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Novel NaV30g nanosheets@polypyrrole core-shell composites have been successfully prepared for the
first time via a chemical oxidative polymerization method. Based on the morphological and
microstructural characterization, it was found that the polypyrrole (PPy) was uniformly wrapped on the
surfaces of the NaV;Og nanosheets. When used as cathode for Na-ion batteries, the as-synthesized
NaV;0s@10% PPy composite shows significantly improved cycling performance (with a discharge
capacity of 99 mAh g after 60 cycles at 80 mA g*) and better rate capacity (with a discharge capacity of
63 mAh g? at a high current density of 640 mA g) than pristine NaV;0g nanosheets. The greatly
enhanced performance benefits from the unique core-shell structure, where the PPy coating not only
prevents the pulverization and aggregation of the lamellar NaV3;Og nanosheets during cycling, which can
improve the cycling stability, but also enhances the electrical conductivity of the composite, which can

facilitate Na* ion diffusion.

Introduction

With the rapid development of society, the need for building a
large-scale energy storage system (ESS) has been more and more
urgent. The application of lithium-ion batteries (LIBs) is limited
in this area, however, on account of the high cost and scarce
natural resources of lithium.™ Thus, it is very necessary to seek
alternative materials for sustainable energy storage. Na-ion
batteries (NIBs) with the advantages of low cost and natural
abundance have been regarded as one of the possible alternatives
to LIBs.*” Due to the higher redox potential of Na/Na®*, however,
and the larger ionic radius of Na*, many materials used for NIBs
have ended up showing low capacity, inferior rate performance
and poor cycling stability.® Therefore, the task of finding suitable
materials to store Na" has become a top priority of the sodium-ion
battery industry.

In recent years, phosphorus-based polyanion materials, such as
NaFePO,° NaMnP,0,,° Na,CoP,0,", Na;sVPO,gFg7,"
NagVo(POL)s/C, 2 and  Na;V4(P,07)4(PO,)/C,® have been
studied as cathode for NIBs and present good electrochemical
performance. For example, Barpanda et al. studied the
electrochemistry properties of layered Na,CoP,0; which
delivered a discharge capacity of 80 mA h g™ at a rate of 0.05
CH Zhu et al. successfully synthesized carbon-coated
NazV,(PO,4); embedded in porous carbon matrix, which can be
(dis)charged in 6 s with a current density as high as 22A g™, still
delivering a specific capacity of 44 mA h g.® Their specific
capacities still are not high enough to meet the requirements of
the applications, however.

Currently, vanadium oxides and their derivative compounds
have been gaining more and more attention because of their high
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capacity and low cost.®# They can form many-layered and
nanoscale compounds with open structural frameworks, making
them prospective materials for ion intercalation, exchange, and
storage.?? For example, Su et al. prepared single-crystalline
bilayered V,05 nanobelts to serve as cathode for NIBs, and they
present a high capacity of 231.4 mA h g * and retained 170 mA h
g after 100 cycles at 80 mA g1 NaVsO;s nanorods
synthesized by a facile hydrothermal method showed an initial
discharge capacity of 142 mA h g2 As a member of the
vanadium oxide family, NaV3Og has also been proved to be a
promising material for Na-ion storage.?% It consists of V30g
layers oriented along the a axis, jointed by sodium ions at the
octahedral sites in the interlayer. The sodium ions act as “pins” to
prevent the collapse of V3Og™ layers during charge and discharge
processes.”” Nevertheless, just like other vanadates, the poor
electrical conductivity and unstable structure of NaV;0g lead to
capacity fading and poor rate performance upon prolonged
cycling.

As is well known, coating conducting polymer is an effective
way to improve the electrical performance of active materials.?*
With the features of excellent electrical conductivity,
environmental stability and easy synthesis, polypyrrole (PPy) has
been one of the most attractive conductive polymers.®>** Various
materials have been prepared with PPy coatings, which
demonstrate excellent cycling stability and high-rate capability,
such as RGO/PPy,® MoO,/PPy,*® and S/PPy.¥ The highly
improved electrochemical performance of the active materials is
owing to the excellent properties of PPy: On one hand, PPy can
serve as a conductive agent to reduce migration resistance of
ions, on the other hand, PPy acts as a protective layer, shielding
the structure  from pulverization and

active material’s
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aggregation. Nevertheless, to the best of our knowledge, there has
been few report on NaV;0g@PPy composite as cathode for Na-
ion batteries.

