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An Apparatus for Containerless Melting and
Solidification of Materials Via Electrostatic Levitation
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Abstract An apparatus capable of melting and solidifying various materials containerlessly in high vacuum
via electrostatic levitation (ESL) has been developed for finding materials with new or improved properties and
further building a database for processing materials in microgravity. Containerless solidification of
semiconductors, metals, and alloys such as Si, Zr, Nb, Mo, V;Si, and boron carbides has been carried out to
test how various materials at how high temperatures can be processed by ESL. The materials in levitation
became spherical at melting by their own surface tensions which were ideal for measuring intrinsic
thermophysical properties of materials in the liquid state. Multiple cycles of melting and cooling were
reproducibly repeated and radiative cooling curves were recorded.
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Fig. 1. A side view of the éectrode assembly inside the ESL
chamber. Also shown is the principle of keeping a sample
being levitated during ESL process: Ey=upper eectrode, Egc
=bottom center electrode, Egs=bottom surrounding € ectrode,
sc laser=positioning semiconductor laser, and PSD =two
dimensional position sensitive detector.
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Fig. 2. A schematic showing the array of components of the
ESL system used in this study: UV=UV lamp, 1=UV lens, 2
=laser lens, 3=UV mirror, thermo=infrared radiation
thermometer, CCD=CCD camera, and L1-L4=four branched
laser beams.
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Fig. 3. Radiative cooling curves of Si, Zr, Nb, Mo, Si, V;S,
and HoNi,B,C measured during ESL process. Temperature
was calibrated with two points, one is the plateau melting
temperature of each sample in both heating and cooling and
the other is zero signa voltage of the thermometer at 873 K.
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Table 1. The degree of undercooling obtained before
nucleation in each sample.

Mo Nb Zr S V,Si
T (K)* 2896 2750 2128 1687 2208
Trin (K) 2416 2348 1808 1300 1878
AT (To-Trmin) 480 402 320 387 330
ATy, 017 015 015 023 015
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Fig. 4. A series of video images showing a Mo sample at superheated liquid, undercooled liquid, co-existing liquid and solid in
transition, and cooled solid condition, respectively in a clockwise direction from the upper left one. Note the instantaneous latent

heat release.
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(b)

Fig. 5. SEM images of Nb showing the change in shape via
ESL process from non-spherical arc-melted to spherica ESL-
processed; (a) an arc-melted Nb sample before ESL, (b) after
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