SIB anodes,
as the larger ionic radius of Na+ results in slower diffusion kinetics and
even worse structure degradation of the electrodes [7,8].

In previous years, a large number of reports have demonstrated the
availability of constructing nanostructured materials to address the

issue of structure degradation and fast capacity fading, since nanoma-
terials possess multiple advantages including shortened ion diffusion
distance, larger electrode/electrolyte contact area and better strain
release [5,9–13]. However, downsizing to nanoscale is actually a
double-edged sword for the electrode materials in batteries. Nanoma-
terials, especially hollow or porous nanostructured materials are always
accompanied by a low tap density [14–16], which will result in a
thicker electrode and hence a decreased volumetric capacity at the
same mass loading level [5,17]. On the other side, although exciting
cycling performances have been achieved for high-capacity anodes at
low mass loading level (~1.0 mg cm−2) [3,9,18–24], the resulting low
areal capacity below the requirement for commercial application is still
a key issue. The displayed long-term cycling performance at low mass
loadings (corresponding to low areal capacity) can hardly be main-
tained in most cases when the mass loading is increased to a high level
(> 3.0 mg cm−2 for anode). This is because high mass loading (corre-
sponding to high areal capacity) means thicker electrode and longer
charge transport distance, which results in the limited electrolyte in-
filtration and increased overpotential during cycling, especially at high
current densities [1,25–27]. More importantly, the thicker electrode is
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more sensitive to the large volume change. And the large volumetric
expansion and contraction would lead to crack or pulverization of both
active materials and electrodes, causing the loss of electrical contact or
even delamination of the materials from current collector, and resulting
in the formation of dead material [5].

Realizing high areal capacity and stable cycling performance at high
mass loadings is highly significant for the innovation of battery tech-
nology. To achieve this goal, electrode materials need to meet the fol-
lowing requirements: 1) a high gravimetric specific capacity and good
intrinsic electrochemical reversibility; 2) small volume change during
cycling to ensure small mechanical stress and structure stability; 3) a
high tap density to effectively decrease the electrode thickness and
shorten the charge transport pathway; 4) good electric conductivity and
ion diffusion kinetics to enable the efficient transport of electrons and
ions. The typical conversion and alloying reaction based anodes (such
as Co3O4, Fe3O4, SnO2 and Si, etc.) can exhibit a high gravimetric
specific capacity, but generally suffer from large volume change, which
cause the instability of the electrodes, especially when the active
loading is increased to a high level for high areal capacity. Different
from the typical conversion reaction based anodes, vanadium oxides
possess potentially smaller volume change when used as anode mate-
rials, since the valence of vanadium cannot reach zero at low voltage
due to the strong V-O bond strength [28]. Meanwhile, the multivalent
vanadium renders the multi-electron transfer during the electro-
chemical reaction, and thus high specific capacity can be achieved.
However, the typical vanadium oxides (such as V2O5, V2O3, etc.) still
suffer from low electric conductivity and poor reaction kinetics [29].
Recently, our group identified a new vanadium-based anode material,
CaV4O9, for SIBs [30], which exhibits exciting electrochemical prop-
erties and interesting Na storage mechanism. The CaV4O9 nanowires
were found to exhibit intrinsic high electronic conductivity
(> 100 S cm−1), small volume change (< 10%) during sodiation/des-
odiation, and good electrochemical reversibility due to the self-pre-
serving effect from in situ formed CaO, which result in an excellent
cycling stability for Na storage. Considering these observed superior
properties, it is suggested that CaV4O9 is a high promising anode ma-
terial to realize both stable cycling performance and high areal capacity
at high mass loadings.

Herein, we firstly synthesized nanosheet-assembled compact
CaV4O9 microflowers and realized both stable cycling and high areal
capacity for Li and Na storage. The compact microflower structure ef-
fectively increases the space utilization and results in an increased tap
density comparable to the nanowires. Meanwhile, the nanosheets
maintain the nano-effects (including shorter ion diffusion distance,
better strain release and more active sites) for favorable electro-
chemical reactions. Attributing to the increased tap density and main-
tained nano-effects, together with the intrinsic superior properties of
CaV4O9 (such as high electric conductivity, small volume change and
excellent electrochemical reversibility), the prepared compact CaV4O9

microflowers exhibit stable cycling performance with high areal capa-
city at high mass loadings, both for Li and Na storage, even without any
special modification.

