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In-situ Confinement Growth and Chemically Coupling VS,/Ti;C,Tx MXene as Sodium-Ion
Batteries Anode

LI Enzhi, WANG Mingshan, CHEN Lin, ZENG Min, CHEN Junchen, YU Bo, GUO Bingshu, MA Zhiyuan, LI Xing
(School of New Energy and Materials, Southwest Petroleum University, Chengdu 610500, China)

Abstract: Sodium ion batteries (SIBs) have a great potential in electrochemical energy storage. However, the development of SIBs
anodes with high specific capacity and cycle stability is still a challenge. In this paper, a VS,/Ti;C,Ty MXene sodium-ion battery anode
was synthesized via a solvothermal strategy to form VS, nanosheet in situ anchoring on Ti;C,Ty MXene structure. The agglomeration of
VS, during growth process was suppressed based on in-situ confinement growth mechanism by Ti;C,Ty MXene. In addition, the charge
transfer kinetics of VS, is also largely boosted by the stable chemical coupling between VS, and Ti;C,Ty MXene. As a result, the
VS,/TizC, Ty MXene composite exhibits a high specific capacity of 340 mA-h/g at a high current density of 10 A/g, as well as a stable
long-term electrochemical performance after 2000 cycles at a current density of 5 A/g. This design of composite provides an effective
approach for the development of anode materials for sodium-ion batteries with a high energy density and a high power density.

Keywords: sodium ion battery; anode; sulfide; vanadium disulfide; transition metal carbides
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Fig. 1 Schematic illustration of the synthesis of VS,—-MXene sample
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Fig. 2 Characterization of VS,/MX50, VS,/MX100, VS,/MX150, VS,/MX200, Ti;C,Ty and pure VS,
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K3 Multilayer Ti;C, Ty~ few layers Ti;C, Ty~ Pure VS,. VS,/MX50. VS,/MX100. VS,/MX150 i1 VS,/MX200 # 5[] SEM &

Fr )% VSy/MX100 ¥ 511 EDS

Fig. 3 Multilayer Ti;C,Ty, few layers Ti;C,Ty, Pure VS,, VS,/MX50, VS,/MX100, VS,/MX150 and VS,/MX200 samples were
characterized by SEM and VS,/MX100 samples were characterized by EDS
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Fig. 4 TEM images of VS,/MX100 samples
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5 4l VS,. VS)/MX50. VS/MX100. VSy/MX150 FI VS,/MX200 & &1} AL 22 A Ik
Fig. 5 Electrochemical performance test of Pure VS,, VS,/MX50, VS,/MX100, VS,/MX150 and VS,/MX200 composite materials
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Fig. 6 Pseudocapacitance analysis of VS,/MX100 and pure VS,
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Fig. 7 Dynamic analysis of electrode and charging and discharging mechanism
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223 2 ANMTHEH, ARE T VS, (110)A1(103)db 1
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Fig. 8 FE-SEM, TEM and SAED images of VS,/MX100 electrode after 50 cycles at 5 A/g
R1 FEMEFREIMEBNEFFMEMERE

Table 1 Sodium ion storage properties of different V-based sulfide materials

Sample Voltage window/V Magnification performance Cycle performance Reference
carbon-containing VS, composite 0.01-3.00 340 mA-h/gat 1 A/g 286 mA-h/g for 800 cycles at 1 A/g [45]
VS, HFS/RGO 0.01-2.50 143 mA-h/gat2 A/g 355 mA-h/gfor 500 cycles at 0.1 A/g [46]
VS,/NC@rGO nanohybrids 0.01-3.00 273 mA-h/gat 8 A/g 220 mA-h/g for 1400 cycles at 5 A/g [47]
Coin-like VS, 0.20-2.50 333 mA-h/gat2 A/g 410 mA-h/g for 300 cycles at 0.1 A/g [48]
c-VS,@VOOH 0.50-3.00 113 mA-h/gat 5 A/g 330 mA-h/g for 150 cycles at 0.2 A/g [49]
VS,-SNSs 0.40-2.20 180 mA-h/gat 10 A/g 204 mA-h/g for 600 cycles at 5 A/g [50]
VS,/MoS; 0.01-2.50 644 mA-h/gat 10 A/g 454 mA-h/g for 1000 cycles at 2 A/g [51]
Rose-like VS, 0.30-3.00 432 mA-h/gat 5 A/g 565 mA-h/g for 350 cycles at 5 A/g [52]
Ce-V;Sg—C 0.01-3.00 190 mA-h/g at 10 A/g 496 mA-h/g for 500 cycles at 1 A/g [53]
D-VsSg/CNFs 0.01-3.00 352 mA-h/gat2 Alg 340 mA-h/g for 4 000 cycles at 2 A/g [54]
VS4/rGO 0.01-2.20 192 mA-h/g at 0.8 A/g 241 mA-h/g for 50 cycles at 0.1 A/g [55]
V384-400 0.01-3.00 299 mA-h/g at 5 A/g 92 mA-h/g for 200 cycles at 10 A/g [56]
This Work 0.01-2.50 340 mA-h/gat 10 A/g 290 mA-h/g for 2000 cycles at 5 A/g

#=2 VS, F1%E VS,/Ti;C, T MXene 5 &R ZEMEIF 1000

KB R SHMNE T AR

Table 2 Sodium ion diffusion coefficients of pure VS, and

VS,/Tiz;C,Tx MXene composites were calculated at

3 £

PR V Sy FEBNES 1 F it B2 m P 3R A A
BT HE R, LA Ti;C. T, MXene NS H

1000 cycles

Sample Dya /(cm*s™)
Pure VS, 2.38x107%
VS,/MX50 2.62x107"
VS,/MX100 6.92x107'
VS,/MX150 9.32x107"?
VS,/MX200 4.16x107"

Btk JEIHE PR R A PRI K VS, 40k A E
1Ak 2B A /R AT 78 TisC, T MXene £5#) F, il
% T BEA =3 QM 250 1) VSy/TizCoTx MXene
HEMEL JRALBRIBAE KBRS T VS, 40K A I F1%
AR, AEEE T AR AN AR A R T O
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