In view of the above analysis, NaV;0g@PPy composites have
been fabricated as cathode material for Na-ion batteries, with the
aim of improving the cycling stability and high-rate capacity. In
this paper, we have successfully prepared novel core-shell
nanostructured NaV;0g@PPy composites for the first time, and
used them as cathode materials for NIBs. Scanning and
transmission electron microscopy (SEM and TEM) results
demonstrated that the PPy was evenly coated on the surfaces of
the NaV3;Og nanosheets. Compared with bare NaV;Og
nanosheets, NaV;0s@10% PPy composite delivered greatly
improved cycling stability, with a high capacity of 99 mA h g*
after 60 cycles at 80 mA g .

Experimental section
Materials synthesis

All chemical reagents used in this experiment were of analytical
grade. Pyrrole monomer was distilled before use.

NaV;0g nanosheets were prepared via a facile sol—gel route
with subsequent calcination in air. In a typical synthesis,
stoichiometric amounts of V,0s (1.2 g) and oxalic acid with a
molar ratio of 1:3 were added into a beaker containing 40 mL of
deionized water. The suspension was kept at 70 ‘C under
magnetic stirring until a clear blue solution formed. The reaction
can be expressed as follows:

V,0, +3H,C,0, — 2VOC,0, +2C0O, T +3H,0 @

Then, a stoichiometric amount of NaNO; (Na:\VV=1:3) was added
into the obtained blue solution. After stirring for 1 h, the mixture
solution was dried at 80 ‘C to evaporate water. Then, the dry gel
was calcined at 400 °C in air for 8 h.

The core-shell nanostructured NaV;Og@PPy composites were
prepared via a chemical oxidative polymerization method. First,
0.1 g NaV30g was uniformly dispersed in deionized water. Then
11.3 L pyrrole (Py) monomer (mass ratio of NaV3Og: Py =
90:10) was slowly injected into the suspension. After stirring for
0.5 h, sodium p-toluenesulfonate as doping agent and FeCl; as
oxidation agent were dissolved into the above solution. The
mixture was kept at 0-5 ‘C for 6 h to complete the polymerization
reaction. The obtained composite was designated as
NaV308@10% PPy. NaV308@PPy composite with the adding
of 25.7 pL pyrrole monomer (mass ratio of NaV308: Py = 80:20)
was also prepared and designated as NaV3;O0s@20% PPy. Pure
PPy was synthesized by the same method without adding NaV;0g
The schematic illustration of the process for synthesizing the
core-shell nanostructured NaV;O0g@PPy composites is shown in
Scheme 1.

#5%,

NaV,0; nanosheets

Py monomer

NaV,0; nanosheets-Py NaV,04 nanosheets@PPy

Scheme 1 Schematic illustration of the synthesis of core-shell
nanostructured NaV3;0s@PPy composites.

Characterization
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The exact amounts of PPy in NaV;0s@PPy composites were
determined by Thermogravimetric analysis (TG, SETARAM
S60). The structure of the materials was characterized by X-ray
diffraction (XRD, Rigaku D/Max-2500, Cu Ko radiation,
2=1.5408 A) in the 20 range of 3-80° at a scan rate of 4° min.
Fourier transform infrared (FT-IR) spectra were recorded on a
FT-TR-650 spectrometer (Tianjin Gangdong).The morphology
and microstructure were observed by scanning electron
microscope (SEM, HITACHI S-4800) and transmission electron
microscope (TEM, Tecnai G2 F20). X-ray photoelectron
spectroscopy (XPS) was carried out on the PHI5000 VersaProbe.

Electrochemical measurements

The cathodes were prepared by adding the active material,
polyvinylidene fluoride (PVDF) and Super P Li in the weight
ratio of 70:10:20 to N-methyl pyrrolidone (NMP) solvent to form
homogeneous slurry. The slurry was cast onto a Al foam and
dried at 80°C for 12 h in vacuum. The cells were assembled in an
argon filled glove box. The counter electrode was metallic
sodium foil and the electrolyte was 1M NaPFg dissolved in a
mixture of ethylene carbonate and dimethyl carbonate
(EC/DMC=1/1 by volume). Galvanostatic charge-discharge tests
were carried out in the potential window of 1.5-4.0 V on a Land
battery tester (CT2001A). Cyclic voltammetry (at a scan rate of
01 mV s%) and electrochemical impedance spectrocopy
(frequency range: 0.1-10° Hz) were performed on a CHI 660b
electrochemical workstation (Chenhua, Shanghai, China).

