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The workshop held from September 27 to
October 1, 2010 at the Friedrich Schiller
University Jena, Germany



A study focusingjon early stage of dust formation:
Gas to;Selid

Dust as a bearer of material circulation

Irte partgloge DUST SIZE:
e ~100 NM

EJECTA OF
MASS LOSS
STAR Y

evaperation - EVAPORATION FROM
A . INNER REGION OF
ACCRETION DISK

niethod



ethod

Smoke Region:

Dalescence growth
lid-solid reaction took place in
2 convective environment.

Gas evaporation r

Dust velocity: ~1 m/s

nd the source:

)Or condensation

llision between evaporated
cies and ambient gas

Evaporation source:

Gaseous emission
An evaporant is heated upon a

temperature.t

T This is empirically known as the temperature of which vapor pressure of the evaporant becomes 133 Pa.



Gas to solid

. N FeO
Rietmeijer et al. :

1999

[Rietmeijer et al. 1999]
» Laser ablation on Silicate s, MgO

[Fabian et al. 2000] Variation of formation mechanism
IS Indicated in an experiment.

More precise separation of the condensation condition
IS required for understanding the production of various
compounds.




O_; within various
d by T Tauri stars.
. Sargent et al., 2009]

edium.
[Li & Draine, 2002]

Mg5SiO,

ne of the most stable species
at high temperature and at vacuum condition.

The stability of SIO species may affect the material circulation
with silicate.



An understanding ofi silicon monoxide:
A compound of:'Siland SiO, crystallite

Kaito and Shimizu 1984

The film obtained by evaporating SiO powder
Thickness: 8 nm

—— ” p—

Highi resolution transmission electron
microscopic image shows crystallites
offai-cristobalite and silicon.

[011] projection of silicon

(b) Open circles denoted silicon The (111) projection of Si crystal
atoms. Is inserted in (b) by solid circles.

Note: The sample below ~10 nm in thickness is required to
observe ~1 nm sized crystallite under the HRTEM condition.



An understanding of silicon monoxide:
A compound ofSiland SI1O, crystallites

Morioka et al. 1997

Table 1. Absorption peak positions from IR spectra.

Sample Absorption peak positions (g:m) Composition of microcrystallite
Commercial SiO powder 2 12.5 21.3 Fused silicon and fused quartz

As-deposited SiO film 2 13.5 19.5 Silicon and a-cristobalite
300°C-heated film . 11.4 125 225 Silicon and S-cristobalite

As-prepared SiO grains 11.4 127 21.8 Silicon and S-cristobalite
300°C-heated grains 9 2 11.4 124 215 Silicon and S-cristobalite
500°C-heated grains 9.0 12.5 21.0  a-quartz

Vibration corresponding to Si-O Si-Si 0-Si-0
absorption peaks stretching strum:hirngr bending



Examination of stability of SiO during
dust formation

Smoke grains collected
on a slide glass

l
FT-IR (embedded KBr)

8 |
AN = TEM analysis
CNaMmpEl; | a ,

Experime

Evaporant
(10 mq)

[K]

Gas
(20kPa)

Si powder o '
CO gas ] e "
[2700] ~

©® Inlet gas _
H, gas at 10 kPa 4

€ Evacuate at 103 Pa
® Close the valve

SiO lamp
[2100]

=vaporation
urce

Ar+0,
(8 + 2 kPa)
mixture gas

SiO lamp

[2100]



Results: Amorphous silicon oxide dusts
Si evaporated in CO gas SIO evaporated in H,  SiO evaporated in O,+Ar (2:8)

P

rain

4N

4.43 / \”’

Si-H / v

stretching |
/ 11.4

'\\J Si-H bending

9_|31 B-cristobalite
implanted H
10 175

Wavelength (um)

» Anneal effects of gas thermal conduction promoted coalescence growth
of dust. H, < CO < O,+Ar" ( additionally effect of exothermic oxidation).

» Thermal stability of SiO molecule is highest stable between the species:
SiO, CO, O,, H, (and H,0).



Where is carbon from a CO decomposition ?

SI evapc Residue were collected on the tungsten

Residue on the evaporation: SiC

beta-SiC (cubic)
L]

ectron diffraction :
B-SIC (zinc-blend structure)

jh-resolution electron microscopy:
hite layer was grown on the

ce of B-SIC. There is no SiO,

' on the B-SiC crystal.

graphite

Si (liquid)

X

di;;=0.24 nm

All carbon will eventually form the
Ll graphite via SiC.



Summapysefisilicon oxide experiments

stability:

Si0 > SiC > CO (>H,0)
Siliconimt deNSIcarrierfor oxygen under condition of
abundanii@@igasiana/or H. gas.

new/qUESHGNE

If oxygen Jf_)JJ akes rrJrrJ("O of ambient around evolved star,

when does it take from the stable SiO as carrier?

C € c

The stage of formation of silicate may be chance to release an oxygen
from Si-O bond.



Examination of stability of SiO

effect of containing Mg
MV gESI@ISImUItaRECUSIEVaporation

Evaporants: Mixture powder

(Mg/sio =1 of Mg (45-75 um)
atomic ratio | and SiO (<35 pm)

Gla
funn

Aparture size:

1.2 mmo® 0.6 mg of the mixture powder
evaporated per drop.
15 mm :
Ambient gas:
» Ar 10 kPa
Heater:

Ta or W (2400K) » 0,2+ Ar 8 kPa



Results of TEM analysis
02 ﬂ_ﬂ___ﬁﬁ_m@ 3 T SO Ar gaS

: S | ey
I"“ % . ~
.

1 Hollow MgO
formed by air
oxidation of Mg
cluster after
experiment is
distinguishable
from the cubic

Bl VigO formed by
vapor condensation.

Crystallites of
*and MgOT

220




Results: FT-IR analysis of Mg- S|I|cate dusts

Silicate tends to be
forsterite (Mg,Si0,)
—Me/Si0=1 Ar gas > Ability of erystal growth
—Mg/Si0O=1 O, mixture O, micture > Ar gas

>  Uniformity of compound

Forsterite particle |
— (Marusu) T ]
MgO particle

Silica particle

(SIO O, mixture) |
J)/\‘/\’ﬁ\_ /\_/\ )

Wavelength (1 m)

00
~
QA
&
L
X
"
C
Q0
Q
G-
Y
)
@)
O
C
Q
+—
@]
(.
O
]
Q0
©
)]
]
©
=

T Koike, et al., 2010




SummanaeiiMg:=SiO experiments

O, mi "rur'w Spherical ical Mg,SiO, and
cubicVg@

- Exothermal'effe ct offoxidation promoted the coalescence
growthbetween UQ and Si0,,.

Conversely; iniaregion WJ’J—'J’—‘J,JQS of an exothermal effect is
JJJ)I)Jij_J evolutionito silicate constricted because stable

oxides J\/JQ S10, ) were rer—mc initially.

g w:.n of _)J crysta e |nd|cates that Mg assisted the

Composition of silicate based on forsterlte (Mg,SiO,) was
favorably produced from oxygen depletion atmosphere.



onclUsion

Si0 is carrier for oxygen.
~ Si0O'mol rUJ [Simore stable than CO and H,O ata
temperacurea DQ /e 2200K, whereas It can |23e decomp05|t|on
o) cr/;ica ites of Si ar Id'S10, below the low temperature.
Production of un |formly-solld|ﬁ are
achieved atithe'atmosphere of depletion of oxygen,
ather than 't'rw 3 /JJsanr‘—‘ of free oxygen forming

dust on oxidat reductlve condition requires the
introduction of gas species other than oxygen
controlled partial pressure.
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