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Realizing excellent cycle stability of Zn/Na3V2(PO4)3
batteries by suppressing dissolution and structural
degradation in non-aqueous Na/Zn dual-salt
electrolytes
Qian Li1, Kaixuan Ma1, Cheng Hong1, Gongzheng Yang1* and Chengxin Wang1,2*

ABSTRACT The low-cost and high-safety rechargeable zinc-
ion batteries (ZIBs) show promising applications for large-
scale energy storage. However, the (de)intercalation of diva-
lent zinc ions with high charge density restricts cathode ma-
terials’ choice. Na3V2(PO4)3 (NVP) is one of the sodium (Na)
super-ionic conductor materials that shows feasible utilization
in aqueous ZIBs but universally has poor cycle life, commonly
limited to 200 cycles or less. In this study, we investigate the
capacity degradation mechanism of NVP systematically and
then propose a novel organic dual-salt electrolyte to realize
excellent cycling stability. We find a spontaneous dissolution
of NVP when immersed in the static aqueous electrolyte, and
there is an irreversible phase change during the first discharge
process, leading to a fast capacity fading in aqueous electro-
lytes. The dissolution problem can be effectively suppressed by
non-aqueous Zn2+-containing electrolytes. However, the
sluggish reaction of Zn2+ intercalation into NVP causes poor
reversibility. We develop a non-aqueous Na/Zn hybrid system
by adding Na+ ions as charge carriers to address this issue.
Highly reversible co-insertion of Na/Zn ions into the NVP
enables a high capacity of 84 mA h −1 and an outstanding
lifetime of 600 cycles at 500 mA g−1 without capacity loss. This
work provides valuable views on the NVP’s failure mechan-
isms that will be helpful for ZIB development.

Keywords: energy storage, Zn battery, Na3V2(PO4)3, Na/Zn dual-
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INTRODUCTION
Demands for large-scale energy storage cannot be met
with lithium-ion batteries because of the risks of flam-

mable electrolytes and the rare reserves of lithium sour-
ces. Thus, there is an urgency for non-toxic,
environmentally friendly, and cheap energy storage de-
vices [1–3]. Recently, researchers made increasing con-
cerns on the multivalent-ion (Zn2+, Ca2+, and Mg2+)
batteries that directly use metallic anode [4–7]. Zinc metal
is an ideal negative electrode because of its reasonable
redox potential (−0.763 V vs. standard hydrogen elec-
trode), low cost, high safety, and high volumetric capacity
density of 5855 mA h cm−3 [8,9]. Considering these zinc
merits, we found that zinc-ion batteries (ZIBs) show good
advantages in large-scale energy storage. However, there
are many challenges with applying ZIBs, such as the lack
of cathode materials with long cycle life [10–14]. Com-
pared with alkali metal ions, divalent zinc ions’ high
charge density brings stronger electrostatic interactions
with positive materials, leading to many limitations in
exploiting suitable cathode materials [9,15,16]. For im-
proving the electrochemical performance of ZIBs, it is
significant to develop a feasible material with a stable
structure.

Na3V2(PO4)3 (NVP) is one of the sodium (Na) super-
ionic conductor (NASICON) materials that are com-
monly applied as cathode materials in Na-ion batteries
with impressively long cycle life [17–20]. The stable three-
dimensional (3D) framework structure of NVP is favor-
able for long cycle life, providing possible applications to
store zinc ions, which have smaller radii (0.72 Å) than
Na+ ions (1.02 Å) [21]. Li et al. [22] successfully at-
tempted the NVP electrode in ZIBs, in which NVP ex-
hibited a working voltage of 1.1 V and a high specific
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capacity of 97 mA h g−1. Subsequently, Li et al. [23] em-
ployed a Na+- and Zn2+-containing aqueous electrolyte
and improved the conductivity of NVP by wrapping with
graphene-like carbon. During cycling in the hybrid sys-
tem, the insertion and extraction of Na+ ions in the
structure deliver a capacity of 92 mA h g−1; however, the
battery demonstrated an unsatisfactory cycle life (200
cycles). Mai and co-workers [24] reported another hybrid
electrolyte and demonstrated the simultaneous insertion
of Na+ and Zn2+ ions in NVP; however, the lifespan re-
mained only 200 cycles. To explain the capacity fading
mechanism of NVP, Zhang et al. [25] proposed that the
transition of high crystallinity to nanocrystalline during
cycling may result in severe capacity fading. Therefore,
relevant research regarding NVP in ZIBs is still in an
infancy state. The capacity attenuation mechanisms and
corresponding solution methods need to be further stu-
died.

