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Figure 5 is from Region 3 and shows the structure and FIB image of the TiNi interface.
The XRD pattern reflects the multi-phase regions with TiO2, Ni, TiNi (diamond symbols,
B2, a = 0.30nm), and Ni3Ti (circles, DO24, a = 0.509nm, c = 0.831nm). Phase
identification was verified by chemical composition determined by synchrotron x-ray
fluorescence and EDXS from SEM/FIB. The high spatial (~1µm) and angular (0.020˚
2!) resolution of these complementary characterization techniques allowed identification
of phases and microstructural features, such as the nanocrystalline Ni grains and
interfacial transition from TiNi "  Ni3Ti "  Ni, that were not apparent in previous
analyses [5,9]. Similarly, earlier investigations of TiNi oxidation used Debye XRD on
abraded oxide surfaces [8] or glancing angle XRD [10] and identified NiO and NiTiO3 in
addition to TiO2, Ni, and Ni3Ti. Ni-rich oxides were not detected in any of the XRD
patterns in this study, consistent with XPS data that detect only Ni0 rather than Ni2+. One
possible explanation is that oxide patterns are complex with many similar peaks, which
may be difficult to resolve unambiguously with conventional XRD. Furthermore, it is
interesting that Ni-rich oxides have only been reported in samples that have been
mechanically polished prior to oxidation [8,10,11] rather than electropolishing as in the
present investigation.

Figure 5: XRD pattern and FIB image of Region 3 shown in Figure 2. The interfacial
layer consists of TiO2 (dark gray), Ni (lightest), Ni3Ti  (light gray) and TiNi (medium
gray). Note the fine structure in the Ni3Ti and Ni and grain boundaries in TiO2.

The observations from this study as well as earlier work [5,9] are consistent with a model
of oxygen absorption on the NiTi surface that reacts with outward diffusing Ti4+ to form
TiO2. During the early stages of oxidation, the growth of TiO2 is the primary contributor
to thickness and therefore oxide formation is relatively rapid. However, the preferential
oxidation of Ti creates a Ni-rich zone at the TiNi/TiO2 interface. The formation of the
Ni3Ti layer increases the effective diffusion distance with an associated decrease in
overall oxidation kinetics. Continued oxide growth therefore involves simultaneous
nucleation and growth of TiO2 and Ni-rich phases. Ultimately, these processes lead to the
formation of a thick oxide scale, which easily cracks, exposes Ni to the environment, and
leads to poor corrosion and biocompatibility [5]. The phase transformations will be
further characterized with transmission electron microscopy and diffraction techniques.
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