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Circumstellar and interstellar dust

- Evolved stars (e.g., Waters et al., 1996)
Amorphous silicates (AS) (~95 %)
Crystalline silicates (~5 %)
olivine (OL): (Mg,Fe),SiO, Mg#(=Mg/(Mg+Fe)) > 0.9
pyroxene (PX): (Mg,Fe)SiO,
Amorphous silicates condensed from gas — Crystallization
(Seki & Hasegawa, 1981; Gail, 1999; Rietmeijer et al., 1999)

* Interstellar medium (Kemper et al., 2004)
Amorphous silicates (AS)

* Young stars (e.g., Waelkins et al., 1996)
Amorphous silicates (AS) (80-90%)
Crystalline silicates (10-20%)
olivine (OL): (Mg,Fe),SiO, Mg# > 0.9(?)
pyroxene (PX): (Mg,Fe)SiO,
Crystallization of interstellar amorphous silicates
(Bockelee-Morvan et al., 2002; Hallenbeck et al., 1998)
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Crystallization experiments of amorphous silicates (AS)

Table 1 Chemical compositions of starting materials and Cl and GEM compositions.

Composition A B’ C c Fo-n En-n Eng0 Endd-g Cl GEMS GEMS™
Q ol gal* gnl* garﬂ TP TP* g ol’ glm;sr.ai wio metal
Mg 1.07 1.07 1.07 1.07 2 1 0.8 0.8 1.07 0.663 0.663
Si 1 1 1 1 1 1 1 1 1 1 1
Fe 0.9 0.39 0.2 0.2 0.9 0.461 0.06
Al 0.085 0.085 0.085 0.084 0.084
Ca 0.061 0.061 0.061 0.025 0.025
MNa 0.057 0.057 0.057 m.d n.d.
Ni 0.049 0.049 0.049 0.033
S 0.52 0.165 0.165
8] 4.24 3.46 3.34 3.07 4 3 3 3 4.24 3.31 2.87
Mg#=Mg/(Mg+Fe) 0.54 0.73 1 1 1 1 0.8 0.8 0.54 0.59 0.92
NBO* -0.47 1.08 1.33 1.86 0 2 2 2 -0.47 1.38 2.25
Major phase™ ol ol ol (fo) px{en) ol (fo)  px{en) px ol
Reference [1] [2] [3] [4] [5] [6] [71 [7] [8] [9]

* Number of bridging oxygen

** ol: olivine, px: pyroxensa, fo: forsterite, en; enstatite

#: Synthesized by sol-gel method

%: Glass nanoparticles (~100 nm) produce by condensation from R-F induction thermal plasmas

&: Glass quenched from melt

% [Fegg,Mip ¢) metal is removed.

[1] Murata K. et al. (2007) ApJ, 668, 285.
[2] Murata K. et al. (2009) ApJ. 696, 1612.

[3] Hoguchi R. et al. (2009) Japan Geoscience Union Meeting 2009, abstract.

[4] Murata K. et al. (2009) Apd, 697, 836.

[5] Imai ¥. et al. (2009) Japan Geoscience Union Meeting 2009, abstract.
[6] Imai ¥. (2009) private communication.

[7T] Seidler 5. (2009) private comunication.

[8] Anders and Grevessa (1389)

[9] Bradely (1988, 1994ab) and Bradely and Ireland {1996)



Crystallization experiments of amorphous silicates (AS)
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Primitive amorphous silicates

(1) ClI (=solar abundance)

(2) GEMS (Glass embedded
with metal and sulfides)

Amorphous silicate SM
(1) Cl and derivatives
A: CI
B: Cl-FeS (FeO=) Fe-FeS)
C: CI-) Fe(Fet+FeS; FeO=0)
(2) Olivine composition
Fo: Mg,SiO,
(3) Pyroxne composition
En: MgSiO,
En80: (Mg, sFe,,)SiO;

Si0,-MgO-FeO-X system
(X: Al,05,-Ca0-NiO-Na,0)

= A C
FeO Si0,-MgO-FeO system

B,, C’



Crystallization time scale and activation energy

OL crystallization (A-comp.: Murata et al., 2007, ApJ 668, 285)
PX crystallization (C’-comp.: Murata et al, 2009b, ApJ 697, 836)
Degree of crystallization, C, « IR spectrum
Crystallization time scale, 7, & Fitting of time evolution, C(t), by JMA eq.