In this study, we used an NVP@C cathode in a non-
aqueous Na/Zn hybrid-ion battery. We investigated the
cathode materials’ capacity fading mechanisms in both
aqueous and non-aqueous ZIBs, unveiling that the char-
ging process will further promote the spontaneous dis-
solution of NVP in aqueous electrolytes. During the
discharge process, a large amount of Zn3(PO4)2 and
VOPO4 simultaneously formed on the electrodes’ surface,
making it hard for NVP to achieve good cycling perfor-
mance in an aqueous environment. We then developed a
non-aqueous Zn2+-containing electrolyte. Unfortunately,
it is challenging for the sluggishly intercalated Zn2+ ions
to extract from NVP, causing structural degradation and
poor cycling performance. By introducing Na+ ions into
the non-aqueous electrolyte, we found that the Na/Zn
dual salt is conducive to eliminating the NVP dissolution
and beneficial for highly reversible cation insertion and
removal. Hence, the NVP@C electrodes demonstrate
good electrochemical performances: high capacity of
84 mA h g−1, high average working voltage of 1.3 V, and
long-term cycling capability (600 cycles with 100% ca-
pacity retention). We believed that this work could serve
as a reference and guidance for the research of NVP in
ZIBs.

EXPERIMENTAL SECTION

NVP@C preparation
To synthesize the NVP@C, we performed a simple one-
step annealing method. Typically, 10 mmol vanadyl
acetylacetonate was added into 30 mL N,N-di-
methylformamide (DMF) to form solution A. NaH2PO4

(15 mmol) and glucose (1 g) were dissolved in 30 mL
deionized water to form solution B. Solutions A and B
were mixed homogenously and then evaporated to dry-
ness to get a green composite. The product was obtained
by annealing in a 5% H2/Ar atmosphere at 700 °C for 6 h.

Characterizations
Using Cu Kα radiation at a voltage of 40 kV, we collected
the X-ray diffraction (XRD) patterns on an X-ray dif-
fractometer (Rigaku Co., Japan). We collected the trans-
mission electron microscopy (TEM), high-resolution
TEM (HRTEM), and elemental mapping images via TEM
(FEI Tecnai G2 F30, 300 kV, USA) with an accelerating
voltage of 300 kV. We performed the scanning electron
microscopy (SEM) and energy-dispersive spectroscopy
(EDS) tests via SEM (JSM-7001F, JEOL, 15 kV, France);
micrographs were recorded at 15 kV. We obtained the
XPS spectra using PerkinElmer PHI 1600 ESCA spec-
trometer (Waltham, USA).

Electrochemical test
The CR2032 coin-type batteries were manufactured with
zinc metal anode, different electrolytes, and NVP@C
cathode to test the electrochemical performance of
NVP@C. In this study, the aqueous electrolyte was a
mixed solution of 1 mol L−1 NaCF3SO3 and 0.1 mol L−1

