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Abstract

Cathode materials for aqueous zinc-ion batteries (AZIBs) are severely constrained by sluggish Zn2*
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diffusion Kinetics and poor cycling stability, which arise from the strong electrostatic interactions
between the divalent Zn2+ ions and the anionic frameworks of host materials. Developing novel
high-performance cathode materials with open frameworks and robust structural stability is there-
fore a core task for promoting the practical application of AZIBs. Polyoxovanadates (POVs), as a
subclass of polyoxometalates, feature well-defined cluster structures, tunable compositions, and
abundant inter-cluster voids, making them promising candidates for multivalent ion storage. In this
study, the Keggin-type polyoxovanadate KoPV1404: is investigated as a cathode material for AZIBs,
aiming to achieve high reversible capacity and long-term cycling stability through its unique struc-
tural advantages. The KoPV14042 material was synthesized via a straightforward aqueous solution
method. Structural characterization confirmed the successful synthesis of phase-pure KoPV14042
with a well-defined Keggin-type architecture. XRD patterns showed sharp and distinct diffraction
peaks matching the standard PDF card, with no detectable impurity peaks, indicating high crystal-
linity and long-range structural order. FTIR spectra revealed characteristic absorption bands at 950
cm-1 (terminal V=0 stretching), 850 and 790 cm-! (asymmetric V-0-V or V-O-P bridging vibrations),
and 1050 cm-! (P-O vibration of the central PO4 tetrahedron), which are consistent with the typical
features of Keggin-type polyoxovanadates. TGA demonstrated a mass loss of approximately 15.22%
below 300°C, attributable to the removal of adsorbed and crystalline water, with negligible mass
loss above 300°C, confirming good thermal stability under operating conditions. SEM images re-
vealed square block-shaped crystalline particles with a uniform size distribution of approximately
20 pm, providing abundant active sites for Zn2+ intercalation. Electrochemically, CV curves showed
two reduction peaks at 0.57 V and 0.99 V, corresponding to the V5+/V4* redox couple and Zn?* inter-
calation, respectively, and two oxidation peaks at 0.74 V and 1.05 V for the reverse processes. The
CV curves gradually overlapped from the third cycle onward, indicating excellent electrochemical
reversibility. EIS analysis yielded a charge-transfer resistance of approximately 110 Q and a steep
Warburg-type tail in the low-frequency region, suggesting favorable ion diffusion Kkinetics. In GCD
tests, the KoPV14042 electrode delivers a specific capacity of 162.5 mAh-g-1 after 100 cycles at 0.1
A-g-1,and maintained 101. 7 mAh-g-1 after 400 cycles at 1 A-g-1; with Coulombic efficiency approach-
ing 100% throughout. Rate performance tests further demonstrated that the material can readily
recover its capacity upon returning to low current densities, with no irreversible degradation ob-
served. The GCD curves for the first three cycles showed good overlap from the second cycle onward,
consistent with the CV results and further confirming the structural stability and reaction reversi-
bility of the material. In summary, this work not only enriches the application of polyoxovanadate-
based materials in the field of AZIBs but also provides new insights for the rational design of high-
performance vanadium-based cathode materials with high reversible capacity and robust struc-
tural stability.
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Figure 1. (a) XRD patterns of KoPV 14042 compared with standard PDF card; (b) FTIR spectrum of KoPV14042
[ 1. (a) KoPV 1404 B XRD EIEFNARE PDF R XTEEE]; (b) KoPVisOs B FTIR SEIEE]
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Figure 2. TGA curve of KoPV14042
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Figure 3. SEM image of KoPV 14042
B 3. K9PV 14042 B SEM Elf&

3.2. ELFEMRESHT

VAL KoPV 1404 HAR (1 AL S AT I PEANIE IR AR e M, 1 24T T CV IR Wil 4 foR, 788 IRk
i, 0.57 V AI10.99 V T B AR, 435006 N VISR RN VA LU Zn iR NI RE s 0.74 V Al
1.05V HHiE LA AL, SR VAR VLU Zn> (i AR . 1 P8 ih 285 15 49 = BB 11 U F e s
G2, VAT BRAE 1 R0 R P TG DL A B F R A R et . BB =BT 4R, CV il

DOI: 10.12677/japc.2026.153024 253 WyEEAL s


https://doi.org/10.12677/japc.2026.153024

LR RAF I EATE, s JFg A B AR E, RY KoPViaOw FBREAT BT (AL ST

WAL ANEI A E 1 o
6
I** cycle
2™ cycle
49 3" cycle
4% cycle
< 5
E 2
E
—
Y ﬂ p
0.1 mV-s!
-4 T T T T
0.0 0.5 1.0 1.5 2.0

Potential (V vs. Zn?'/Zn)

Figure 4. CV curves of KsPV 1404 at a scan rate of 0.1 mV-s™!
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Figure 5. Nyquist plot of KoPV14042/Zn battery at open-circuit voltage
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Figure 6. Cycling performance of KoPV14042: (a) at 0.1 A-g”'; (b)at 1 A-g™!
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Figure 7. Rate performance of KoPV14042 at various current densities
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Figure 8. Charge-discharge curves of KoPV1404; for the 1st, 2nd and 3rd cycles
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