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Effect of modification and alloying on
microstructure and wear properties of hypereutectic Al1-20% Si alloy

YANG Zi-run, PANG Shao-ping, SUN Yu, SONG Juan

(School of Materials Engineering, Yancheng Institute of Technology, Yancheng 224051, China)

Abstract: The hypereutectic Al-20%Si alloy was treated by modification and alloying. The wear tests were conducted
under various ambient temperatures. The results show that after modification of Cu-P master alloy, the primary and
eutectic Si phases are significantly refined and passivated. After adding 1.5%Zr (mass fraction) again, the shape of
primary Si becomes spherical and the particle size becomes smaller, being 20—40 pm; a fibrous or short rod shape
eutectic Si phase forms in the modified alloy, the length is less than 50 um. The mild-to-severe wear transition occurs
with increasing the load, and the critical loads reduce with rising the ambient temperature for the three aluminum alloys.
The changing trend of wear curves of three alloys is similar at room temperature, but the critical loads of wear transition
reduce after the modification and alloying at high ambient temperatures. The refinement of primary and eutectic Si phase
obviously increases the alloy performance, especially the wear resistance at elevated temperature. This is attributed to the
refined Si phase avoiding the stress concentration and direct fragmentation during wear process. And mechanical mixed
layer is very easy to form in the elevated temperature wear process, which hinders the direct contact between the alloy
and the counterface and decreases the wear rate.
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Fig. 1 Microstructures of three alloys after Cu-P modification
and Zr alloying: (a) Al-20%Si; (b) Al-20%Si-5%Cu-P; (c)
Al-20%8i-5%Cu-P-1.5%Zr
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Fig. 2 Wear curves of three alloys at different ambient
temperatures: (a) Al-20%Si; (b) Al-20%Si-5%Cu-P; (c)
Al1-20%8i-5%Cu-P-1.5%Zr
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Fig. 3 Worn surface morphologies of three alloys under various wear conditions: (a) Al-20%Si, 20 C, 25 N; (b) Al-20%Si, 100 C,
100 N; (¢) Al-20%Si, 200 C, 50 N; (d) Al-20%Si-5%Cu-P, 200 C, 25 N; (e) Al-20%Si-5%Cu-P-1.5%Zr, 100 C, 200 N; (f)

Al-20%8i-5%Cu-P, 200 ‘C, 100 N
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Fig. 4 Worn section morphologies of hypereutectic Al-20%Si alloy without modification and alloying treatment: (a) 20 C, 250 N;

(b), (¢) 20 C, 225N; (d) 100 'C, 100 N
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Fig. 5 Worn section morphologies of Al-20%S:i alloy after modification and alloying treatment: (a) Al-20%Si-5%Cu-P, 20 ‘C, 25 N;
(b) Al-20%8Si-5%Cu-P, 100 ‘C, 225 N; (c) Al-20%Si-5%Cu-P, 200 ‘C, 100 N; (d) Al-20%Si-5%Cu-P-1.5%Zr, 20 C, 225 N;
(e) Al-20%Si-5%Cu-P-1.5%Zr, 200 C, 25 N; (f) Al-20%Si-5%Cu-P-1.5%Zr, 200 ‘C, 100 N
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Fig. 6 Secondary refinement of Si phase during wear process under different conditions: (a) 20 ‘C, 25 N; (b) 200 C, 100 N
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