2. Experimental section

2.1. Materials synthesis

The compact CaV4O9 microflowers were synthesized as follows:
1 mmol of Ca(OH)2 was added into a mixed solution with 10ml of
deionized H2O and 10ml of C3H8O3 (glycerol) to form solution A. On
the other side, 2 mmol of V2O5 was dispersed in 10ml of deionized
H2O, followed by the adding of 5ml of H2O2 drop by drop to form
solution B. Solution A and Solution B was stirred for about 1 h sepa-
rately, and then was mixed to form solution C. Solution C was further
stirred for another 2 h, and then was transferred into a 50ml Teflon-
lined stainless steel autoclave. The autoclave was placed at 200 °C for 2

days and then was cooled to room temperature naturally. The obtained
dark blue precipitate from the autoclave was washed by deionized
water and alcohol for several times, and dried at 70 °C for 24 h. Finally,
the product was annealed in Ar atmosphere at 400 °C for 8 h and 500 °C
for 2 h to get the final product. When replacing the Ca(OH)2 by Sr
(OH)2, SrV4O9 microflowers can also be obtained.

2.2. Material characterizations

The X-ray diffraction (XRD) patterns were obtained using a Bruker
D8 Discover X-ray diffractometer with Cu Kα radiation source.
Scanning electron microscopy (SEM) images were collected on a JEOL-
7100F microscope. The Oxford EDS IE250 system was used to record
the energy-dispersive X-ray spectra (EDS) mapping. Transmission
electron microscopy (TEM) measurements were carried out on a JEOL
JEM-2100F STEM/EDS microscope at an accelerating voltage of
200 kV. Inductively coupled plasma (ICP) results were obtained using a
PerkinElmer Optima 4300DV spectrometer. Thermogravimetry analysis
(TGA) was performed on a Netzsch STA 449F3 simultaneous thermal
analyzer in Ar. The Brunauer–Emmett–Teller (BET) surface area was
calculated from nitrogen adsorption isotherms collected at 77 K using a
Tristar-3020 instrument.

2.3. Electrochemical measurements

The electrochemical measurements were conducted by assembling
2016 coin cells in a glove box. The working electrodes were prepared
using a typical coating method by mixing CaV4O9 microflowers with
acetylene black and carboxyl methyl cellulose (CMC) binder in a weight
ratio of 7:2:1. The mixture was spread on a copper foil uniformly, dried
at 70 °C and then was punched into small wafers with diameter of
1.0 cm. The mass loading was controlled to be in the range from 0.5 to
4.5 mg cm−2. The coin cells were assembled using Li or Na foil as the
counter/reference electrode. The Celgard 2300 membrane and the
Whatman glass microfiber (Grade GF/F) were used as the separator for
LIBs and SIBs, respectively. The electrolyte was 1M LiPF6 in 1:1 v/v
ethylene carbonate (EC)/dimethyl carbonate (DMC) for LIBs, and 1M
NaClO4 in 1:1 v/v EC/DMC with 5% fluoroethylene carbonate (FEC) for
SIBs. Galvanostatic charge/discharge measurements were carried out
using a multi-channel battery testing system (LAND CT2001A). Cyclic
voltammograms (CV) were recorded using an electrochemical work-
station (Autolab PGSTAT 302 N).

3. Results and discussions

The CaV4O9 microflowers were synthesized as illustrated in Fig. S1,
which can also be applied to obtain SrV4O9 microflowers by replacing
Ca(OH)2 by Sr(OH)2 in solution A. The XRD results of the final products
indicate the pure phase of CaV4O9 (JCPDS: 01-070-4469) and SrV4O9

(JCPDS: 01-070-4468), without any other impurities (Fig. 1a). It is
noted that CaV4O9 is similar to SrV4O9 in crystal structure (Fig. S2 and
Table S1). Both of them possess a layered structure with Ca2+ or Sr2+

distributed uniformly in the layers. The SEM images of CaV4O9 (Fig. 1b)
and SrV4O9 (Fig. 1c) show the microflower morphology, which are
assembled by many ultrathin nanosheets. The size of microflowers is
about 2–3 µm. EDS mappings (Fig. 1d and e) indicate the existence of
Ca/Sr, V and O in the samples and the uniform distribution of the
elements. The TEM and high-resolution TEM (HRTEM) images of
CaV4O9 are presented in Fig. 1f-h. From the TEM image (Fig. 1f), it is
found that the microflower is solid and dense, which is beneficial to
increase the tap density of the electrodes. The tap density of CaV4O9

microflower was measured to be 0.74 g cm−3, which shows a distinct
increase compared to our previously reported nanowires [30] (Fig. S3
and S4), and also is comparable to that of commercialized graphite
(0.7–1.0 g cm−3) or hard carbon (0.5–0.8 g cm−3) [31,32]. From the
magnified TEM image (Fig. 1g), a large number of mesopores were

