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原始惑星系円盤条件でのマグネシウムケイ酸塩凝縮実験
Condensation experiments of magnesium silicates under protoplanetary disk conditions
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Magnesium silicates are one of the most abundant materials condensing in the system of solar abundance. Condensation
from vapor is the fundamental process for formation of Mg-silicates, and there have been many experimental studies to simulate
Mg-silicate formation. However, quantitative discussion on condensation kinetics, especially on the condensation coefficient
that reflect the efficiency of condensation of gas species colliding with the surface of condensate, has not yet been made due to
experimental difficulties.

In this study, we conducted condensation experiments of magnesium silicates at low pressures in the H2-H2O atmosphere to
simulate condensation of magnesium silicates under controlled conditions of pressure, temperature, and gas chemistry close to
protoplanetary disk conditions and to discuss condensation kinetics of magnesium silicates quantitatively.

Several important findings were made in this study:

(1) Crystalline forsterite condensed on the substrate of forsterite under controlled conditions (1340 K; total pressure of 1 Pa;
Si/H2O/H ratios of ˜0.07/˜70/1 relative to the solar ratios; supersaturation ratio of ˜7), which are much more similar to protoplan-
etary disk conditions and better controlled than those in previous studies.

(2) The condensation coefficient of forsterite under the above condition was estimated to be<0.2 (or possibly<0.01).

(3) Forsterite (possibly olivine) condensed on the surface of metallic iron under the same condition, but not on molybdenum
and corundum. Metallic iron also condened on the substrate of forsterite with a similar supersaturation ratio.

(4) The evaporation rate of forsterite was suppressed under H2O-rich conditions.

These findings, for instance, suggest that forsterite and metallic iron can nucleate and grow mutually in protoplanetary disks
but with different efficiencies, and they will make huge contribution to discussion on dust evolution and chemical fractionation
in protoplanetary disks and on physical properties (especially thermal structure) of disks as fundamental kinetic data for conden-
sation of magnesium silicates.
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