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Microgravity Effects on Drying Dissipative Structures of Colloidal Systems

Akira Tsuchida®, Hiroshi Kimura" and Tsuneo Okubo?
Y Gifu University, 1-1 Yanagido, Gifu 501-1193, E-Mail: tsuchida@apchem.gifu-u.ac.jp
2 Yamagata University, 4-3-16 Jonan, Yonezawa 992-8510

Abstract: Drying dissipative structures of colloidal silica suspension in water, ethanol, methanol
acetone and their mixed solvents are studied in microgravity. Monodispersed colloidal silica
(CS91, diameter = 110 nm) suspensions were dried on temperature-controlled (10 — 50 °C) cover
glasses. The volume fraction (¢) of the spheres in suspensions was 0.001 — 0.04. It is interesting
that circular pattern with a ring structure at the outside edge was formed, both at 0 G and 1 G.
This implies that Marangoni convection plays an important role for the pattern formation at 0 G.
The width of the ring

It is considered that particle transport from the

The patterns formed were analyzed by confocal laser scanning microscope.
formed at 0 G was broader than that at 1 G.
pattern center to edge at 0 G was small due to the lack of convection by gravity.
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Fig.1 Apparatus for the microgravity experiments.
Left: dropping experiments, right: aircraft experiments.
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Fig.2 Block Diagram of the Apparatus.
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Fig.3 Patterns formed in the drying process of CS91 suspension on a cover glass at 25.0 °C.
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In ethanol, 1 G, a: ¢=

0.001, b: 0.0025, c: 0.005, d: 0.01, e: 0.015, f: 0.02, g: 0.025, h: 0.03, i: 0.035, j: 0.04, length of the bars = 50 pum.
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Fig. 4 Patterns formed in the drying process of CS91 suspension on a cover glass at 25.0 °C.

L 4

In ethanol, 0 G, a: =

0.001, b: 0.0025, c: 0.005, d: 0.01, e: 0.015, f: 0.02, g: 0.025, h: 0.03, i: 0.035, j: 0.04, length of the bars = 50 um.
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Fig.5 Patterns formed in the drying process of CS91 suspension on a cover glass.

In ethanol, = 0.015, 1 G, a: 10.0

°C, b: 15.0 °C, ¢: 20.0 °C, d: 22.5 °C, e: 25.0 °C, 13 27.5 °C, g: 30.0 °C, h: 35.0 °C, i: 40.0 °C, j: 50.0 °C, length of the

bars = 50 pum.

Fig.6 Patterns formed in the drying process of CS91 suspension on a cover glass.

bars = 50 pum.
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Fig.7 Area (S) in the drying process of CS91 suspension
as a function of drying time (T) on a cover glass at 25 °C.
In ethanol, ¢=0.015,0G: O, 1 G: @.
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In ethanol, ¢=0.015, 0 G, a: 10.0
°C, b: 15.0 °C, ¢: 20.0 °C, d: 22.5 °C, €: 25.0 °C, 12 27.5 °C, g: 30.0 °C, h: 35.0 °C, i: 40.0 °C, j: 50.0 °C, length of the
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Fig.8 Broad ring width (L) in the drying process of
CS91 suspension as a function of pattern radius (r) on a
cover glass at 25 °C. In ethanol, ¢=0.015,0G: O, 1
G: e,
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Fig.9 Concentration dependence of the slopes for the

area (S) vs. drying time (T) plots at 25 °C.  In ethanol,
0G:0,1G: e,
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Fig.11 Temperature dependence of the slopes for the

area (S vs. drying time (T) plots. In ethanol, ¢ =
0.015,0G: O,1G: e,
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Fig.10 Concentration dependence of the slopes for the
broad ring width (L) vs. pattern radius (r) plots at 25
°C. Inethanol,0G: O, 1G: @.
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Fig.12 Temperature dependence of the slopes for the
broad ring width (L) vs. pattern radius (r) plots. In
ethanol, ¢=0.015,0G: O, 1 G: @,
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