Zn(CF3SO3)2. A mixed solution of 1 mol L−1 NaCF3SO4
and 0.1 mol L−1 Zn(CF3SO3)2 in triethyl phosphate (TEP)
was used as the Na/Zn dual-salt electrolyte. Zn(CF3SO3)2
(0.1 mol L−1) in TEP was used as a pure Zn2+-containing
electrolyte. The separator was a glass fiber (GF/A,
Whatman, Maidstone, Kent, UK). To get the NVP@C
electrodes, we mixed the slurry of NVP@C, acetylene
black, and polyvinylidene fluoride (PVDF) at a weight
ratio of 7:2:1 in the polyvinylidene fluoride (NMP) sol-
vent. The homogeneous mixture was cast on a graphite
paper and then dried at 80°C overnight. The mass loading
of active materials was 1.0–2.0 mg cm−2. The cycling
performances were tested using a battery tester (NEW-
ARE, Shenzhen, China). Cyclic voltammetry (CV) tests
were performed on an electrochemistry workstation
(CHI660; CH Instruments Inc., Shanghai, China).

RESULTS AND DISCUSSION
The NVP was synthesized through a simple annealing
process. Fig. 1a displays the XRD patterns of the obtained
NVP, which matches well with the NVP’s rhombohedral
phase (JCPDS no. 53-0018) and depicts the correspond-
ing crystal structure along the a-axis. As illustrated, the
3D framework of NVP is built by corner-shared PO4
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tetrahedral and VO6 octahedral, in which two Na+ ions
can be extracted during charging [26,27]. SEM and TEM
characterizations reveal the nanoflake-like morphology of
NVP, as shown in Fig. 1b, c, respectively. Homogeneous
distribution of C, Na, P, and V elements is evidenced by
the scanning TEM and elemental mapping images in
Fig. 1c, d, respectively. HRTEM image in Fig. 1e displays
a carbon coating layer on the surface of NVP. The
marked lattice fringe with a spacing distance of 0.286 nm
belongs to the (211) plane. Benefiting from carbon
coating, we found that the good electronic and ionic
conductivity of NVP are favorable to high-rate perfor-
mance [28].

The electrochemical performance can be improved by
considering the mixed intercalation of Na+ and Zn2+ ions
in NVP [29]. To realize non-aqueous Zn/NVP batteries,
we proposed a non-aqueous Na/Zn dual-salt electrolyte.
To verify its feasibility, we combined the ex-situ XRD,
XPS, and elemental mapping analyses for studying the
reaction mechanisms of NVP. XRD patterns at selected
2θ regions of the first two cycles and the corresponding
contour map are illustrated in Fig. S1 and Fig. 2a, re-
spectively. A set of new peaks emerge during charging
and disappear during discharging. The new phase can be

denoted as NaV2(PO4)3 because two Na ions can be ex-
tracted from NVP, as discussed in the literatures [22,30].
Simultaneously, the peaks belonging to NVP vanish at
charging and reappear upon discharging. In aqueous
electrolytes, the co-intercalation reaction of Na+ and Zn2+

ions into NVP was previously reported. We presumed
that the Zn2+ ions could also be co-inserted into NVP
when employing a non-aqueous Na/Zn hybrid electrolyte.

A weak Zn signal at a discharged state was observed in
EDS, as shown in Fig. S2. The elemental mapping in
Fig. 2b depicted the homogenous distribution of Na and
Zn elements, verifying the co-insertion mechanism. Thus,
the formula of cathode materials at the discharged state
can be assigned as ZnxNayV2(PO4)3. XPS characterizations
were performed to examine the valence states and surface
composite changes of NVP. Fig. 2c, d display the Na 1s
and Zn 2p regions, respectively. Na peaks’ intensity de-
creases at the charged state and intensifies after being
fully discharged, indicating incomplete extraction of Na
ions. Besides, the strong signals of Zn 2p can be detected
at a discharged state, matching well with the EDS result.
During cycling, the reversible chemical valence changes
of V are evidenced in the V 2p region. As shown in
Fig. 2e, the charged electrodes exhibit both V3+ (2p3/2:

