








Abstract 

The focus of the present study was silica sols categorized as a sodium silicate system, with 

the goal of gaining further understanding of the sol-gel transition and techniques to produce new 

materials by controlling several aspects of the system. The effects of preparation conditions 

(controllable factors) on the sol-gel transition and the physical properties of both gels and dried 

gel powders produced by a Y-shaped reactor were investigated by both rheological and 

morphological measurements. Differences in the network structure in which silica particles were 

formed are examined, and an explanation of the mechanism of silica gelling is provided. The 

control technique established in this study is summarized, as is its application to a manganese 

dioxide. 

Chapter 1 provides an outline of manufacturing methods for silica chemicals. The 

conventional studies that have revealed the characteristics of the sol-gel transition of sodium 

silicate systems are described. The positioning of the system as the ‘bulk chemical’ and the 

necessity of fundamental research for obtaining the highly added values of silica products are 

also discussed. Our intention to produce uniform sols by using a Y-shaped reactor and our 

motivation to control the sol-gel transition by changing the preparation conditions are explained. 

In Chapter 2, the principles of the dynamic viscoelastic measurement are illustrated. Chapter 

3 examines the effects of controlling the temperature of sols and gels on the sol-gel transition 

and on the physical gel properties for silica sols produced by a Y-shaped reactor. The sol-gel 

transition was assessed using dynamic viscoelastic measurements, and the physical properties of 

the gels were quantitatively evaluated by a creep test. The results indicated that heating cannot 

change the gel properties despite the progress of the formation rate of a particle network 



structure, which indicates fast-forwarding of the gelling time. 

In Chapter 4, the effect of pH on the sol-gel transition and the physical properties of both 

gels and powders is discussed. Changing the sol pH affected not only the gelling time but also 

the physical properties of the obtained gels and the N2 adsorption property of the dried gel 

powders. The relation between the gelling time and network structures within the gels is also 

discussed in light of images obtained by scanning electron microscopy (SEM) and scanning 

probe microscopy (SPM). 

In Chapter 5, the effects of dilution timing and salt concentration are examined. Delaying 

the dilution timing caused a shortening of the gelling time. However, no significant change in 

the physical properties of the gels was observed. In contrast, the addition of NaCl shortened the 

gelling time and increased the instantaneous modulus of the gel, a result which might be closely 

related to the deep network structure observed by SPM. 

In Chapter 6, the method for controlling gel and powder properties developed in Chapters 3 

to 5 is summarized, and the method is applied to another sol-gel synthesis: manganese dioxide. 

The effects of pH on the gelling and powder properties for manganese dioxide obtained from 

potassium permanganate and fumaric acid are examined in conjunction with the rheological and 

morphological measurements. It was found that controlling the pH of the KMnO4 solution can 

change the gelling time. The powder properties (including the specific surface area and the pore 

volume) were changed, which affected the electrochemical characteristics of the capacitor. The 

samples with longer gelling times showed greater power and energy density values. 

The academic significance of this study is the demonstration of fundamental progress in the 

field of sodium silicate systems, in which methods are proposed for controlling the gelling time, 

physical properties of gels, and the adsorption property of dried gel powders. In particular, the 

results of the study revealed the relationships among the rheological properties and the bonding 



manner of silica particles, which will greatly contribute to the progress of sol-gel transition 

studies. Regarding the industrial significance of this study, it is apparent that the methods can be 

used to solve problems and optimize the operating conditions on the manufacturing floor in 

facilities that make silica products, contributing to the quality management and extended use of 

the silica products. The knowledge provided in this study will also contribute to the use of other 

sol-gel synthesis materials. 
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