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Abstract: An overview of progress in the research on anode materials of lithium-ion batteries based on vanadium-based

compounds (including vanadium oxide, vanadate, vanadate phosphate and oxide-free vanadium-based compounds) is

presented. Furthermore, based on the analysis of relationship among modification method and structure of material and

electrochemical performance, it is proposed that vanadium-based anode materials for lithium-ion batteries shall become

the trend in the future research.

Key words: vanadium-based compound; anode material ; electrochemical performance; lithium-ion battery

PR T HL M (LIBs ) 2 B A R R IS 1) £ fiE
T N R AR RETRAEBERY K RAR L T 5 TTMR, E Al
AT i BHRE H A R B R U AR R T
RN SRR R T N T s —
G330 LA B S SR ) A 8 B S T L T RE R AR
A%, EANAEG A2 TH 30 /25 Rl b2 B AL T 2R 1

BUIEAL S W ol T HAS R B4 B A8 B A 22 R AL 2
T BA & B4 AR B T IR REBERE T, BT
AT TIA A AT AR A 2 DA T S B i R 4 1 R ey D) R 2
FEMEHIIF &, BOTER L S 7 A1 0.02% , A
SRFAT At i T, A M T B3 o A R 1) BTF A
AP SUNESEE, TS 2RI B T2 5B
FRBIEI S, LR LRy LA L
T PUBEIR £ A R BLIR R 2 . Horh ST
PUBEIRER A SR PURRER A D v AL A R RE AR 25 11

O WiRBH: 2024-06-02

JUHAFERLZ ) 772 R, M AR R B T 1T
PR AL RTFTE

1 PR AR

PLEALY) EEAFERDT AR M V,05 BUZ S5 1Y)
V,0, - nH,0.V0, .V,0, - H,0 V.0, V,0,, &%
AR F b N R O f 40 &
AR E T B Y ORGSR (AR 2 ALY
) e ST R B R R LR L AR A
B A BE B F T
1.1 V,0,

V,0, BA AR IR NERHE i
AR SRR 2540, Foh ZAL 9K S5 1 1%
AT RICA Lit i BB 5 | e R AR R AR (A3 whas ]

SCHRL 21 ] R FH R &0 Tt 0y Bl 30 AR i 710 3R 75 i

BEE£WE . 1154 ARPIAEL L 4RI H ( BK20210888) 5 ik Z s T = 2AWF R IEPET H (ZKYY2319) s VI IRA RIS A: S ERATHT T (SICX24_2619)
BRI YA (1990—) , B b T A, B SJE0l, 8+ 8F 55 A4 S 00, FZHF5 05 17 AL $R L R HL Y IHZE A, E-mail ;

weitong.du@ just.edu.cn

EIEES . 20 (1990—) , 3B VTIRFRG A 1 JRUI A0 o A S0, 2 BE0F 507 1) o BB Tt A bR E-mail : 1ihui919@ just.edu.cn



48 7R

T

o 44 %

i

Uil #¢ T 2401 V,04, fEHR T 200 mA/g TG
500 YK AT HL F 2N 762.1 mAh/g, EE Pk B S
FRTEAT , AR BB WY A K, A B 219V, 0
YKFER L LA BRALTE 2 3R 6 o5, 4 T4
PEES AR T4 m AR A R R B, MR s 1Y
SR AT B0 A e R 3 A v 1 R R B, 8 PR A L
A BT RS R RE IR I AR T

SCHR[ 22 ] 2R FH W20 5 -5 e vk & 1 T BE 48 4
V,0, Tt bkl BEGIAA THZHAEN, A%
PLIFEAEA FI T B FE A 4548, A5 R T4 B 1Y
B, £ V,0, T ARGE T8 S FEB BT
MY s 127, Ak 2= 30 1 2SR 45 RUE 52 T Zn-V, 0,
S MR B AR B R I, X S R &R L [
P2 T AR REERE IR B, Zn-V,0, A
BHE 2C TR AL 1 000 YR, A5 A5 40 48 i 1) 25 6
T RIWIEHRREME, 5 v,0, B 5 H H,
Zn-V,0, 2 A MRHEAE T U0 5 0 A% J Mk fe RN B i 1 4%
i PR 2N R R R DI R A RE AR RE T BT AT RE
12 VO,

VO, HA IR BS54 R RGP
RS VO,(M) VO, (R) VO, (T) FI/E0T a4,
W VO,(A) \VO,(B) Fl VO,(C) 2]

