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Abstract

Trivanadium heptaoxide (V307 abbreviated as VO), a typical layered vanadium oxide, exhibits the
advantages of high theoretical specific capacity and low cost, making it one of the promising candi-
dates for cathode materials in aqueous zinc-ion batteries (AZIBs). However, the slow diffusion of
Zn2* caused by its intrinsically narrow interlayer spacing and vanadium dissolution during cycling
severely restrict its further development. To address these drawbacks, a V307 cathode material co-
intercalated with calcium ions (Ca2+*) and trifluoromethanesulfonate ions (OTf-), denoted as SVO,
was synthesized via a one-step hydrothermal method in this work. The as-prepared cathode deliv-
ers enhanced specific capacity and cycling stability. Specifically, CaZ+ acts as an interlayer pillar to
significantly expand the interlayer spacing of V307, thereby accelerating the diffusion kinetics of
Zn2+*, The intercalation of OTf- neutralizes part of the positive charge from co-inserted Ca2+, effec-
tively suppressing the over-reduction of vanadium and excessive generation of oxygen vacancies
induced by Ca?* intercalation, thus improving the redox activity of the vanadium oxide. Character-
izations, including XRD, Raman spectroscopy, TGA, and XPS, verified the successful co-intercalation
of Ca®* and OTf- into the interlayers of V30-. Finally, the assembled Zn//SVO cell achieved a high
specific capacity of 497 mAh-g-1 at a current density of 0.5 A-g-1, which was remarkably superior to
those of pristine VO (372 mAh-g-1) and Ca**-intercalated VO (466 mAh-g-1, CV0). Meanwhile, the
cell exhibited outstanding rate capability, retaining a specific capacity of 213.8 mAh-g-1 even when
the current density increased to 10 A-g-1. Furthermore, the Zn//SVO cell displayed a high capacity
retention of 87% after 12,000 cycles at 10 A-g-1, and its cycling stability was far better than that of
VO (34%) and CVO (43%).
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1. 5|8

IKZREE B T (A ZIBs) B Hom 22 e . IR SRR ISR, A RS A fie s e AL HH K
(RS 77 BUEAY), JLHR ZRPUEAY), T2 7588 S i B A B s B LA &, & 2400
AZIBs IEMRAM B LR s 2 —[1]-[3]. $R10, HAMESHEMEZE, FEREGR. 1HHd RS S
VBV RS ) J, P2 T Dk . TG JZ SRR R U R ) e B S B e —, U
e BH B F TR 2 (40 Ca?ty Mg? . Na)fBff B SOy S 45t e fEH, A 2R A m)
G BETERE[4] [S5]o Fot, Ca? HIETHIE T2 LK SPEZRGRIEAG1EH, Rt A8 RLEZE R
PRAEHE Zn? e, RIS, Ca? (5] N AREA RAMHI G PR LR i a5 ha i 7% S 3R, NI S35 52 TH L AEAE
VIS EAIG I AR E VE[6]-[8]. Biltn, FRAEHIBAHI# ) Ca> Hlik A\ V20s (CaoosV20sH20) IERA EHE 4
Ag !t FABEDH 192.8 mAhg ' BIELAE, HZ 1000 TG G LA BREFRN 62.5% [9]. 5458 HTFUKE
Ca®* 5l N\ V30 4Kt dt, HRER S V07 (S 2IY KIZRIEE, SCHL Zn F P BOr s7 1) & 20
Foo HAEMA I | Ag ! HIREE NS T 4323 mAhg ! IR LA E, F 10 Ag! NEILH
165.5 mAh-g ' [ RIFfE b fE, HAGIRFH a0 52(800 R AE3F Ja W EARFF RN 78.5%) [10]. #R1fi, 4J@F

DOI: 10.12677/ms.2026.165105 115 B R 2%


https://doi.org/10.12677/ms.2026.165105
http://creativecommons.org/licenses/by/4.0/

v

ETHE G S SR T VIR R, SN R AL, MR A AR SRS AL A, T
FEARAT R AL 2 PR RE

BEXE IR )8, AR SCR F 8] B — DK A BOEAE AT HAEK T — 2l Ca2'5 OTf 3E4dE 1 V;0,
MEHSVOYH T/K REEE T oM IEN . 18— RVIRMENIK, UESL Ca2 5 OTE BRI V30, HZE . 52
w1 Ca?™5 OTE W W R E NI S IR 15 1) )2 18] SO A48 5 F fer P A XA, A 058 T Zn? 5 3)
PR R EME RS, MR E I T T MR GE B R S AR It . 5, 35N Zn//SVO
FL RIS O EE R 2 (497 mAh-g ™' 7 0.5 A-g ! M)RIEKIEAF (T35 12,000 IXEERFFEN 87%).
B2, HPHE 73546 2 50 N IT R m v e AZIBs IERRAPRHZ AL T 357 i L