Results and discussion

Fig. 1a shows the XRD patterns of the as prepared NaV;0gand
NaV;0g@PPy composites. The main diffraction peaks have been
marked. All of the materials exhibit similar XRD patterns, which
can be readily indexed to monoclinic crystalline Na;;V3079
phase (space group P21/m, JCPDS card 45-0498), except several
weak impurity peaks (marked by %, NaVO;5, JCPDS 24-1155)
The results are consistent with previous reports.®® *® There are no
peaks for PPy, indicating that the PPy is present in amorphous
form.

Fig. 1b shows the FT-IR spectra of the as prepared NaV;Osg,
NaV;0@10% PPy composite and pure PPy. For bare NaV;Og,
the peaks located at 996 cm™ and 954 cm™ are corresponding to
V=0 vibrations, while those at 759 cm™ and 564 cm™ are
attributed to asymmetric and symmetric stretching vibrations of
V-0-V.% In addition, the peak at 1400 cm™ is due to Na-O
vibrations,*® and the absorption band at 1634 cm™ reflects the O-
H vibrations of water. As for pure PPy, the characteristic peaks of
PPy are located at 1532 cm™and 1444 cm'™, which are ascribed to
the antisymmetric and symmetric ring-stretching modes,
respectively.** Peaks situated at 1147 cm™ and 863 cm™ indicate
the doping state of PPy.*? Furthermore, peaks at 1030 cm™ and
1288 cm™ reflect the C-H deformation vibrations and C-N
stretching vibrations, respectively.”” For NaV;0,@10% PPy
composite, it presents all the characteristic peaks of NaV3;0g and
PPy, confirming the presence of both NaV;0g and PPy.
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Fig. 1 (a) XRD patterns of the as-prepared bare NaV;0gand
NaV3;0s@PPy composites. (b) FT-IR spectra of NaV3;0g, NaV;0s@10%
PPy and pure PPy.

s The accurate amounts of PPy in the NaV;0g@PPy composites
were estimated by thermogravimetric analysis (TGA) and the
results are shown in Fig. 2. The samples were heated at the rate of
5°C min™in an air atmosphere. For NaV,0g, there is no weight
loss over such a temperature except for the remove of moisture in

10 NaV30g. And for other samples, the first weight loss from room
temperature to around 200 ‘C was attributed to the loss of
physical adsorbed water and the subsequent degradation around
270 °C can be ascribed to the decomposition of PPy. Based on
the TG analysis, the weight contents of PPy in NaV3;0z@10%

15 PPy and NaV3;03@20% PPy were approximately calculated to be
8.2 % and 19.8 %, respectively.

1004

80

60

Mass retained (%)

——NaV30g
—— NaV305@10% PPy
404  ——Nav;04@20% PPy
—— PPy
204
100 200 300 400 500 600

Temperature ('C)
Fig. 2 TG curves of bare NaV;0s, NaV;0s@PPy composites and PPy.

Fig. 3 displays SEM images of NaV;0g@PPy composites and
20 pure PPy. As shown in Fig. 3a, The NaV;0g nanosheets have
been synthesized with a thickness around 50 nm and a length of
300-500 nm. Compared with the bare NaV;Og, the surfaces of
NaV;0s@10% PPy (Fig. 3b) and NaV;0s@20% PPy (Fig. 3c)
have become rough and we can clearly see that there is a layer of
25 PPy coated on the surfaces of NaV3;0gnanosheets. Fig. 3d shows
the SEM image of the pure PPy, which are particles with sizes of
about 1 pm, most of which are aggregated. It is obvious that the
pure PPy particles are much larger than those coated on the
surfaces of the NaVs;Og nanosheets. Thus, we speculate that
30 pyrrole monomers are firstly adsorbed on the surfaces of NaV3;Og
nanosheets by electrostatic forces, and then the polymerization
reaction occurs directly on the NaV;Og nanosheets surfaces.
During the polymerization, the presence of the NaV;Og
nanosheets not only can suppress the growth of PPy particles, but
35 also can prevent the PPy particles from aggregating. Thus, the
tiny PPy particles can uniformly coat on the surfaces of the
NaV3;0g nanosheets.

200 nm

)y -n{x, = e "
Fig. 3 SEM images of (a) the as-prepared bare NaV;0g, (b)
40 NaV3;0s@10% PPy, (c) NaV;0s@20% PPy and (d) pure PPy.

