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Metastable icosahedral quasicrystalline nanoparticles (MIQNP) precipitate in the initial crystallization
processes of some selected Zirconium and Hafnium based metallic glasses. All such particles reported
so far are embedded in a residual glassy matrix. It is predicted that if these are separated as free standing
particles they can be applied to a variety of fields. Metallic glasses of compositions Zr7oCuy7sRh, s and
Hfg9sAl75Ni;;Cuj; containing MIQNP were subject to three processes designed to mechanically
separate the MIQNP from the amorphous alloy; the metallic glass ribbons were abraded using regular
sandpapers and diamond papers in method one, scraped with diamond scratchers in method two, and
sliced with a microtome in the third method [1,2]. The resulting pieces were then examined by Scanning
Electron Microscope, Transmission Electron Microscope, and Energy Dispersive X-ray Spectroscopy.

It has been revealed that the mechanical breaking processes cause an undesired phase transformation of
the quasicrystalline nanoparticles to the crystalline phases. The reason for this undesired phase
transformation was analyzed and appropriate procedures to avoid this negative effect were made. To
suppress localized temperature increase, several measures were taken in both method one and two.
Sample preparation was conducted while the suitably annealed ribbons were submerged in water or
alcohol. In some of the experiments, dry ice was added to the alcohol to lower the temperature further.
However, electron diffraction pattern analysis showed the distribution of icosahedral quasicrystalline,
glassy, and crystalline phases to be independent from the cooling methods used.

Results showed that the separation of the MIQNP from the metallic glass ribbon by mechanical
processes was possible. Evidence of this is shown for the Hfgo sAl7 sNi;;Cu;, composition in Fig. 1. Note
that in (a), the ratio of OB to OA was measured to be 1.62 and in (b), the spots marked with arrows
show the structure’s fivefold symmetry. Both are characteristic of the icosahedral quasicrystalline phase.
On the TEM image of Fig. 1(c), circular areas marked with arrows correspond to MIQNP. For contrast,
the diffraction pattern of the crystalline phase of Zr;9Cu,7.5Rh; s is shown in Fig. 2.

The success rate for the separation of MIQNP was far greater for the metallic glasses of composition
Hfg9 sAl75sNi;;Cu. Two factors are considered to contribute to this success. First, the crystallization
temperature of Hfgo sAl; sNijoCu;; metallic glass is typically 150 °C higher than that of Zr-based metallic
glasses, implying that Hf-based metallic glasses can endure a higher temperature increase compared to
Zr-based ones. Second, the annealed Hfgo sAl7 sN1;0Cu;; metallic glass is brittle, as evidenced by the fact
that it breaks easily in 180° bending. Therefore, the mechanical breaking of the Hfgo sAl7sNijoCuy;
induces a lower temperature increase as compared to alternative compositions, which would contribute
to the high yield of unchanged MIQNP [3].
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Fig. 1: Electron diffraction patterns
(a)-(b) and TEM image (c) of small
pieces obtained from annealed
Hf69‘5A17,5Ni10Cu11 metallic glass by
method two. (a) and (b) are from the
same electron diffraction pattern with
brightness and contrast adjusted to
different levels to emphasize different
features. Areas corresponding to
MIQNP on the TEM image (c) are
marked with arrows.

Fig. 2: TEM image (a) and electron
diffraction pattern (b) of small pieces
from the metallic glass of
Zr70Cuz75Rh; s composition obtained
by method one.
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