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Research progress and prospects of frontier technologies based on
two-dimensional materials

CAI Han' |, XUAN Xiaoyu®* , HE Yanchao® , FENG Xinyu’ , QIN Wen', ZHU Yigi' , ZHANG Erwen' , CHEN Wenfa'
YI Min' | LIU Yanpeng' , LIU Zheng®" , ZHANG Zhuhua'*
(1. State Key Laboratory of Mechanics and Control for Mechanical Structures, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;
2. College of Aerospace Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;
3. School of Materials Science and Engineering, Nanyang Technological University, Singapore 639798, Singapore )

Abstract; To address the critical challenges where traditional materials in aerospace and high-end advanced equipment are approaching their
physical limits and struggling to meet the stringent SWaP ( size, weight and power) requirements, the frontier of 2D ( two-dimensional ) materials is
the primary focus. This paper systematically elucidated their application potential, derived from their atomic-level thickness and quantum
confinement effects. By comprehensively reviewing the latest advancements in five core areas—stealth and electromagnetic shielding
(‘survivability ) , high-performance sensing and detection ( perception) , lightweight protection and anti-corrosion ( defense) , high-efficiency energy
and power ( logistics/support ), and quantum technology and information security ( computing)—it revealed the intrinsic correlations and
mechanisms connecting microscopic properties to macroscopic performance. Furthermore, the key bottlenecks restricting the engineering
implementation of 2D materials were analyzed, including wafer-scale high-quality fabrication, long-term stability in extreme environments, and the
standardization of testing and evaluation. Based on this analysis, and incorporating emerging technologies such as Al ( artificial intelligence ) -
assisted design and heterostructure stacking, an outlook was presented for achieving multi-functional integration and intelligent systems based on 2D
materials towards the development of next-generation smart equipment. This review aims to provide theoretical support and forward-looking insights
for securing a strategic technological edge in the future.
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Fig. 1 Potential applications of 2D materials in frontier fields
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