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Introduction: Infrared  astronomical
observation revealed that silicate dust is partially
crystallized as olivine and pyroxene in
circumstellar environments The most abundant
dust species around oxygen-rich evolved stars is
amorphous silicate, and about 5% of the dust is
composed mainly of olivine and pyroxene with
Mg-rich compositions (Mg#>0.9) [1]. There is a
possibility that the amorphous silicates
condensed in stellar winds first, and then
crystalline silicates crystallized from the
amorphous silicates by annealing during cooling
process [2]. It is widely accepted that interstellar
silicate dust is almost amorphous [3]. Mg-rich
olivine and pyroxene have been also observed
around oxygen-rich young stars as well as
abundant amorphous silicate (e.g., [4]). The
crystalline phases are considered to be
crystallized from the amorphous interstellar dust.

In order to understand the crystallization
processes in the circumstellar environments,
crystallization experiments from metastable
amorphous silicates as dust analogues at
relatively low temperatures below the solidus
have been made (e.g., [5]). Lately, quantitative
kinetic parameters for crystallization of olivine
and pyroxene were determined by measuring the
degree of crystallization as a function of
temperature and time [6-8]. Metastable Mg-Fe
partitioning between olivine and amorphous
silicate was also determined to discuss the
chemical composition (Mg#) of the crystalline
phase [7]. In this paper, we briefly review these
new data for the crystallization, and based on the
data the chemical compositions of the
amorphous silicates and crystallization behaviors
around evolved and young stars are discussed.

Crystallization experiments: Crystallization
experiments with three different Cl-like
compositions have been made; (A) S-free ClI
composition (SiO,-Al,03-MgO-CaO-FeO-NiO-
Na,0) [6], (B) S-free and Fe-depleted simple CI
composition (SiO,-MgO-FeO, where [Fel=[Fe]c-
[Sle) [7], and (C) S- and Fe-free simple CI
composition (SiO,-MgO) [8] (Mg#=0.543, 0.733
and 1, and (Mg+Fe)/Si=1.97, 1.46 and 1 for (A),
(B) and (C), respectively). The starting materials
of the amorphous silicates were synthesized by
sol-gel method. Time evolution of the
crystallization degree is expressed by Johnson-

Mehl-Avrami equation at a given temperature;
C=C.[1-exp{-(t/D)"}], where C.. is the final degree
of crystallization, t time, r time constant for the
crystallization, and n kinetic parameter. The time
constant is expressed as Arrhenius equation;
1/7=v,(-ElkT), where v, is frequency factor, E
activation energy, and T temperature. Olivine
crystallizes from Si-poor compositions (A) and
(B) ((Mg+Fe)/Si~1.5-2) accompanied with
heterogeneous nucleation on preexisting minor
crystallites (n=1.5), while pyroxene (enstatite)
from Si-rich composition (C) ((Mg+Fe)/Si~1) by
nucleation and growth (n=2.5). The activation
energy for pyroxene (E/k=1.1x10° K at 750-
800°C for (C)) is larger than that of olivine
(Elk~6x10* K at 660-758°C for (A)). Mg is
preferentially distributed into olivine with the
effective partition coefficient of Mg/Fe between
olivine and amorphous silicate,
Ks=(Mg/Fe).s/(Mg/Fe),, of ~0.4 for (B).

Discussion: The chemical compositions of
amorphous silicates around evolved and young
stars can be constrained. If we assume that the
Mg:Fe:Si ratio is in Cl composition and Fe is
present as FeO in silicates, metal and/or Fe
sulfides, the Mg# and the (Mg+Fe)/Si ratio of the
amorphous silicates are ~0.8-1 and 1.37-1.07,
respectively, based on Kd.

TTT diagram can be made from the Arrhenius
relations of zfor olivine and pyroxene. The large
values of E (~1x10° K) show that crystallization
occurs in narrow  temperature  ranges
(approximately at 1000K) in a wide range of
cooling or heating time scales (~10°-10" s). The
small population of crystalline silicate dust
around evolved stars can be explained by the
first condensation of amorphous silicates
followed by crystallization during cooling along
the stellar winds. Pyroxene and olivine are
expected to exist in inner and out regions of a
protoplanetary disk, respectively.
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