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ABSTRACT: The employment of nanomaterials and nano-

technologies has been widely acknowledged as an effective —;1600_' » Charge Capacities

strategy to enhance the electrochemical performance of lithium- 2 * Discharge Capacities

ion batteries (LIBs). However, how to produce nanomaterials %1200_ 02Ag!
effectively on a large scale remains a challenge. Here, the highly £ 0'_2.‘?: 05A g PPPPPTTT IR PITIEICILLE
crystallized Zn;V,0,(OH),-2H,O is synthesized through a & goo "' feeees JAE 5 .

simple liquid phase method at room temperature in a large ; " "-"':Agrl

scale, which is easily realized in industry. Through suppressing g 4001 e

the reaction dynamics with ethylene glycol, a uniform *

morphology of microflowers is obtained. Owing to the multiple o3 10 20 %

reaction mechanisms (insertion, conversion, and alloying) Cycle Numbers

during Li insertion/extraction, the prepared electrode delivers

a remarkable specific capacity of 1287 mA h g™ at 0.2 A g after 120 cycles. In addition, a high capacity of 298 mA h g™* can be
obtained at 5 A g™' after 1400 cycles. The excellent electrochemical performance can be attributed to the high crystallinity and
large specific surface area of active materials. The smaller particles after cycling could facilitate the lithium-ion transport and
provide more reaction sites. The facile and scalable synthesis process and excellent electrochemical performance make this
material a highly promising anode for the commercial LIBs.
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1. INTRODUCTION chemical reaction: Li intercalation—deintercalation reaction
with vanadium oxide, conversion reaction, or alloying—
dealloying reaction, resulting in high specific capacities.”*~>°
Despite their distinguished advantages, vanadates also suffer
from the inherent poor electrical conductivity and repetitively
large volume expansion/contraction upon cycling, leading to
limited rate performance and poor capacity stability.”” >

To alleviate these issues, one effective strategy is to optimize
the electrode materials to well-designed nanostructures with

easy accessibility of lithium ions, short ion diffusion pathway,
1-35

With the exploding demand for LIBs with high energy density,
it has become an essential and urgent task to extensively
explore the alternative anode materials with higher theoretical
capacity and ideal microstructure for next-generation LIBs.'™*
Recently, transitional metal oxides as anodes for LIBs have
attracted increasing attention due to their earth abundance, low
cost, and high theoretical specific capacities (>600 mA h
g™")."™” Ternary transitional metal oxides have demonstrated

better cyclic performance, owing to the interfacial and 4 abund i tes for o hemical Pl
synergistic effects between the two metallic elements.'”"* and abun apt active sites for electrochemical reaction.
Since the first research on the vanadates as LIBs anodes by Two-dimensional (2D) nanosheets have been demonstrated to

Tarascon’s group in 1999, ternary metal vanadates seem to exhib.it unique.physical arlld chemicelll properties due to their
become an important candidate as LIBs anode. Their intriguing atomic scale thickness, Whl‘fh can easily accommodate §tm§§1_1§§
electrochemical activities would be mainly benefiting from the and volume change during electrochemical reaction.

multiple valence states of the vanadium element and layered However, the general strategy for synthesizing nanosheets
structure for lithium-ion insertion/deinsertion.'* As a result, materials is usually under strict experimental conditions (such

numerous ternary metal vanadates have been extensively

reported, including cobalt vanadates,">~"? iron vanadates,”**' Received: May 17, 2017
zinc vanadates,”””” etc. Ternary metal vanadates undergo Accepted:  July 27, 2017
multiple lithium reaction mechanisms during their electro- Published: July 27, 2017
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Figure 1. (a) Digital photo of the large-scale synthesis solution. (b) The digital photo of obtained powder and mass. (c) XRD patterns of ZnVO-1

and ZnVO-2.

39 40 . 41
as hydrothermal,”” CVD-grown,” microwave routes,” etc.),

with disadvantages of complicated synthesis steps and high cost
for scalable synthesis.*” On the basis of this issue, it is necessary
to develop a simple and cost-effective strategy for the large-
scale synthesis of nanosheets materials.