X. Xu et al. Nano Energy 50 (2018) 606–614

607



observed in the nanosheets. The HRTEM image shows a distinct inter-
planar spacing of 0.30 nm (Fig. 1h), corresponding to the (121) lattice
plane of CaV4O9. The selected area electron diffraction (SAED) pattern
indicates the single crystalline nature of the nanosheets. The TEM and
HRTEM images of SrV4O9 microflower are displayed in Fig. S5, which
exhibits the similar features to CaV4O9. The nitrogen adsorption-deso-
rption measurement (Fig. S6) shows that BET surface areas for CaV4O9

and SrV4O9 microflowers are 32.3m2 g−1 and 31.6 m2 g−1, with an
average pore diameter of 11.5 nm and 10.0 nm, respectively. We
speculated that the formation of mesopores was caused by the decom-
position of the glycerol or its derivative during the sintering process (as
shown in Fig. S1). To confirm this, TGA and TEM were performed on
the unsintered hydrothermal product of CaV4O9. TG curve shows a
weight loss of 8.4% from 100° to 500°C under Ar atmosphere (Fig. S7).
TEM images show that there are no distinct mesopores in the CaV4O9

nanosheets before calcination (Fig. S8). Both of the results proved our
speculation.

To understand the formation mechanism of the compact CaV4O9

microflowers, time dependent experiments were carried out. SEM
images of the samples obtained with different hydrothermal times were
displayed in Fig. 2a–e and Fig. S9. It was found that microspheres with
smooth surface were firstly generated at 1.0 h (Fig. 2a). When the time
increased to 1.5 h, a large number of small nanoflakes were covered on
the surface. Meanwhile, a spot of large nanosheets grown on the surface

were also observed (Fig. 2b). As the hydrothermal time increased to
2.0 h, the number of large nanosheets increased substantially (Fig. 2c).
For the samples obtained at 3.0 h (Fig. 2d) and 6.0 h (Fig. S9), only
large nanosheets can be observed to cover the surface, resulting in the
formation of microflower-like structure. Such a morphology evolution
from small nanoflakes to large nanosheets can be explained by the
Ostwald Ripening mechanism. When the hydrothermal reaction further
proceeded to 48 h, much denser microflowers were obtained (Fig. 2e).
The detailed formation process was illustrated in Fig. 2f. ICP results
show that the Ca/V ratio of the samples obtained at 1.5 h, 3.0 h and
48 h are 0.57/4, 0.92/4 and 1.07/4, respectively. The XRD patterns of
the samples at different hydrothermal time were also collected
(Fig. 2g). It was found that the sample obtained at 1.5 h only shows two
weak peaks at about 26.1° and 50.3°. As the reaction proceeded to 3.0 h,
another two peaks at about 30.1°, 34.2° appeared, and the peak at 50.3°
shifted to 48.9°. Note that the three peaks at 30.1°, 34.2° and 48.9° are
consistent with the diffraction peaks of (121), (310) and (240) planes of
CaV4O9, respectively. However, the (001) reflection at about 17.6°,
which is the characteristic of the layered structure, was not observed at
this stage. These results suggest V-O chains were firstly formed at 1.5 h,
and then converted to V-O layers with Ca ions adsorbed on the surface
when the hydrothermal time increased to 3.0 h (Fig. 2h). This process
can also be supported by the morphology transformation from small-
sized nanoflakes at 1.5 h (Fig. 2b) to large-sized nanosheets at 3.0 h

Fig. 1. Characterization of compact CaV4O9 and SrV4O9 microflowers. (a) XRD patterns of CaV4O9 and SrV4O9 microflowers. (b, c) SEM image of CaV4O9 (b) and
SrV4O9 (c) microflowers. (d, e) EDS mappings of CaV4O9 (d) and SrV4O9 (e) microflowers. (f-h) TEM and HRTEM images of CaV4O9 microflower; the inset of (h) is the
SAED pattern.
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(Fig. 2d). When the time increased to 6.0 h, a new peak at the low angle
of 11.6° was observed, suggesting that the V-O layers began to be
jointed by Ca2+ and form a metastable layered structure with a large
layer spacing (Fig. 2h). As time increased to 12 h and further to 48 h,
the peak at 11.6° disappeared while the (001) peak at 17.6° appeared
and became stronger (Fig. 2g), indicating the formation of the stable
phase of CaV4O9.

