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摘要摘要摘要摘要 气凝胶是空间探索领域的关键功能材料。系统介绍了单一密度气凝胶和梯度密度气凝胶材料的分类、合成方法、复合工艺、特殊性能及其

在空间探索领域的应用。其中,梯度密度气凝胶材料的合成是国际上的技术难点,笔者结合自身研究将其复合方式分为早期方法、分层粘贴法、逐

层凝胶法和梯度溶胶共凝胶法,揭示了梯度气凝胶应遵循由单位深度的低差异到高差异、由分层梯度到连续梯度(界面消除)、由低控制精度向高控

制精度、由均匀梯度向任意设计梯度的发展规律;并基于梯度密度气凝胶在高速粒子捕获、高效保温隔热与切伦科夫探测等方面的特殊应用,对梯

度气凝胶成分和特性(密度、折射率和热导率等)的梯度分布提供了功能化设计。
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Abstract： Aerogel is a kind of key functional material for space exploration. In this paper, the classification, 

preparation methods, composite techniques, unique properties and space-exploration applications of homogenous 

aerogels and density-graded aerogels are systematically introduced. In particular, the composite technique of density-

graded aerogels, which is regarded as a focus of international research, is classified into early method, multilayer-

pasted method, layer-by-layer gelation method and gradient-sol co-gelation method. Also, the developing trends of the 

density-graded aerogels are summarized as the transitions from low gradient to high gradient, from graded density to 

gradient density, from low control accuracy to high control accuracy, and from homogeneous gradient to designed 

gradient, based on the previous studies of the authors. Furthermore, several functional designs on the distributions of 

composition and properties (density, refractive index and thermal conductivity) of the density-graded aerogels are 

provided, in order to meet the requirements of hyper-velocity particle capture, high-performance thermal insulation and 

high-resolution Cherenkov detection. 

Keywords： density-graded   aerogels   space exploration   functional materials   synthesis   applications     

Received 2010-09-26; 

Fund:

国家"863"计划;国家自然科学基金(50802064,11074189);国家科技支撑计划(2009BAC62B02);新世纪优秀人才支持计划(NCET-08-

0405);上海市纳米专项(0952nm00900,0952nm00700) 

Corresponding Authors: Tel.: 021-65980228 E-mail: zhoubin863@tongji.edu.cn     Email: zhoubin863@tongji.edu.cn 

About author: 杜艾(1983- ) 男,博士,师资博士后。主要研究方向:溶胶凝胶法机理,航天材料的合成与改性以及纳米多孔气凝胶材料的合成、

性能和应用。 Tel: 021-65982762-4 E-mail: duai@tongji.edu.cn; duai000@yahoo.com.cn周斌(1970- ) 男,博士,教授,博士生导

师。主要研究方向:纳米多孔气凝胶材料的合成、性能与应用,航天材料的合成与改性以及高能物理靶的合成、微加工与微装配。 Tel: 021-

65980228 E-mail: zhoubin863@tongji.edu.cn

引用本文引用本文引用本文引用本文:   



杜艾, 周斌, 钟艳红, 李宇农, 归佳寅, 沈洋, 沈军, 吴广明. 空间探索用梯度密度气凝胶的合成与应用进展[J]. 航空学报, 2011, 32(6): 961-970. 

DU Ai, ZHOU Bin, ZHONG Yanhong, LI Yunong, GUI Jiayin, SHEN Yang, SHEN Jun, WU Guangming. Progress in Preparation and Application of Density-graded 
Aerogels for Space Exploration[J]. Acta Aeronautica et Astronautica Sinica, 2011, 32(6): 961-970. 

Copyright 2010 by 航空学报  


