Improvement in Hydrogen Embrittlement Properties of Nb-Ni-Ti Alloy Based Hydrogen Permeable Film
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In order to improve the hydrogen embrittlement properties of Nb-Ni-Ti hydrogen
permeable film, the effects of impurities in the alloy and microstructure on hydrogen
embrittlement were investigated. Increasing the amount of oxygen in the alloy causes the
formation of intermetallic compounds that become brittle by absorbing hydrogen, and the
fractures in hydrogen permeable film begin in these compounds. In addition, the
simulation of internal stress caused by the expansion of the crystal lattice with the
absorption of hydrogen shows that refining the microstructure reduces the internal stress.
The hydrogen embrittlement properties of Nb-Ni-Ti hydrogen permeable film have been

improved using a modified production process based on the above result.
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Fig. 1 The principle of hydrogen permeation in metal film
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Fig. 2 Casting structure of Nb-25Ni-21Ti alloy
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Table 1 Example of analyzed chemical compositions on
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! e (Metals : mass%, O : ppm)

Ni Ti Nb 0]
Ingot #1 23.33 19.45 Bal. 1,420
Ingot #2 21.83 20.25 Bal. 4,990
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Fig. 5 Oxygen amount dependence of XRD profiles in Nb-25Ni-
21Ti alloy where @, B, A are the characteristic peaks of
Nb-Ti, NiTi, and NiTio
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Fig.6 Oxygen amount dependence of intensity of X-ray diffraction
peak in intermetallic compounds, NiTis( 4 ), and NbgT3Nig (4)
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alloy
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Fig. 9 The XRD profiles difference before and after absorbing
hydrogen in Nb-25Ni-21Ti alloy
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Fig. 10 Microstructure model used for the stress simulation
(a) spherical model and (b) layered model
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Table 2 Value used for stress simulation

Nb-Ti NiTi
Young's modulus %
(GPa) 10 70
Expantion rate of
lattice parameter 4.2 0
(%)
Poisson's ratio 0.4
Density (x10°kg/m°?) 7.85

* value of pure Nb
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Fig. 11 Simulated difference of stress altered distribution on the
alloy absorbed hydrogen, (a) spherical model and
(b) layered model
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Fig. 12 Microstructure of Nb-25Ni-21Ti hydrogen permeable film
(a) total reduction rate: 50 % and (b) total reduction rate: 99.6 %
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Fig. 13 Results of hydrogen permeable measurement of Nb-25Ni-21Ti hydrogen permeable film
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