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Preparation of MXene-based composites and their applications in sodium and

potassium-ion batteries

LIU Na, WANG Yating , XIU Shijian , LI Renzhe , QUAN Bo’
(National Demonstration Centre for Experimental Chemistry Education, Department of Chemistry, Yanbian
University, Yanji 133002, China)

Abstract: MXene and its composite materials have been widely used in the field of secondary batteries. As a new
two-dimensional transition metal carbide layered material, MXene has been widely used in energy storage,
adsorption, catalysis and other fields. Constructing composites based on MXene not only improves conductivity
and alleviates volume expansion, but also in turn inhibits MXene stacking and obtains better electrochemical per-
formance. In this paper, the synthesis methods of MXene containing fluorine and fluorine-free are reviewed, and the
application and performance of MXene and its composites in sodium and potassium-ion batteries are analyzed.
Finally, the challenges and prospects of MXene and its composites are elaborated.

Keywords: MXene composites; sodium-ion battery; potassium-ion battery; electrochemical performance; syn-

thesis methods
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Fig.1 (a)Schematic diagram of hydrogen bond cleavage and nanosheet separation after the reaction of Ti;C,T, with HF after the Al atom is replaced by

OH and sonicated in methanol; (b) Structural characterization image of the HF-treated sample; (c) Schematic diagram of etching from Ti;AIC, to

TiyC,T,*; (d) Structural characterization of HF-etched Ti,C,T,*'; (€) XRD patterns of Ti;AIC, and TiyC,T, etched with HF or LiF-HCI®*!
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Fig.3 (a) Schematic showing the construction of hollow MXene spheres and 3D macroporous'®; (b) Schematic illustration of the preparation process for

Sb,04/MXene (Ti;C,T,)"*”; (c) Schematic illustration of the preparation of MXene/SnS, composite by vacuum-assisted filtration!®;

(d) Schematic illustration of the synthetic process of the 3D f-Ti;C,/NiCo,Se, architectures™
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Fig.4 (a) Schematic of the preparation of Te-SnS,/MXene superstructure

(b) Schematic preparation of the synthesis of VSe,/MXene@C, paths for

diffusion of K* or electrons in the VSe,/MXene@C, structural model of VSe,/MXene@C'*?
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Table 1 Comparison of the latest performance of MXene-based materials in sodium-ion and potassium-ion batteries

Used in sodium-ion batteries

Used in potassium-ion batteries

Rate performance and cycle

Rate performance and cycle

Materials Ref. Materials Ref.
performance performance
267mA-h-g"at0.1A-g™; 101 mA-h-g" at0.1 A-g™;
£-TizC,T, DMSO 76 mA-h-g™" after 1 500 cycles [47] S-TisC,T, 41 mA-h-g™ after 2 000 cycles [70]
atlA-g' at0.5A.g™"
121.3mAh-.gat2A-g™’;
Sulfur-doped multil
TlilC fF Oped Mutiayer 139 mA-h-g™ after 100 cycles [52] MXene@CNTs 250 mA-h-g " at0.05A-g™" [71]
$-2tx at0.1A-g"
153 mA-h-g™ after 2 500 cycles 195.8 mA-h-g ™" after 200 cycles
O-Ti;C,T CSs@Ti;C
i35G, Ty at1Ag’ (54] s@Ti3C, at0.1Ag" [72]
Alkalizing three- 355 mA-h-g™ after 100 cycles
168 mA-h-g™ at 0.02 A-g™ MoSe,/MXi C
dimensional Ti;C, g a & [55] oSe,/MXene@ at0.2A-g" (73]
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Used in sodium-ion batteries

Used in potassium-ion batteries

Rate performance and cycle

Rate performance and cycle

Materials Ref. Materials Ref.
performance performance
166 mA-h-g"at1A.g™;
124 mA'h 2*‘ Zt 10 Ag g Fe,O,@carbon/ 00 hglats A
-h- g e carbon
-Ti;C,T ’ 23 410 mA-h- g™ after 200 cycl
Pttaly 24mAh.g'at100A-g’; (57] MXene oL v atter=anoycdes (74]
1000 cycles at1 A-g™* A8
280.9 mA-h-g™" after 200 cycles 138.7 mA-h-g™ after 500 cycles
VO,/MX VSe,/MX C
»/MXene at0.1 Ag’ [59] e,/MXene@ at1Ag [75]
127 mA-h-g™" after 2 000 cycl
Ti0/TsCs 237.8mAh-g at 0.1 Ag’! (60] TisC,T,/MnS mAtvg atter2 TR eyees — 7g)
at0.2A-g
343.2 mA-h-g™" after 50 cycles at
322 mA-h-g™" after 200 cycl
MXene/SnS, 1A vg aner S eyeles (62] Te-SnS,/MXene  02A-g’; 165.8mAhg  after  [79]
] 5000 cycles at 10 A-g”!
. 200.6 mA-h-g™ after 1 500 cycles . 496.7 mA-h-g™" after 200 cycles
Ti3C,T,/CoS,@NC CAS-Ti;C
;C,T/CoS,@ at2A-g" [65] a2 at0.1A.g™ (80]
490 mA-h-g™" after 200 cycles CoS NP@NHC 210 mA-h-g™" after 500 cycles
MoSe,/MXene o & v [66] (Co @ e o & Y (82]
at1A-g MXene at2A-g

Notes: f—Fewer layers; DMSO—Dimethyl sulfoxide; CNTs—Carbon nanotubes; CSs—Carbon balls; p—Porous anisotropic structure;
CAS—Cu;,Sb,S,5 quantum dots; NC—Nitrogen-doped carbon; NP—Nanoparticles; NHC—N-doped porous carbon.
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b2t R R A b A P N . ROk
AT IR R Bt | HALF Rk,
o 3o B N B R AL . AR MERE R ML . TR
TIAEME . BEEPIFIRA,, MXene N HZ 4 41K
e fit e UK A ) R A R R A 5
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