JAXA/ISAS ISHIKAWA Lab.(Thermophysical properties of refractory metal elements)

Ti1 (Titanium)

Ti is very evaporative, and it was difficult to measure viscosity and surface

tension.
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JAXA/ISAS ISHIKAWA Lab.(Thermophysical properties of refractory metal elements)

Viscosity graph

Viscosity data has been updated.
(Updated viscosity have been taken by
improved measurement method with
120 Hz position control frequency)
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JAXA/ISAS ISHIKAWA Lab.(Thermophysical properties of refractory metal elements)

V(Vanadium)

Due to its high vapor pressure, it was very difficult to measure viscosity and
surface tension. By improving electrode design, these properties were

successfully measured.
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JAXA/ISAS ISHIKAWA Lab.(Thermophysical properties of refractory metal elements)

Viscosity graph

Viscosity data has been taken by
improved measurement method with
120 Hz position control frequency.
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JAXA/ISAS ISHIKAWA Lab.(Thermophysical properties of refractory metal elements)

Ni(Nickel)

Density graph
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JAXA/ISAS ISHIKAWA Lab.(Thermophysical properties of refractory metal elements)
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Naukova Dumka. Monma and Suto, J.
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JAXA/ISAS ISHIKAWA Lab.(Thermophysical properties of refractory metal elements)

Y(Yttrium)
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JAXA/ISAS ISHIKAWA Lab.(Thermophysical properties of refractory metal elements)

Viscosity graph

Viscosity data has been taken by
improved measurement method with
120 Hz position control frequency.
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JAXA/ISAS ISHIKAWA Lab.(Thermophysical properties of refractory metal elements)

Zr(Zirconium)

Zirconium is a “friendly” sample for electrostatic levitation because of its
moderate melting temperature and low vapor pressure, and it is used for facility

check out.
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JAXA/ISAS ISHIKAWA Lab.(Thermophysical properties of refractory metal elements)

Viscosity graph

Viscosity data has been updated.
(Updated viscosity have been taken by
improved measurement method with
120 Hz position control frequency)
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JAXA/ISAS ISHIKAWA Lab.(Thermophysical properties of refractory metal elements)

Nb(Niobium)

Niobium was the first target to be melt in our electrostatic levitation furnace in
JAXA. Density of molten Nb was measured in 2000, and surface tension and

viscosity were measured in 2002.
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JAXA/ISAS ISHIKAWA Lab.(Thermophysical properties of refractory metal elements)

Viscosity graph

Viscosity data has been updated.
(Updated viscosity have been taken by
improved measurement method with
120 Hz position control frequency)
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JAXA/ISAS ISHIKAWA Lab.(Thermophysical properties of refractory metal elements)

Mo(Molybdenum)

Due to its high melting temperature, Mo can’t be molten with CO2 lasers (200 W)
and a YAG laser (500 W, shooting through the top electrode) was added.
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JAXA/ISAS ISHIKAWA Lab.(Thermophysical properties of refractory metal elements)

Viscosity graph

Viscosity data has been updated.
(Updated viscosity have been taken by
improved measurement method with
120 Hz position control frequency)
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JAXA/ISAS ISHIKAWA Lab.(Thermophysical properties of refractory metal elements)

Ru(Ruthenium)

Density graph
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Viscosity data has been updated.
(Updated viscosity have been taken by
improved measurement method with
120 Hz position control frequency)
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JAXA/ISAS ISHIKAWA Lab.(Thermophysical properties of refractory metal elements)

Rh(Rhodium)
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JAXA/ISAS ISHIKAWA Lab.(Thermophysical properties of refractory metal elements)

Viscosity graph

Viscosity data has been updated.
(Updated viscosity have been taken by
improved measurement method with
120 Hz position control frequency)

T

Since the first viscosity measurement
had been affected by sample position
control, viscosity data was taken with
an improved measurement method.
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JAXA/ISAS ISHIKAWA Lab.(Thermophysical properties of refractory metal elements)

Pd(Palladium)
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JAXA/ISAS ISHIKAWA Lab.(Thermophysical properties of refractory metal elements)

La(Lanthanum)