Here, we report a simple liquid phase precipitation method
to synthesize Zn;V,0,(OH),-2H,0 nanosheet-assembled
microflowers at room temperature. In this hierarchical
nanostructure, the ultrathin Zn;V,0-(OH),-2H,0 nanosheets
can provide abundant active sites and short pathways for Li
ions, and the stress caused by volume expansion/extraction
during the electrochemical processes can be well accommo-
dated. Furthermore, the robust framework of the microflowers
can effectively buffer the aggregation of nanosheets, leading to
increased reversible capacity. Benefiting from this unique
structure, the hierarchical Zn;V,0,(OH),-2H,O nanosheet-
assembled microflowers exhibit a high specific capacity (1287
mAhg'at02Ag"), excellent rate capability (501 mA h g™
at 5 A g7'), and long cycling life (298 mA h g™' after 1400
cycles at S A g™').

2. EXPERIMENTAL SECTION

2.1. Materials Synthesis. In a typical process, Zn;V,0,(OH),:
2H,0 nanosheet-assembled microflowers were synthesized by a simple
liquid phase precipitation procedure at room temperature without
template assistance. A 10.536 g portion of Zn(Ac),2H,0 was
dissolved in 480 mL of deionized water to form a homogeneous
solution, denoted as solution A. A 3.744 g portion of NH,VO; was
added to 320 mL of deionized water under stirring for 15 min at 80
°C, denoted as solution B. After that, the obtained solution B was
added into solution A slowly and stirred for 10 min to form a yellow
suspension. Then, 160 mL of ethylene glycol (EG) was added to the
mixed solution and stirred for another 2 h to obtain the yellow
precipitates. The precipitates were collected by centrifugation and
washed with deionized water for 3 times. Then, the final product was
obtained after freeze-drying for 72 h, which was marked as ZnVO-1. As
the control experiment, ZnVO-2 was prepared using the same
procedure without the addition of EG.

2.2. Characterization. The phase components and structure
information on ZnVO-1 and ZnVO-2 were confirmed by X-ray
powder diffraction (XRD, Bruker D8 Advance) equipped with a non-
monochromated Cu Ka X-ray source. The microstructure and
chemical components of ZnVO-1 and ZnVO-2 were characterized
by field emission scanning electron microscope (FESEM, JEOL JSM-
7100F) and high-resolution transmission electron microscope
(HRTEM, JEOL JEM-2100F, 200 kV). The specific surface area and
Barrett—Joyner—Halenda (BJH) pore size distribution were analyzed
using a Micromeritics Tristar 3020 instrument. X-ray photoelectron
spectroscopy analysis was conducted on a Thermo Scientific Escalab
250Xi.

2.3. Electrochemical Measurements. A homogeneous slurry
was formed by mixing 70 wt % active materials, 20 wt % carbon black,
and 10 wt % sodium alginate (SA) in a mortar and then was coated on

copper foil to make the working electrode. The electrochemical
performance was evaluated using a standard CR2016-type coin cell
with copper foil as the current collector, lithium foil as reference
electrode, polypropylene microporous films (Celgard 2400) as
separator, and a 1 M solution of LiPF, in ethylene carbon (EC)/
dimethyl carbonate (DMC) as electrolyte. These batteries were
assembled in an Ar-filled glovebox with H,O and O, contents less than
0.1 ppm. All electrochemical measurements were conducted at room
temperature, and capacity values were calculated based on the weight
of active materials. The active material masses per unit area of all
prepared electrodes range from 0.86 to 1.12 mg cm™. The
galvanostatic charge/discharge cycling performance of the active
material in the voltage range of 0.01—3 V was evaluated by a LAND
CT2001A multichannel battery testing system. Cyclic voltammetry
(CV) measurements were performed by a CHI 660D electrochemical
workstation in the cutoff voltage window of 0.01—3.0 V at a scan rate
of 0.1 mV s™". Electrochemical impedance spectroscopy (EIS) was
carried out by an Autolab PGSTAT 302N at the cell voltage of 2.1 V
with a frequency range from 100 kHz to 0.01 Hz at a fixed
perturbation amplitude of 10 mV.

