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Heat treatment strengthening and microstructure characteristics of
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Abstract: Solid solution and aging treatments of a novel wrought Al-Si-Cu-Mg alloy were investigated with orthogonal
experiment and several other test methods, including OM, mechanical test, SEM and energy spectrum analysis, etc.
Meanwhile, the variation regularities of the microstructure characteristics during this process were explored. The results
show that, by solution (495 “C, 90 min, water-quenching) and aging (170 °C, 4 h, air-cooling) treatment, the hardness
and the tensile strength of the alloys are improved by 31.3% and 3.3 times, respectively. During the solid solution, a
large number of Si, Cu and Mg atoms dissolve into the matrix, resulting in a strong solid solution strengthening. The
excessive eutectoid Si develops into granule, as well as the remanent big bulks of & and Q phases. Moreover, during the
aging, fine needle-shaped 6" phase and fine lath-shaped Q' phase precipitate from the (100) plane of the matrix
uniformly and dispersively, leading to an enormous precipitation strengthening effect. Additionally, the excessive Si
atoms precipitate primarily on the surfaces of the eutectoid Si by diffusion.
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Table 1 Chemistry composition of investigated alloy (mass
fraction, %)
Si Cu Mg Fe Al
10-12 6-7.5 1.0 0.25 Bal.
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Table 2 Levels and factors of orthogonal experiment

Factor
A, solution B, solution C, aging )
Level _ D, aging
temperature/ time/ temperature/
time /h
C min C
1 480 30 155 2
2 465 60 170 4
3 495 90 195 6
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Table 3 Arrangement of orthogonal design and hardness test result
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Solution Solution Solution state Aging Aging state
Test No. Aging time/h
temperature/‘C time/min hardness, HBS  temperature/'C hardness, HBS

1 480 30 117.3 155 2 105.3

2 480 60 123.7 170 4 129.3

3 480 90 129.0 195 6 132.7

4 465 30 124.7 170 6 130.7

5 465 60 117.3 195 2 120.3

6 465 90 118.3 155 4 108.7

7 495 30 1323 195 4 137.7

8 495 60 1323 155 6 127.7

9 495 90 137.0 170 2 148.3
EHBSH 1224 124.6 113.9 125.9
EHBSZ_,, 119.9 125.8 137.3 125.2
EHBS,, 139.1 131.1 130.2 1304

R 19.2 6.5 23.4 5.2

H HBS, ;
minimum of F

B, in the same row.

is average value of hardness (HBS) of as-aged samples with the same level. R is difference value between maximum and
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Fig. 1 Influences of different factors on hardness of investigated samples: (a) Solution temperature; (b) Solution time; (c) Aging

temperature; (d) Aging time

155
"—495 °C, 30 min
*—495 °C, 60 min
1450 4—495 °C, 90 min

Hardness, HBS
o
W

125F

115

Soluion 4 8§ 12 16 20 24
state

Aging time/h
2 495 CIE¥ . 170 TR R &4tk th £
Fig. 2 Hardness curves of samples with 495 °C solid solution

and 170 C aging
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Table 4 Mechanical properties of alloys in typical state

Hardness, Tensile strength, Elongation,
Sample No.
HBS oy/MPa 0/%
As-extruded 115.8 112.6 11.3
1 105.3 341.8 6.2
4 130.7 4242 4.1
5 120.3 390.5 5.6
10 152.0 486.8 3.8
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Fig. 3 Morphologies and EDS analysis of tensile fracture surface of alloys under different states: (a) Without heat treatment;

(b) With heat treatment; (c), (d) EDS analysis results of particle in fracture surface
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Table 5 EDS analysis results of matrix a(Al) and eutectoid

AL a(AD+SI

a(Al)+Si under solution state and aging state

Mass fraction/%
Microstructure State
Al Si Cu
Solution 85.17 13.87 096
Matrix a(Al)

Aging 97.77  0.43 1.80
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Eutectoid a(Al)+Si

Aging 2124 7827 048
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Fig. 5 TEM micrographs and electron diffraction patter of peak-aged alloy: (a) Si particles; (b) §” and Q' precipitates; (c) Grain

boundary; (d) Electron diffraction patter of area (b)
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