Density graph
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JAXA/ISAS ISHIKAWA Lab.(Thermophysical properties of refractory metal elements)

(Surface properties of melts) (in
Russian), 107, Nauka Dumka, 1982
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Viscosity graph

Viscosity data has been taken by

Viscosity(mPas)

improved measurement method with
120 Hz position control frequency.
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JAXA/ISAS ISHIKAWA Lab.(Thermophysical properties of refractory metal elements)

Ce(Cerium)
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Viscosity graph

Viscosity data has been taken by

Viscosity(mPas)

improved measurement method with
120 Hz position control frequency.
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JAXA/ISAS ISHIKAWA Lab.(Thermophysical properties of refractory metal elements)

Pr(Praseodymium)
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JAXA/ISAS ISHIKAWA Lab.(Thermophysical properties of refractory metal elements)

Viscosity graph

Viscosity data has been taken by
improved measurement method with
120 Hz position control frequency.
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JAXA/ISAS ISHIKAWA Lab.(Thermophysical properties of refractory metal elements)

Nd(Neodymium)
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Viscosity graph

Viscosity data has been taken by
improved measurement method with
120 Hz position control frequency.
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Gd(Gadolinium)
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Tb(Terbium)
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JAXA/ISAS ISHIKAWA Lab.(Thermophysical properties of refractory metal elements)

Viscosity graph

Viscosity data has been updated.
(Updated viscosity have been taken by
improved measurement method with
120 Hz position control frequency)

T

Since the first viscosity measurement
had been affected by sample position
control, viscosity data was taken with
an improved measurement method.

12— .
10} R
: R . , .
w 8 T -
© L
o
3
T '
® L
o L
A i .
> F & Present work
F s Previous work
2

1600 1700 1800 1900 2000
Temperature (K)

Data taken by improved measurement
mathod(Present Works) <1

T. Ishikawa, P.-F. Paradis, J. T. Okada, Y.
Watanabe, “Viscosity measurements of
molten refractory metals using an
electrostatic levitator”, Meas. Sci. Technol.
23 (2012), 025305

Reference(Previous work):

P.-F. Paradis, T. Ishikawa, N. Koike, Y.
Watanabe, Journal of Rare Earths 25
(2007), 665.

27

http://ishikawa.isas.jaxa.jp/03 data en.html



JAXA/ISAS ISHIKAWA Lab.(Thermophysical properties of refractory metal elements)

Hf(Hafnium)

Hafnium contains 3 wt%o zirconium.
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JAXA/ISAS ISHIKAWA Lab.(Thermophysical properties of refractory metal elements)

Viscosity graph

Viscosity data has been updated.
(Updated viscosity have been taken by
improved measurement method with
120 Hz position control frequency)

T

Since the first viscosity measurement
had been affected by sample position
control, viscosity data was taken with
an improved measurement method.
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JAXA/ISAS ISHIKAWA Lab.(Thermophysical properties of refractory metal elements)

Ta(Tantalum)
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JAXA/ISAS ISHIKAWA Lab.(Thermophysical properties of refractory metal elements)

Viscosity graph

Viscosity data has been updated.
(Updated viscosity have been taken by
improved measurement method with
120 Hz position control frequency)

T

20

-
(3]

st

Viscosity{mPas)
=

(3]

& Present work
* Previous work

0 i i ]
2800 3000 3200 3400 3600
Temperature (K)

Data taken by improved measurement
mathod(Present Works) <1

T. Ishikawa, P.-F Paradis, J. Okada, M. V.
Kumar, Y. Watanabe, “Viscosity of molten
Mo, Ta, Os, Re, and W measured by
electrostatic levitation”, J. Chem.
Thermodynamics 65 (2013), 1-6.

Reference(Previous work) :
P. -F. Paradis, T. Ishikawa, and S. Yoda, J.
Appl. Phys. 97(2005), 053506.