SCHR[ 26 ] 38 3o S 4 Bh s R Rk — B G T
VO,/1GO (f1 555 AR E S B, VO,(B) 4K FEFE
AL R & AR R I BUHOR G — Ok T, iR
SBIEHI S VO,(B) Gk, 4 VO,/1G0 Gk E &
PERME N 25 FL b S AR B, #F 200 mA/g F1 400 mA/g
AR e HL It B FE T, AT 2 i 43 A 370 mAh/g il
300 mAh/g; BRI L3 25 B /5 28 1 000 mA/ g, HiAT 35
REABKT 200 mAh/g, 5 B PERERLT

SCHR[ 27 ]38 i Rk — 22 G5 T VO,/CNTs
(BRANKAS ) &2 AR, & 1 BT/, VO,/CNTs Bk E
A YK R R e R A 2 A K -TCKR 254 ik
YRORAE 15T i R ok 7E BE ARk T 1% 25 R T H o
5T 5 VO,/CNTs KAy Hz fil | 0 T B2 55 r A A H 038

(@) C#HE
\

b=

‘it

TEHL % 50 mA/g F, VO,/CNTs 4] 1 i i b 25
N 972.2 mAh/g FITRFEH LA 5N 648.1 mAh/g, A]
WS B 537.6 mAh/g; B 100,200, 400,
600,800 .1 000.2 000 mA/g F,VO,/CNTs il B HL 25
Hr 91N 493.0.451.1.,409.6.360.1.332.0,317.9,
301.0 mAh/g, HI7T VO, BRATA K CNTs 1Y Pp[a] 500
VO,/CNTs FUAMUEESS 8 F) T 85 7 F L B 5 7%, 46
T VO, Mf53ERE . AL, SR ANK A B A A HAL fif BT
VO, TERIE A B AL T 3838, & T %457
T FAE I I R b AR AR Ak A R T B R AR A R
PE AR E P

® o e NH,VO,
(CH,0H,)
‘‘‘‘ [~ makes
B 1 VO,/CNTs Bkp& TR RER
1.3 V,0,

V,0, HAHE A & (1 070 mAh/g) & A%
B TR A B i A 2R R BEAR
FRERE 1 BT H AR A Ak 1% 145 T A B2 S5 DA %
Ferh/ SO > R, 7E V,0, R IR E R
2 P AR R R S L R L 25 A R

SCHk[ 32 ] i iE K VO, (B) @ C Rij SRR A i J5
BT —Fh R A K R R B B = Ay R 2
1L V,0,@ C /9K g5, &l 2 proR ™ i ad 3k
JEAL XRD £ AR IR EB V,0, J&—Fh i w75
T2 BB B - L SRR R, A A S T R Tt B AR A
B, V,0,@ C /98 K 4546 75 100 mA/ g HE I %5 B T Y
55 2 YO LA B 452 mAh/ g, Fifi 5 A6 PR R i
V,0,@ CHol/ 40 K 25 ¥ i b 25 e 72 i s #a T

(b)

=

e

C+4VO,(B) >2V,0,+CO,
BEY QuE L L EBLY

SHSRL IR NRE

(a) BIREE; (b) =¥

& 2

SHA/REEIV,0,@ C H/AKEMNABIERERD



55 4 )

SR A DR B e i SRR BT S e S e B 49

E ,FE 136 WA AT AL 732 mAh/g A9 L 28 i, JIESE
T V,0,@ C YERN IR ESF b AR R E T )

SCHR[ 33 ] R /KA A T P R B S 1 H
ZAL V,0,/BRGUKE A8, FKHGE KL VO,
BRIl & V,0,/FFZER (KB) ik & A AR WE 3
JIi7R . VO, Tk i 7 i A 45 o RS Ak o R
/N VO, GOKIBORL, 55) 73045 T KB BB 285
Bk, a8 2 mALBR A V,0,/BRA0KE S0k, H
fE A R AE 100,200,300 ,500 .1 000 .2 000 mA/g LI
BN R AR 774.8 589.8 .545.3 471.7 325.2
219.1 mAh/g, V,0, fil KB B4 KE &M BB A B
PR AT AR DRL 5 H A R R F T A, 2 e
LRV 2 VE RN A K 52 6 MR H S k| 7S
V, 0,/ TRANKE SRR RAFITHAL A ERE

KB@V,0,
B3 V,0,/BAKXESHEERREER

2 Plmdh

BLRR RS 5 —Fh B B AU LI AT R} SRS SE R S
HoAb s 7k A E G AT B, B R A b 2=y
P FE A B T A A A R R DY R
H T, B4 K S TR ER i T 5% 5431 1
T Li" fAAf Sk
2.1 Li,VO,

