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Abstract: Recent progress in the field of energy storage has led to growing interest in magnesium ion
batteries (MIBs). As an emerging energy storage technology, magnesium is abundant in resources, cost-
effective, environmentally friendly, and less prone to dendrite formation during charging and discharging,
making it a promising alternative to traditional lithium-ion batteries with better safety. Sulfide-based
positive electrode materials typically exhibit high theoretical specific capacitance and good conductivity,
making their research crucial for enhancing the performance of magnesium ion batteries. VS4 has a special
atomic chain structure, a unique structure, high capacity, and long cycle life, which has attracted much
attention. This study syntheses VS, using the solvothermal method. A four-factor three-level orthogonal
experiment is designed to investigate the effects of hydrothermal temperature, hydrothermal time, raw
material ratio, and solvent ratio on the microstructure and size of the material. Nine groups of synthesized
materials are made into electrode sheets, and magnesium foil is used as the negative electrode. A fully
phenyl complex (APC) has been used as the electrolyte to assemble a magnesium ion battery for
electrochemical performance testing. It is revealed that sample S3 exhibits the most compact particle size
and superior electrochemical properties, reaching 369.1 mAh/g in the first discharge process. Even after
110 charge and discharge cycles, the specific capacity of the material can still be maintained at 80.1 mAh/g,
showing good cycle stability. Experimental results have shown that different preparation conditions affect
the microstructure and size of materials. Optimizing preparation conditions is beneficial for improving the
electrochemical performance of magnesium ion batteries.
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Table 1  Orthogonal experimental design

Samples  Hydrothermal time(A)/h Hydrothermal temperature(B)/°C Molar ratio of NH,VO;: TAA(C) Volume ratio of EG :deionized water(D)
S1 6 160 1:4 1:1

S2 6 180 1:6 2:1

S3 6 200 1:8 3:1

S4 12 160 1:6 3:1

S5 12 180 1:8 1:1

S6 12 200 1:4 2:1

S7 18 160 1:8 2:1

S8 18 180 1:4 3:1

S9 18 200 1:6 1:1
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Fig.2 XRD pattern of VS, sample prepared

under orthogonal experiment
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Fig.4 TEM photographs of VS,
(a)low-magnification photograph; (b)high-magnification lattice fringe photograph; (¢ )HAADF image and EDS elemental map
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Table 3 Performance comparison of VS, as cathode material for MIBs
Current Initial )
Active material Electrolyte density/ capacity/ Cycle Capac'lty Ref.
B B number  retention/ %
(mA-g ") (mAh-g ')
VS, APC [0.4 mol-1.~' (MgPhCl),-AlCl,/THF) ] 20 369.1 110 95.41 This work
Bulk-MoS, APC 20 ~25 120 ~80 [10]
Expanded-MoS,/graphene  APC 20 105 120 83.4 [10]
Ti,C,T, APC 100 170.5 60 29.3 [22]
V,MoOs APC 20 199.1 50 ~33.3 [23]
Li,Ti.O,, 0.25 mol- L.~ ! Mg(AICL,BuEt,),/ THF 15 35 100 [24]
MoO, APC+1.0 mol- L™ LiCl 20 50 50 50 [13]
V,MoOyq APC+1.0 mol-L ! LiCl 20 312 50 72.5 [23]
MoS, APCH+0.5 LiCl 100 135 200 85 [11]
MoS,/graphene APC+0.5 LiCl 100 225 200 90 [11]
MogSg APCHLICl ~13 ~129 [25]
MoO, hollow microsphere ~ APC+1.0 mol-L ! LiCl 20 217.2 50 ~69 [13]

3 it

(1) R FH a7 B 1 35 300 A i Dl il 48 1T VS, IE AR A4
Aho A XRD M SEM SO ZE5 A8 FRAE & B, AN [F) 2%
P56 55 B RE SR oM 4B AT VS, BB SR H X VS, 41
BHEREA — 2520, 54 58 8 RS /N By R il e R
oA AR L AL E PR RE

