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Preparation of Cation-Disordered Li;V,0s Nanorod Cathode Materials and Improvement of
Their Electrochemical Stability
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CHEN Zhangxian'
(1. School of Chemistry and Chemical Engineering, Hefei University of Technology, Hefei 230009, China;
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Abstract: It is important for the further improvement of lithium-ion battery energy densities to develop high-specific-capacity
cathode materials. Li;V,05 has attracted much attention due to its high specific capacity, even exceeding 240 mA-h/g. However, its
low electrochemical cycling stability induced by the low Li" transport dynamics and irreversible phase transition restricts the
application of Li;V,0s cathode materials in lithium-ion batteries. In this paper, co-doped Li;V,05 nanorod cathode materials were
prepared. The one-dimensional structure can relieve the accumulation of strain during charging and discharging process. Also, Co®
doping can stabilize the structure of Li;V,0s by forming the more intense Co—O bonds. Furthermore, Co®* doping expands the cell
volume and ratio of V*" in Li;V,0s. These collectively result in the improved Li" diffusion coefficient and cycling stability of
Li;V,0s. The 1% Co-doped Li3V,0s5 (i.e., 1%Co-LVO sample) has a specific discharge capacity of 256.43 mA-h/g at a current
density of S0 mA/g and a capacity retention rate of 77.3% after 100 cycles, which is 28% greater than that of the pristine Li;V,0s.
1%Co-LVO sample shows a superior capacity fading (i.e., 0.23%/cycle). This paper can provide an effective method for the
preparation and performance regulation of high-energy-density lithium-ion cathode material (i.e., Li;V,0s).
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(a) XRD patterns of VON and Co-VON

(d) FESEM image of 0.5% Co-VON

(b) FESEM image of Commercial V,0s

(e) FESEM image of 1% Co-VON

b, Ni JGEMIGIALE—EREE BT V,0s [
K H, M Co JCRMB RN — SR T H itk
WH XRFNIESAH V.05 @ TI2RMEL 252
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(c) FESEM image of VON

(f) FESEM image of 2% Co-VON

Bl 1 VON # Co #7% VON K i) XRD % 5 FESEM i )1
Fig. 1 XRD patterns and FESEM images of VON and Co-VON

%1 VON # Co 8% VON HR A58 XRD &5
Table 1 Structure parameters of VON and Co-doped VON obtained by Rietveld refinement

Sample a/A b/A c/A V/A? Ry/% Rup/%
V205 11.512 3.564 4.368 179.21 321 4.01
VON 11.516 3.571 4.383 180.24 4.07 4.83
0.5%Co-VON 11.519 3.573 4.401 181.13 3.54 4.15
1%Co-VON 11.521 3.574 4.428 182.33 3.64 4.39
2%Co-VON 11.522 3.578 4.461 183.98 3.23 3.97

a,b,c and V are the individual cell parameters; R, and Ry, are the fitted R-factors.
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SIS B EEER Y, Co JTLRMB AT LisV,0s

(a) XRD pattern of LVON

(c) XRD pattern of 1%Co-LVON

FORHE S R A K . [RIINE, SIS E0E £ & 1
TR LizV,0s 1 H 4 4 Liog 8L VO, /N /R 3EH 14
LiOg PUTEA!Y, 51N Ni/Co Je 20K o5 8 DU T 44
8c 1 H .

(b) XRD pattern of 0.5%Co-LVON

(d) XRD pattern of 2%Co-LVON

K2 LVON Hll Co #7% LVON Fffi[¥) XRD i#%
Fig.2 XRD patterns of LVON and Co-doped LVON

# 2 LVON # Co 7% LVON # S AJE1E XRD LEA98 %
Table 2 Structure parameters of LVON and Co-doped
LVON obtained by rietveld refinement

Sample a/A V/A? Ry/% Rup/%
LVON 4.098 68.820 7.68 8.29
0.5%Co-LVON 4.134 70.650 5.28 6.04
1%Co-LVON 4171 72.564 6.37 6.99
2%Co-LVON 4.202 74.194 7.40 8.12
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TCEWE I AR E kg . B 5 B HE Fourier
AR i R, ) HA Fm3m T 05 G5 (]
4b. Kl 4d). 1%Co-LVO F¥ i 176 3 70 A7 3R B Nis
Cov V JCERBIZIM A AIEGIKRFEF, V:Ni:Co [H1E
IREEBI A 6.90:1.00:0.41 (Kl4e), 5Bt EL il
10.0:1.0:0.5 A .
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(a) FESEM image of LVON (b) FESEM image of 0.5%Co-LVON (c) FESEM image of 1%Co-LVON (d) FESEM image of 1%Co-LVON