2.SVO. CVO #1 VO B Ea#H & 5RIE
2.1.SVO. CVO 1 VO B RaH&

AT (2 cm x 3 cm)ZE 3 mol' L™ #hif2 . Jo/K 4FE 4 20 min, 25 . # 0.13 gNH4VOs 5 50 mM
R REERAS T 18 mL £ B T/K, 60°CHEFE 30 min, A HEJEH 12 mol- L' #hERIH pH £~2, # A 20
mL RIS LJE AR AR RS S, T BN TR ELRAT, 160°C/K# 3h, HARAEEEUHE H 4 BHE
e, 70CEHZETEE 12 h, BEMAKTHAN SVO Fidh. FEVES% VO. CVO (55 Ca? K 1) CaCL)F
it FITEFERTE Y ACE Y Z) 1.4 mgem ™2,

2.2.SVO., CVO F1 VO BRI RE

N TIRIEE RN VO CVO 5 SVO F i RO TS5 5 R AE, i F 4 LB (SEM)X —ANFE ik
1T TIESEAE. SEM RAEWE 1(a)~(c)Fr, =Fhke S35 0 QK /3 ) = 4E LI LN, Hgh
K se By 5], RWE TN SSCEM RIS . B2, B BT DB TEM)XT SVO £ 5 1)
T AR G A IEAT T 3RAE . W] 1(d)~(D s, = ANFE Al 1 (200) & TR R Y J2 [ BEAEAE — € [ 22 5%, 1 VO
41.08nm. CVO A 1.14nm. SVO A 1.2nm. CVO WZ[HIEE KT VO, ¥FIPIESE T Ca? lIhidi A F| VO
210, 1 SVO M2 HFE KT CVO R BB E T 4MEA OTE I . i B & (A X SR
(EDSMFEM AT T G &R 3 A RAE, Bl 1(g)n TR H SVO it Vi 0. Ca. F. S TR EIHINY
I3, UESET Ca**5 OTAE V0, RSN . AT~ DRIZ RSB, = AMFEREETT X
SR AT S (XRD) AR AE (] 1(h)). WTEAEH VO. CVO. SVO =M IATHIEY 5 2R V50, 1)
FRUEFFAEIE LT R 4 (JCPDS#27-0940) [10]. fHAFEREMZ, VO CVO. SVO H1(200)d [ %S 26 5371
N84T 1.7 6.91° . MRHEATHIAG JTFE, AT RN R 2 (R BE AR OK, R BARESE Ca? Al OT IR AL
JEIRIFEIZETE R, dE—PUE W T Ca?'5 OTF MR IR o ik — 2518 i A M1 (TGA) (A5, 10°C/min
FHEZ 700°C)5HT VO CVO 5 SVO =AMFESL, @il 1) A7R: 18 200°C BLR =AM S 35 H B<10% 1) 42
T E, SR TR PR BB, 2 BR 4 2 SSOPE R 2 3 SO i R TR P /K & . 200°C~400°C, &4 2k
HITRZEREZE, VO. CVO. SVO BT ERFFR 5N 92%. 83%. 76.8%, SVO H KK H T 45 i
KIS OTE ML AR, IESE OTE INGI N. 400°C~600°C, &HE 5 e X R 2 M 3 T 5845
fif, VO. CVO. SVO A& mREERT N 84.2% T7% 67%, FHRIGE T OTE IR Ihid N . FIHHL
2 (Raman) X FE S 25/ EAT T iE— B RAE . W 1G)FTR, =ANFERRHIEEY S V0, W& .
TERBEEX, VO XM 156.3 cm™ 4bHI-V-O-V-O-#R 3, 75 CVO HEAESR. SVO HHILAa®, 4
ARESE Ca? IH 2N 5 OTE T ZAEH o RIEELIX, V=0 & RN ERE IR IR LR, B V-0
BTk, 52 R AR AR A TR . SR AL X A SVO HEE 949.3 cm™! 55 876 em ! RRAEIE, IESE OTH
AIRERMAS . DU Bl 251 11] [12].
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Figure 1. (a) SEM images of SVO; (b) SEM images of CVO; (c) SEM images of VO; (d) TEM and HRTEM images of SVO; ()
TEM and HRTEM images of CVO; (f) TEM and HRTEM images of VO; (g) EDS mapping images of SVO; (h) XRD patterns
of SVO, CVO and VO; (i) TGA curves of SVO, CVO and VO samples; (j) Raman spectra of SVO, CVO and VO