(2) 2R I R 2 = 7K 1E 38 2 56 E A7 i 4, 3
FEH, K AR B 5 K ST (]2 52 ) bE 2 R R B
o MUKPGREE R 200 C BFE] R 6 hi, — 35 T hli i
LA, R AE o 550 IR B $ A T 7040 1 s i 3
BNJ1 AEHET VS, SR R B A K 5 TS 2 i B
[ DO P A 52 10 7 43 004 1 (AT , A5 250 6 1 s 114
b AR TP R AL T PR L 25 6

(3) S3 K i (/K # A 8] 6 h, 7K #1200 °C,
NH, VO, FIifC L B BE /R 108, £ R 2 557K
TR EL S 31 1) 7 B AL RE D T R A 28t TR
YR AR, 35 8 T 369.1 mAh/g, BIE £EZ8 5 110

WFTTL LA BRI 6 Y L 2 B AR AR BE 6 4 15 1
80.1 mAh/g, W7 KA BRI E 1L

[1]

(2]

(3]

[4]

S5 3k

NIU H Z,ZHANG N, LU Y, et al.Strategies toward the develop-
ment of high-energy-density lithium batteries[J].Journal of Energy
Storage,2024,88:111666.

SHARMA R, KUMAR H, KUMAR G, et al. Progress and chal-
lenges in electrochemical energy storage devices: fabrication, elec-
trode material, and economic aspects [J]. Chemical Engineering
Journal,, 2023,468:143706.

LIJL,FLEETWOOD J,HAWLEY W B, et al. From materials to
cell: state-of-the-art and prospective technologies for lithium-ion
battery electrode processing[J].Chemical Reviews, 2022,122(1)
903-956.

ABU S M, HANNAN M A, HOSSAIN LIPU M S, et al.State of
the art of lithium-ion battery material potentials: an analytical evalu-
ations, issues and future research directions[J].Journal of Cleaner
Production, 2023, 394 :136246.

WANG Q S,JIANG L H, YU Y, et al.Progress of enhancing the



B4t He

PR AL IE AR VS, 1 £ K e Al A P RE

167

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

safety of lithium ion battery from the electrolyte aspect [J]. Nano
Energy,2019,55:93-114.
WANG D,ZHANG Z Y, HAO Y, et al.Challenges and progress
in rechargeable magnesium-ion batteries: materials, interfaces, and
devices[ J].Advanced Functional Materials, 2024, 34(51) : 2410406.
FAFE, TR TG, 45 B RE U L v U S R ORI T Y
Pl ARLT ] R TR A1, 2023(8) £ 1118-1130.
YUAN P L, DING X X,GUO P, et al.Research and industrializa-
tion of conductive agent technology in the field of new energy bat-
teries[J]. The Chinese Journal of Process Engineering, 2023 (8) :
1118-1130.
HE Y T,ZHONG Z Y, WU L, et al. Hollow porous Cu,S nano-
spheres as high-rate magnesium battery cathode [J].Journal of the
Electrochemical Society,2024,171(3) :030531.
WANG J B,YANG G L,GHOSH T, et al.Hierarchical FeS, cath-
ode with suppressed shuttle effect for high performance magnesium-
ion batteries| J ].Nano Energy, 2024 ,119:109082.
FAN X, GADDAM R R, KUMAR N A, et al. A hybrid Mg?"/
Li" battery based on interlayer-expanded MoS,/graphene cathode
[J].Advanced Energy Materials,2017,7(19) : 1700317.
HSU C J,CHOU C Y, YANG C H, et al. MoS,/graphene cath-
odes for reversibly storing Mg®" and Mg*"/Li" in rechargeable
magnesium-anode batteries[J].Chemical Communications, 2016,
52(8):1701-1704.
SETIAWAN D, CHAE M S, HONG S T. Re-evaluating the
magnesium-ion storage capability of vanadium dioxide, VO,(B) :
uncovering the influence of water content on the previously over-
estimated high capacity [J]. ChemSusChem, 2023, 16 (21) :
€202300758.
PAN W J,LIU X L, MIAO X W, et al. Molybdenum dioxide hol-
low microspheres for cathode material in rechargeable hybrid bat-
tery using magnesium anode [J]. Journal of Solid State Electro-
chemistry,2015,19(11) : 3347-3353.
WANG J S, ZHANG Y Q, LIU G, et al. Improvements in the
magnesium ion transport properties of graphene/CNT-wrapped
TiO,-B nanoflowers by nickel doping [J]. Small, 2024, 20 (6) :
2304969.
SUN CY,WANG H L, YANG F X, et al.Layered buserite Mg-
Mn oxide cathode for aqueous rechargeable Mg-ion battery [J].
Journal of Magnesium and Alloys, 2023, 11(3) : 840-850.
TANG J J, XU F.Polyaniline cathode for dual-ion rechargeable
Mg batteries[J | Materials Letters,2022,320:132365.
ZHANG X, TU X, LIU Y N, et al. Morphology engineering of
V'S, microspheres as high-performance cathodes for hybrid Mg®™/

