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Principles and Applications of Sol-Gel Method :
Network Formation and Phase Separation Processes

Abstract

KAZUKI NAKANISHI

Facully of Engineering, Kyvoto Unipersity

Basic concepts invelved in the sol-gel method, as well as an example of potential applications, are

briefly reviewed. An alkoxide-based silica system is emploved as a commen example. Physico-

chemical aspects of fabrication process of fiber, film and bulk materials are explained in terms of

themodynamical changes expected for network-forming svstem. Discussions are focused mainly on

the formation of heterogeneities determined by the kinetic competetion between the domain

formation process due to the phase separation and the structure-freezing process by the sol-gel

fransition. It is also shown that, in some cases, heterogeneities can be controlled to give well-defined

macroporous gel materials.
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Table 1 Reactions involved in alkoxide-based silica sol-gel processes

SHORY: + He0 -+ Si{OR)}:(OH) + ROH
5i-OH -+ HO-8i - 5i-0-5i + H.0
8i-OH + RO-5i — $i-0-5i + ROH

(Hydrolysis)
(Water-producing condensation}
{Alcohol-prodacing condensation)
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Fig, 1 Coarsening of interconnected phase mor-
phology during spinodal decomposition.
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Fig. 2 Pore size distributions of sol-gel derived
porous silica glasses.
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Fig. 3 Pore size distributions of silica gels
subjected to different solvent exchange
freatments.
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