Figure 1 Crystal information and electron microscopy characterization of NVP. (a) XRD pattern and the schematic crystal structure along the a-axis
of NVP. (b) SEM, (c) TEM, (d) elemental mapping, and (e) HRTEM images of NVP.
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516.9 eV) and V4+ (2p3/2: 517.7 eV) components, follow-
ing the extraction of Na ions. Only one V3+ signal can be
observed at the pristine and discharged states, indicating
good reversibility. Fig. S3 presents the survey spectra. On
the basis of the above analyses, the possible electro-
chemical reaction mechanisms can be illustrated in
Fig. 2f. Two Na ions are stripped out from NVP during
the first charge process, and then, Na+ and Zn2+ ions
exhibit a highly reversible co-(de)intercalation reaction
during the following cycles, implying that the Na/Zn-
storage mechanisms of NVP in the non-aqueous and

aqueous hybrid electrolytes are similar [24].
NVP has been successfully used in ZIBs; however, the

fast capacity attenuation is unsatisfactory. There is an
urgent need to investigate the fading mechanisms in both
aqueous and non-aqueous electrolytes. Therefore, we
comprehensively analyzed the structural, morphological,
and composition evolutions of NVP. Fig. 3a shows the
XRD patterns of NVP before and after cycling in the three
kinds of electrolytes (non-aqueous Na/Zn dual-salt, non-
aqueous Zn2+-containing, and aqueous Na/Zn dual-salt
electrolytes). Upon cycled in the aqueous electrolyte at a

Figure 2 The reaction mechanism of NVP. (a) The ex-situ XRD contour map in the selected region for NVP electrodes. (b) Elemental mapping
images of discharged NVP electrodes. XPS spectra of (c) Na 1s, (d) Zn 2p, and (e) V 2p regions, respectively, collected at pristine, fully discharged, and
fully charged states. (f) Illustration of the crystal structure and phase transition of NVP in the charged and discharged states.
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small current of 5 mA g−1, the XRD peaks of NVP dis-
appear at fully charged states, which is also found by
Zhang at al. [25], in which it was ascribed to the de-
creased crystallinity of cycled NVP. However, on the basis
of Zhang’s analyses [25], it cannot conclude whether the
extraction of Na+ ions or natural dissolution of NVP
causes unexpected structural destruction, which will be
discussed in the following. During the discharged state,
we first detected the formation of the orthorhombic phase
of Zn3(PO4)2 (JCPDS no. 37-0465) and the tetragonal

phase of VOPO4 (JCPDS no. 47-0949). The irreversible
phase transition counts for the long-term cycling. When
using the pure Zn2+-containing electrolyte, we found that
the peaks of NaV2(PO4)3 also emerge at the discharged
state, which can be explained by the incomplete inter-
calation of Zn and Na ions. However, good crystallinity
and reversibility can still be maintained even after 50
cycles in Na/Zn dual-salt electrolyte, indicating a highly
reversible reaction and robust structure, matching well
with the previous study [31]. Fig. 3b exhibits the SEM

Figure 3 The capacity attenuation analysis in non-aqueous electrolytes. (a) XRD patterns of cycled NVP electrodes in different electrolytes. SEM
images of NVP electrodes cycled in (b) aqueous electrolyte and (c) pure Zn2+-containing electrolyte for one cycle and (d) Na/Zn hybrid electrolyte for
50 cycles. (e) Schematic illustration of the capacity attenuation mechanism of NVP and optical photographs of the NVP electrode before and after
soaking in 1 mol L−1 Zn(CF3SO3)2 solution for half a month.
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images of NVP cycled in aqueous electrolytes. At a fully
charged state, the surface of NVP electrodes shows a
massive, porous structure (Fig. 3b), leaving only C and F
signals that can be detected by EDS tests (Fig. S4). During
the long-time cycles at the small current of 5 mA g−1, the
pristine NVP almost disappeared. Besides, a few nano-
flakes emerge on the surface of electrodes at the dis-
charged state in aqueous electrolytes. Combining the
XRD and EDS analyses, we found that the composition of
those nanoflakes consists of a mixture of Zn3(PO4)2 and
VOPO4. The coverage of by-products on the electrode
surface will undoubtedly affect the reversibility. By
comparison, we found that the electrode can keep an
intact shape in a non-aqueous environment even after 50
cycles (Fig. 3c, d).