To evaluate the Li storage properties of the compact CaV4O9 mi-
croflowers, rate capability was firstly measured at different current
density from 0.1 A g−1 to 5.0 A g−1 at the voltage range of 0.01–3.0 V
vs. Li+/Li (Fig. 3a and b). It should be noted that the Li storage prop-
erties of CaV4O9 has never been investigated previously. A high re-
versible capacity of ~700mAh g−1 was achieved with an initial Cou-
lombic efficiency of 73.5% at the current density of 0.1 A g−1. When the
current density increased to 5.0 A g−1, an average capacity of
~330mAh g−1 was maintained. A good recovery was observed at the
second circulation from 0.1 A g−1 to 5.0 A g−1 and finally to 1.0 A g−1,
with no distinct capacity decay after 300 cycles (Fig. 3b). These results
indicate the excellent rate capability and cycling stability of the com-
pact CaV4O9 microflowers as LIB anode.

A high mass loading is necessary for the electrodes to get high areal
capacity in practical applications [1,26]. Therefore, the electrochemical
performance of an electrode material at high mass loadings is very

important and instructive for its commercialization potential. The long-
term cycling performance of CaV4O9 microflowers at a relatively high
mass loading of 2.15mg cm−2 at a high current density of 1.0 A g−1 is
shown in Fig. S10. Stable cycling for 1000 cycles was achieved, further
indicating the superior long-term cycling stability. Fig. 3c displays the
achieved areal capacity of the compact CaV4O9 microflowers at dif-
ferent mass loadings. A stable areal capacity of ~0.6 mAh cm−2 and
~1.2 mAh cm−2 were displayed at a mass loading of 0.76mg cm−2 and
1.74mg cm−2, respectively. When the mass loading increased to
4.4 mg cm−2, a high reversible areal capacity of ~2.5 mAh cm−2 at a
current density of 0.02 A g−1 (~0.1mA cm−2) was achieved. Note that
the achieved areal capacity can be comparable to or even higher than
some reported areal capacities about Si anode [33–37], even though the
gravimetric specific capacity of CaV4O9 microflowers is lower than that
of Si. Furthermore, as Fig. 3d shows, at a relatively high mass loading
level of 3.42mg cm−2, the stable cycling over 400 cycles at 0.5 A g−1

(1.71 mA cm−2) was also demonstrated, with a stable areal capacity of
~1.56mAh cm−2. As far as we know, the demonstrated stable cycling
over 400 cycles with a high areal capacity has rarely been reported for
high capacity LIB anodes (Table S2) [4,16,33–40]. These achievements,
including high gravimetric capacity (~700mAh g−1), high areal ca-
pacity (~2.5mAh cm−2) and stable cycling performance (over 400
cycles) at high mass loadings (> 3.4mg cm−2) of CaV4O9 microflowers

Fig. 2. (a–e) SEM images of the Ca-V-O samples obtained at different hydrothermal time. (f) Illustration of the formation process of compact CaV4O9 microflower. (g)
XRD patterns of the Ca-V-O samples obtained at different hydrothermal time. (h) Formation mechanism of the layered CaV4O9 phase.
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as LIB anode, are highly significant for the investigation and develop-
ment of high-performance LIB anodes.

The sodium storage properties of the compact CaV4O9 microflowers
were also investigated. Rate capability was firstly measured at different
current densities from 0.05 A g−1 to 5.0 A g−1 at the voltage range of
0.01–3.0 V vs. Na+/Na. The discharge/charge curves show sloping
profiles without voltage plateau (Fig. 4a), which is consistent with our
previous results [30]. Note that the discharge/charge profiles for Na
storage are different from that for Li storage, which was also confirmed
by the CV results (Fig. S11), suggesting the different reaction me-
chanism. A reversible capacity of ~320mAh g−1 with an initial Cou-
lombic efficiency of 66.9% was achieved at a current density of
0.05 A g−1, and ~143mAh g−1 was remained at the high current
density of 5.0 A g−1 (Fig. 4b). Similar to the Li storage performance, a
good recovery with no distinct capacity decay after 300 cycles was
observed, indicating the excellent rate capability and cycling stability of
compact CaV4O9 microflowers for Na storage.