[& 1. (a) SVO Y SEM [El; (b) CVO HJ SEM [&; (c) VO B SEM [E; (d) SVO A TEM X HRTEM [&; (e) CVO By TEM
K HRTEM [E; (f) VO B TEM & HRTEM [E; (g) SVO B EDS mapping &; (h) SVO. CVO. VO #J XRD Eli&; (i)
SVO. CVO. VO #J TGA Hi%; (j) SVO. CVO. VO HJ Raman ¥

FH X PO T RER(XPS)RAE T VO. CVO K SVO It EHA M 5. W 2(a)fia, CVO #
i BRFEARHAEIE SN, R IUFI W) Ca 2p FrfElgE, KH] Ca> KTh 5l N . T SVO FE A AT kil ] Ca
2p FRfEWE, [RINFEHIL T F Is. S 2p MIRHIEEE, R Ca?'5 OTTIEIIGIN. 40 #F V 2p B il s
FALL R EREWE, 43519 517.5eV. 525.1eV. 516.2eV. 523.9eV, = FEM RIS AR R M, 5
RN R Va0, FICIRIE S £ & . T2 A VO, CVO 5 SVO 1 v 5L R E T, E Ca’if
JEEAFER Sy VIR A VA (] 2(b)). Ca2p EEIESE CVO 5 SVO  Ca?" il Ih#di )2, HFFAE s Ca?*
I B P 3 — (] 2(0)). i #F O 1s EITE T G UM AN RFIE IS : ~531.4 eV X B 2543 46 (vacant O,
FLFER P -OH JEH 58 L), ~530.21 eV XJ M g g 4 (lattice O). FHH CVO AL & ELAHEL VO
FIEETE, YET Ca? 4 2 (1) LA P 2408, 15 SVO NIE T OTF )5 F A7 P4k Vi FEAR iR, 38E 4 5 22 4
LA (] 2(d))e B 2(e)~(HIX SVO FEfHHATIINE] F 1s 5 S 2p MIHFENE, Uil T OTE (M2 .
=53 S 2p BB ARSI N 163.2eV 5 161.6 eV, X S=0 #FHEIRS), [FII £ 168.8 eV AL H I S=0
MREIENE, 5 = HFGERERAR(OTE )4 T 45 MUFIE € W) & M0 HE F 1s BEIRELE 688.7 eV Ak HBIAR L
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Figure 2. (a) XPS survey spectra of VO, CVO and SVO samples; (b) High-resolution V 2p XPS spectra of VO, CVO and
SVO samples; (c) High-resolution Ca 2p XPS spectra of VO, CVO and SVO samples; (d) High-resolution O 1s XPS spectra
of VO, CVO and SVO samples; (e) High-resolution S 2p and (f) F 1s XPS spectrum of SVO sample

[& 2. (a) VO. CVO 5 SVO #m# XPS £iLE; (b) VO. CVO 5 SVO #@mBIE S #E V 2p XPS iEE; (c) VO. CVO
5 SVO #MmIE 5 ## Ca 2p XPS iEE; (d) VO. CVO 5 SVO # RIS 5 O 1s XPS #&[El; (e) SVO MRS/
S 2p XPS iZEF(N) =5 F 1s XPS iEE

3.Zn//SVO. Zn//CVO # Zn//VO Bt g e 155005 & o 4

PL VO. CVO K SVO NIEW:, A A, 3 mol-L™ Zn(CF3SOs) A MRV 412 41 411 it 32 47
T AL ZEMERE IR . ] 3(a) N =AEERRAE 0.2~1.6 V HUEIXE] R 1 mV-s™ #9353 N IRR K ER R 22 (C V) il
2o WTLLER], AR EIR AL R, SRR VIV VEVIEAGE R HLX[15]. Hi
Zn//SVO BJHI M E R T Zn/CVO 5 Zn//VO, RIH LA EM BT [16]. W 3(b)~(c)N=AFEM
1 0.5 A-g ' LIRS NS ER 2 (GCD) i 2k . R, Zn/SVO (497 mAh-g )2 i = T
Zn//CVO (466 mAh-g )5 Zn//VO (372 mAh-g ™). £ 0.5 A-g”! F T LB FFEFRMNRH, Zn/SVO L% &
5399 497, 495.5. 492, 491, 487 mAh-g!, HIWAEREA KD EKER, K SVO BFREMEH
FEME. B, 1E0.5~10 Ag™! U 0 AR AT 7RI 3(d). &5 REW], Zn/SVO 1E
F L R X A LA R T VO M CVO, HAE 10 Ag™! FMEA 213.8mAh-g ' K E 2 0.5 Ag!
i, F AR IR 88.5%, M — P UESL | Ca*™5 OTf 354 )2 nl A 8O Zn> &4, $2 m HAF 1R .
3(e)N Zn//SVO. Zn//CVO 5 Zn//VO HthfE 1 A-g ' FIITEMFRETERE. 76 1 A-g ' G 800 M5,
Zn//SVO. Zn//CVO. Zn//VO WL RREFZ 58 67.0% 58.2% 34.6%. X ULHH Ca?'5 OTf L4 2
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Figure 3. (a) CV curves at a scan rate of 1 mV-s™'; (b) GCD profiles at a current density of 0.5 A-g”! of Zn//VO, Zn//CVO and
Zn//SVO; (¢) GCD profiles of Zn//SVO for the initial 5 cycles at a current density of 0.5 A-g™'; (d) Rate capabilities of Zn//VO,
Zn//CVO and Zn//SVO; () Cycling performance and Coulombic efficiency at a current density of 1 A-g™!; (f) Long-term
cycling performance map at a current density of 10 A-g™!