(e) FESEM image of LVON (f) FESEM image of 0.5%Co-LVON  (g) FESEM image of 1%Co-LVON

'3 LVON #ll Co #7% LVON F: 11 FESEM HE f
Fig. 3 FESEM images of LVON and Co-doped LVON

(h) FESEM image of 1%Co-LVON

a) HRTEM image of LVON b) FFT image of LVON ¢) HRTEM image of 1%Co-LVON d) FFT image of 1%Co-LVON
2 g g i

(e) Elemental mapping of 1%Co-LVON sample

4 LVON M 1%Co-LVON F¥ /i f'] HRTEM Ak
Fig4 HRTEM characterization of sample LVON and 1%Co-LVON
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(a) Survey spectra

(c) Ni 2p;; spectra

(b) V 2ps), spectra

(d) Co 2p spectra

5 LVON F1 1%Co-LVON F¥ fii [¥) XPS i
Fig. 5 XPS spectra of sample LVON and 1% Co-LVON
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(a) Charging and discharging curves of LVON (b) Charging and discharging curves of 1%Co-LVON
(c) Cycling performances at 50 mA/g (d) Rate performances
(e) CV curves of LVON () CV curves of 1%Co-LVON

Bl 6 #fdh LVON Fil Co-LVON P HL{k 1 g
Fig. 6 Electrochemical performances of LVON and Co-LVON samples
3 AL{ESCEIRE Li;V,0s R B L F M EEXTEL

Table 3 Electrochemical performance comparison of Li;V,05 materials in this work and references

1st Discharge capacity for

Li3V,0s cathode materials Current density/(mA-g™") Cycle number cycling/(mA-h-g ) Capacity Fading Per Cycle/% Reference
1%Co-LVON 50 100 256 0.23 (50 mA/g, 100cycles) This work
2D nanosheets LizV,0s 30 50 244 0.50(30 mA/g, 50cycles) [19]
1D uniform nanobelts Li3V,0s 60 50 209 0.26(60 mA/g, 50cycles) [20]
2D leaf-like nanosheets Li;V,0s 50 100 238 0.28(50 mA/g, 100cycles) [21]
1D nanorods Li;V,0s 15 30 274 0.60(15 mA/g, 30cycles) [22]
3D uniform yolk-shell 30 30 280 0.70(30 mA/g, 30cycles) 23]

Microspheres Li;V,0s
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SKH EIS A L H &1 € B (GITT)iE— 24
HrY Co™ 152443 LVON PRI HLAL A PERE LI, 1
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P E RN B 2 2 EB 7R, FoA > [ XA b 1)
B e 8 LB (R . B /3 K2 M LVON Al
1%Co-LVON [ Ry 735118 79.2 Q F1 136.5 Q, i8] Co

(a) EIS plots and equivalent circuit diagram

35 L _— S
1200105 1.250x10°

Time/s

1.150x10°

(c) Enlarged galvanostatic titration curve of LVON

(e) Plots of voltage against 7'? of LVON

1.300x10°

BT ARSAR PR FELAr B R FEBE, T RTHRE I R BE
7712 K GITT H AR 7 LVON F1 1%Co-LVON
FE 70 F I AR P ) AL e iR (B T~ 7d).
i 7e~E 7€ B, 2 FPEE S RS IE ] 7, SR
Z A5 R RUFIR MR R, B ATRYE Fick 25—
A Ly BRSO 5 i A 9,

(b) Li" ion diffusion coefficients during discharging

[ |

1.150x10°

1.050x10° 1.100x10°

Time/s

1.100x10°

(d) Enlarged galvanostatic titration curve of 1%Co-LVON

Plots of voltage against 7 of 1%Co-LVON
ge ag

Kl 7 Ff&h LVON. 1%Co-LVON [ EIS. GITT [k
Fig. 7 EIS and GITT curves of sample LVON and 1% Co-LVON
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Fig. 8 Co doping mechanism
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