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Figure 2 The sodium storage mechanism of a-V,0, cathode materials
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(a) —SEM image of V,0;/Graphene; (b) —SEM image of VO,; (¢) —SEM image of VO,/rGO electrodes after

cycling.
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Figure 7 SEM images of V,0Os/graphene, VO, and VO,/rGO composites
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Figure 8 Fabrication process and electrochemical performance of C-VOCQD



918

MBS 20234555 17 %55 5 )

AU VO, K L, NI 8(c) Al I CQDs 4 7 78 44 K
LR . TEAE AN b IE AR C-VOCQD
LB AL S AR RE AP IR A e M L 7E 3. 5—1.5
VR B C-VOCQD B # 7 0.3.0.5.1.5.20
Je 60 C LY % B T L HL B 25 & 4 il o 321,290,
254,220,173 F1 133 mAh-g i, 2 oL i %5 B BT R
%] 0.3 CHF C-VOCQD Hi B A4 B I B 25 5475
AIORFETE 318 mAh-g A4 (WE 8(d)), 7 1 CHLIR
IR &WIEH)E,C-VOCQD HL#L 7 10 C #1160 C
PR EE FHH 200K G AERFFERIRE
70% 1 C-V O HL A AH [5] 14 H 3 %5 B2 LA 20 8L
Jo L P R AR FE 6620 (LA 8 (e) ) o C-
VOCQD H AR H A L 5 19 i Ak 2= M e =202 R
THAEBAT A KB VOCQD 44k 2 45t i% 31, ¢
PR B A B WL B, AT LLBR R L R R
CQDs A Lhek s o S8 s 9 /sl )15, B 1k 94
KEER WG RE R AR EEZER R, XA —
Y22 UM 25 A Bl T L T R0 B 0 R 5 A% L R
W RES H R T o 4 M, B R AR S T A RN LAk

FERE

2.3 EEisZH

V.0, VO, 5 K ZHUZ KA, th TP —
HEHESR SR VF A /B S T AE L2 A, mT s i )2 ) ek
P Sy R ] J2 0K 5 4 b R e L 1) Tk T L i D
T MR B 3h ) 2 22 18 A5 OC il ] 1, K & m] il
HEYREEEEET Ky T t:a iy 7
EETEUNIE N VRS RN k= AR A R (YRR )
A A2 R B v A R B i R R

4 A BT T 2 AR A AR AR R R v T A K
b AR M O el L AR O PR A R op i S5 A AR
P . Baddour-Hadjean %' 2 KV O, V,O./E 2 Jii Bl
KR 2= B & T U2 AR A K, .V.0,(KVO) .
MEL9(a) KVO 45 #1588 n] W, 8 88 7 0 F V,0, 2
[) S 2 SCAE PRI AN R T B il iR i fE T
s e, i RZ M S K32 H /Y P R E
FH i A5 F S AR 1. 14 BN AT i A IR 9
(DG MERETT WL, 75 1/10 . 1/2 2 CHIRHE T,
KVO [ 3 L 25 5 43 90 v L3k #1160, 94 Fi1 73
mAh-g~ ', 7 1/10 C T ¥ 50 W J& i HL %5 &k 152
mAh-g ', R B ML FHAREE;XRD B R T
KVO M 75 785 H 1 F2 v B 41 0RD 7 335 (1) 25

d~123 &

(1) 160
C/10
~ C/10
|| Ny
1204 | s (“/5‘
EN * ; cr &S|
\'m 1 C2 C w
= 80—{ 2¢ ]
g |
= |
S 55c.’
40 J
T T | T T
0 20 40 60 80 100
Cycle Number
(d) 400
i 0.05
® *%eee 0.1
fé 300 o
L ]
s .02 0.1 Ag!
g AL T LT
%200' 05
& i
[}
E; %0000 1.0
< 100+ Seani
£
0 T T T T T
5 10 15 20 25 30

Cycle Number

(a)—KVO &5 B ; (b)—F5 3P AE ; (0)—V,0,- HO G5 B 5 (d)—FEFRPERES
(a)—structural models of KVO; (b)—rate performance; (¢)—structural models of V,0;-nH,O;

(d)—cycling performance.