To further investigate the cycling stability at a high current density
in the case of different mass loadings, cycling performance was mea-
sured at a current density of 1.0 A g−1. After 1000 cycles, high capacity
retentions of 93.6% and 85.9% (relative to the 5th discharge capacity)
were achieved at mass loadings of 0.57mg cm−2 and 1.44mg cm−2,
respectively (Fig. 4c), manifesting the superior long-term cycling sta-
bility of the prepared CaV4O9 microflowers. Fig. 4d shows the cycling
stability with displayed areal capacity at different mass loadings. At the
mass loadings of 0.76 and 2.62mg cm−2, stable areal capacity of
0.25mAh cm−2 and 0.64mAh cm−2 were achieved, respectively,
without capacity fading after 100 cycles. When the mass loading in-
creased to 3.65mg cm−2, the initial reversible areal capacity reached to
~1.0 mAh cm−2. After 100 cycles, 0.82mAh cm−2 was remained, cor-
responding to a capacity retention of 82%. It should be pointed out that
the current investigations about Na-ion batteries mainly focused on the
electrochemical performance at low mass loading level with low areal
capacity. Even though several works have reported high areal capacity

for SIB anodes, the results were achieved with special electrode mod-
ification, such as introducing considerable amounts of carbon nano-
tubes in the electrodes [41,42]. Here we just applied a typical coating
method to prepare the electrode without any other special modifica-
tion, which is more instructive to the scalable applications. In such
cases, the achieved high areal capacity (~1.0 mAh cm−2) with the
stable cycling has rarely been reported for Na-ion battery anodes (Table
S3) [32,43–49].

The superior sodium storage performance of CaV4O9 microflowers
in half cells inspired us to assemble sodium-ion full cells. We selected
Na3V2(PO4)3 (Fig. S12), a widely studied SIB cathode, to match with
CaV4O9 for full cell (Fig. S13a and S13b). Na3V2(PO4)3/C nanoparticles
were prepared using our previously reported method [50]. Note that
both cathode and anode are based on vanadium as the redox center
(Fig. S13c), thus it can be called as all-vanadium sodium-ion full bat-
tery. The full cell was assembled using CaV4O9 microflowers as anode
and excess Na3V2(PO4)3/C nanoparticles as cathode. The full cell dis-
played a sloping charge/discharge curves at a voltage range between
0.5 and 3.2 V with an average output voltage of ~1.7 V (Fig. S13b).
Good cycling stability of the full cell for 200 cycles was demonstrated at
a high current density of 1.0 A g−1 (Fig. S13d).

To investigate and compare the Li storage and Na storage me-
chanism of CaV4O9 microflower, ex situ TEM analyses were carried out.
At the sodiation state after 10 cycles (Fig. 5a–c), HRTEM image in-
dicates the generation of small nanograins with a lattice fringe of
0.21 nm (Fig. 5b), which can be assigned to the (104) plane of NaVO2.
The SAED pattern displays two distinct diffraction rings with corre-
sponding spacing of 0.21 nm and 0.145 nm (Fig. 5c), which correspond
to (104) plane of NaVO2 and (311) plane of CaO, respectively. There-
fore, the HRTEM image and SAED pattern manifest that NaVO2 and
CaO nanograins with amorphous region were generated at the sodiation
state, consistent with our previous demonstration and indicate the
following Na storage mechanism [30]:

The initial sodiation process:

Fig. 3. Lithium storage performance of the compact CaV4O9 microflowers. (a) Charge/discharge profiles of CaV4O9 microflowers at different current densities. (b)
Rate performance of CaV4O9 microflowers at a mass loading of 0.98mg cm−2. (c) Achieved areal capacity of CaV4O9 microflowers at different mass loadings. (d)
Long-term cycling performance with areal capacity of CaV4O9 microflowers at a high mass loading of 3.42mg cm−2.
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CaV4O9 + 4Na+ + 4e- → 4NaVO2 + CaO (1)

The subsequent sodiation/desodiation cycles:

NaVO2 ↔ VO2 + Na+ + e- (2)

Our previous investigation has clearly demonstrated that the above
reaction process was companied by only a tiny volume variation below
10%. Meanwhile, the in situ generated CaO nanograins provide a self-
preserving effect to prevent the agglomeration of the active component,

Fig. 4. Sodium storage performance of the compact CaV4O9 microflowers. (a) Charge/discharge profiles of CaV4O9 microflowers at different current densities. (b)
Rate performance of CaV4O9 microflowers at a mass loading of 0.98mg cm−2. (c) Long-term cycling performance of CaV4O9 microflowers at 1.0 A g−1 with mass
loadings of 0.57mg cm−2 and 1.44mg cm−2, respectively. (d) Areal capacity and cycling performance of CaV4O9 microflowers at different mass loadings.

