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Abstract—Polycrystalline quasi-crystals of icosahedral Al;,Cu,yFe;((i-Al;Cu,oFe;) were prepared by ther-
mal explosion (TE) of mechanically activated mixture of Al, Cu, Fe powders doped with AlCu. The effect of
AlCu dopant was studied by XRD, field emission scanning electron (FESEM), optical microscopy (OM),
atomic emission spectroscopy (AES), and energy-dispersive X-ray microanalysis (EDX). The synthesized
i-Al;(CuygFe; o and intermetallics (Al;Fe, Al,Cu) show soft ferromagnetic and paramagnetic properties, respec-

tively.

Keywords: thermal explosion, icosahedral Al,,Cuy,Fe,, intermetallics, ferromagnetics

PACS numbers: 81.20.Ka, 75.50.-y
DOI: 10.3103/S1061386207040097

1. INTRODUCTION

Interest in AICuFe alloys can be explained by their
low cost and toxicity. To date, their fabrication has been
well mastered [1]. The bulk materials as well as their
thin films exhibit the surface properties of quasi-crys-
talline alloys and a low brittleness due to the presence
of a substrate. The quasi-crystalline icosahedral
AlCuFe alloy (hereinafter i-AlCuFe) shows such val-
ued properties as high hardness, low friction [2], and
high resistance to corrosion [3] and oxidation [4, 5].
The latter is very important for high-temperature appli-
cations.

Over the past years, much attention has been given
to synthesis of advanced engineering materials—
including metals, ceramics, intermetallics, alloys, and
some composites—in their stable, metastable, crystal-
line, quasi-crystalline, and amorphous phases. Among
these materials, quasi-crystalline alloys are known to
exhibit a unique structure—property relationship. After
the discovery of the i-phase with fivefold symmetry in
rapidly solidified alloys [6, 7], many new Al-based
binary, ternary, and quaternary icosahedral alloys have
been discovered in their metastable and then in the sta-
ble form [8—11]. Since icosahedral phases are mostly
metastable, they were prepared by rapid quenching or

by some other nonequilibrium techniques. It is interest-
ing to note that the composition AlsCu,yFe;s was
formed in the metastable icosahedral alloy when pre-
pared by melt spinning [11]. The preparation of the sta-
ble bulk i-AlCuFe alloy by conventional solidification
technique is now well known [10] as well as by hot-
rolling followed by the ECAE process [18].

Nevertheless, the preparation of thin i-AlCuFe
quasi-crystalline films and especially very thin films
(up to 0.1 um) still meets some technical difficulties
[16]. The i-AlCuFe coatings with the grain size below
400 nm were produced by electron-beam PVD.

Quasi-crystalline i-AlCuFe is known to exhibit soft
magnetic properties, high mechanical strength, and
good tribological characteristics in coatings and in bulk
at the mean grain size about 50 pum [17].

The discovery of thermodynamically stable i-
AlCuFe quasi-crystal opened up new horizons for its
experimental investigation. The formation of i-phase in
the same composition suggest that is a two-step process
involving the diffusion of Al into Fe and formation of
Al;Fe at the first step followed by the formation of Al-
Cu-Fe upon diffusion of Cu into Al;Fe at the second
step. Earlier, AI-Cu-Fe systems have been studied [12—
15]—mainly for two nominal compositions,
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