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Effect of Al-Mn-Ti-P-Cu and Mg on
microstructure and wear resistance of hypereutectic Al-25Si alloy
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Abstract: The hypereutectic Al-25Si alloy was processed by a new type of green master alloy Al-Mn-Ti-P-Cu prepared
in vacuum induction smelting furnace, together with some Mg. Then, the alloy was heat-treated, and different testing
means were used to detect the experimental effects and its modification, strengthening and wear mechanisms were
discussed. The results show that this master alloy has significant refining effects on the coarse primary Si, eutectic Si and
a(Al), and adding Mg after modification can bring Mg,Si precipitate phase into the matrix, which becomes even more
uniform and dispersive granules after further heat treatment. With the refinement of microstructures and enhancement of
strength and hardness of the matrix, the wear mechanism is changed from both abrasive and adhesive wear to only
abrasive wear, and meanwhile, its wear loss is reduced by up to 46.6%. Finally, a kind of ideal high-strength and
wear-resisting piston material can be obtained.
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Table 1 Processing steps of alloys

Alloy No. Processing technology and step
1 As-cast Al-25Si
2 Adding 4% master alloy
3 Adding 4% master alloy+adding 1.5% Mg
4 Adding 4% master alloy+adding 1.5% Mg+T6

heat treatment
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Fig.1 SEM images((a), (b)), XRD pattern(c) and EDS analysis(d) of Al-Mn-Ti-P-Cu master alloy
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Fig.2 Microstructures of alloys 1, 2, 3 and 4: (a), (a") Alloy 1; (b), (b") Alloy 2; (¢), (¢') Alloy 3; (d), (d') Alloy 4
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Fig.3 SEM image of alloy 3 and EDS analysis of Mg,Si
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Fig.4 Grain distribution of primary Si in alloy 4
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Fig.5 Comparsion of mechanical properties of alloys 1, 2, 3
and 4
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Fig.6 Wear surface micrographs of alloys 1, 2, 3 and 4: (a) Alloy 1; (b) Alloy 2; (c) Alloy 3; (d) Alloy 4
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