& 3. Zn//VO\ Zn//CVO 5 Zn//SVO KJ(a) 1 mV-s™' FAERET CV BiZk; (b) 0.5 A-g ' BSREE T GCD BhZE; ()
0.5 A-g ' BREBEE T Zn/SVO BIAT 5 B GCD Bh%Zk; (d) Zn//VO. Zn//ICVO 5 Zn//SVO BIFSZRMEE; (o) 1 A-g ' B3R
BETRIAMRESERYE; ()10 Ag! BREE TRKETELE

B, I CV. fE R A ERGR 2 HOR(GITT) FAG 2 BHPT(BIS) SR M ARk — B4R 5T T Zn//SVO 1%
REFRTHICHE TAEMLA . 14 4(2)2h 0.1~1.0 mV-s™ 3 R CV MHAL R . @A K, HATTREM
FETH R M 85.8%TH 2 96.2% (K 4(b)~(c)). H, WMEHBRSHEFEFRIKR: i=a” [17]. Hb
BB A 0.5 I, FoRiZd R hd B ml. b BB 1, 2 A TTEk. 24 b AT 0.5 A1 1 Z Al
FOR P B A 2 TR S R [ 18] [19]. & it th R 515 2 Zn/SVO SEAGIE SR IE b 553 31 0.88
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Figure 4. (a) CV curves at various scan rates; (b) Capacity contribution ratios of diffusion-controlled and capacitive-controlled
processes at different scan rates; (c) CV curve and corresponding capacitive contribution at a scan rate of 0.1 mV-s™', and (d)
log(i) versus log(v) fitting curves and corresponding b values of different redox peaks of Zn//SVO battery; (¢) Zn?* diffusion
coefficients and (f) EIS Nyquist plots of Zn//SVO, Zn//CVO and Zn//VO

4.7Zn//SVO Hith(a) FEFHRRTH CV HhLk; (b) FARFAEERETHT #uzHlZiE SR EFdEN AT
EE; (o) FER 0.1 mVs TH CV iR R BTk (d) FRISKITRIES R log()~log(v)Il& L% K
B b 1E; Zn//SVO. Zn//CVO 5 Zn//VO Bi(e) Zn* ¥ B E . () BULFETILE

4. G518

A, RSk BGERISEIL T Ca2 5 OTF 362 V307, F8id J2 18] SO0 5 H far T 47 2%
NI FEFE, BURTES K V07 ERIFE . 185 Zn? 4l 5, ZMMEHN LR S mitss; &5H s r
A A0 VIR R R AE . ST Va0, IEARM B R VR RE SR I AR E M 1 T R AR T
HAL AL R . Zn/SVO BAA T /NKHLAT 6 s B . T & Zn> 9 B R 20(~5.37 x 107 em?s7!).
It H Zn/SVO £ 0.5 A-g”! FHIERLL A EIA 497 mAh-g™!, 1 A-g ' 1E3F 800 M G B EMRIFR N 67%, T
10 A-g ! FRAEIR 12,000 P85 LA B EFFR N 87%, @Ak T Zn//ICVO F1 Zn//VO AL ERE . ABES
DI AR 1 4 2 PSR AL T T EE R SR IR 5B R, BRI T SVO 1E AR R K REE T I IE
BRAA B S 7

E&WE

AWETirR B 7S H AR AR 42(52502303) AR T AR 3 52(2024KTSCX045) LA K h B K5
= 2R B A )45 4:(BSQD2517) I B 1.
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