SCHR[35 1 HI SR T B = 445 # A9 Li,VO,/rGO
(R A A 50 ) B A bk il s B A K 4
Ji7R, LiOH 5 V,0, fE¥ W RN A= i Li, VO, il
KA S A, W B AE SR 2805 (GO) 3R TH, Bl A T4 7%
MIIEAT , GO AN R 3B AR Ol = 4 W A& 4549, 7208
Bl fE, Li, VO, SRR AL % Li, VO, FUkL, GO 44
KA E SR P BE R R vGO, Li,VO,/1GO0 B A
AR AR B F it S i, 7 0.5C T 8y UL FL 2
H ik 495.6 mAh/g, 450 100 RGN, HE A=A R
FHE 365.9 mAh/g, 5IA rGO FHIELRMLHEA LT
JUE @ YT Li, VO, MBHT R 25 1 1), 32 5 T
BB AR IR ;@ W T Li, VO, UKL AR B
I T HFE A 9K OB AR A% B GO T AR B = 2 X 4%
SR ELA A e 1 ) 2 o B AT ) S P M R FE T

LS B 7 5 2
Li,VO, i3k
. RS
— .
v

B o A P ELA B O S5 M PR R E S, AT LA ) B AR A
M3 AR
900 mm

Li,VO,/rGO ke
4 Li,VO,/1GO #l&d R EE ™

SCHR [ 36 ] R FH W R Bk E AR H R T il & T
Li,VO,/1GO & & # kL, & 5 frox, Hd GO Xt
Li, VO, BB i % 2 X m ZA/EH . — i, E1E N
—MEEKO, BT L, V0, AEK J§% Li,Vo, E
A, IFINEE Li, VO, Fl vGO Z [l fm; 55—y, B AE
R 7S S A HON B AE R M Lisvo, By TSR B0
Li, VO, BRSF, Li,VO, Fl vGO 2 Al fi B a2 fih vl DA
P PR I B/ NRSTRY Li, VO, T LL4a Ja Fi i
Li P EES . Li,VO,/rGO R ELA & By ] i 2 A
SETEA R T (TE LI 150 mA/g 251 F 200 &
TEINE L 28 4107 mAh/g) DL R A S i 4% R 1k fiE
(TEHLIR 2 1 600 mA/g T H 2 58 249.5 mAh/g)
fT B AICRRAS Ho 2 4 i 45 5 i AL S iy v Ak 2 kg
fifi Li,VO,/rGO TE R Mk AL B 7 H il b B R A 1)
FHHETS

B5 Li,v0,/rGO B REED

2.2 Mny(VO,),

SCHR [ 37 138 2 3t A8 AH Sz 7 - #A i kB T ikt 7
Mn,(VO,), #1EF b 0 A, BT il £ 19 b1 R
LA 2 S AN DU f i [0 A T2 ANVBRIE | B0 B 4% 43 A 7F
30~50 nm Z [A], %5 [ AT BUR A BEAE 200 nm 247,
Tk 2 1h1 7 2 — 2 R AN S ik, AL e LA AR A



50 [

T & 5 44

e, MH % E A 100 mA/g B, Mn,(VO,), Ttk
PEBFE — JE R EL 25 50 1157 mAh/g, W] e L EL
754l 876 mAh/g, Zad 100 IR GIR )G , Al 386 78
HLZ T %24 3.8% , 2 B 30 RS WOPE PR BE .

3 PlEkmRER

PR EL T [ PO, ] TUTHIA A AE, A bl
FEfm CEARERE B Y BORSEAN [F] T A A F A Y
ARG P A AL 2B R e ) R — 28R A A B i
AL
3.1 VPO,

PO, I SR BF 5 - 235+ w4000 o) 2 e 0 00t A ok
I ARBUE AL PR EEZS i R Y 0 VPO, RELH Y
I T H S R R T LA R e o s i)
B A EEXT VPO, 1998 K G546 40 F 7S - F AL ) 45
Dy AR B AR A 7T

TRt = VPO, HL 5 H Rk I ek st L Ak
SPERER A RGRRE Y, AR, o A RS E AR R
FEAEARFIEE, MRS VPO, E ARG SR MERE, 4
R FH e R FLR R SO B P RE, SCHR[42 ] % T
HA M KEERI) Ag f17 VPO,/C(VPO,/C/Ag) &
GREL BT ZME 6 fis, dad KB R 3
VPO, Wikidl JC & T B Fll Ag 44 K Wk 55, VPO,/C
1 VPO,/C/Ag 7E 0.2C T BYHT 4R T3 HE 25 i 43 301 hy
781.1 mAh/g f1857.8 mAh/g, VPO,/C 7£0.2C .0.5C ,
1C 2C F1 5C ML BE T W) IR e HL LU 25 1 43 5 R
545.4 447.1 355.7.257.6 172.2 mAh/ g, i AEAH N Y HL T
T, VPO,/C/ Ag INH) 45 7t L LA 54K IR O 605.8
566.2.490.9 .388.8.312.1 mAh/g, VPO, £ W T
ERHLPERYER FIAR , VPO,/ C/ Ag AR VPO,/C B
AU LA AR R RE G PR BE ., TR
VPO,/C ZEAEMEHEI A8 Ag( e 1%/ 4)
AALAT LAREARA R BE, E— 2425 VPO,/C SHLE,
AT DL P i S MR 2 A AR R

