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Research Progress in Structure Strengthening of Aerogels

YUE Xian, CHEN Junyog, LI Huaxin, XIAO Zhou, YU Xianbo, XIANG Junhui

(Center of Materials Science and Optoelectronics Engineering, College of Materials Sciences, University of Chinese
Academy of Sciences, Beijing 101400, China)

Abstract: Aerogels are known as the “magic material to change the world in twenty-first century”. Because of its unique super porous
structure, it has many excellent properties and wide application prospect in many fields. However, the mechanical brittleness and the
cumbersome preparation process caused by the network structure of aerogels greatly hamper its widely application, which is a
bottleneck problem in the aerogel field. The development status of aerogel materials is reviewed, and several structural strengthening
strategies commonly used in aerogels are summarized. The classification and preparation of aerogels and the strategies for optimizing
the structure and properties of aerogels are summarized. At the same time, the methods of optimization and enhancement in recent
years such as biomimetic reinforcement, concentration induced hardening and microwave sintering are reviewed. Meanwhile, the
prospect of aerogel is also forecasted.
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Fig. 1 General preparation method of aerogels
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(a) Densification structure obtained by ordinary sintering
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Table 1 Aerogel reinforcement method
. Maximum
. . L Compression .
Typical examples Advantage Shortcoming Principle Strategy compressive  References
modulus/MPa
strength/MPa
Polymer reinforcement Flexible Relatively limited ~ Composite A 3.72 [26]
Fiber reinforcement Improved greatly Relatively complex Composite A 3.0 2.50 [47]
Network reinforcement Structural optimization ~ Relatively complex Composite A 16.9 2.13 [53]
Bionic reinforcement Low cost Difficult to control ~ Controlling conditions B 200+7 [54]
Concentration reinforcement  Simple and intuitive Narrow range of  Controlling conditions B 21.23 14.42 [55]
process parameters
Microwave sintering Improved greatly High equipment Controlling conditions B 20.06 [60]
requirements

A repsents composite strengthening of components; B repsents process optimization strengthening.
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