Li" batteries [J]. ACS Applied Materials &. Interfaces, 2023, 15
(31):37442-37453.
WANG Y R,LIU Z T, WANG C X, et al.Highly branched VS4

nanodendrites with 1D atomic-chain structure as a promising cath-

[18]

ode material for long-cycling magnesium batteries [ J]. Advanced
Materials, 2018, 30(32) : 1802563.
DING S Q,DAI X, LI Z J, et al. PVP-induced synergistic engi-

neering of interlayer, self-doping, active surface and vacancies in

[19]

VS, for enhancing magnesium ions storage and durability [J]. En-
ergy Storage Materials, 2022,47:211-222.
LIZJ,DING S Q,YINJF,et al. Morphology-dependent electro-

chemical performance of VS, for rechargeable magnesium battery

[20]

and its magnesiation/demagnesiation mechanism [J]. Journal of
Power Sources, 2020,451:227815.
[21] TEPAVCEVIC S,LIU Y Z,ZHOU D H, et al. Nanostructured
layered cathode for rechargeable Mg-ion batteries[J]. ACS Nano,
2015,9(8) :8194-8205.
ZHAO M-Q, REN C E, ALHABEB M, et al. Magnesium-ion
storage capability of MXenes[J].ACS Applied Energy Materials,
2019,2(2):1572-1578.
MIAO X W,CHEN Z Y, WANG N, et al. Electrospun V,MoOg

[22]

[23]
as a cathode material for rechargeable batteries with Mg metal an-
ode[ J].Nano Energy,2017,34:26-35.

WU N,YANG Z Z,YAO H R, et al.Improving the electrochemi-

cal performance of the Li,Ti;0,, electrode in a rechargeable mag-

[24]

nesium battery by lithium-magnesium co-intercalation [J]. Ange-

wandte Chemie International Edition, 2015,54(19) :5757-5761.
[25] CHENG Y,SHAO Y,ZHANG J G,et al. High performance bat-
teries based on hybrid magnesium and lithium chemistry [J].

Chemical Communications, 2014 ,50(68) : 9644-9646.

ELTH . MR AR SE 1 R H (52274295) ;3464 FARBR 2 3L
A LA B H (E2022501028) 5 H1 e i 48 B AR L 55 2% ¥e B
Tt H (N2223010) 5 2025 47 {0 I 45 75 5 BF 58 A= 4 B ik 1 5 9% %¢ B 3T H
(CXZ7ZBS2025202,CXZ72SS2025157)

s B #1 . 2025-05-07 ; 3% F B #A . 2025-06-05
WBIWESE P AHLA973—), W Bk, 1t 0F5E Jy 1l R R IR i 5
AR AR B2 FR R A7l R % T A B 32 25 R L Bk AR o
HE T AL AE % R R AU HOR I & X 28 1L % 143 45 (066004) , E-mail:
tianyanglsh@163.com; ¢ € (1987—) , & , im0, 1+, W58 7 1)
RO GEIREE G R B R L T £ R S A BT HR T R X R L
1435 (066004) , E-mail : tengfei9131@126.com

(ALt 7 #)



