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Effect of K-Doping on the Sodium—storage Performance of Sodium Vanadate
Nanoplates
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Xiao, Qizhen” Lei, Gangtie”
(“ Key Laboratory of Environmentally Friendly Chemistry and Applications of Ministry of Education, College of Chemistry,
Xiangtan University, Xiangtan 411105)
( Institute of Advanced Electrochemical Energy, Xi'an University of Technology, Xi'an 710048)
(¢ College of Civil Engineering and Mechanics, Xiangtan University, Xiangtan 411105)

Abstract Na-ion batteries with lower cost than Li-ion batteries would be developed to large-scale energy-storage device to
store solar and wind energies. However, large radius renders Na* ions to insert into/extract out the layered transition metal
oxides (LTMOs) sluggishly. To improve the intercalation dynamics of Na* ions, the interlayer spacing of crystals has to be
expanded for those LTMOs that are capable of fast lithiation and delithiation. Herein, a LTMO based on vanadium is firstly
doped with larger K" ions to expand the interlayer spacing to yield K -doped sodium vanadate (NasK,V,,03,) cathode mate-
rial by a hydrothermal method at 200 “C for 24 h followed by calcination at 500 ‘C for 3 h. The samples were characterized
by scanning electron microscope (SEM)/transmission electron microscope (TEM), X-ray diffraction (XRD) and X-ray photo-
electron spectroscopy (XPS) technologies. Effect of the doping amount of K* on the structure and sodium-storage perfor-
mance of the sample was studied in detail. The synthesized materials display nanoplate morphology viewing from the TEM
images. K" ions are doped into the interlayer of the sodium vanadate crystallites, which is proved by analysis of the XRD
patterns and XPS spectra. Expanded interlayer spacing favors Na' ions’ intercalation and deintercalation between the
[V304] layers, which is testified by the chemical diffusion coefficient of cathodes, thus enhancing the rate capability. On the
other hand, the chemically pre-intercalated K* ions are pinned in the crystallites during insertion and extraction of Na* ions
and act as pillars to stabilize the layered structure, improving the cycliability of the cathode. However, excessive doping of
K" leads to a discounted rate capability of the cathode, suggesting an optimized amount of K™ doping into the crystal. The
results from galvanostatic charge-discharge tests indicate that the obtained NVO(3K) sample, in which 0.118 mol of K™ ions
are doped into per mol of NasV,05,, presents the best electrochemical performance among the various samples. It can deliver
the maximum capacities of 169, 160, 148, 132, 98 and 69 mAh-gf1 at the rates of 0.1C, 0.2C, 0.5C, 1C, 3C and 10C after
activated for several times over the voltage window of 4.0~1.5 V (vs. Na'/Na), respectively. Even run at
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3C rate, it can retain 93.0% of the maximum capacity after 1000 cycles, exhibiting excellent rate capability and stable cyclia-
bility. The results suggest that doping of K* ions into the interlayer of crystallites can significantly improving the rate capa-
bility as well as cycling performance of the obtained NasV;,0s3,. Our investigation demonstrates that design of K" -doped
sodium vanadate cathode materials is beneficial for harvesting superior performance, of which the NasKy ;15V1,03, nano-
plates can be developed into a novel cathode material for sodium-ion batteries in the future.

Keywords sodium-ion battery; NasV,03,; cation doping; cathode material; electrochemical performance
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Figure 1 XRD pattern and Retrieved refinement of the NVO(0K) sam-
ple (a), and the crystal structure model (b). XRD patterns of the
NVO(0K), NVO(1K), NVO(3K) and NVO(5K) samples (c) and their
high-resolution patterns at the (100), (103) and (014) planes (d)
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Table 1 Lattice parameters from the Retrieved refinements of XRD
patterns of the samples

Sample alA b/A c/A BI(°) V/A3

NVO(OK) 7.341(5) 3.621(2) 12.184(4) 107.28(4)  309.26
NVO(IK) 7.357(5) 3.622(3) 12.190(7) 107.23(3)  310.46
NVOGK) 7.382(4) 3.618(3) 12.188(3) 107.243) 311.61
NVOGK) 7436(4) 3.621(3) 12.195(2) 106352) 312.64

© 2019 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences
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Figure 2 TEM image (a) and AFM (Atomic Force Microscope) image
(b) of the NVO(3K) sample, HRTEM images of the rectangle selected
area (c), circle selected area (d). SAED patterns of the rectangle selected
area (c inset), circle selected area (e). EDX spectrum of the NVO(3K)
sample (f)
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Table 2 Chemical formula of the samples and molar percentage of
metal elements in the samples

Sample Chemical formula K Na \Y
NVO(0K) NasV 1,03, 0 10.20% 24.49%
NVO(IK) NasK 044V 1203, 0.09% 10.18% 24.48%
NVO(K) NasKg 115V 12032 0.24% 10.17% 24.46%
NVO(5K) NasKo36V1:03 0.48% 10.15% 24.42%
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Figure 3 XPS spectra of the V2p signals of the NVO(0K) (a) and
NVO(3K) (b) samples
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Figure 5 Cyclic voltammograms of the NVO(0K), NVO(1K), NVO(3K) and NVO(5K) electrodes at the sweep rate of 0.1 mVes ' (a), and the NVO(3k)
electrode at various sweep rates (b). Relationship between peak current i, and square root of sweep rate v'> of the NVO(3K) electrode (c). Na-diffusion
coefficients of the NVO(0K), NVO(1K), NVO(3K) and NVO(5K) electrodes at the four peak positions (d)
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Figure 6 XRD patterns (a) and the enlarged patterns (c) of the NVO(3K) electrode at the different charged and discharged states during the initial dis-
charging and charging processes, the fully charged state after 200 cycles at 0.1C rate, and the fully charged state after 1000 cycles at 3C rate. Galvanostatic
discharging and charging curves of the NVO(3K) electrode in the first cycle at 0.1C rate (b)
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