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Microstructure and Tribological Properties of Particle Reinforced

Aluminum-based Coatings
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Abstract: Conventional micron Al O; powder and nanostructured Al O; — TiO, powder were selected as
strengthening particles for Al. Plasma spraying was used to deposit the Al,O; and Al, O;—TiO, particle rein-
forced aluminum composite coatings on 45 steel substrate. Morphology. phase, and micro hardness of the
coatings were measured by SEM, XRD and Vickers. Tribological properties of the coatings were analyzed by
sliding friction and wear test. The results show that surface morphologies of Al/Al,O; and Al coatings are
similar, but unmelted, half and full melted Al/Al, O;-TiO, particles can be seen on the coating surface. Al/
Al O consists of Al and a— AL O; s and Al/Al, O;—TiO, consists of Al, a—Al O; and TiO. With the increase
of reinforcements, the hardness of both Al/Al,O; and Al/Al, O;-TiQ, coatings were continuously improved;
when the content of reinforcements were 30% , the hardness for Al/Al, O; and Al/Al, O;—TiO, coatings were
enhanced by 67% and 76 % , respectively. The coefficient of friction decreases by adding reinforcements. The
weight loss of the Al/30% Al, O, coating and Al/ 30% (Al, O;-TiO,) coating is reduced by 85. 6% and 74 %
repectively, compared with that of pure Al coating, indicating that the hard particles of Al;O; - TiO, and
Al, O; can significantly improve the wear resistance of Al-based coating.
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Table 1 Composition of the Al powders(w/ %)

Element Al Fe Cu SiC Water Other

Content 99.90 0.008 3 0.0035 0.007 5 0.007 5 Bal.

£ 2ALO: ML ERS (REHE/ %)
Table 2 Composition of the Al, O; powders(w/% )

Element Al; O3 Fe; O3 SiO; MgO K;O Na,O Water Other

Content 99.2 0.02 0.17 0.03 0.05 0.18 0.24 Bal.
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Table 3 Composition ratio of the Al - based composite

powders(w/ %)

Powder 0 1 2 3 4 5 6
Al 100 90 80 70 90 80 70
Al, O, 0 10 20 30
AL O,-13% TiO, 10 20 30
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Table 4 Parameters of plasma spraying

Sub Current/ Voltage/ Ar flow/ H, flow/ Feed rate/ Spray distance/ Spray angle/
ubstrate
A A% (L » min™") (L« min™") (g+h™") mm @)
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Fig. 1 Phase composition of the composite coatings
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Fig. 2 Surface morphologies of the pure Al coating
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Fig. 3 Morphology and EDS result of grainy Al,O; on the surface of Al/10% Al, O; coating (No. 1)
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Fig. 4 Surface morphologies of the Al-based coatings
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Fig. 5 Cross section morphologies of the Al-based coatings
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