VPO,/C/Ag

O Ag
B 6 VPO,/CH VPO,/C/Ag &R ILERER™

VPO, H$EAL AT BE T BOR OB L | BORL 2R 45 FIE

AR E Y SEL S, M 5 8078 i Pk gl 0
I 3R R R — TG ORI 2K VPO, KRB A
— T M R L R R B E AR R SCHER[ 44 ] R
FH—Fh a7 B0 A HL-CHLI 4506 VPO, Uk B2 76 3 2%
ZALIRE 2 (3DHP-VPO,@ C) ', A B T 7K BERAT A 1)
VPO,/ ZALEE 42 (3DHP-VPO, @ C bk it il 4 ik F-
K7 fiR), VPO, il P—C & Sh i 48 & A b 2A 1
FH FEFERCBAE R BI1R] 72 24 22 w2 DU 45 1 D RRUE
4 3DHP-VPO, @ C VR4 B Lt SR A, 55— Pl ARy
H R 78 HL B 28 HE 43 1) 89 1.009.4 mAh/g 1 801 mAh/g,
FEHL I 2 B 100 mA/g T Ze3d 100 AE ¥ 5 5 A
700.5 mAh/g ¥ & L L 45 &, 3DHP-VPO,@ C i )
S AR PR BE IR PR A RS 48 T I 2 fLak i 42,
AN, VPO, FlZfLakZ B )58 k2% P—C 5 )T 4
VPO, MUk A IR RS AL, I 7E 40 2 H i 1 H AR
I e AR FLAS F A S 2 T

NH,H,PO,
v e e,
pS:J

TKBEE
/
BT 51 b
I‘L“

A 4

3DHP-VPO,@C

B 7 3DHP-VPO,@C fatksl&dereEm
3.2 VOPO,

SCHR [ 457 R FH K Ak VBB R T & R T
VOPO, 4Kk A, I 15 ¥ VOPO, 44K F FHAE il i
ATEL, 2 80 nm JE Y K 1 20 B i) A6 R T 9K A A B
BJa 52 BN RN (EAT REF K R 9B S, VOPO,
YK A A T H I SR I FE 0.1C T BRI IR BOR
Fe 7550 1356 mAh/g, 45 2 IRAEHR il il i, L 25
802 mAh/g, HARL 5 1 HL Ak 22 4 ik =22 IH [ F VOPO,
FA) At AR 85 ) RIS o LR B 40 K R 2549, VOPO, 92K
A A A G A T A 1 SRR R

4 TEHHEA S
FRHIA DRI L AL B

R AL AL AP , P T H R Y B A2 P B, 1
REVFAR G g R T AATA S



55 4 )

SR A DR B e i SRR BT S e S e B 51

4.1 VN

RALHL(VN) BA KT NaCl 1945 450, 3C
HR[ 46 ]38 1 7K Ik B AR AL B ) 28t R — 1 £
LAY B B F M b R, VN 4K 78
40 mA/g LU 2% FE R UK HL [ 25 i AT GA 374
mAh/g, ZALAYKEEHE by FEL AR VR S R AL T (4 1Y)
WA AR T B AR R R AR, O HIR BB ZE i iR
IR o e v 7 AR AR R AR AL, A VA R N FH A

SCHR[ 47 ]38 1 K 4 NH, $UAb BT 27 VN 44
KA EA BT DR RES K IR (Co-VN@ C) , U f&l 8
ffi7R, Co-VN@ C HEHAE 100,200,500 .1 000 mA/g
PRS- 25 3 R BE 25 49 03l R 560.2,457.9.377.9.320.7
mAh/g, 7E 500 mA/g T 1 ¥ 500 W5 7w i 335.5
mAh/g FIFSSE 2 it Co YRR 4 ) Mo ik A VN 2
A, H/ANRSHRY Co AT LASE R S 1 D A PR BRURE ik
SHEMIN 1, BETFIR Co-VN@ C B AR EA m LI
BB TS PEAL A B ST A BT I AR AR
MR G2 vh)Z | T FE R/ R AL I ) A3 T L™ 9, G 2k
FRPERE Co-VN@ C B A KGR H 4 ML= 1 EC R
G RIERE, NI, Co-VN@ C A A 5 1Y 41 B 1
FAL It SR AL