According to totally different results, capacity at-
tenuation mechanisms of NVP in aqueous and non-
aqueous electrolytes might be quite defferent and need
further discussion. The continuous collapse of NVP in an
aqueous system will inevitably shorten the lifetime of
cycling. Considering the observed phenomenon in SEM
characterizations, we are inclined to believe that the dis-
solution of NVP triggers the severely decreasing crystal-
linity during charging in the aqueous electrolyte. To
confirm our view, we performed a simple immersion
experiment. By soaking the NVP electrodes in Zn(CF3-
SO3)2, ZnSO4, and Zn(ClO4)2 aqueous electrolytes
(1 mol L−1) for half a month, we found that the color of
the solution changes from colorless to yellow, which can
be explained as the dissolution of V elements, as exhibited
in Fig. 3e and Fig. S5. Meanwhile, similar damages on the
surface of three soaked electrodes and the decreased
crystallinity match well with the charged NVP electrode
results, suggesting a spontaneous dissolution phenom-
enon of NVP. Thus, the dissolution of NVP widely occurs
in aqueous electrolytes. However, according to the XRD
patterns shown in Fig. 3a, the NVP nearly disappears in
the charge progress, even though the charge time (24 h) is
far shorter than the soaking time. Therefore, we proposed
that the spontaneous dissolution of NVP is accelerated
during charging, causing substantial structural destruc-
tion. As shown in Fig. 3e, the dissolution of NVP leads to
a rapid collapse of the structure, and then, during dis-
charging, a mixture of Zn3(PO4)2 and VOPO4 is irre-
versibly generated on the surface of the electrode,
resulting in the capacity fading. It is the first time that
systematic analysis and interpretation have been made on
the failure mechanisms of NVP electrodes in an aqueous
ZIB.

Although the non-aqueous pure Zn2+-containing elec-

trolyte avoids the dissolution of NVP in the electrolyte,
poor reversibility is evidenced by the XRD patterns
shown in Fig. 3a. Without the shielding effect of co-
ordination water molecules, the strong electrostatic re-
pulsion between inserted cations and cathode materials
will hinder the intercalation reaction during discharging,
resulting in low reversibility and capacity [32,33]. As
shown in Fig. S6, the EDS results suggest that only a small
amount of zinc elements can be detected at the dis-
charged state even in pure Zn2+-containing electrolyte,
indicating a tougher intercalation process of Zn ions
compared with that of Na ions. The slow extraction
process during charging will also affect the reversibility,
leading to capacity attenuation. Interestingly, the mole
ratio of Na/Zn based on the EDS results in Figs S2 and S6
can be approximately calculated as 2.5/0.5 and 10/1 in
Na/Zn dual-salt and pure Zn2+-containing non-aqueous
electrolytes in discharged electrodes, respectively. More
Zn2+ ions can be inserted into NVP during discharging in
the hybrid electrolyte.

On the one hand, NVP, as a kind of NASICON ma-
terial, may be more suitable for Na+ ion intercalation. On
the other hand, the presence of Na+ ions may alleviate the
electrostatic repulsion upon Zn2+ ion intercalation and
promote the intercalation progress. The results are in
good agreement with the previous study [29]. By in-
troducing Na+ ions into the non-aqueous electrolyte, we
found that the battery’s cycle reversibility has been fur-
ther improved. Moreover, the crystallinity and mor-
phology of NVP are well maintained even after a long
time working duration. Hence, the capacity degradation
of NVP electrodes in ZIBs is well suppressed in non-
aqueous Na/Zn dual-salt electrolytes.

