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Introduction: Condensation is the first step of planet forma-

tion. Although recent finding of CAIs in cometary samples [1, 2] 
have been thought to represent large scale material transportation 
from the inner edge to outer region of the disc, it is not clear 
whether CAIs were formed at the inner edge of the disc or by 
transient heating in the outer region. Rather, the presence of a 
large variety of chondrites prefers mixing of dusts in a limited 
scale.  Time scales of condensation and physical evolution of 
dusts in a range of total pressure, gas cooling time scale, and 
dust/gas separation conditions are evaluated by using a kinetic 
condensation model including homogeneous and heterogeneous 
condensation cases. 

Model: The model is based on kinetic condensation theory in 
cooling gas [3,4, 5] with solar composition (H-He-C-N-O-Mg-
Al-Si-Fe) developed by our group is applied.  The model calcu-
lates the changes of dust size, number density, chemical composi-
tion, occurrence of different phases with time, where cooling 
time scale and critical size for dust separation from the residual 
gas are free parameters.  We use experimentally determined ki-
netic parameters for condensation and evaporation by our group. 

Results and Discussion:  If condensation proceeds without 
dust separation, the condensed dusts have a very narrow size 
range and the system finally does not show chemical fractiona-
tion, where the grain size of dusts is exclusively controlled by 
cooling time scale of the system.  The grain size distribution and 
bulk composition of both residual system and separated dusts 
showed a wide range when dust are separated from the residual 
gas when they reached a critical size, which is due to repeated 
homogeneous nucleation.  If metal grains with size as small as 
those we find in GEMS (tens of nanometer  in size), the cooling 
condition is fairly well constrained, which is comparable to the 
chondrule cooling time scale.  Thus, the critical size for dust/gas 
separation plays an important role for chemical fractionation and 
dust size distribution.  The mode of nucleation (homogeneous or 
heterogeneous) is found to be the most crucial parameter for 
chemical fractionation: totally heterogeneous condensation does 
not explain Mg/Si/Al fractionation among chondrites, suggesting 
Al2O3 separation in the early stage of condensation in order to 
explain compositions of chondrites.   
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