Fig. 5. Ex situ TEM measurements of CaV4O9 microflower at the sodiation state and lithiation state after 10 cycles, respectively. (a-c) TEM image, HRTEM image and
SAED pattern at the sodiation state. (d-f) TEM image, HRTEM image and SAED pattern at the lithiation state.
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and thus keep the electrode with high reversibility. These superior
properties together with the nanosheet-assembled microflower struc-
ture benefit to the charge transport property and electrode stability at
high mass loadings.

Differently, for the lithiation state of CaV4O9 microflowers after 10
cycles (Fig. 5d–f), the HRTEM image and SAED pattern indicate a to-
tally amorphous form of the nanosheets (Fig. 5e and f), manifesting the
different reaction mechanism for Li storage compared to Na storage.
But it is noted that the nanosheets were well-maintained at the lithia-
tion state, suggesting the small volume change properties of CaV4O9 for
Li storage as well. To confirm this point, ex situ SEM measurements
were carried out. It was found that the microflower morphology was
well preserved even after 500 cycles (Fig. S14), manifesting the struc-
ture stability of CaV4O9 for Li storage. Moreover, the electrode stability
was also investigated. Fig. 6 displays the cross-sectional SEM image of
the electrode before and after 10 cycles. Notably, even though at a high
mass loading level of 3.83mg cm−2, the thickness of the electrode only
changed from ~53.8 µm before cycling to ~55.2 µm after cycles, fur-
ther demonstrating the small volume change property of CaV4O9 for Li
storage and also, explaining the observed outstanding cycling stability
of the compact CaV4O9 microflower at high mass loadings. Even though
the more detailed Li storage mechanism of CaV4O9 may need to be
further studied, the present results indicate that CaV4O9 is a promising
anode material for LIBs with both high capacity and small volume
change.

Based on the above analyses, the achieved stable cycling perfor-
mance with a high areal capacity of the nanosheet-assembled compact
CaV4O9 microflower for Li/Na storage can be ascribed to the following
points: First, the intrinsic small volume change and the self-preserving
effect from in situ generated CaO (in the case of Na storage) benefit to
the structure stability and high reversibility of the electrodes during
cycling; Second, the solid and compact microflower structure of CaV4O9

exhibits an increased tap density (0.74 g cm−3) compared to the na-
nowires or hollow nanostructures, which benefits to decrease the
thickness of the electrodes and then reduce the charge transport
pathway, especially at high mass loadings. Besides, the assembled na-
nosheets maintain the nano-effects including short ion diffusion dis-
tance, better strain release and good electrolyte infiltration. All these
superior properties endow the as-prepared CaV4O9 microflowers with a
great potential for high performance LIB and SIB anodes.

4. Conclusion

In summary, a facile method was firstly demonstrated to fabricate
both solid CaV4O9 and SrV4O9 microflowers, and the detailed formation
mechanism of the CaV4O9 microflower was revealed. The prepared
CaV4O9 microflower was demonstrated to exhibit stable cycling per-
formance with high areal capacity at high mass loadings, both for LIBs
and SIBs. The superior electrochemical performance is attributed to: 1)
The CaV4O9 phase shows intrinsic small volume change during charge/

discharge; 2) the prepared compact microflower structure exhibits an
increased tap density, benefiting to decrease the anode thickness; 3) the
assembled nanosheets maintain the nano-effects for favorable electro-
chemical reaction. This work suggests CaV4O9 or other alkaline earth
metal vanadates are promising candidates for LIB and SIB anodes.
Besides, the design of nanosheet-assembled compact microflowers
provides an effective way to both increase the tap density of electrodes
and maintain the nano-effects to assure the good electrochemical per-
formance. More importantly, we believe the achievements about the
stable cycling performance with high areal capacity will play positive
impacts on the development of LIB/SIB anodes, and thus promote the
innovation of battery technology.
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