The CV and galvanostatic charge-discharge (GCD)
tests provide further evidence. The CR2032 coin-type
cells were manufactured by a metallic zinc anode and
NVP cathode to investigate the electrochemical perfor-
mances. As shown in Fig. 4a–c and Figs S7–S9, a pair of
redox peaks at 1.23/1.54 V and 1.17/1.6 V can be detected
in Na/Zn dual-salt and pure Zn2+-containing electrolytes
in the first cycle, respectively, representing the insertion
and extraction of mobile Na+ and Zn2+ ions [31]. In the
subsequent two cycles, the CV curves nearly overlap in
hybrid electrolyte but slightly shift in pure Zn2+-
containing electrolyte. The initial capacities in the two
electrolytes are 84 and 76 mA h g−1, respectively, as re-
vealed in the GCD profiles. The slight shifts of CV curves
and lower capacity are derived from the challenging in-
tercalation process of Zn2+ ions in pure Zn2+-containing
electrolytes.
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Moreover, apart from the capacity fading when em-
ploying pure Zn2+-containing electrolyte, the NVP@C
electrode shows similar electrochemical behaviors in the
two non-aqueous electrolytes but quite different perfor-
mances in aqueous electrolytes. In the CV test, two highly
irreversible oxidation peaks appear in the first scan and
disappear in the next two cycles. Correspondingly, an
unusual high charge capacity in the first cycle and fast
capacity attenuation during subsequent cycles are mani-
fested by GCD profiles. The abnormal anodic peaks and
charge curve of the first cycle match well with the
structural collapse. The different discharge curves of the
first cycle may represent the formation of Zn3(PO4)2 and
VOPO4. The electrochemical test results are consistent
with the aforementioned capacity attenuation mechan-

isms for the NVP cathode.
To further evaluate the three electrolytes’ practicability,

we performed a long-term Zn plating and stripping test at
a current density of 0.1 mA cm−2 by Zn/Zn symmetrical
cells. After activation for approximately 200 h, the Zn
electrode could be cycled with a stable overpotential in
non-aqueous electrolytes (Fig. 4a). Considering the lower
ionic conductivities, we found that the overpotential va-
lue of aqueous electrolytes is lower than that of non-
aqueous electrolytes. However, the symmetric battery
with the aqueous electrolyte suffers a short circuit after
800 h. By comparison, we found that the Zn electrodes
demonstrate high stability over 1500 h in another two
non-aqueous electrolytes. Fig. 4e–g exhibit the
morphologies of zinc electrodes after 150 h cycles. The

Figure 4 The long-term plating and stripping performance of zinc anode in the non-aqueous electrolyte and SEM characterization. CV tests in the
first cycle: (a) Na/Zn dual-salt, (b) pure Zn2+-containing, and (c) aqueous electrolytes. (d) Long-term Zn plating and stripping performances in
different electrolytes and the expanded views at selected time points. SEM images of Zn anode after 150 h cycles in (e) Na/Zn dual-salt, (f) pure Zn2+-
containing, and (g) aqueous electrolytes.
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deposited Zn in hybrid electrolytes manifests porous
structures and is free of dendrites, which favors long-term
cycling. After cycling in pure Zn2+-containing electro-
lytes, small nanoparticles of the deposits can be seen on
the zinc foil surface. In contrast, a large-size dendrite-like
structure has been generated on the Zn electrode in the
aqueous electrolyte, which can be attributed to the fast
and uneven growth process and is apt to cause an internal
short circuit (Fig. S10). The XRD test also further char-
acterizes the formation of basic zinc salt (BZS) in the
aqueous electrolyte (Fig. S11) [34,35]. During cycling,
neither the Zn dendrites nor the by-products are con-
ducive to cycle stability. No BZS was observed on the
electrode surface when cycled in both two non-aqueous
electrolytes.

Benefiting from the advanced non-aqueous hybrid
system, NVP exhibits good electrochemical performance.

