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Abstract: MXene is a new family of two-dimensional transition metal carbides or carbonitrides with graphene-like
2D morphology. The chemical formula of MXene is My, X, T;, where M is an early transition metal, X is C and/or N,
T stands for surface-terminating functional groups like F~, OH’, 0%, etc., and n = 1, 2, or 3. It can be achieved by
selective etching of the A element from the MAX phases, and HF is an etchant mostly used. First-principles calcu-
lations about MXene have been performed to reveal the structure and properties. MXene has also been found to
have a unique two-dimensional layered structure, large specific surface area and good electrical conductivity, stabil-
ity, magnetic and mechanical properties, and thus it is promising in many fields, including energy storage, catalysis
and adsorption. This article reviews the quite recent progress of MXene based on theoretical and experimental considera-
tions, especially its structure, synthesis, and applications. Finally, the suggestions about existing challenges and future de-
velopments are proposed. MXene is expected to be used for more various applications with further extensive research.
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System "Econ/ eV *AEcon/ eV
"TiC 7.49(7.16% 9.14% 9.28°; 7.20%; 7.30% 7.31%; 7.45") -
"Ti,AIC 6.29(7.79°) 1.20(1.49°)
TiyAlysC 6.28 121
Ti,C 6.28 121
Ti;AIC, 6.71(8.32°; 6.93¢; 7.70"; 8.499)) 0.78(0.96°)
TizAlysCs 6.76 0.73
TisC, 6.82 0.67
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Table2 Physical properties of Ti;C,T,, Ti;C,T,/PVA and PVA films'>?!

MXene content/wt%  Thickness/um  Conductivity/(S'm™) Tensile strength/MPa Young’s modulus/GPa Strain to failure/%

100 33 240238+3500 22+2 3.52+0.01 1.0£0.2

90 3.9 22433+1400 30+3 3.00+0.01 1.8+0.3

80 6.1 13743 25+4 1.7+£0.2 2.0+0.4

60 7.2 1.30+0.08 43+8 1.8+0.6 3.0+0.5

40 12.0 0.040+0.003 91+£10 3.70+0.02 4.0+0.5

0 13.0 - 30+5 1.0+0.3 15.0+6.5

%3 AREIEZEMT HF #E MAX #/%& MXene BIRESH c (&
Table3 Process conditions and c-lattice parameters for MXene synthesis from MAX phases
MAX MAX MXene Etching. conduction ?article c-lattice parameter/nm Ref.
structure HF/%  Time/h Temp./C  size/um MAX MXene
211 Ti,AlC Ti,CTy 10 10 25 <35 1.360 1.504 [10]
Nb,AIC Nb,CTy 50 90 25 <38 1.388 2.234 [58]
V,AIC V,CTy 40 168 25 <74 1.315 2.370 [59]
TiNbAIC TiNbCT, 50 28 25 <35 1.379 1.488 [10]
312 Ti;AlC, Ti3C,Ty 50 2 25 <35 1.842 2.051 [10-11]

TizAlC, Ti3C,Ty 40 20 25 - 1.862 2.089 [60]
TizAlC, Ti3C,Ty 49 24 60 - 1.830 1.990 [61]
Ti;AICN TisCNTy 30 18 25 <35 1.841 2.228 [10]
(Vo5Crg5),AIC,  (Vo5Cro5),CoTy 50 69 25 <35 1.773 2.426 [10]
413 Ta,AlCs Ta,Cs Ty 50 72 25 <35 2.408 3.034 [10]
Nb,AIC; Nb,C3Ty 48-51 96 25 <38 2.242 3.059 [21]
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