31

http://ishikawa.isas.jaxa.jp/03 data en.html



JAXA/ISAS ISHIKAWA Lab.(Thermophysical properties of refractory metal elements)

W (Tungsten)

Tungsten has the highest melting temperature among metal elements. It was a
big challenge for us to stably levitate molten tungsten. We added a 500 W YAG
laser (shooting through top electrode) and re-design the arrangement of
electrodes to improve horizontal sample stability.
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JAXA/ISAS ISHIKAWA Lab.(Thermophysical properties of refractory metal elements)

Viscosity graph

Viscosity data has been updated.
(Updated viscosity have been taken by
improved measurement method with
120 Hz position control frequency)
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JAXA/ISAS ISHIKAWA Lab.(Thermophysical properties of refractory metal elements)

Re(Rhenium)
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JAXA/ISAS ISHIKAWA Lab.(Thermophysical properties of refractory metal elements)

Viscosity graph

Viscosity data has been updated.
(Updated viscosity have been taken by
improved measurement method with
120 Hz position control frequency)
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JAXA/ISAS ISHIKAWA Lab.(Thermophysical properties of refractory metal elements)

Os(Osmium)

Since density of osmium is very high, molten sample becomes oblate when it
melts. Relatively small samples were adequate for the experiments.
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JAXA/ISAS ISHIKAWA Lab.(Thermophysical properties of refractory metal elements)

Viscosity graph

Viscosity data has been updated.
(Updated viscosity have been taken by
improved measurement method with
120 Hz position control frequency)

T

Since the first viscosity measurement
had been affected by sample position
control, viscosity data was taken with
an improved measurement method.
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JAXA/ISAS ISHIKAWA Lab.(Thermophysical properties of refractory metal elements)

Ir(Iridium)

Based on our measurement, iridium has the highest liquid density @ Tm among

metal elements.
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JAXA/ISAS ISHIKAWA Lab.(Thermophysical properties of refractory metal elements)

Viscosity graph

Viscosity data has been updated.
(Updated viscosity have been taken by
improved measurement method with
120 Hz position control frequency)
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JAXA/ISAS ISHIKAWA Lab.(Thermophysical properties of refractory metal elements)

Pt(Platinum)

Due to its high density and relatively low surface tension, a platinum sample
becomes oblate when it melts and very difficult to achieve stable levitation.
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JAXA/ISAS ISHIKAWA Lab.(Thermophysical properties of refractory metal elements)

Viscosity graph

Viscosity data has been updated.
(Updated viscosity have been taken by
improved measurement method with
120 Hz position control frequency)

T

Since the first viscosity measurement
had been affected by sample position
control, viscosity data was taken with
an improved measurement method.
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	Ti is very evaporative, and it was difficult to measure viscosity and surface tension.
	Density graph
	Surface tension graph
	Viscosity graph
	Viscosity data has been updated. (Updated viscosity have been taken by improved measurement method with 120 Hz position control frequency)


	23_V_bigGraph
	Due to its high vapor pressure, it was very difficult to measure viscosity and surface tension. By improving electrode design, these properties were successfully measured.
	Density graph
	Surface tension graph
	Viscosity graph
	Viscosity data has been taken by improved measurement method with 120 Hz position control frequency.
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	Density graph
	Surface tension graph
	Viscosity graph
	Viscosity data has been updated. (Updated viscosity have been taken by improved measurement method with 120 Hz position control frequency)
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	Density graph
	Surface tension graph
	Viscosity graph
	Viscosity data has been taken by improved measurement method with 120 Hz position control frequency.


	40_Zr_bigGraph
	Zirconium is a “friendly” sample for electrostatic levitation because of its moderate melting temperature and low vapor pressure, and it is used for facility check out.
	Density graph
	Surface tension graph
	Viscosity graph
	Viscosity data has been updated. (Updated viscosity have been taken by improved measurement method with 120 Hz position control frequency)


	41_Nb_bigGraph
	Niobium was the first target to be melt in our electrostatic levitation furnace in JAXA. Density of molten Nb was measured in 2000, and surface tension and viscosity were measured in 2002.
	Density graph
	Surface tension graph
	Viscosity graph
	Viscosity data has been updated. (Updated viscosity have been taken by improved measurement method with 120 Hz position control frequency)