COJVIO,,ﬁﬁEIZﬁS

1Bt

- \
CBH lZN-l

CoCl, - 6H,0
NH,VO,

® EMYORIAL

N

NH Fhb 2

Co-VN@C Co,V,O, Hij g4

0 HhE
8 Co-VN@C E&MBEamREREM"

4.2 VS,

SCHR[ 48 ] SR S ML T & L T BA R
FIRTEIEAR VS, AL, B BHE 100 mA/g T H]
PIFRAIE 500 mAh/g 197 P 33 U2 o, > H U 285 B2 38
£] 200,500, 1 000.2 000 mA/g i}, &4 3] B 2 400,
250,150 ,60 mAh/g, 4 HL i % FE (713 100 mA/g B, L
AR F) 480 mAh/g, TFALIR VS, P05 A HL A2
RE AT LU B LA P O B R R AR T o R S

TP A 5 () A e T A4 AL ELA B R ) e 2R 1T
AR L, o HUH R B LB A R T
PEIRBF AR FR AR AL

5 J© 7t

LR HI SN A R U LA RO R TR
IUIE AR RO R AP RES R, WA 1,

x1 PELMMBEBELFMERE
IR BB LAR,  B%

P FL O L

/e (mAh - g7')  3C#k

V,05 200 mA/g 500 762.1 [21]
VO,/CNTs 100 mA/g — 493.0 [27]
V,0;@C 100 mA/g 136 732.0 [32]

Li; VO,/RGO 0.5C 100 365.9 [35]
Mn;(VO,), 100 mA/g 1 1157.0 [37]
3DHP-VPO,@C 100 mA/¢g 100 700.5 [44]
VOPO, 0.1C 1 1356.0 [45]
Co-VN@ C 500 mA/g 500 335.5 [47]
VS, 100 mA/g — 500.0 [48]

6 ZEit Ry

BEE DTSRRI B YRR
Ohy RIS L U L 1R 22 BRI AN LAY
AR TR R LR OB A P RE BT BT
T T B2, B R i fL A S AT A
TCRBAEE, W] LIS S AR S R T $ T
FCRARZAPERE 3 RE A RCHN A RRUISZ A i e v Tt 1)
T APERE MG L, SRR W T X
KACLL KK AL A5 BTt H KA T LU R 2%
AR I B o A P RO R BUAE AR 4 S S 1 G
o BERAARL-5 P AR A 1 o B, AT B T A R A
REFIG IR PERE ; 2 LA TR BLEE 22 A8 P07 1, A
TV W LA AR MK, FREICRBR
AALAT LAREARAT R R B, 3 1] LA™ AR B 2 4R 25, A
A THE T RIS BN, BEA R s i S A B T K
MR, RERTHE SRR A R AT R IERE

FAI, RS 1 L Tt S B A e ) T 5 3 A 5 TR
A A V208 S PR A e, BAR R . © —
L6 HAT LU AR A PR AL R, 5 VR B B 1 b 17
RS U ORI, 1 AT A B @ TR SR
RS R AR, LA B0 22 51 A R PR RUAE 1B, 32 i v
W PERE IR R A i ; @) FLEE SR RHR 8 1 25 e
SR AR R MELL S B RRSE AR F

B LA B TR A, AT DRI i D SR JH TR



52 7o TR 44 %
1%&7'6%[\1% 1 ﬁ,ﬂé‘fﬁ: E':l‘?ﬁ“l’i it E/»j Hﬁ% , Mﬁﬁ%% %% [16] ZHANG N, LI B, LIS, et al. Explored vanadium monoxide as a no-
x—kﬁiﬁ% , ﬁ&iﬁ%%ﬂ% ? EE ﬁﬁﬁ W\EF/B%Z %'ﬂf& E,(J ]\E_I] vel anode for lithium storage[ J |. Materials Research Express, 2018,

