Class 3: Electron Microscopy - Transmission and Analytical

Novel Shape Memory Alloy Nanowires

Introduction
Shape memory alloys have been widely recognized in the field of metallurgy. Generally, the prerequisites for the shape memory behavior are thermoelastic
martensitic transformation, ordered parent and martensitic phases, and the internal twins in the martensite.

During the past decade, people found that nanomaterials exhibited significantly enhanced properties when their sizes were reduced down to the nanometer scale.
However, so far less efforts were made on the traditional shape memory alloys. Here, we demonstrate our recent success in novel shape memory alloy nanowires.

Sample Preparation

Step 1: Prepare anodized aluminum oxide (AAO) nanotubes on Al substrate using electrochemical method (Fig. 1);

Step 2: Inside a piston chamber place the experimental material (In-21 at.% TI) on the top of AAO and heat up until the sample melts, and then mechanically inject the
melt into the AAO nanoholes (Fig. 2). After dissolving the AAO template, the nanowires were obtained.

Characterization

The nanowires were studied using a heating stage in a JEOL 2010 transmission electron microscope (TEM) at 200 kV. Fig. 3 shows the in-situ phase transitions of 15
nm nanowires. At room temperature (RT), the nanowires exhibit dense martensite twins with the face-centered tetragonal (fct) structure, while at higher temperature
they transform to face-centered cubic (fcc) structure without twins, but when cooled down the twins reappeared, demonstrating the reversible fct-fcc transitions.

Similar reversible transitions are also observed in the 70 nm nanowires (Fig. 4). By crystallographic analysis, the twining plan is found to be (-101), and the growth
direction [110].

Conclusions
The In-TI shape memory alloy nanowires were successfully prepared by the simple mechanical injection method. In-situ TEM characterization revealed their
reversible fct-fcc phase transitions associated with internal {101} twins, providiing promising characteristic to achieve the shape memory effect on the nanoscale.
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