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Study of Crystallization Mechanism by In -Situ Observation under Microgravity

Katsuo TSUKAMOTO

Abstract

History of in-situ observation of crystal growth under microgravity has been reviewed emphasizing its importance for the
analysis of crystal growth mechanisms under microgravity. Examples have been selected from our solution growth
experiments with an intention to reveal why some crystal quality exhibited better quality in the perfection. Constrains to
get better perfection have been discussed. Both morphological instability of the crystal surface and impurity incorporation
play an important role to get better quality lysozyme crystals. Since important parameters to improve crystal quality have
been clarified from the “in-situ” observation, these constrains will be given based on crystal growth mechanisms.
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lsirara

Tig. 1 A payload of Get Away Special (GAS), Kirara
project. Observation of crystal surface and
concentration field around a crystal is
possible from vertically crossing directions.
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(a)

Depressed and distorted region
appears on the crystal surface.

Distorted concentration field is
formed at the root of the convection.

(b)

Concentration

Distance from crystal surface

¥

Hopper crystal

(c)

Berg effect

Convection

Fig. 2 Depression of a crystal surface due to
concentration effect (Berg effect) and convection
effect. H and L are high supersaturation and low
supersaturation, respectively. Arrows in figure (c)
show the vectors of step advancement on the
surface.
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Fig. 3 A stable solutal convection over a Ba(NOs)2
crystal, Schlieren image.
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Fig. 4 Drop of supersaturation at the center of a crystal surface in (a) convection regime and (b) in convection-
free regime. Note the large depression of supersaturation when a convection plum is present.
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Fig. 5 A miniaturized phase-shift device by using 3CCD principle. The main phase-shift device became so small that

one can hold it on a hand.
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Fig.6 Growth rate vs supersaturation of a
Ba(NO3)2 crystal. The circle shows the data
when dislocation-free crystal was grown
under microgravity.
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Fig.7 Growth rate fluctuation during increasing
supersaturation linearly. Growth started
after 70 s. at the bulk supersaturation of 3%.
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Miniaturized nucleation cells for the detection
of nucleation of calcium carbonate crystals. 14
cells were installed, the two of which were
used as a test before launch. The scale in
figure is in mm.
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Fig.9 Incubation time for nucleation vs 1/supersaturation,
CaCOs, measured by various methods. The slope
represents the interfacial free energy between
solution and a crystal. The previous date from
microgravity condition showed larger slope than
that in gravity, showing dominant homogeneous
nucleation under microgravity. The line (A) is
expected for longer time microgravity experiment if
homogeneous nucleation is dominant at much lower
supersaturation, at which the slope of line (B) is
expected when heterogeneous nucleation plays a

dominant role. #:pg, Liu et al; o:1g Liu, et ab

A: g, Maruyama, unpublished.

Growth striations
exhibiting change of growth condition (up),
that reveals the change of growth rate in
gravity and under microgravity. Comparison

Fig. 11 Foton-M3 experiment.

of growth rate in gravity and under

Fig. 10 Polymorphs of CaCO3, a,b : vaterite, ¢ calcite. ) : :
microgravity vs supersaturation.

Photo: courtesy of Mu Wang.
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Fig. 12 NanoStep experimental result. Concentration
filed observed by Mach-Zehnder interferometer,
up and Michelson interferometer, down, that
represents surface topography. S: spiral
hillock.
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Fig.13 Effect of purity of solution upon the morphology of 2D islands of lysozyme crystals, left: 99.9%, right:

98.5%. Note the sensitivity for the purity.
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