Activation energy, E, and pre-exponent term, v, < Arrhemgs plot of 7

""" 1073 1063 1053 1023

® - ' | Pyroxene (enstatite)
l F " from C’-comp.

Pyroxene (enstatite) [
from C’-comp. at 790°C | 10° |

()

C. =0.841x0.017 |7
7=4.25+0.11 hr

10"k

degree of crystallization

n=261+0.25 Elk=112x 105K |
R2 0. 997 In (v, [s1]) =93
10 20_ (I O % Tom om 0w 0w oo
heating duration (h) 1000/ T (KY)
Experiments NBO E/k (K) In v, (s”') mode of crystallization
OL from A -0.47 ~6x104 ~52 growth from pre-exist. xst.

PXfromC’ 1.86 1.12(3)x10° 93(2) nucleation and growth




Crystallization around evolved and young stars

TTT (Time-Temperature-Transformation) diagram for ol & px crystallization
Degree of crystallization, C, « IR spectrum
Crystallization time scale, 7, « Fitting of time evolution, C(t), by JMA eq.
Activation energy, E, and pre-exponent term, v, < Arrhenius plot of 7

Experiments NBO E/k (K) In v, (s') mode of crystallization
OL from A -0.47 ~6x104 ~52 growth from pre-exist. xst.

PXfromC’ 1.86 1.12(3)x10° 93(2) nucleation and growth
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Crystalline dust around evolved stars
5pl r """"/‘,‘_

- Condensation of AS as spheres
followed by
- Partial crystallization of the spheres

can explain following observations:

- Population of crystalline dust (~5 %)
* Unidentified 33 pm feature in the IR .
spectra for olivine W 100 nm
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Crystalline dust around and young stars
- Narrow temperature interval for crystallization

for AS dust falling towards the central star

OL:~30°C, PX:~10°C
= Zonal distribution of AS, OL and PX along the heliocentric distance
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(1) Mg-richT 2B EfEmE 7 1BRIED LA
Evolved stars: Mg#>0.9
Young stars: mostly Mg#>0.9

= ASEOLBDFe-Mgt & S ELEER
(Murata et al, 2009a, ApJ 696, 1612)

(2) EFEEIC#I1+50LEPXD H7F
Evolved stars: ?
Young stars: Mixture of SiO,-poor and rich ASs

= HmE X5 HEWE (AS) DL FHRIKFE
OL/PX crystallization vs.

: Number of bridging oxygen (ZE{&E & %)
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ASLOLREDFe-MgitR 5B

OL crystallization (B’-comp.: Murata et al., 2009a, ApJ 696, 1612)
Degree of crystallization, C, « IR spectrum
Mg# of olivine as a function of C, &« XRD
Chemical composition of residual AS (Mg#) as a function of C

= Effective distribution coefficient of Mg-Fe between OL and AS, K|, .
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GEMS

GEMS (glass with embedded metal and sulfides) (Bradley, 1995)
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FEYE (AS) DL ERFE : OL/PX?
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NBO(Number of Bridging Oxygen) 2R {5 &
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Mg#

Olivine/pyroxene crystallization vs. NBO

0.9

0.8 ¢

04!

0.7
0.6

0.5

for Fog, (Mg#=90)

olivine pyroxene

- e e Lee ]
Fo(TP) C(gel) C'(gel) En(gel)

L B} i

KD,eff= 0.4 /Il GEI\/IS-metaI:

e eENBO(GE)) s =

En80(glass)

D

o e

)
: B/(gel) . i
.olivine ", pyroxent
, o f
- i . .

-
o GEMS
- Algel) ® olvine |
€ pyroxene |]
1T+ GEMS

3



REIZEZEEETOOLIPXORE

SiO
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