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Research progress and application of MXene in aviation field

CHENG Ming",LI Wen, WEI Guoke

(AVIC Manufacturing Technology Institute , Beijing 100024 , China)

Abstract: MXene, a cutting-edge two-dimensional transition metal carbide/nitride material, has exhibited
immense potential for applications across diverse fields. This potential stems from its distinctive layered
structure, exceptional electrical conductivity, rich surface chemistry, and adjustable physical properties.
This article presents a comprehensive review of the research and application progress of MXene materials in
the aviation sector. MXene’s application potential are analyzed selectively in lightweight structures,
electromagnetic interference shielding, sensors, energy systems, and thermal management. The article
delves into the synthesis methods and structural characteristics of MXene, highlighting their compatibility
with the performance requirements of aviation materials. Through tabular presentations and data analysis, it
compares the performance disparities between MXene and traditional aviation materials. Meanwhile, this
review summarizes the current innovative breakthroughs in the aviation applications of MXene, such as
ultra-lightweight composites, self-healing coatings, and multifunctional integrated systems, and expounds
on their scientific significance. In light of the challenges encountered in the aviation application of MXene,
including scalable production, environmental stability, and cost management, corresponding solutions and
development directions are proposed. Finally, based on the current research landscape, the article prospects
future development trends for MXene in the aviation field, covering green synthesis processes, intelligent
design, and large-scale industrialization routes. This review aims to serve as a valuable reference and guide
for in-depth research and engineering application of MXene in the aviation domain.
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Fig.1 Synthetic methods for MXene
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Fig.2 Future applications of MXene-reinforced composite materials'™

(a)MXenes used as single-flake reinforcement materials in metal matrix composites ; (b)MXenes transformed into layered TiC, and incorporated into

metal materials in high-temperature applications; (¢ )some high-temperature applications require excellent mechanical properties, such as aircraft turbine

engines; (d)certain scenarios demand low-friction characteristics, such as automotive engine cylinders; (e)utilizing the two-dimensional properties of

MXene to achieve ceramic grain coating ; () forming chemically bonded intergranular reinforcement materials with both high strength and conductivity

through phase transition; (g)MXene strong intergranular bonding technology applied to aerospace re-entry cones; (h)MXene strong intergranular

bonding technology applied to ultra-high temperature ceramic materials such as rocket nozzles
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Table 1 Performance comparison of MXene materials and conventional acrospace materials
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Table 2 Application potential of MXene-based lightweight materials in the aerospace field

Density range/

Material type (g-em™) Key performance characteristic Potential aerospace application Development statu

MXene/polymer 1.2-1.8 High strength, conductive, Wing skins, cabin structures, Laboratory research

composites electromagnetic shielding UAV fuselages stage

MXene foam 0.1-0.3 Ultra-light, compressible, conductive — Lightweight sandwich core Verification stage

materials, cushioning materials

MXene aerogel 0.01-0.1 Ultra-light, high porosity, thermal Thermal insulation materials, Fundamental research
insulation sensor substrates stage

MXene/carbon fiber hybrid ~ 1.5-1.7 High strength, high modulus, Primary load-bearing structures, Preliminary exploration

composites multifunctional wing spars stage

MXene/metal laminated 2.0-3.0 High toughness, fatigue resistant, Fuselage shells, protective Concept proposal stage

materials electromagnetic shielding

structures
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Fig.3 Electromagnetic mechanisms and performance testing of MXene/ANF/MXene films

ANF/MXene-1 ANF/MXene-2 ANF/MXene-3

Sample designation

[49]

(a)mechanism of electromagnetic shielding; (b)electromagnetic interference shielding effectiveness; (c)overall shielding effectiveness;

(d)electromagnetic wave absorption efficiency ; (e )reflective efficiency of electromagnetic waves; ()R, A, and T coefficients for X-band
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Fig.4 MXene sensors

(a)virtual sensor array of MXene 2D material for ethanol detection in the presence of various concentrations of methanol and water"

(b)precise detection and differentiation of temperature and pressure stimuli based on Ti,C,T, MXene multifunctional tactile sensors
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Fig.5 MXene for thermal management
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