9 KVO#V,0,°H,0 #4548 B % B 4k = M B 1505
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Figure 10 Structure diagram of Y,,V,0sand pure V,0; samples upon repeated

discharge/charge cycles

25 LI, 4R R O B R R SR A W B0 ik
PATERE S H A M R AP FE L R R o R 1SS
a4y T R BLE ALY (V,0, . VO,) B S A B 7

5 AR PR o o R A B A e SR A > A
BT BT 4 B R T B SR A R b
BAYE RE A it

F1 AEUYRBHHBRLFEEE

Table 1 Summary of electrochemical properties of vanadium oxide electrodes
H b Tk PUBIERE LA (ARPLE( L =5
CHL 75 a0t/ o O 2 ) /v F I 85 /6 SR ) Sk
V.0, ok Kk 313mAhg /0.1 Ag”' 1.0—4.0 121 mAhg™'/2.0 A-g”'/500% [44]
4R V,0; VR TRk 216 mAh-g '/0.02 A-g! 1.25—4.0 178 mAh-g '/0.02 A-g '/20¥%  [39]
V,0,/ 1 B VR T 1 1 154 mAhg '/0.1A-g' 1.0—4.0 83mAh-g /0.1 A-g /10  [46]
V,0,/C I A 12 226 mAhg'/0.1 A,g™ 1.2—4.0 255mAhg /0.1 A-g 1/10%  [31]
V,05nH,O S BEfE VR T 1 1 306 mAh-g /0.1 A,g™' 1.0—4.0 227 mAhg”'/0.1 A-g”'/50%  [30]
K, V.0, [E A 7k 160 mAhg '/0.1C  1.5—4.0 158 mAh-g /0.1 C/50% (53]
Yo 0:V,0s B INA TR 232 mAhg™'/0.05 Ag™! 1.0—4.0 119 mAh-g /0.1 A-g” /100  [55]
VO,/rGO S HIEAPAR 196 mAh-g /0.05 Ag™! 2.0—4.1 112 mAh-g '/0.05 A-g /50  [47]
VO,40k K 214 mAh-g '/0.05 Arg! 1.5—4.0 70 mAhg '/1 A-g '/50K [32]
VO, 9K K 199. 2 mAh-g '/0.05 Arg ™' 1.3—3.5 158. 7 mAh-g '/0. 1 A-g /700 [42]
C-VOCQDZZgRE /KR Ak Bt 328 mAhg '/0.3C  1.5~3.5 188 mAh.g /10 C/100K [43]
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Research Progress in Vanadium Oxide Electrode Materials for
Sodium-lon Batteries

LIU Congcong',XU Shitan', XIA Xianming',ZHANG Xianghua®, RUI Xianhong"
(1. School of Materials and Energy, Guangdong University of Technology, Guangzhou 510006; 2. School of Materials
Science and Engineering, Liaocheng University , Liaocheng 252000)

Abstract: Sodium-ion batteries, emerging as a potential substitute for lithium-ion batteries, have garnered significant attention in
the realm of energy storage owing to their abundant sodium resources and cost-effectiveness. The research and development of
electrode materials are extremely important for achieving efficient, safe, and commercialized sodium-ion batteries. Vanadium
oxides, characterized by substantial theoretical capacities and elevated operational voltages, stand out as strong candidates for the
next-generation electrode materials in sodium-ion batteries. However, their electrochemical performance often deteriorates due
to their inherent drawbacks such as inadequate electrical conductivity and considerable volume fluctuations during the Na’
insertion/extraction processes. This paper focuses on two prominent vanadium oxides, V,O; and VO,, and comprehensively
elucidates their crystal structures and sodium storage mechanisms. Notably, recent advances in improving the electrochemical
performance of vanadium oxide electrodes through strategies like nanostructure design, incorporation with conductive carbon
materials, and interlayer doping are systematically summarized. Finally, a forward-looking perspective is presented on the
potential trajectory of vanadium oxide as a pivotal player in future electrode material development.

Keywords: vanadium oxide;sodium-ion batteries;electrode materials;energy storage
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