o e o " 5(8) :085502.
ELJH\ ; @ éiiﬁrl‘ﬁﬁ = I%¥‘ %%%*ﬂ = Eﬁ‘ﬂzii%\ﬁg‘ri [17] ZHANG G, REN L, HU D, et al. Fabrication of mesoporous carbon
il IE{A:EE%}EEVE( SEI) ) uﬁ&ﬁ%%?ﬁjﬁl EEJ‘EJ“*E‘ EP hollow spheres intercalated three-dimensional network structure V, 05
*j*"‘l‘ E/:JMK*H/E{JC s {Eﬁ Li* Tﬁ?ﬁ[ﬁjjj % . *%%%E%% Eg; nanosheets with enhanced electrochemical performance[ J]. Journal
b 17 K ARG A A R s B AN R LR A RS of Alloys and Compounds, 2019,781:407-414.
7‘:—"% , ,ﬁtﬂsg“[‘%jﬁ- *’I'Eﬁlri j:i* , E%{E‘E %}L%;M‘ *"l'%biﬁi (18] LIU G, ZHANG R, SHENG Z, et al. Porous network of ultrathin
Z’K , U\Wﬁiﬂ%ﬂ%@%? %?&ﬁ*&)ﬁ‘*‘i E@ﬁjﬁﬂﬂ:m};ﬁ . V0 ,5-polyoxometalates nanosheets grown on carbon cloth as anode
materials for high-performance lithium-ion batteries[ J]. Journal of
%%imﬁ . Alloys and Compounds, 2023,937.168474.
[19] CHEN P, ZHENG G, GUO G, et al. Ce-doped V,05 microspheres
(1] EEE 2R 50 55, LR NS5 R AR MR 1], with improved electrochemical performance for high-power recharge-
TERERL 2 5 HOR , 2024,13(4) :1253-1265. able lithium ion batteries[ J]. Journal of Alloys and Compounds,
[2] MENG L, GUOR, LIF, et al. Hierarchical porous Li ,V,0,/C anode 2019,784:574-583.
assembled with nanoflake for high-performance lithium-ion battery[ J]. [20] WANG R, HET, WU Y, et al. Octahedral V,05 derived Au-decora-
Journal of Materials Science, 2020,55:5522-5533. ted disordered rock salt as high-rate and long-life anode materials for
[3] MASIAS A, MARCICKI J, PAXTON W A. Opportunities and chal- lithium-ion storage[ J]. Journal of Alloys and Compounds, 2023,
lenges of lithium ion batteries in automotive applications[ J]. ACS En- 938.168506.
ergy Letters, 2021,6(2) :621-630. [21] fRFEHE, B2 ZEKE. 240 V,04 1Y o S 76 £ B8 it
[4] Xzl 55 MRk 45, FRIEE R)Z LB £ 58 SR RS R[], M, 2023,53(3) :248-251.
RYERERIRZIR[T]. §7R TR, 2024,44(1) :129-133. [22] JANG Y J, SEO H, KIM J H. Facile synthesis and electrochemical a-
[5] WANG Y, QIU Z, YAN G, et al. Preparation and electrochemical nalysis of Zn-Doped V,05 anode materials for high-rate Li storage[J].
properties of Li, Ti50,,/Si;N, composites as anode materials for high- International Journal of Energy Research, 2024 (1) :2441193.
performance lithium-ion batteries[ J]. Ceramics International, 2022, [23] VENKATKARTHICK R, RODTHONGKUM N, ZHANG X, et al.
48(1) :1006-1012. Vanadium-based oxide on two-dimensional vanadium carbide MXene
(6] k&, MhET, A6K, 4. Hs 7T b2 & SRR BT (V,0,@V,CT,) as cathode for rechargeable aqueous zinc-ion bat-
PERET]. FORHRAR, 2024,38 (44T 1) ;18-23. teries[ J]. ACS Applied Energy Materials, 2020,3(5) :4677-4689.
(7] RS, R, IRE. Y72 1E 4% i M AR B8 7 it Uil bt [24] CHAO D, DEBLOCK R, LAI C H, et al. Amorphous VO, : A pseud-
BEPIRIH[T] . feazk i, 2024,36(5) :757-770. ocapacitive platform for high-rate symmetric batteries [ J]. Advanced
[8] s, T FZEA, 5. A S0 By ki 55t it Materials, 2021,33(49) :2103736.
JE[T). mEHAR, 2022,41(4) :6-12. [25] KHAN Z, SINGH P, ANSARI S A, et al. VO, nanostructures for
(9] SKML, BRI, s tH A, 25, BBSE o £ 2R 8 F it 63 A kA Rk 1) L1k batteries and supercapacitors: a review[J]. Small, 2021,17(4) .
SEPEREIFE (1], BTG THR, 2023,43(4) :169-173. 2006651
[10] kT, HRAm sk ye e, 45, ST BEran st i A Sa il 2 s - F [26] HE G, LI L, MANTHIRAM A. VO,/rGO nanorods as a potential
BB SEJ]. BTE TR, 2023,43(4) :147-153. anode for sodium-and lithium-ion batteries[ J|. Journal of Materials
[11] SHAO M, DENG J, ZHONG F, et al. An all-vanadium aqueous Chemistry A, 2015,3(28) :14750-14758.
lithium ion battery with high energy density and long lifespan[ J]. Ener- [27] XIAO B, ZHANG B, ZHENG ], et al. Nano-micro structure VO,/CNTs
gy Storage Materials, 2019,18.92-99. composite as a potential anode material for lithium ion batteries[ J]. Ce-
[12]  RAE, Ehdul, J5ig , 55, iRk i BBt SEsE e[ 1], Wi fr ramics International , 2018,44(11) ;13113-13121.
RS FE 4, 2021,49(6) :55-62. [28] SONG HJ, CHOI M, KIM J C, et al. Li-electroactivity of thermally-re-
[13] XU X, XIONG F, MENG ], et al. Vanadium-based nanomaterials: duced V,05 nanoparticles[ J]. Materials Letters, 2016,180:243-246.
a promising family for emerging metal-ion batteries[ J]. Advanced [29] LEID, YE H, LIU C, et al. Interconnected ultrasmall V,0; and
Functional Materials, 2020,30(10) :904398. Li,Ti5O,, particles construct robust interfaces for long-cycling anodes
[14] ZHENG J, ZHANG Y, WANG Q, et al. Hydrothermal encapsulation of lithium-ion batteries[ J]. ACS Applied Materials & Interfaces,
of VO,(A) nanorods in amorphous carbon by carbonization of glucose 2019,11(33) :29993-30000.
for energy storage devices[ J]. Dalton Transactions, 2018,47(2): [30] JIANG L, QU Y, REN Z, et al. In situ carbon-coated yolk-shell
452-464. V, 05 microspheres for lithium-ion batteries[ J]. ACS Applied Materi-
[15] TOLOSA A, FLEISCHMANN S, GROBELSEK I, et al. Electrospun als & Interfaces, 2015,7(3) :1595-1601.
hybrid vanadium oxide/carbon fiber mats for lithium- and sodium-ion [31] KIMJH, KIMY S, MOON S H, et al. Enhanced electrochemical

