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A material that does not have flowability at temperatures below its melting point can exist as a solid in
various shapes. The significant feature is degree of the unsaturation of the chemical bond to which the internal
structure terminates when the surface of the solid is observed at microscopic scale. It is not possible to be diffused
because the activation energy of the surface diffusivity is generally high when the adjacent potential energy is
different by atoms, ions or molecules which compose the surface. Therefore, a feature of the solid surface is that
it is not able to produce a uniform energy like the liquid surface. Various characteristics of a solid surface are
strongly influenced by these two features. On the other hand, the population of an atom, ion, and molecule which
compose the fine particle surface becomes more than that of inside. In this case, a lot of peculiar characteristics
begin to appear to fine particles. Especially, the property concerning handling the powder and the quantum
chemistry characteristic strongly begins to depend on the character of the particulate surface. Therefore, it is
important technology how we know the characters of the particle surface and to control them. They are the major
technologies in all fields where the powder is used. Moreover, a precise surface design based on the quantitative
characterization of particle surface to prepare the high performance material is being paid attention in recent year.
In this paper, the knowledge and the methods for preparing the precise particle surface which had aimed physical
properties are introduced.
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Fig.1 Physical relaxation model for (100) face of
alkali halide. Opened circle is anion. Closed
circle is cation. Dotted line indicates the
position of inner crystal lattice.

Silicon oxide surface
=8i—0—S8i= +H,0— 2=Si—O0H
Silicon nitride Surface

Si;N4 + 6H,0 — 3Si0, + 4NH,
=Si—0—S8i= +H,0 — 2=Si—OH

Fig. 2 Chemical relaxation of oxide and nitride.
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Fig.3 IR spectra of (a) heavy and (b) colloidal
calcium carbonate.
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Fig. 4 Desorbed gas analysis with increasing temperature using TPD/GC. (a) CH:COOH,

(b) Decomposed substance.

M: Hydrated, @: Colloidal, &: Untreated.
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Fig. 5 Process of heat-treatment and hydration to
introduce hydroxyl ions onto calcum
carbonated surface.
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Fig. 6 Variation in the heat of immersion in water for

silica powder heat-treated at various
temperatures.
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Fig. 7 Surface density of silanol of fine silica powder
outgassed at different temperatures and
rehydroxylated under saturated water vapor.
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Table 1 The conditions of hydrothermal treatment

Sample name Conditions

Original untreated

IM-1 immersed in water for 4 days at R.T.

IM-2 immersed in water for 3 hrs. at 80°C

IM-3 immersed in H,O, aq. for 3 hrs. at 80°C
IM-4 immersed in NH,OH aq. for 3 hrs. at 80°C
AC-1 steamed for Zhrs. at 120°C under 2atm
AC-2 steamed for 2hrs, at 160°C under 2atm
AC-3 steamed for 2hrs. at 180°C under 2atm
AC-4 steamed for 2hrs, at 244°C under 2atm

IM and AC stand for that the treatinents were carried out in various
solutions and in autoclave respectively.
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IR spectra of (a) hydrothermal treated samples
in various solutions, (b) hydrothermal treated
samples in autoclave.
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Table 2 Surface silanol density before and after
hydrothermal treatment.

Sample name Silanol denqs‘ity
(-OH/nm?)
Original 2.6
M-2 3.7
AC-2 35
AC-3 3.6
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Fig. 10 Cross-sectional model of a modified surface.
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modified silica.
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Fig. 14 The mode!l of ZnO-formation process on calcium carbonate surface.
(left) modification with zinc acetate, (right) modification with zinc stearate.
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