As displayed in Fig. 5a, the average specific capacities of
82, 80, 77, 70, and 54 mA h g−1 are achieved at the current
densities of 50, 100, 200, 500, and 1000 mA g−1, respec-
tively. When the current density is recovered to
50 mA g−1, a highly reversible capacity of 81 mA h g−1 is
recovered. Corresponding charge and discharge curves
under various current densities are given in Fig. 5b, in
which stable working voltage and charge and discharge
plateaus can be observed, implying the good rate cap-
ability. When tested at a small current of 50 mA g−1, the
Zn/NVP battery delivers an initial capacity of
84 mA h g−1. Approximately 84% capacity retention
(Fig. 5c) is obtained after 200 cycles. Remarkably, the
NVP electrode demonstrates a specific capacity of
74 mA h g−1 when measured at 500 mA g−1 (Fig. 5d, e).
Meanwhile, 100% of the initial capacity is maintained
even after 600 cycles. By comparison, we found that 39%

Figure 5 The electrochemical performance tests of NVP cathode in Na/Zn dual-salt electrolyte: (a) rate performance, (b) discharge and charge
profiles at currents of 50, 100, 200, 500, and 1000 mA g−1, (c) long-term cycling test of NVP at 100 mA g−1, and (d) discharge and charge profiles at
500 mA g−1 for the 1st, 100th, 200th, and 600th cycles. (e) The comparison of long-term cycle performance at a current of 500 mA g−1 in different
electrolytes.
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and 16% of poor capacity retentions are obtained in pure
Zn2+-containing and aqueous electrolytes after merely 50
cycles, respectively. By contrast with the reported NVP
cathode in ZIBs (Table S1), the non-aqueous Na/Zn dual-
salt system exhibits completive advantages in specific
capacities and superior performances in cycle stabilities
[22–25,29]. Unfortunately, in the subsequent 600th to
800th cycles of Zn/NVP battery in the hybrid electrolyte,
gradual fading of capacity, and the disappearance of
charge and discharge platform can be observed in
Fig. S12, suggesting the structural changes upon cycling,
which may be associated with the influences of the few
intercalated zinc ions, which should be studied further.
We believed that proper surface engineering of NVP,
allowing only Na+ ion transport, may be an effective way
to realize better cycle ability.

CONCLUSION
We first employed the NVP electrode in a non-aqueous
Na/Zn dual-salt system. The co-insertion process of Na+

and Zn2+ ions is validated by XRD, XPS, and EDS tests.
We performed in-depth studies and analyses of capacity
fading mechanisms in different electrolytes, mainly in-
cluding the NVP dissolution and formation of Zn-based
dendrites and by-products in aqueous electrolyte, and
irreversibility of cation insertion and extraction in non-
aqueous Zn2+-containing electrolyte. When adopting the
non-aqueous Na/Zn dual-salt electrolyte, we found that
the Zn/NVP batteries demonstrate nearly 100% capacity
retention after 600 cycles at 500 mA g−1, which is much
superior to most reported NVP-based ZIBs. This study
should be useful for developing advanced cathode mate-
rials of Zn-ion batteries.
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Na/Zn双离子无水电解液抑制材料溶解及结构
坍塌, 助力卓越循环能力的Zn/Na3V2(PO4)3电池
李乾1, 马凯旋1, 洪城1, 杨功政1*, 王成新1,2*

摘要 开发高性能正极材料是限制锌离子电池发展的重要因素 .
Na3V2(PO4)3 (NVP)是一种典型NASICON结构的材料, 其作为锌离
子电池正极材料具有较高的工作电压, 然而其循环性能较差, 通常
仅200圈. 本文首次系统地研究了该材料储锌性能的衰退机理. 研究
表明, 在水系电解液中NVP的自发溶解及首圈放电过程中材料的
不可逆相变是其容量衰退的主要原因. 采用含锌有机电解液虽可
避免其溶解, 但锌离子的嵌入易导致晶体结构的坍塌. 本文首次引
入钠离子作为新的载流子并构建有机Na/Zn混合离子电解液. 其
中, 两种金属离子在NVP中高度可逆的共插层反应助力Zn/Na3V2-
(PO4)3电池实现了84 mA h g−1的较高容量以及在大电流密度下循
环600圈容量零衰减的高稳定性.
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