battery electrodes[ J]. ACS Applied Energy Materials, 2018,1(8) :
3790-3801.

performance of a selectively formed V,0;/C composite structure for

Li-ion batteries[ J]. Electrochimica Acta, 2021,389:138685.



55 4 ) SR A DR B e i SRR BT S e S e B 53

[32] LIU P, ZHU K, XU Y, et al. Hierarchical porous intercalation-type
V,0; as high-performance anode materials for Li-ion batteries[ J].
Chemistry-A European Journal, 2017,23(31) :7538-7544.

[33] AN X, YANG H, WANG Y, et al. Hydrothermal synthesis of coher-
ent porous V,0;/carbon nanocomposites for high-performance lithium-
and sodium-ion batteries [ J ]. Science China Materials, 2017,60(8) :
717-7217.

[34] LOW W H, KHIEW P S, LIM S S, et al. Facile solvothermal desig-
ning of graphene/Ni;V, 04 nanocomposite as electrode for high per-
formance symmetric supercapacitor[ J]. Journal of Alloys and Com-
pounds, 2018,768:995-1005.

[35] &, BER, FExE, 4. Li;VO,/RGO 40K E & Gt AR il
BRI ERE ()], AR TR (ARBER) ,
2018,44(1) :55-61.

[36] CAO]J, ZHANG D, SUM P, et al. Low temperature and atmospheric
pressure fabrication of Li;VO,/rGO hybrid as high-performance an-
ode for lithium-ion batteries[ J ]. Tonics, 2021,27:1041-1048.

[37] FIED LR, PUBRER CUBDRL A il & B ERE T ). APRIR}
5 TRAER, 2021,39(6) :912-915.

[38] ZHAO D, MENG T, QIN J, et al. Rational construction of mul-
tivoids-assembled hybrid nanospheres based on VPO, encapsulated
in porous carbon with superior lithium storage performance[ J]. ACS
Applied Materials & Interfaces, 2017,9(2) :1437-1445.

[39] FEDOTOV S S, SAMARIN A S, NIKITINA V A, et al. «-VPO,: a
novel many monovalent ion intercalation anode material for metal-ion
batteries[ J]. ACS applied materials & interfaces, 2019,11(13) .
12431-12440.

[40] ZHENG J, HAN Y, ZHANG B, et al. Electrochemical properties of

VPO,/C nanosheets and microspheres as anode materials for lithium-

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

ion batteries[ J]. ACS Applied Materials & Interfaces, 2014,6(9) ;
6223-6226.

