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Vapor growth/evaporation
of Mg-silicate under proto-
planetary disk condifions:
Experimental study
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Dust: Key for the Galactic Chemical Evolution
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How did dust particles
form in spacee

Grain size, number density, mineral assemblages

Krot+ (2004)




How did dust particles
form in spacee

Grain size, number density, mineral assemblages

Dust formation from gas

if all the colliding ~ Ifonly @ fraction
gas condense, of gas condense,

slower growth
less amount of dust

diversity of dust species

Krot+ (2004)




Growth kinetics of
dust from vapor

Fe(g) — Fe(s) Jnet = Jin — Jout
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Studies !



Evaporation
experiments
of minerals




Evaporation
experiments
af low pressures

- Forsterite (Mg2SiOa):

Hashimoto, 1990, Nagahara & Ozawa, 1996, Tsuchiyama+, 1999;
Wang+, 1999; Kuroda & Hashimoto, 2002; Yamada+, 2006;
Takigawa+, 2009; Ozawa+, 2012

- Olivine ((Mgo.s Feo.1)2S104): Ozawa & Nagahara, 2000
- Enstafite (MgSiOs): Tachibana+, 2002
- Silica (SiOy): Young+, 2002

- Silicate melts: e.g., Hashimoto, 1983; Nagahara & Ozawa, 1996;
Wang+, 2001, Yu+, 2003; Richter+, 2002, 2007



Evaporation
experiments
af low pressures

- Forsterite (Mg2SiOa):

Hashimoto, 1990, Nagahara & Ozawa, 1996, Tsuchiyama+, 1999;
Wang+, 1999; Kuroda & Hashimoto, 2002; Yamada+, 2006;
Takigawa+, 2009; Ozawa+, 2012

- Metallic iron :  Tsuchiyama & Fujimoto, 1995; Tachibana+, 2011
- Troilite (FeS):  Tachibana & Tsuchiyama, 1998

- Corundum (Al2O3): Takigawa, 2012, Ph.D. thesis



Evaporation
experiments
af low pressures
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Evaporation of
Fe metal in vacuum
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Evaporation of forsterite
af low hydrogen pressures
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Evaporation

coefficients
mineral Ole references
corundum 0.1-0.01 Takigawa (2012, PhD thesis)
L W o~ om~r eg. Tsuchiyama+ (1998): Yamada+
enstatite 0.1 (as Fo)  Tachibana+ (2002)
Me’rolllcFe """"" 1_06 " Tsuchiyama & Fuimoto (1995)

Tachibana+ (2011)

troilite 0.1-103 Tachibana & Tsuchiyama (1998)




Condensation
experiments
of minerals

Growth at low pressures

- good for understanding

kinetics if experimental
conditions are confrolled




Condensation
of metallic iron
in vacuum

(Tachibana+, 2011)

Growth of metallic
iron at controlled
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Condensation weight gain of substrate

of metallic iron due fo condensation
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Condensates Tachibana+ (2011)

Photo:

Growth steps on Fe metal
condensed from vapor at : I micron
1235 K for 48 hr e —




Condensates Tachibana+ (2011)
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Growth steps on Fe metal
condensed from vapor at : I micron
1235 K for 48 hr e —




Tachibana+ (2011)
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Evaporation &
Condensation coefficients

mineral Ole

corundum 0.1-0.01 ~0.05 (1akigawa, 2012)

troilite 0.1-10°3 ~0.02
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Evaporation of forsterite

MQ2SiOu4(s) = 2Mg(g) + SIO(g) + 30(g)

Free evaporation regime (FED)

Hashimoto (1990); Wang+ (1999); Yamada+ (2006);
Takigawa+(1999); Ozawa+ (2012)

Mg2SiOy(s) + 3H2(g) = 2Mg(g) + SIO(g) + 3H20(g)

Hydrogen-reaction dominated regime (HRD)
— Jevap proportional to pH2'/

Nagahara & Ozawa (1996); Tsuchiyama+ (1998);
Kuroda & Hashimoto (2002); Takigawa+ (2009)

pH2O/pH2-buffer dominated regime  (HBD)
— Jevap proportional fo pH20/pH:?



Evaporation of forsterite
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Evaporation of forsterite
in low-pressure Hx-H20 gas

Infrared vacuum furnace
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Evaporation of forsterite
in low-pressure Hx-H20 gas
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Evaporation of forsterite
in low-pressure Hx-H20 gas
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Evaporation of forsterite

MQ2SiOu4(s) = 2Mg(g) + SIO(g) + 30(g)

Free evaporation regime (FED)

Hashimoto (1990); Wang+ (1999); Yamada+ (2006);
Takigawa+(1999); Ozawa+ (2012)

Mg2SiOy(s) + 3H2(g) = 2Mg(g) + SIO(g) + 3H20(g)

Hydrogen-reaction dominated regime (HRD)
— Jevap proportional to pH2'/

Nagahara & Ozawa (1996); Tsuchiyama+ (1998);
Kuroda & Hashimoto (2002); Takigawa+ (2009)

pH2O/pH2-buffer dominated regime  (HBD)
— Jevap proportional to pH20/pH: confirmed for the first fime
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Condensation of forsterite
in low-pressure Hx-H20 gas
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Condensation
coefficient

Flux (g/min)
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Evaporation &
Condensation coefficients

mineral
corundum 0.1-0.01 ~0.05 (1akigawa, 2012)
el 002
""" forsterite~ 0.1-0.01  ~0.12
""" enstafite 0.1 (asFo)
Mefdlicke  1-06 ~1 (Tachibanas, 2011)
"""" toiite  0.1-10% | Growth (and evaporation)

of forsterite dust occurs less
efficiently than Fe metal



Application to o
cosmochemistry AOA Formatio

Grain size, number density, mineral assemblages

Krot+ (2004)



Application Takigawa & Tachibana, 2012
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Summary &
Conclusions

Understanding of dust formation kinetics is
a key to understand dust forming environments

— experiments at controlled low-pressure “realistic”
conditions combined with observation and modeling

Evaporation of forsterite controlled by pH20/pH: is
confirmed; Kinefics is likely to be the same

Growth experiments of forsterite under controlled
protosolar disk-like conditions are now being made;

The growth efficiency is not as good as meftallic iron



