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sphere template (b); Titanium dioxide composite hollow sphere (c); Double shell titanium dioxide hollow sphere (d)!*!
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Abstract: As an important part of lightweight functional powder materials, hollow microspheres have gained much attention in
the fields of scientific research and technological development. Since the integrity and survival of the hollow structure during

processing and application become the key factors for the use of materials, it is crucial to develop hollow microspheres
combining low density, functionality and high stability.In this paper, the research on functional hollow microspheres have been
reviewed, starting from the basic concepts, classifications, such as inorganic hollow microspheres, organic hollow microspheres,
inorganic/polymer composite hollow microspheres. Besides, review of synthetic methods, such as hard/soft template, Ostwald
ripening and spray drying, to better guide the structural design and modulation of hollow microspheres. As we know, the particle
size, shell composition and microstructure of hollow microspheres play a decisive role in their density, structural strength and
functionality, so that the theoretical and methodological studies on the related design and regulation have attracted a lot of
attention. To achieve lightweight and high reinforcement of hollow microsphere materials, the recent advances in the multiscale

design of the microstructures and the efficient molding of the hollow microspheres have been emphasized. In order to modify
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and regulate the composition and structure of hollow microsphere shells, pre-synthesis and post-synthesis treatments have been
introduce in a large amount of literature. In particular, post-synthetic treatments, like calcination, can cause a shift in material
properties. After the hollow microspheres are prepared and molded, they are generally in a powder state and generally need to be
compounded with a polymer matrix when used. Optimizing the bonding at the interface between microspheres and matrix can
effectively improve the mechanical properties of composites. After reviewing the above process, the structural design and control
of lightweight and high-strength hollow microspheres have begun to take shape. However, there is still limited research in this
field. This review aims to deepen the understanding and discussion of the lightweight and high-strength properties of hollow

microspheres, and prompt the emergence of more related studies.

Keywords: hollow microspheres; shell structure; lightweight; divisional design; structural stability; functionality regulation