Fig. 4 shows TEM images of the NaV;0s@PPy composites and
a high resolution TEM (HR-TEM) image of NaV3;0z@10% PPy.
Fig. 4a indicates that the bare NaV;0g nanosheet has a smooth
surface. Fig. 4b and 4c further demonstrate that the novel core-
45 shell nanostructured NaV;0g@PPy composites have been
successfully synthesized. As displayed in Fig. 4b, the PPy coating
is about 25-30 nm in thickness, and there is no extra PPy,
indicating that the amount of PPy is suitable. As for
NaV;0s@20% PPy (Fig. 4c), the thickness of the PPy is about 90
sonm, and there is some isolated PPy scattered around the
composite, indicating that the amount of PPy is excessive. Too
much PPy will decrease the content of active materials and
increase Na® transportation time, resulting in lower discharge
capacity. As shown in the HR-TEM image of NaV;0,@10% PPy
(Fig. 4d), an amorphous PPy layer is coated on the surface of a
NaV;0g nanosheet. Moreover, there are clear lattice fringes with
an interplanar spacing of 0.69 nm, corresponding well to the
(002) planes of monoclinic NaV;0s.

5!

@

100 nm

60 Fig. 4 TEM images of (a) the as-prepared bare NaV30s, (b)
NaV3;0s@10% PPy, (c) NaV;0s@20% PPy and (d) HR-TEM image of
NaV;0s@10% PPy.

Fig.5a shows the first three continuous cyclic voltammetry (CV)
curves of NaV3;0z@10% PPy electrode at a scan rate of 0.1 mV
65 S - over the voltage range of 1.5-4.0 V. There are two distinct
pairs of redox peaks located at 3.35 and 2.35 V (cathodic), and at
3.47 and 2.61 V (anodic), and all the redox peaks are almost
overlapping in the first three cycles. The two pairs of redox peaks

This journal is © The Royal Society of Chemistry [year]
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separation are 0.12 and 0.26 V, respectively, which are much
smaller than the result in a previous report.?® Both the highly
overlapping redox peaks and the small separation in the spike
potential suggest the good reversibility of sodium ions
insertion/extraction. Fig. Sla shows the CV curves of bare
NaV;0g, with two pairs of redox peaks similar to NaV;0s@10%
composite. However, CV curves decline rapidly during the first
three cycles. Fig. S2 gives the CV curves of pure PPy, which
does not exhibit distinct peaks comparing to NaV3;0z@10%
composite. The mechanism of NaV;0g will be discussed in the
following XPS section.

Fig. 5b gives the charge/discharge profiles of NaV;0s@10%
PPy at different cycles at a current density of 80 mA g™. There
are two pairs of superimposable plateaus, with the discharge
plateaus located at around 3.3 and 2.4 V, and the corresponding
charge plateaus located at around 3.4 and 2.5 V, which is in good
agreement with the CV results (shown in Figure 5a). The
charge/discharge profiles at different cycles are overlap
reasonably well, indicating the good structural reversibility of
NaV3;0s@10% PPy upon long cycling. Fig. Slb shows
charge/discharge profiles of bare NaV3;Og, with two pairs of
plateaus similar to NaV3;0s@10% PPy. However, the capacity of
bare NaV3;Og electrode decreases quickly, implying the inferior
cycle stability.

|b

o3
n

— st

—— 10th
—20th
—40th
— 600th

Current (mA)
Voltage (V)

30 60 90 120 150

Specific capacity mAh g";

Fig. 5 (a) CV curves of the NaV;0s@10% PPy electrode for the first 3

cycles at a scan rate of 0.1 mV s™. (b) Charge/discharge profiles of the
selected cycles for NaV;0s@10% PPy at 80 mA g™

25 30 35 40 o

Voltage(V)