3. RESULTS AND DISCUSSION

It is well-known that the mass of a prepared sample in the
laboratory is usually as low as the milligram level, which is just
sufficient for research purposes. Furthermore, most of the
synthesis procedures involved high temperature treatment and/
or high pressure environment, and demand a long time range.
Though the excellent performance has been achieved, most of
the exciting results are limited in the laboratory and difficult or
even impossible to be scaled up economically. Herein, we
performed a large-scale synthesis of hydrated zinc vanadate in
the laboratory to illustrate the application potential of the as-
described synthetic method. Over 2.6 g of final product can be
easily obtained. The photographs of the reaction solution and
final product are shown in Figure la,b. Ethylene glycol (EG) is
employed in the reaction process to control the growth of the
zinc vanadate. X-ray diffraction (XRD) patterns of the samples
with (ZnVO-1) and without (ZnVO-2) EG in the reaction
process can be both well-indexed to Zn;V,0,(OH),-2H,0 in
Figure 1c (JCPDS Card No. 01-087-0417), which has a layered
structure composed of zinc oxide/hydroxide octahedral, with
water molecules between the layers (Figure S1).*% According to
the previous literatures, the crystal water can work as a charge
shielding layer of metal ions, maintain the layered crystal
structure, and allow the effective diffusion of ions, thus leading
to improved electrochemical activity of the electrode material.**
Ethylene glycol (EG) is the key factor for the formation of
products with high crystallinity and uniform morphology.
Although ZnVO-1 and ZnVO-2 have the same diffraction
peaks, ZnVO-2 exhibits lower peak intensity, indicating its
lower crystallinity compared to ZnVO-1.

DOI: 10.1021/acsami.7b06996
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Figure 2. (a) SEM image of ZnVO-1. (b) AFM image of the ZnVO-1 nanosheets and the “height—width” profile. (c—e) TEM, HRTEM images, and

FFT pattern of ZnVO-1.

The microstructures and surface morphologies of ZnVO-1
and ZnVO-2 were characterized by field-emission scanning
electron microscopy (FESEM). The results in Figure 2a and
Figure S2a obviously reveal that both of the materials display a
uniform nanosheet-assembled microflowers structure. Detailed
structural features of ZnVO-1 and ZnVO-2 were further
characterized by high-resolution transmission electron micros-
copy (HRTEM) and atomic force microscopy (AFM). As
shown in Figure 2b,d, the ZnVO-1 is composed of relatively
uniform nanosheets with an average thickness of around 8 nm
and a lateral size of 300—500 nm. Moreover, the clear lattice
fringes with interplanar spacings of ca. 0.29 and 0.25 nm can be
clearly observed, corresponding to the (102) and (201) crystal
planes of hexagonal Zn;V,0,(OH),-2H,0, respectively,
indicating the single crystalline in nature. However, compared
with ZnVO-1, ZnVO-2 is composed by more irregular
nanosheets with a rough surface (Figure S2c,d). Furthermore,
there is no long-range-ordering in ZnVO-2 nanocrystals, while
a disordered state, which is confirmed by the fast Fourier
transformation (FFT) pattern (Figure S2e). As shown in Figure
S3, both of the isotherms of ZnVO-1 and ZnVO-2 can be
classified as type IV with a distinct H3-type hysteresis loop.*
The specific surface areas of ZnVO-1 and ZnVO-2 are 43.8 and
43.5 m® g, respectively. The N, adsorption/desorption
isotherms possess relative pressure ranges of 0.51—1.0 for
ZnVO-1 and 0.61-1.0 for ZnVO-2, respectively, which
indicates the existence of a large number of mesopores and
macropores. The higher relative pressure observed for the
Z{LYO-Z reveals more porosity and larger pore size than ZnVO-
1.

According to the previous reports, the structure evolution of
nanosheet-assembled microflowers is proposed as follows."”
During the synthesis process, a large number of tiny crystalline
nuclei formed with the reaction between VO;~ and Zn?* ions.
Zn,V,0,(0OH),-2H,0 has a layered crystal structure, which
determines the anisotropic growth of crystal growth, leading to
the formation of nanosheets.*® In the next stage, the nanosheets
would self-assemble into microflowers driven by the

minimization of the system surface energy and experience
further crystallization. However, with the existence of EG, the
synthesis process would be different. EG has been widely
employed as a cross—linkingg reagent to form metal glycolate
with transition metal ions.”” As the chainlike of zinc vanadium
glycolate oligomers become sufficiently long, they could further
self-assemble into uniform nanosheets, which would be larger
than that of ZnVO-2. Furthermore, EG also has a positive effect
on the oligomerization during the crystal growth process,
leading to the formation of high crystalline nanosheets. The
surface of obtained nanosheets is very smooth, which can be
ascribed to Ostwald ripening. Zn;V,0,(OH),-2H,0 counter-
parts prepared with different amounts (80 mL named ZnVO-
80, 160 mL named ZnVO-1, 240 mL named ZnVO-240) of EG
were also compared. From the XRD patterns (Figure S4) and
SEM images (Figure SS), it is found that, compared with
ZnVO-80, ZnVO-1 and ZnVO-240 display higher crystallinity
and a more regular and uniform morphology, which could be
attributed to the oligomerization effect of EG during the
synthesis process. However, the introduction of EG could
reduce the reaction rate and control the crystal growth. The
more EG is introduced into the reaction, the longer reaction
time is needed to obtain a certain yield. Therefore, the addition
of 160 mL of EG is sufficient and cost-effective to obtain highly
crystallized Zn;V,0,(OH),-2H,0 nanosheet-assembled micro-
flowers.

