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Microstructure and Wear Behaviour of Laser-Clad Zr-Cu-Ni-Al/TiC
Composites on AZ91D Magnesium Alloy
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Abstract To improve the wear property of magnesium alloy, wear-resistant TiC and in-situ ZrC co-reinforced Zr-
based amorphous composite coating can be fabricated on AZ91D magnesium alloy by laser cladding using mixed
powders Zr-Cu-Ni-Al/TiC. The microstructure of the coating was characterized by X-ray diffraction (XRD) and
scanning electron microscopy (SEM). The wear resistance of the coating was evaluated under dry sliding wear test
condition at room temperature. The results show that the coating mainly consists of amorphous and different
intermetallic phases. The coating exhibits excellent wear resistance due to the recombination action of amorphous
and intermetallic compounds. And the wear resistance was improved further with the increase of TiC content. The
main wear mechanism of the coating and the AZ91D sample are different, the former is fatigue peeling and adhesive
wear and the latter is abrasive wear.
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Fig.1 X-ray diffraction spectrum of three samples
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Fig. 2 Microstructures of the amorphous composite
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Table 1 EDAX results of different particles

(atomic percent, %)

Position Ti C Zr Al Ni Cu
A 57.55  42.45
B 56.62  43.38
C 8.95 36.44 38.61 6.32 3.54 6.14
D 9.76  37.21 41.65 4.24 2.30 4.84
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Fig. 3 Microhardness of the coatings
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Fig.5 Worn surface morphology of M+10%TiC (a)
and AZ91D (b)

(A, B and C are representative of the plough, the plastic

deformation and the micro-cutting, respectively; 1, 2 and 3 stand
for the positions of the plough, the particle and the fatigue

peeling, respectively)
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Table 2 EDAX results of the worn surfaces (weight percent, %)

Specimen Position C O Mg Al Zn Fe Ni Cu Zr Ti Mn
AZ91D 1 2.97 9.73 81.23 5.45 0.62
AZ91D 2 2.82 12.46 79.45 4,10 0.79 0.38
M-+10%TiC 1 2.40 35.88 49, 64 12,08
M-+10%TiC 2 2.03 37.76 0.25 0.83 25.64 1.64 3.54 27.33 0.97
M-+10%TiC 3 2.20 33.50 6.63 1.48 25.46 2,79 6.98 20.01 0.95
AZ91D Raw 90.16 8.95 0.63 0.26
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