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STUDIES ON THE PROPERTIES OF AMORPHOUS SILICA
HAVING SOME CONNECTION WITH VOLCANIC ACTION AND
ITS INDUSTRIAL APPLICATION ( Report 3 4 )
Synthesis of Opal-like Material ( [ )

Kinji SHIMADA, Yasuo FUKUSHIGE, Yoshihiro HIRATA and Koji NISHIMUTA

Amorphous monodispersed silica spheres with particle size smaller than 0.8 um were synthe-
sized from the system Si(QC,H;s),-NH; ( or amine derivative ) -H,0-C,H;OH ( or n-C;H,OH ) in
the temperature range 1.5-20°C. Silica particles grew larger at lower reaction temperatures, A
linear correlation was observed between concentration of ammonia in the range of 0.5-4.0 mol /1
and average particle size of the silica. Plots of particle size against the concentration of water
showed a maximum at about 8 mol 1. Under a constant concentration of amine derivative, the
growth rate of silica particles increased in the following order;( C,H;);N<( CH;);N<( C,H;) .NH<
( CH;) ,NH< CH;NH,. The diameter of silica spheres decreased to 3/4 of its initial diameter by
heating to 1000°C through a two step dehydration process. A rainbow-colored precipitate, in
which silica spheres were close-packed in an ordered array, was obtained by allowing the solution
containing monodispersed silica spheres to stand at room temperature for 3 months,
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Fig. 1 Change of mean particle size of silica sphere from
C.H:OH(or n—C;H,0H)—NH;—H.0—Si(OC.Hs), system
with temperature for 1 hr.
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Fig. 2 Change of mean particle size of silica sphere from
C.H;OH—NH,—H,0—Si(OC.H;), system with con-
centration of NH; at 20 °C for 1 hr.
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Fig. 3 Change of mean particle size of silica sphere from
C.H;OH—NH;—H,0—Si(OC.H;), system with con-
centration of H,0 at 20 C for 1 hr.
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Fig. 4 Change of mean particle size of silica sphere from
n—C;H,0H—amines—H,0—Si(OC.H;), system at 20
C by reaction time,
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Fig. 5 SEM photographs of spherical silica particles

obtained from n—CsH,0H—(C,H;),NH—H,0—Si(OC,H;),

system at 20 ‘C by reaction time.
(2) : 2 min. (b) : 6 min.
(c) : 60 min. (d) : 360 min.
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Fig. 6 X —ray diffraction patterns of natural opal, artificial
opal and silica spheres ( obtained this work ) heated
at various temperatures,

NO : natural opal,  AO : artificial opal
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Fig. 7 IR spectra of natural opal, artificial opal and silica

spheres heated at various temperatures,
( Key is the same to Fig. 6)
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Fig. 8 Change in weight loss of natural opal, artificial opal
and silica spheres by heating.

. natural opal, W : artificial opal
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Fig. 9 SEM photographs of silica spheres heated at 600°,
800° and 1000 C for 24 hr.
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Fig. 10 Change of mean particle size of silica sphere with
heating temperature,
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