The cycling performance of ZnVO-1 and ZnVO-2 at the
current density of S00 mA g~' is compared to confirm the
structure superiority of ZnVO-1 (Figure S6). The ZnVO-1
delivers high initial discharge/charge capacities of 1397 and 697
mA h g, respectively. It is interesting that the discharge
capacity increases gradually after the initial decrease, which
stabilizes at 891 mA h g™' after 140 cycles. The initial
discharge/charge capacities of ZnVO-2 are 1383 and 687 mA h
g~!, respectively, showing no great difference from that of
ZnVO-1. However, the discharge capacity fades rapidly in the
following electrochemical process and a lower capacity of 553
mA h g7' is remained at the end of 140 cycles. The initial
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Figure 3. (a) CV curves of the first two cycles of the ZnVO-1 electrode

at a scan rate of 0.1 mV s™". (b) Galvanostatic charge/discharge profiles at

different current densities during rate performance test. (c) The rate performance of ZnVO-1 electrode at different current densities.
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Figure 4. (a) Cycling performance and corresponding Coulombic efficiency of ZnVO-1 at 0.2, 0.5, and 10 A g™". (b, ¢) The typical Nyquist plots of
ZnVO-1 before cycling and at different cycles. The insets are the equivalent circuits.

electrochemical performance comparison is in accordance with
the structure characterizations, as ZnVO-1 and ZnVO-2 have a
similar ultrathin nanosheet-assembled microflowers structure.
However, the higher-crystalline structure of ZnVO-1 can act as
a stable host for the ion diffusion/electron conduction process,
leading to the excellent cycling stability.

The cyclic voltammetry (CV) test of the ZnVO-1 electrode
was carried out at a scan rate of 0.1 mV s™' in the potential
window of 0.01—3.0 V (Figure 3a). The peak at 1.65 V during
the first discharge process indicates that the Li* inserts into
Zn,;V,0,(0H),-2H,0 without phase decomposition, which is
then confirmed by the ex situ XRD result in the following
discussion. The cathodic peak at 0.43 V could be assigned to

27710

the decomposition of Li,Zn;V,0,(OH),-2H,0 into zinc oxide
and lithium vanadium oxide, the reduction of ZnO to Zn, and
the reduction process of lithium vanadium oxide, accompanied
by the formation of a solid electrolyte interface (SEI). The
further alloying process of Li-Zn corresponds to the lower
cathodic peak. The broad anodic peak at 1.23 V can be assigned
to the formation of ZnO from the Li-Zn alloy and reversible
extraction of lithium ions from lithium vanadium oxide. Due to
the irreversible structure change of Zn;V,0,(OH),2H,0 in
the first discharge process, the subsequent CV curves are
different from the initial one. Two shifted cathodic peaks at
0.96 and 0.48 V and one unchanged anodic peak at 1.23 V can

DOI: 10.1021/acsami.7b06996
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be observed, indicating the irreversible electrochemical reaction
in the first discharge process.'*

To investigate the rate capability of ZnVO-1, the sample was
cycled under the increasing current densities from 0.2 to 5.0 A
g”' (Figure 3c). The ZnVO-1 anode exhibits an excellent
cycling response under different current densities. Attractively,
the ZnVO-1 exhibits decent second cycle discharge capacities of
991, 812, 736, 645, and 501 mA h g_1 at current densities of
0.2, 0.5, 1.0, 2.0, and 5.0 A g_l, respectively. Particularly, even
when the current increases to 2S5 times of the original current,
the discharge specific capacity maintains 51% of the original
value. More significantly, a high discharge capacity of 1024 mA
h ¢! is recovered when the current density reduces back to 0.2
A g7, even higher than that of the original value, confirming
the high structural stability of the ZnVO-1.

