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Abstract: Considering the development of China’s strategic goal of “ocean power”, aluminum alloy components, such as the deck
and keel used on the ship surface, face the risk of corrosion failure during long-term service. Currently, the method of preparing a film
or coating on the surface of aluminum alloys is typically used to isolate the corrosive medium and effectively protect the matrix
material. Among these, thermal spraying technology is widely used for the preparation of anti-corrosion coatings on the surface of
aluminum alloys owing to its simple operation and because it is not limited by the size of the parts. Aluminum reference crystal
materials have a high strength and hardness owing to their unique structure and excellent properties such as a low friction and
corrosion resistance. Thus, they have high potential as protective coating materials on the surface of a new generation of aluminum
alloys; however, the poor bonding strength and corrosion resistance in the preparation of quasicrystalline (QC) coatings limit their
application. Therefore, in this study, AlCuFe and AICuFeSc QC coatings are prepared on aluminum alloy substrates using explosive
spraying technology based on the long-term service conditions of aluminum alloy parts in a marine environment to improve the
corrosion resistance of aluminum alloys and increase their service life. First, the microstructures and phase structures of the powder
and coating are characterized using scanning electron microscopy and X-ray diffraction. Subsequently, the binding force and
corrosion resistance of the coating are analyzed using a tensile testing machine and electrochemical workstation, and the influence of
the QC phase content and corrosion resistance of the coating are studied. The tests reveal that the powder and coating are composed of
a [ -AlgCuyFes QC phase and small amount of the B-AlFe phase. The AlCuFe and AlICuFeSc coatings prepared by explosive
spraying have a high density and demonstrate good bonding with the substrate; the bonding strengths of the coatings are determined to
be 51.9 MPa and 51.2 MPa, respectively. After annealing at 700 °C, the content of the coating QC phase increases from 49%, 38% to

93.2%, 92.5%, respectively. In addition, the corrosion resistance of the QC coating before annealing is similar to that of the substrate,
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and the self-corrosion current density of the annealed QC coating is only one-fifth of that of the aluminum alloy substrate. A further

comparison of the surface morphologies of the coatings with different QC contents reveales that as the QC content increases, the

flatness of the coating surface increases and the pore distribution decreases, which can effectively prevent the entry of corrosive media.

This suggests that an increase in the QC content enhances the corrosion resistance of the coating. The salt-water static hanging test

simultaneously demonstrates that no apparent corrosion area formes on the annealed coating surface after 336 h, and the aluminum

oxide passivating layer that forms on the surface provides a good protection for the substrate as the content of the QC phase increases.

The stability of the QC phase | improves by the introduction of the Sc element into the Al-Cu-Fe icosahedron. This study provides a

new idea for the corrosion protection of aluminum alloy surfaces used in ships and a basis for the preparation and application of

aluminum reference crystal coatings.
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Table 1 Chemical composition of 2A12 aluminum
alloy(wt. %)

Chemical element Content
Al Bal.
Si <05
Cu 3.8-4.9
Mg 1.2-1.8
Zn <0.3
Mn 0.3-0.9
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Table 2 Mechanical property of 2A12 aluminum alloy

Mechanical property Value
Strength of extension / MPa =470
Yield strength / MPa =325
Ductility / % 12
Hardness / HB 120
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Table 3 Process parameters of explosive spraying
quasicrystal coating

Spraying parameter Value
Oxygen combustion charge gun ratio / % 46-56
Spraying distance / mm 100-150
Spraying frequency 1
Powder delivery capacity 1.5-3
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Fig.1 SEM images of AICuFe and AICuFeSc quasicrystals

R4 EBEMATERANER (at %)
Table 4 Elemental analysis results of
quasicrystalline powder (at. %)

Powder Al Cu Fe Sc (a) AlCuFe

AlCuFe 66.47 20.91 12.58 -

AICuFeSc 65.20 22.22 12.40 0.19
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Table 5 Analysis results of quasicrystal coating elements
1 1 1 ! (at. %)
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Fig. 2 XRD patterns of AICuFe and AlICuFeSc powder
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Table 6 Bonding strength of quasicrystal coating (MPa)

Coating 1 2 3 4 5 Average

AlCuFe 51.3 54.2 50.6 54.5 49.2 51.9

AlCuFeSc 52.4 53.8 48.3 51.7 50.1 51.2
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Fig. 4 XRD patterns of AlICuFe and AlICuFeSc quasicrystal

coatings before and after annealing
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Fig. 5 Polarization curves of AlCuFe-coating
and 2A12 matrix
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Fig. 6 Polarization curves of AlICuFeSc-coating
and 2A12 matrix
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Table 7 Corrosion potential and Corrosion current
densit of 2A12 substrate and AICuFe coating before

and after heat treatment

v oo S
2A12 -0.642 4.97
AlCuFe -0.617 4.15
AICuFeSc -0.674 5.50
AlICuFe(After annealing) -0.601 1.07
AIlCuFeSc(After annealing) -0.504 1.06
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Fig. 7 Polarization curves of AICuFeSc coating and 2A12
matrix with different quasicrystalline phase content

(QC: Quasicrystalline phase content)
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Fig. 8 Linear polarization curves of AICuFeSc coating and

2A12 matrix with different quasicrystalline phase content
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Fig. 9 Surface of AlCuFeSc quasicrystal coatings with
different content of quasicrystal phases
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Fig. 10 Macroscopic morphologies of samples
before and after 336 h saline static hanging test
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