20

XPS spectra of NaV3;0s@10% PPy composite at different stages
were examined to explore the change in the chemical state of
vanadium during Na-ion insertion/extraction process (Fig. 6). For
all stages, the V 2p core-level spectra consist of V 2p,;, and V
2pap levels due to the spin—orbit splitting, separated by 7-8 eV.*
Furthermore, V 2psj, was studied to deduce the oxidation states of
vanadium. As shown in Fig. 6, the V 2ps, levels were all
composed of V** and V** states, located at 517.3 and 516.0 eV.
respectively, in agreement with reports in the literature.** In Fig.
6a, the fitted areas of the V*" and V** components of the V 2ps,
suggest that the V**:V** ratio is 0.96:0.04. The excess amount of
V* probably results from the impurity NaV¢O;5.*® When the cell
was discharged to the first plateau, the V>*:V** ratio decreased to
0.79:0.21 (Fig. 6b). Therefore, the first plateau (at 3.3 V)
corresponding to the cathodic peak at 3.35V in the CV curves, is
presumably due to partial reduction of V°* to V**. Subsequently,
when the cell was discharged down to the second plateau, the
V3*:Vv* ratio further decreased to 0.68:0.32 (Fig. 6¢). Thus, the
second plateau (at 2.4 V), in accordance with the cathodic peak
(at 2.35 V) in the CV, could correspond to the further reduction
of V*" to V*'. The studies add to a growing body of evidence to
support the simple single-phase reaction mechanism of NaV;Og
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put forward in previous report.?® Namely, Na-ions insert into

empty sites to form Naj.,V30gin the discharge process, while in
the charge process, Na-ions extract from Nay.,V30g. (egn (2) as
follows) The different potentials of the redox peaks are attributed
to the sodium insertion into sites with different energies for
holding Na ions.*® To the best of our knowledge, this is the first
time that the change in the oxidation state of vanadium during
cycling has been reported for NaV3Og. Furthermore, the
mechanism of impurity NaV¢Oys is also a multi-steps Na ions
insertion/extraction processes.

NaV,0; + xNa" + xe~ <> Na,,,V,0, (2

b e

= 5t
Zano0] \x Vi ;

H v Vipin

E 1500

3 516 519 522 825 528
Binding Energy (¢V)

=
2
2

(CPS)

4500,

A Vapin

Intensity

P
2 2

= 2

3 516 519 511 525 528
Binding Energy (eV)

513 516 519 512 525 AME L
Binding Energy (eV)

Fig. 6 XPS spectra of NaV3;0s@10% PPy composite at different stages: V
2p peaks of (a) the cell in the charged state (b) the cell after discharge to
2.6 V (c) the cell after discharge to 2.2 V.

Fig. 7 gives the cycling performances of NaV;Os,
NaV;0s@10% PPy, NaV;05@20% PPy and PPy at the current
density of 80 mA g (0.23 C). The specific capacities of
NaV3;0g@PPy composites are calculated based on the total
weight of active materials. The discharge capacity of PPy is very
stable, and 30 mA h g’1 is retained after 60 cycles, which is much
lower than that of NaV3;Og. The bare NaV;Og electrode delivers
an initial discharge capacity of 140 mA h g, however, the
capacity fades fast and only 52 mA h g is retained after 60
cycles, demonstrating the poor cycling stability. When the
NaV;0g was coated by PPy, the cycling performance was greatly
improved. In particular, the NaV;0s@10% PPy electrode shows
an initial capacity of 128.4 mA h g, and it only shows any
evidence of fading in the first few cycles, with a high capacity of
99 mA h g* retained over 60 cycles. The NaV;0;@20% PPy
electrode delivers a lower capacity compared with NaV3;0g@10%
PPy, due to the low capacity of PPy. According to the above
results, it can be assumed that PPy coating is a fairly effective
way to improve the cycling stability of NaV;Og. The rate
capabilities of the NaV;0;@10% PPy, NaV;Og and PPy
electrodes were further investigated, as shown in Fig.7b. The PPy
electrode still shows a low capacity. The NaV;0;@10% PPy
electrode presents excellent rate capability with high reversible
discharge capabilities of 140, 119, 97, 79 and 63 mA h g™ at the
current densities of 0.23, 0.46, 0.92, 1.84 and 3.68 C (1 C=176
mA h g™, respectively. More importantly, when the current
density is returned to 0.23 C, the capacity can recover to 130 mA
h g*. By contrast, the rate capability of bare NaV4Oj is inferior
with capacities of only 110, 91, 67, 47, and 30 mA h g‘1 at the
current densities of 0.23, 0.46, 0.92, 1.84 and 3.68 C. In short,
NaV;0s@10% PPy exhibited higher reversible capacity, better
cycling performance and rate capability than the bare NaV3;Og.
The achieved electrochemical performance of NaV3;O0s@10%

PPy is also superior to those of previously reported NaV;Og
25,26
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Fig. 7 Cycling performances (a) and rate performances (b) of NaV;Os,
NaV;0s@ PPy composites and PPy.