Figure 4a demonstrates the cycling performance of ZnVO-1
anode at current densities of 0.2, 0.5, and 10 A g_1 in the
potential range of 0.01—-3.0 V (vs Li/Li*). A high reversible
specific discharge capacity of 983 mA h g™' is delivered at the
second cycle at the current density of 0.2 A g, which gradually
increases to 1287 mA h g! after 120 cycles. The initial
Coulombic efficiency is 53%, and the capacity loss during the
initial few cycles can be ascribed to the irreversible
decomposition of electrolyte and crystal reconstruction of the
ZnVO-1. The following capacity increase could be ascribed to
the activation process, reversible reaction between LiOH and
Li,O, and repetitive formation of a polymeric gel-like film
resulting from kinetically activated electrolyte degradation,
which is a common phenomenon among metal oxides
according to previous studies.””>' Under the current density
of 0.5 A g_l, the ZnVO-1 electrode delivers a reversible
discharge capacity of 711 mA h g~'. The discharge capacity
gradually increases during the subsequent 100 cycles and
retains a value as high as 931 mA h g™" after 400 cycles. It is
worth noting that a high reversible discharge capacity of 428

27711

mA h g™' can be obtained at the high current density of 10 A
g~ and maintains as 272 mA h g™" after 400 cycles, which can
be ascribed to the fast reaction kinetics of the Zn;V,0,(OH),
2H,0 electrode. More impressively, the ZnVO-1 electrode can
retain a discharge capacity of 298 mA h g™' at the high current
density of 5 A g™" after 1400 cycles (Figure S7), corresponding
to the capacity retention of 51% from the 2nd to 1400th cycle
(an average loss of only 0.048% per cycle). The superior rate
capability and cycling performance of ZnVO-1 could be
ascribed to the fast electron transport in ultrathin nanosheets
and the facile lithium-ion diffusion due to the voids between
electrode and electrolyte. In addition, we compared the
electrode performance of ZnVO-1 with other zinc vanadium
oxides anode materials in Table S1. To our knowledge, this is
the best electrochemical performance for Zn;V,0,(OH),:
2H,0 anode material and one of the best zinc vanadium
oxide electrodes ever reported.

To further elucidate the superior electrochemical perform-
ance of the ZnVO-1 electrode, the electrochemical impedance
spectrum (EIS) evaluations before and after different cycles
were conducted (Figure 4b,c). According to the previous
literatures, the high frequency region is related to the solid
electrolyte interphase (SEI) resistance, and the middle
frequency region reveals the charge transfer resistance, while
the low frequency region reflects the Li-ion diffusion character-
istic in the active material.’” Different equivalence circuits are
applied to fit the AC impedance spectra before and after cycling
(inset of Figure 4b,c), as one semicircle has evolved into two
semicircles at high and middle frequencies with the increasing
cycles, which could be attributed to the formation of the SEI
layer on the surface of the active material. Quantitative analysis
was carried out according to the equivalence circuits. The
charge transfer resistance (R) reduces from 223 to 35 Q after
the first cycle. Then the increase of R, from 35 to 71  can be
attributed the formation of the solid electrolyte interface film

DOI: 10.1021/acsami.7b06996
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after 100 cycles. Meanwhile, compared with the first cycle, the
slope at low frequency after 100 cycles increases, reflecting the
lithium-ion transport efficiency is enhanced with increase of
cycling process. The decreased charge transfer resistance and
increased lithium-ion transport efficiency are beneficial for the
fast ion/electron transport and reaction during the charge/
discharge process, thus improving the reaction kinetics of the
active materials.

The ex situ SEM and TEM images after 100 cycles are
displayed in Figure S8 to characterize the morphological change
after the electrochemical process. It is interesting that the
ultrathin nanosheets have changed into closely packed
nanoparticles assembled nanosheets. The uniformly distributed
nanoparticles can provide a favorable reduced lithium-ion
diffusion pathway, which is beneficial for the rate capability.
This structure transition can be ascribed to the autogenous
nanocrystallization process, which can effectively prevent the
structure pulverization during the electrochemical process,
leading to a high mechanical flexibility to accommodate the
volume expansion during cycling,™ resulting in excellent
cycling performance.

