i &R Z OEEE I
(F2E5%)

Int. J. Microgravity Sci. Appl. Vol. 31 No. 3 2014 (130-136)

BRI = 7> b S-520-28 S A AW -MUNE T IR 5
FH A A N OEARRGERR O

AR B& 2 Y S4BT T
WS 2+ AN R0 - B

BAR

e = 0
%\/ 6

IR S /N

Nucleation Experiment of Cosmic Dust under Microgravity using
a Sounding Rocket S-520-28
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Abstract

We performed microgravity experiments of homogeneous nucleation of iron from the vapor phase using the sounding
rocket S-520-28 on December 17, 2012. The purpose is determination of a sticking probability of iron during the nucleation
from the supersaturated vapor, because the sticking probability is one of the most uncertain physical quantities to
understand the formation process of cosmic dust based on nucleation theories. We prepared the specially designed Mach-
Zehnder-type interferometers with an evaporation chamber and camera recording systems to fit the space and weight
limitations of the rocket. Three same systems, named DUST 1 to 3, were installed into the rocket. Iron was evaporated in
an argon gas and then it was cooled and nucleated to form nanoparticles. The temperature and concentration of iron vapor
at the nucleation site are determined from the movement of the interference fringe. Here, we present the brief summary of
the experiments and the preliminary results of the homogeneous nucleation from iron vapor under microgravity.
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A photograph of the double wavelength Mach—
Zehnder-type interferometer with an
evaporation chamber. Red and green arrows
show the optical path. The evaporation source,
which is an iron wire (0.1 mm¢ and 10 mm in
length) wrapped around a tungsten wire (0.3
mm¢), prepared in the nucleation chamber has
been drown by a black solid line.
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Fig. 2 A photograph of the nucleation chamber, which
has a pressure gauge, two electrodes for
heating of the evaporation source, view ports of
ICF-70, thermo couple to measure the
temperature of the edge of the evaporation
source, and gas port for evacuation and gas
inlet. There is another view port of ICF-34 for
temperature measurement of the evaporation
source by pyrometer indicated by an arrow
with a term of “view port”.
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Fig. 3 Acceleration gravity to the longitudinal
direction of the sounding rocket during the
microgravity experiment. The gravitational
acceleration was measured by a triaxial analog
accelerometer module (Silicon Designs Inc.,
Model 2470-002) placed on a base plate of
DUST 2. Arrows A to F show changing of
gravity by events: A. before launch, B. launch,
C. end of ignition and go to microgravity, D.
spread of yo-yo for despin, E. open the nosecone
for release the heat, and F. end of microgravity.
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Fig. 4 A still snapshot of in-situ observation of the
interference fringe during a microgravity
experiment of DUST 2 using the sounding
rocket S-520-28. The temperature of the
evaporation source shown in a to h are RT,
1200, 1400, 1600, 1800, 2000, 2270 and 2290 K,
respectively. Black and white arrows indicate
same interference fringes to identify the fringe
movement. E.S. and T.C. are evaporation
source and thermocouple, respectively. Dotted
line in (h) indicates a nucleation front of iron
nanoparticles. Diffuse fringes in the right hand
side of the dotted line are the result of light
scattering due to produced iron particles. The
scale bar corresponds to 5 mm.
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Fig. 5 Two lines of green and red show the
relationship between partial pressure of iron
and temperature to explain the degrees of
movement of the interference fringes by green
and vred lasers just Dbefore nucleation,
respectively. Cross the point of intersection
with the red line and the green line is the
nucleation temperature and partial pressure of
iron at the time of nucleation.
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D H~30% K& RMEARD Z ERMESHL TS B, gk
JRIF-OFREBE BT RV X—4 L7 OE & 135 H% R
LA EZ NS, Thwz, BIKWER B BT X
X — Tk L CWRAEREEZ RO DML ERNDH D, FEMITM
WZRED D, AEIOFERNG, SROWEREITIEFIZ/NE
VMEA LD, EFEREHBHZT AL X —2HENRETIE-ST
b, MEREIIA—F =TI LN B Do T
i, £, HHAORA R L EEEHRTT L TRE
TREET IR Do T2

5. F&H

FHL A NOBZESRIREORIICNED, SOWAERR
BuaRE+sZ 2B, 20124 12 A 17 BICERI=
vk S-520-28 EHEE VT, UNEABREL N DY
BRAEREREITo 7. WEREUT, AR E A
TFHL A MEERT DI, O RERAEMEE 5 X
TWAYIERTH D, Ba 3Bl e 7> I AR
FxzN—L TEEY Y 2 X RIFREHET A
YL, FEOFERY AT A% 3 MIER L. BAERT =
U=, Ny Ty —HARELTT AT RE AL

WL 7-ICH 2 TRATNCR Y, WEBAERERTT
R~ ERE LT, BARERORE S REY, T
MOEALNLIRE L, BERSHEE S O, 1442 K
LV EEEAE, 102 DL EoEEE s AR L
TLEMBMmoT. THITH LY BB N KREARET
HoD. 5%, ERERLEAREREHAOCEEEY 2
L—a b OWBRIZE Y, BAEMEOWBLEZ I E
L, Bon-ReFHL A FOBAERBRICEHRT 2
ZEICEY, FHAA MEROIMN S HITHET & T
LT3,

HiEE

AT JAXA FHREAAREEZES, Bt
NG, FHFWFIE A (22684024, 24684033) DBk %%
b DOTHS.
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