	42_Mo_bigGraph
	Due to its high melting temperature, Mo can’t be molten with CO2 lasers (200 W) and a YAG laser (500 W, shooting through the top electrode) was added.
	Density graph
	Surface tension graph
	Viscosity graph
	Viscosity data has been updated. (Updated viscosity have been taken by improved measurement method with 120 Hz position control frequency)
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	Density graph
	Surface tension graph
	Viscosity graph
	Viscosity data has been updated. (Updated viscosity have been taken by improved measurement method with 120 Hz position control frequency)
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	Density graph
	Surface tension graph
	Viscosity graph
	Viscosity data has been updated. (Updated viscosity have been taken by improved measurement method with 120 Hz position control frequency)  Since the first viscosity measurement had been affected by sample position control, viscosity data was taken wi...


	46_Pd_bigGraph
	Density graph
	Surface tension graph
	Viscosity graph

	57_La_bigGraph
	Density graph
	Surface tension graph
	Viscosity graph
	Viscosity data has been taken by improved measurement method with 120 Hz position control frequency.
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	Density graph
	Surface tension graph
	Viscosity graph
	Viscosity data has been taken by improved measurement method with 120 Hz position control frequency.


	59_Pr_bigGraph
	Density graph
	Surface tension graph
	Viscosity graph
	Viscosity data has been taken by improved measurement method with 120 Hz position control frequency.


	60_Nd_bigGraph
	Density graph
	Surface tension graph
	Viscosity graph
	Viscosity data has been taken by improved measurement method with 120 Hz position control frequency.


	64_Gd_bigGraph
	Density graph
	Surface tension graph
	Viscosity graph
	Viscosity data has been taken by improved measurement method with 120 Hz position control frequency.


	65_Tb_bigGraph
	Density graph
	Surface tension graph
	Viscosity graph
	Viscosity data has been updated. (Updated viscosity have been taken by improved measurement method with 120 Hz position control frequency)  Since the first viscosity measurement had been affected by sample position control, viscosity data was taken wi...


	72_Hf_bigGraph
	Hafnium contains 3 wt% zirconium.
	Density graph
	Surface tension graph
	Viscosity graph
	Viscosity data has been updated. (Updated viscosity have been taken by improved measurement method with 120 Hz position control frequency)  Since the first viscosity measurement had been affected by sample position control, viscosity data was taken wi...


	73_Ta_bigGraph
	Density graph
	Surface tension graph
	Viscosity graph
	Viscosity data has been updated. (Updated viscosity have been taken by improved measurement method with 120 Hz position control frequency)


	74_W_bigGraph
	Tungsten has the highest melting temperature among metal elements. It was a big challenge for us to stably levitate molten tungsten. We added a 500 W YAG laser (shooting through top electrode) and re-design the arrangement of electrodes to improve hor...
	Density graph
	Surface tension graph
	Viscosity graph
	Viscosity data has been updated. (Updated viscosity have been taken by improved measurement method with 120 Hz position control frequency)
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	Density graph
	Surface tension graph
	Viscosity graph
	Viscosity data has been updated. (Updated viscosity have been taken by improved measurement method with 120 Hz position control frequency)


	76_Os_bigGraph
	Since density of osmium is very high, molten sample becomes oblate when it melts. Relatively small samples were adequate for the experiments.
	Density graph
	Surface tension graph
	Viscosity graph
	Viscosity data has been updated. (Updated viscosity have been taken by improved measurement method with 120 Hz position control frequency)   Since the first viscosity measurement had been affected by sample position control, viscosity data was taken w...


	77_Ir_bigGraph
	Based on our measurement, iridium has the highest liquid density @ Tm among metal elements.
	Density graph
	Surface tension graph
	Viscosity graph
	Viscosity data has been updated. (Updated viscosity have been taken by improved measurement method with 120 Hz position control frequency)


	78_Pt_bigGraph
	Due to its high density and relatively low surface tension, a platinum sample becomes oblate when it melts and very difficult to achieve stable levitation.
	Density graph
	Surface tension graph
	Viscosity graph
	Viscosity data has been updated. (Updated viscosity have been taken by improved measurement method with 120 Hz position control frequency)   Since the first viscosity measurement had been affected by sample position control, viscosity data was taken w...





