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Research Progress on Al-based Quasicrystal Films/ coatings
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Abstract: The inherent brittleness of quasicrystal materials limit their application as structural materials, so they are widely used in
surface films/coatings. However, it is still difficult to obtain high purity quasicrystal phase and control the transformation. In terms of
Al-based quasicrystal on surface film/coating applications, the common techniques for the preparation such as vacuum vapor
deposition, sputtering coating, thermal spraying, and laser cladding were introduced, and the characteristics of each techniques were
summarized. The effects of the composition, cooling rate, and heat treatment on the phase transition of quasicrystal films/coatings were
analyzed. Reasonable preparation process and appropriate subsequent heat treatment can significantly improve the formation of high
purity quasicrystals in the film/coating. The effects of phase transformation on the mechanical properties, hydrophobicity, tribability,
corrosion resistance and oxidation resistance of the films/coatings were discussed. The application prospects of quasicrystal films/
coatings in the fields of wear reduction and wear resistance, thermal barrier coatings and solar selective absorption films were analyzed.
The important results and research status of preparation technology and modification of quasicrystal films/coatings in recent 30 years
were reviewed. The existing problems in application of quasicrystal films/coatings and prospects in the future were put forward.
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Table 1 Most important binary and ternary phases and

their structures in the Al-Cu-Fe system'*

Phase Ideal formula Structure, composition
n AlCu Orthorhombic , related to —type Ni, Al;
T AlCu (Fe)
0 Al,Cu Tetragonal
A Al Fe, Orthorhombic
AL\, Al Fe Different amounts of Cu dissolved
A Al Fe, Monoclinic
W AlsFe, Monoclinic
B, AlFe, Body-centered cubic with superlattice
B Als(Cu,Fe)s,AlFe(Cu) Cubic (CsCl type)
@ Al,,Cu Fe Related to-type NiyAl,
X Al 4CuFe Related to ¢
s Al Cu,Fe Icosahedral
® Al,Cu, Fe Tetragonal

(b) Stereographic projection
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Fig. 1 Electron diffraction patterns of quasicrystalline and the sketch of icosahedral structure
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(c) Sketch of icosahedral structure
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Fig. 3 XRD of different particle size powders and coatings prepared from different particle size powders; (a) XRD of different

median diameter( D50) Al Cu,,Fe  Crs powders: P11, = 9.48 wm, P2,,,=22.48 wm, P3,=38.47 um,

P45, =29. 65 pm, (b) Partial enlargement of figure (a), (c¢) XRD of coatings made from different median diameter powders:
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Powder used in the C4 coating is P4,
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Fig.4 Model of evolution during annealing, from as-deposited trilayer to a completely homogenized single layer stage
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Fig. 5 Phase evolution for Al-Cu-Fe from in-situ XRD
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of the track on coatings after the friction test
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