HU L, ZHENG S, CHEN Z, et al. 3D graphene modified sphere-
like VPO,/C as a high-performance anode material for lithium-ion
batteries[ J]. Electrochimica Acta, 2018,284.:609-617.

HU L, ZHENG S, CHENG S, et al. Micro/nano-structured Ag coa-
ted VPO,/C as a high-performance anode material for lithium-ion
batteries[ J|. Materials Letters, 2019,246:40-44.

TANG L, XIAO B, AN C, et al. VPO,@ C/graphene microsphere
as a potential anode material for lithium-ion batteries[ J]. Ceramics
International , 2018,44(12) ;14432-14438.

GUO D, YANG M, LI Y, et al. Hydrogel-derived VPO,/porous carbon
framework for enhanced lithium and sodium storage[ J]. Nanoscale,
2020,12(6) :3812-3819.

ZHANG B, HAN Y, ZHENG J, et al. VOPO, nanosheets as anode
materials for lithium-ion batteries [ J]. Chemical Communications,
2014,50(76) :11132-11134.

WA, mibs, B2, 5. 291 VN QR B 1 b 5 bR
JE[)]. WA SRR TR, 2015,44(9) :2318-2321.

PENG T, GUO Y, ZHANG Y, et al. Uniform cobalt nanoparticles-
decorated biscuit-like VN nanosheets by in situ segregation for Li-ion
batteries and oxygen evolution reaction [ J]. Applied Surface Sci-
ence, 2021,536:147982.

YANG G, ZHANG B, FENG J, et al. High-crystallinity urchin-like
VS, anode for high-performance lithium-ion storage [ J]. ACS Ap-
plied Materials & Interfaces, 2018,10(17) :14727-14734.

SIRARS: #AhAR, 3, hF, . AL B T b AR 9 AT
Je5REB[]]. 5k 42, 2024,44(4) :47-53.

( L5 46 1)

[9] WANG Q, PAN J, LI M, et al. et al.VO,(B) nanosheets as a cath-
ode material for Li-ion battery [ J]. Journal of Materials Science &
Technology, 2015,31(6) :630-633.

[10] POMERANTSEVA E, GERASOPOULOS K, CHEN X Y, et al.

Electrochemical performance of the nanostructured biotemplated
V,05 cathode for lithium-ion batteries[ J]. Journal of Power Sources,
2012,206:282-287.

[11] PAN A Q, BIN H, LE W, et al. Template-free synthesis of VO, hol-
low microspheres with various interiors and their conversion into
V, 05 for lithium-ion batteries[ J]. Angewandte Chemie-International
Edition, 2013,52(8) :2226-2230.

[12] ZHONG S L, ZOU Z G, LV S ], et al. V¢O,; nanosheets self-as-
sembled into 3D hollow microflowers for long-life and high-rate Li-ion
batteries[ J]. Journal of Alloys and Compounds, 2022,903;163845.

[13] WUXY, ZOU Z G, YANG Q, et al. Magnetic stirring assisted hy-
drothermal synthesis of fibrous-V¢0,; cathode material for lithium-ion
battery[ J ]. Materials Letters, 2019,235.176-179.

[14] HUJ, CHEN H, XIANG K X, et al. Preparation for V40,;@ hol-
low carbon microspheres and their remarkable electrochemical per-

formance for aqueous zinc-ion batteries [ J ]. Journal of Alloys and

[15]

[16]

[17]

[18]

[19]

Compounds, 2021,856:157085.

MAI'L Q, WEI Q L, AN Q Y, et al. Nanoscroll buffered hybrid
nanostructural VO,(B) cathodes for high-rate and long-life lithium
storage[ J]. Advanced Materials, 2013,25(21) :2969-2973.
ZHONG S L, ZOU Z G, LE S W, et al. VO, nanosheets assembled
into flower-like microspheres for Li-ion batteries[ J]. ACS Applied
Nano Materials, 2022,5(12) ;18023-18034.

ZHAO Q Q, JIAO L F, PENG W X, et al. Facile synthesis of VO,(B)/
carbon nanobelts with high capacity and good cyclability[ J]. Journal
of Power Sources, 2012,199.350-354.

NIU C. Al-doped VO, (B) nanobelts as cathode material with en-
hanced electrochemical properties for lithium-ion batteries[ J]. Func-
tional Materials Letters, 2018,11(4) :1850068.

PARK S K, NAKHANIVE] P, SHIN K H, et al. Thread like struc-
tured VO, microspheres for improved lithium-ion storage kinetics and

stability[ J]. Journal of Alloys and Compounds, 2020,842.155721.

SIAAR: sLE, IR, M. 3D 6k VO,(B) B e & 58
AT [J]. &5 TAZ, 2024 ,44(4) :42-46.



