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Effects of progressive solution treatment on microstructure
and mechanical properties of 7A04 aluminum alloy
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Abstract: The effects of progressive solution treatment on microstructure and mechanical properties of 7A04 aluminum
alloy were investigated. Results indicate that after solutionized under condition of 470 C, 5 min+ 485 C, 9 min and
subsequent aging process of 140 C, 6 h+ 150 C, 1 h, 0, 0y ,and &5 of 7A04 alloy reach 544. 6 M Pa, 498.8 M Pa and
11. 1% respectively. Metallography observation indicates that the grain size after short-time progressive solution treatment
(470 C, 5 min+ 485 C, 379 min) is smaller than that after single stage solution at 485 ‘C. SEM observation indicates
that the progressively solutionized sample in tension test behaves as typical dimpled fracture. X-ray diffraction analysis in-
dicates that after progressive solution under the condition of 470 'C, 5 min+ 485 C, 9 min, M gZn, as main strengthen-
ing phase is totally dissolved except a small amount of Al,Cu. EDAX analysis indicates that the main undissolved phases
are inclusions rich in Fe and Cu. Because the grain size of the sample progressively solutionized at 470 ‘C, 5 min+ 485
C, 9 min is smaller than that of single step solutionized at 485 ‘C, the supersaturation degree of the progressivly solution-
ized sample reaches that of the sample single-step solutionized at 500 ‘C, 20 min, and obtains the highest mechanical

properties after subsequent aging, which is equal to those got by traditional solution process.
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Table 1 Heat treatment process and mechanical

properties of 7A04 aluminum alloy

Solution Aging

Sample {ime/ min time/ h O/ %.2/ 8s/

No. MPa  MPa %
470 C 485 C 140 CT150 C

1 5 3 6 1 477.4 393.3 12.3
2 5 6 6 1 5282 462.4 11.2
3 5 9 6 1 544.6 498.8  11.1
4 5 9 6 2 477.2 398.3 11.4
5 5 9 6 3 482.4 409.5 9.6
6 8 - 6 1 422.3 290.8 12.1
7 - 8 6 1 427.3 283.7 12.3
8 n - 6 1 463.1 313.7 113
9 - 11 6 1 495.3 441.5 11.4
0 14 - 6 1 466.3 352.8 115
n - 14 6 1 487.9 369.3 1.8
2 14 - 6 2 471.7 344.2 13.4
13 - 14 6 2 477.8 387.9  10.0
4 14 - 6 3 469.0 327.0 4.4
15 - 14 6 3 4717 377.7  12.0
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Fig. 1 Metallograghic microstructures of solid-soluted 7A04 alloy after different solution treatment
(a) —485 C, 8 min; (b) —485 'C, 14 min; (c¢) —470 C, 5 min+ 485 ‘C, 3 min; (d) —470 C, 5 min+ 485 C, 9 min
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Fig.2 Tensile fractographs of solid-soluted 7A04 alloy(140 C, 5 h+ 150 C, 1 h aging)

after different solution treatment
(a) —470 C, 5 min+ 485 C, 3 min; (b) —470 C, 5 min+ 485 C, 9 min
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Fig. 3 XRD patterns of undissoved
phases in 7A04 alloy after

different solution treatement
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Table 2 Composition of undissoved phase in 7A04 alloy after

different solution treatment

Solution treatment Type of undissoved phase x(Zn)/% x(Mg)/% x(Cu)/% x(Fe)/% x(Co)/% x(Mn)/%
Currich phase 2.60 2.29 2.18 2.93 - 0.80
470 C, 5 min+ 485 C, 3 min
Impurity 2.21 2.40 1.70 4.09 - 1.05
Curich phase 8.70 2.89 2.98 2.23 - 0.71
470 C, 5 min+ 485 C, 9 min
Impurity 1.34 3.44 0.08 - 26. 36 -
Currich phase 19. 36 1.97 4.98 - - -
470 C, 8 min
Impurity 0. 60 1.92 3.16 8. 86 2.01 4.44
485 C, 8 min Curich phase 48. 65 - 15.20 - - -
Currich phase 17. 45 - 8.58 - - -
470 C, 14 min
Impurity 3.37 1.04 3.55 9.80 1.70 2.04
Currich phase 13.97 3.84 5.25 - - -
485 C, 14 min
Impurity 0.94 1. 80 0.15 - 28. 10 -
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Fig. 4 Morphologies of undissoved phases in 7A04 alloy

after different solution treatment

(a) —470 C, 5 min+ 485 C, 3 min; (b) —470 C, 5 min+ 485 C, 9 min;
(¢) —470 C, 8 min; (d) —485 C, 8 min; (e) —470 C, 14 min; (f) —485 C, 14 min
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