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Abstract Thermal, electrical and mechanical properties of high purity niobium and tantalum refractory rare
metals were investigated to evaluate the physical purity. Higher purity niobium and tantalum metals showed
lower hardness due to smaller solution hardening effect. Temperature dependence of electrical resistivity
showed a typical metallic behavior. Remarkable decrease in electrical resistivity was observed for a high purity
specimen at low temperature. However, thermal conductivity increased for a high purity specimen, and abrupt
increase in thermal conductivity was observed at very low temperature, indicating typical temperature
dependence of thermal conductivity for high purity metals. It can be known that reduction of electron-phonon
scattering leads to increase in thermal conductivity of high purity niobium and tantalum metals at low

temperature.
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Table 1. Purity evaluation techniques.
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ICP-AES : inductively coupled plasma atomic emission spectrometer

ICP-MS : inductively coupled plasma mass spectrometer
GDMS : glow discharge mass spectrometer

SSMS : spark source mass spectrometer

SRPM : simultaneous resistivity and permeability measurement
RRR : residual resistivity ratio

Table 2. Specimen designations

Designation 2N-Nb 3N-Nb

3N5-Nb 3N-Ta 4N-Ta

99.9% Niobium
Goodfellow

99%Niobium
KIGAM

Remarks
Fabrication Institute

99.99%Tantalum

Sincemat

99.9%Tantalum
Goodfellow

99.95% Niobium

Sincemat

Table 3. Metallic impurities in the high purity standard Nb.

3N-Nb (Goodfellow)

EFE (ppm)

Fe Hf
30 -

Cu
<5

B

<10 10

<5

Total
<780

Zr
<10

Ti
<10

Ta
500

Si

100 <100

3N5-Nb (Sincemat)

\:l/‘\\:'

(ppm)

Hf
<20

Cu Fe
- <20

B

10

Tota
<490

Zr
<20

Ti
<20

Ta
350

Si

30 10
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Table 4. Metallic impurities in the high purity standard Ta

3N-Ta (Goodfellow)

E<E (ppm)

Al Ca Co Cr Cu Fe Mg Mn Mo Na Nb Ni Si Sn  Ti W Zr Total
5 2 1 5 2 30 S 2 100 10 <500 3 10 2 20 5 100 10 <812

4N-Ta (Sincemat)

EwE (ppm)

Al Ca Co Cr Cu Fe Mg Mn Mo Na Nb Ni Si Sn Ti V W Zr Total
- - - - - <5 - - <10 - <30 <5 <10 - <1 - 10 - <71

(b)

Fig. 1. Shape and dimension of high purity standard Nb and
Ta specimens: (a) Nb and Ta plates(50X 50X 1 mm?), (b) samples
for thermal and electrical measurements(50X3X1 mm3)
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Fig. 2. Apparatus for thermal and electrical conductivity
measurement: (a) schematic diagram of sample holder, (b)
sample jig, (c) cryogenic system.
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Table $. Nonmetallic impurities in the high purity standard Nb
and Ta.

pPm g N C S
Sample
2N-Nb 5544 54 63 37
3N-Nb 204 33 59 8
3N5-Nb 193 42 51 17
3N-Ta 102 25 31 14
4N-Ta 79 14 37 13
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Fig. 3. Micro Vickers hardness of high purity standard Nb and
Ta specimens.
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Fig. 4. Electrical resistivity of high purity standard (a) Nb and
(b) Ta specimens. :
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Fig. 5. Thermal conductivity of high purity standard Nb: (a) total thermal conductivity, (b} electronic thermal conductivity, (c)
lattice thermal conductivity, (d) inverse lattice thermal conductivity.
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Table 6. Scattering parameters giving the temperature
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Fig. 6. Thermal conductivity of high purity standard Ta: (a) total thermal conductivity, (b) electronic thermal conductivity, (c)
lattice thermal conductivity, (d) inverse lattice thermal conductivity.
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