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Effect of Ultrasonic Melt Processing Time on Microstructures and Hardness
of Al-Cu-Mg-Ag-Fe-Ni Alloys

XU Shangrui, BAI Song, LIU Zhiyi
(School of Materials Science and Engineering, Central South University, Changsha 410083, Hunan, China)

Abstract; The effect of ultrasonic melt processing time on the microstructures and hardness of as-cast and homogenized
Al-Cu-Mg-Ag-Fe-Ni alloys was studied. The results show that ultrasonic melt processing leads to more uniform
distribution of Fe/Ni-rich phases. Two-minute ultrasonic processing can result in grain refinement of the alloy. However,
ultrasonic processing, if extended to 6 minutes, will result in grain coarsening. It is found that ultrasonic processing
promotes the dissolution of Al,Cu phase and enhances the solid-solution strengthening effect, resulting in improvement in
hardness of the as-cast alloy. After homogenization, Fe/Ni-rich phase is detected as the residual secondary phase in the
structure,, which exhibits discontinuous distribution along the grain boundaries after ultrasonic processing.
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Table 1

Chemical compositions of studied alloys %

ERe2 Cu Mg Ag Fe Ni Mn Ti Si Al
A4 1 440 048 090 042 043 031 0.18 0.02 4vht
44:2 432 047 088 0.46 043 0.30 0.19 0.03 R
443 431 055 0.84 040 041 0.30 0.19 0.02 &
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Fig.1 SEM images of three as-cast alloys
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Table 2 EDS results of corresponding points in Fig. 1 %

I
Jo

Al Cu Mg Ag Fe Ni Mn Ti Si

71.10 26.49 0.44 0.10 0.06 1.66 0.08 0.07 —
60.46 16.89 13.62 5.53 1.20 1.59 0.42 0.05 0.24
80.01 6.02 0.23 0.09 7.15 6.02 047 001 —
69.60 27.94 0.58 — 0.14 133 0.11 0.03 0.27

—

1 63.68 11.82 15.08 7.81 045 0.73 0.16 — 0.26
2 79.02 0.15 0.16 0.01 0.07 0.09 0.29 20.06 0.14
3 8391 231 028 0.11 7.14 568 034 0.07 0.16
4 7456 2351 0.80 0.06 0.07 0.83 0.10 0.01 0.06
5 7923 772 1756 390 046 0.69 0.12 — 032
6 8423 030 023 004 — 003 024 1481 0.13
7 8106 397 011 — 777 653 036 — 0.19
8
9
0
1

—
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Fig.2 Elemental mappings of three as-cast alloys
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Fig.3 EBSD images of three as-cast alloys
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Table 3  Average grain sizes and grain boundary fraction

of as-cast alloys

o) S R BRI E A %

RoF/um N BE R (20~ 10°) K ABESL(>10°)
A4 1 43.70 £18.60 7.33 92.67
H42 3562 £11.71 5.98 94.02
H4:3 50.96 +24.00 8.66 91.34
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Fig.4  Grain size distribution of as-cast alloys
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Table 4  Vickers hardness of as-cast alloys
Y5 T (HV)
A&l 102.40 +3.18
E42 104.03 +2.02
543 108.96 +1.97
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Fig.5 SEM images of homogenized alloys
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Table 5 EDS results of corresponding points in Fig. 5 %

H5 Al Cu Mg Ag Fe Ni Mn Ti Si
1 66.10 21.70 027 0.02 5.78 435 178 — —
2 60.85 24.53 0.08 0.01 626 645 1.67 0.05 0.10
3 7354 1655 0.17 0.02 559 3.15 0.77 0.06 0.14
4 7285 1649 0.09 0.08 6.67 3.18 049 — 0.16
5
6

75.62 1494 037 0.04 381 415 09 — 0.11
76.37 1439 026 — 410 3.51 1.10 0.06 0.20
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Fig.6  Elemental mappings of homogenized alloys
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