In order to explore the reasons for the improved cycling stability
s of the NaV;0,@10% PPy composite, we compared the SEM
image of the bare NaV;Og electrode with that of the
NaV;0s@10% PPy electrode after 60 charge/discharge cycles.
Fig. 8a shows an image of the bare NaV;Og electrode surface,
where NaV;0Og nanosheets have aggregated into big compact
10 bulks. We speculate that during the cycling, NaV3;0g nanosheets
pulverize into pieces and the pieces aggregated into big bulks.
The results powerfully illustrate why the capacity of the NaV30g
fades so fast. As shown in Fig. 8b, the NaV;0;@10% PPy
nanosheets structure can be retained on the whole, except for a
1s few fragments. This excellent stability of the electrode can be
attributed to the good coating of PPy on the surfaces of NaV;0q
nanosheets. PPy can buffer the wvolume change during
charging/discharging to protect the NaV;Og from splintering,
resulting in highly improved cycling stability.

300 noy
—

\ 1 o

Fig. 8 SEM images of the electrodes after 60 cycles: (a) the as-prepared
bare NaV;0g and (b) the NaV;03@10% PPy composite.

20

Fig. 9a shows electrochemical impedance spectra of the bare
NaV;0g, NaV3;03@10% PPy, NaV;0s@20% PPy and pure PPy.
25 All samples exhibit similar spectra with a compressed semicircle
in the high-frequency region and an inclined line in the low-
frequency region, implying that the electrochemical process is
controlled by both charge transfer and Na-ions diffusion.® The
semicircle diameter represents the charge-transfer resistance (Rct).
30 Obviously, Pure PPy has the lowest Rct, followed by
NaV;0s@10% PPy, NaV3;0s@20% PPy and bare NaV;Og
exhibits the highest Rct. The decrease in Rct indicates that the
PPy coating can reduce the resistance during cycling, which is
ascribed to the conductive network of PPy, however, too much
35 amount of PPy will increase the transfer time of electron. The
result is in consistent with the best electrical performance of
NaV;0s@10% PPy. And the line could be assigned to Warburg
impedance, which is related to the diffusion of Na-ions into the
bulk electrode material. The Na-ions diffusion coefficient can be
w0 calculated from the low frequency plots using the following
equation*’:
R?T? ©)
2An*F'C?s?

Where R is the gas constant, T is the absolute temperature, A
is the surface area, n is the number of electrons per molecule
4 during oxidization, F is the Faraday constant, C is the
concentration of Na-ions, and o is the Warburg factor related to
Z
Z'=R,+R +ow™ @
Fig. 9b displays the relationship between Z’ and © 2 in the low
so frequency region. According to egn (2) and eqn (3), it can be seen
clearly that NaV;0g@10% PPy shows a largest Na-ions diffusion
coefficient Dy, among NaV;0@20% PPy, NaV;0;@10% PPy
and bare NaV3O0g. Therefore, the proper PPy coating can
extremely increase the electron conductivity and Na-ions

ss diffusion, giving an improvement of electrochemical
performance.
b ( ) 2000] © MVa0s b
3200 a ® NaV3Og@10% PPy (
16004 : :::SO,EIZD%PP,
= 2400 E
- 12004
5 — i I
;-"1600 —h:..:':;i'i'lu%.l‘l“ Q, 8004
N ——avogaary | R e
800 ——PPy 4004
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Z' (Ohm) 017

Fig. 9 (a) Nyquist impedance and equivalent circuit of the as-prepared
60 bare NaV;0g, NaV;0s@10% PPy, NaV;0s@20% PPy and PPy. (b) The

relationship between Z’ and « ™ in the low frequency region.

Conclusions

In summary, we have successfully prepared the core-shell
nanostructured NaV3;Og@polypyrrole composites via an in-situ
es chemical oxidative polymerization method and use them as
cathodes for NIBs for the first time. The cycling stability and rate
performance of the as-prepared NaV;O0s@PPy composites have
been substantially improved compared to bare NaV3;0g. Among
the tested samples, the NaV3;Oz@10% PPy electrode with a
70 retained discharge capacity of 99 mA h g* after 60 cycles at 80
mA g shows the best electrochemical performance. Moreover,
the achieved electrochemical performance of NaV;0s@10% PPy
is also superior to those of previously reported NaV;Og cathodes
for NIBs. Based on the SEM images, it can be demonstrated that
75 the excellent cycling stability of the NaV;O0g@PPy composites is
due to the unique core-shell structure that can protect the layered
NaV;0g nanosheets from splintering and enhance electrical
conductivity of the composite, facilitating Na ion diffusion.
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