Ex situ XRD in Figure 5a was performed at different states
during the first charging/discharging process. When the ZnVO-
1 anode material was discharged to 0.8 V, the peaks position of
the electrode has no change. However, the peak intensity has
decreased slightly. On the basis of this result, we can conclude
that the lithium-ions insertion at 1.65 V does not cause the
phase transformation of Zn;V,0,(OH),-2H,0 crystals. When
further discharged to 0.2 V, the peaks of electrode are indexed
to the combination of Li,,,V,05 and LiOH. The generation of
LiOH should be the reaction product of Li,O and crystal water
in the structure. The decomposition of the electrolyte
combining with the existence of crystal water lead to the
formation of LIOH. The conversion reaction of LIOH + 2Li" +
2e” < Li,O + LiH could provide an additional capacity of
Zn;V,0,(0OH),2H,0 system.‘%’55 It is interesting that there
are no other products detected from the XRD pattern, which
could be attributed to the amorphous state of the final reaction
product. The XRD patterns of the electrode discharged to 0.01
V and charged to 1.8 V are similar. However, the peaks
intensity of Li; . V,0s has been enhanced when the cell was
charged to 1.8 V, indicating the ever-increasing crystallinity of
Li,,,V,O; during the charging process. The following cycling
process mainly includes lithiation/delithiation of Li;,,V,0Os, the
conversion reaction of ZnO, combining with the alloying
reaction of Zn. The ex situ XRD patterns in the 30th cycles are
displayed in Figure S9. The variation of the peak intensity of
Li},,V,0; during the charge and discharge process reveals that
the insertion reaction of lithium vanadium oxide is reversible. In
addition, the reaction between LiOH and Li,O is invertible
during the electrochemical reaction, which is confirmed by the
XRD peak density variation of LiOH during the electro-
chemical process of the 30th cycles.

Ex situ X-ray photoelectron spectroscopy (XPS) character-
ization was performed at different voltages during the initial
discharging/charging process. In Figure S10, the X-ray
photoelectron spectroscopy of the fresh ZnVO-1 electrode
reveals high-resolution Zn 2p and V 2p spectra. The binding
energy V 2p;,, peak at 517.3 eV and Zn 2p;, peak at 1022.1 eV
can be ascribed to the V*" and Zn*". When the electrode was
discharged to 0.01 V, the binding energy of 1021.6 and 1044.7
eV (Figure Sb) can be ascribed to metallic Zn 2p,/, and Zn
2p1/5, which indicates the formation of Li-Zn alloy after the

initial discharging. After charged to 3.0 V, the peak binding
energy of the element Zn 2p spectrum increased to 1022 and
1045.1 eV, which reflects the oxidation of Zn® to Zn>*. When
discharged to 0.01 V, the high-resolution V 2p;,, XPS spectrum
in Figure Sc can be deconvoluted into V* (516.5 eV), V**
(515.5 €V), and V** (514.7 eV), and the corresponding binding
energies for V 2p,/, of V¥, V**, and V** are 523.7, 522.7, and
521.8 eV separately. When charging to 3.0 V, most vanadium
elements were oxidized to V** and V*', corresponding to the
binding energy of V 2p;,, (515.6 €V, 517.1 eV) and V 2p,
(522.8 eV, 524.3 eV). In addition, the binding energy peaks at
514.7 and 521.9 eV in the V 2p spectrum could be indexed to
residual V** obtained after the discharging process, indicating
the existence of a small amount of irreversible vanadium oxide
during the electrochemical process. From the ex situ XPS and
ex situ XRD results, the alloying and conversion reaction
between Li-Zn and ZnO, accompanying with the intercalation
reaction of lithium vanadium oxides, contribute to the high
capacity of the Zn;V,0,(OH),-2H,0 electrode.

4. CONCLUSION

In summary, the high crystalline Zn;V,0,(OH),-2H,0O nano-
sheet-assembled microflowers are synthesized via a simple
liquid phase method at room temperature. The synthetic
method can be easily applied for the large-scale synthesis in
industry. The EG can restrict the growth of crystal nuclei and
enhance the crystallinity of the product effectively. The highly
crystallized Zn;V,0,(OH),-2H,0 nanosheet-assembled micro-
flowers deliver excellent electrochemical performance with
stable cycling performance and high rate capability. The
nanosheet-assembled Zn;V,0,(OH),-2H,0 microflowers
show a high discharge capacity (1287 mA h g™ at 02 A g™
after 120 cycles), excellent rate performance (501 mAhg™'at S
A g7"), and long cycling stability (298 mAh g™ at S A g™" after
1400 cycles). This could be attributed to the unique nanosheet-
assembled microflowers structure, which can provide facile and
fast ion/electron pathway for the ZnVO-1 electrode during
cycling. Combining with the easily scaled up method, the as-
prepared Zn;V,0,(OH),2H,0 can be a highly promising
anode for commercial LIBs.
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