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High Temperature Oxidation of TiNi Shape Memory Alloy

J. 8. Kim and D. B. Lee

Department of Metallurgical Engineering, Sung Kyun Kwan University, Suwon 440-746

The oxidation behavior of TiNi SMA(shape memory alloy) has been investigat-
ed as a funtion of temperature(973-1173K) in air and the results were compared
with that of the pure Ti. The oxidation kinetics of TiNi alloys during isothermal
oxidation obeyed the parabolic rate law over the whole temperature ranges studied,
exhibiting better oxidation behavior compared with pure Ti which oxidized linear-
ly at higher temperatures. After oxidation, a multi-layered scale was always
formed on TiNi alloys, consisting of an outer TiO; layer, an intermediate layer of
a mixture of TiO; and TiNiO;, and an inner layer of TiO,+ Ni. At the scale/base
alloy interface thin TiNi; layer was also observed. Such a morphology is a sharp
contrast with the scale formed on pure Ti alloys which had a thick multiple layer
of TiO; only. As were in isothermal oxidation tests, TiNi alloys displayed im-
proved cyclic oxidation resistance with a less amount of scale cracking or spalling
compared with pure Ti alloys.
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Table 1. Chemical composition of NiTi shape mem-
ory alloy prepared

Ni(at%) Ti(at%) O(at%) N(at%) C(at%) S(at%)

Bal 50.1 0.21 0.03 0.01  >0.001
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Fig. 1. Oxidation curves of TiNi alloy and pure Ti
between 873K and 1173K in air.
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Fig. 2. SEM photographs of the scales after isothermal oxidation of TiNi in air. (a) 973K, 2hr, (b) 973K, 48hr,
(¢) 1073K, 2hr, (d) 1073K, 48hr, (e) 1173K, 2hr, (f) 1173K, 48hr.
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Fig. 3. X-ray diffraction patterns on TiNi alloy of
surface layer after successive polishing the speci-
men oxidized at 1173K for 60hr.
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TiNi substrate

Fig. 4. SEM photograph and EDS images of cross section of TiNi alloy after isothermal oxidation in air at
1173k for 60hr. (a) SEM image, (b) Ti image, (c) Ni image, (d) schematic diagram.

Table 2. Comparison of oxidation characteristics of TiNi and TiAl

TiNi TiAl
element property Ti=active, Ni=noble Ti=noble, Al=active
outer scale almost pure thick TiO, layer almost pure thick TiO, layer
intermediate scale discontinuous TiNiOj; layer discontinuous Al,0, layer
inner scale TiO,+ Ni mixture TiO,+ Al,03Al mixture
scale/substrate interface thin TiNi, layer thin Ti;Al layer
distributi above TiNiQ, layer and bottom above Al,0; layer and bottom
pore distribution part of TiO,+ Ni inner layer part of TiO,+ Al,O; inner layer
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Fig. 5. SEM photographs of cross section after
isothermal oxidation in air at 1173K. (a) TiNi,
168hr, (b) pure Ti, 60hr.
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Fig. 6. Cyclic oxidation curves of TiNi and pure Ti
between 973K and 1173K for 30 cycles.
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Fig. 7. SEM photograph and EDS spectra of TiNi alloy after cyclic oxidation in air at 1173K for 30 cydles. (a)
SEM image, (b) area A, (c) area B, (d) area C.
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