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1. Introduction

In order to understand the processes of dust formation, we have conducted experiments to synthesize
cosmic dust analogues such as silica”, silicate, and titanium carbide” from the gas phase in the microgravity
environment obtained using overseas sounding rockets of Black Brant IX of NASA and MASER 14 of SSC. To
duplicate formation process of cosmic dust particles, starting material is thermally evaporated in gas
atmosphere, which decreases mean free path. Otherwise, evaporated atoms/molecules directly hit to a
chamber wall and just make a thin film. When the experiment performs on the ground, strong thermal

convection is generated and nucleation environment becomes inhomogeneous.

On the other hand, in microgravity experiments, dust forms without disturbing the nucleation environment
because the density difference convection is suppressed dramatically. Then, very uniform environment can be
obtained, and nucleation occurs homogeneously in very high supersaturation. In addition, since the produced
dust analogues suspend in the nucleation chamber for a relatively long time, spectral changes from the

evaporation to the particle temperature cools can be measured in situ.
2. Experiments

In addition to the S-520 sounding rockets of JAXA for two times®#%, three overseas sounding rocket
experiments have been conducted so far. The results indicate that non-classical nucleation must be taken into
account to understand dust formation. Non-classical nucleation is an initial process of crystallization, which
has recently become a hot topic in the field of crystal growthes56). Traditionally, crystals formed from the gas
phase are thought to nucleate their seed crystals directly from atoms or molecules (classical nucleation). Non-
classical nucleation is a nucleation process that goes beyond the conventional picture of nucleation, in which
polymorphs compete?, crystal nuclei fuse with each other?®), and formed nanoparticles become building

blocks of the resulting particle?, for instance.
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3. Results

For example, in an experiment to synthesize carbonaceous particles with a titanium carbide core, one of the
pre-solar particles found in primitive meteorites, it was found that titanium carbide does not need to condense
first, but that the multi-step process of homogeneous nucleation of carbon, heterogeneous nucleation of
titanium carbide, nucleus fusion, and titanium diffusion can be used to form titanium carbide core-carbon
mantle particles are formed (Figure 1) 2. This is in complete contrast to the intuition that homogeneous
nucleation and growth of titanium carbide must first occur, followed by heterogeneous nucleation of carbon.

The presentation will include a discussion of the generality of the multi-step nucleation process.
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Figure 1. Schematic diagram of the formation process of core-mantle particles. Homogeneous
nucleation of carbon occurs in a super-supersaturated state. While heterogeneous nucleation of titanium
carbide occurs on its surface, the particles become larger and fewer in number as they fuse with each other.
Internal diffusion of molecules forms a core of titanium carbide.
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