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Effect of quenching elastic strain energy on evolution of
sub-grain boundaries in 7050 Al alloy during aging
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Abstract: The evolution of sub-grain boundaries of 7050 Al alloy profiles during solution quenching and interrupted
aging treatment was studied, and the relationship between formation of the sub-grain boundaries and the orientation
gradient was clarified. The results show that the spindle-shaped grains with 200 um in length and 80 um in width after
solution quenching break into fine equiaxed sub-grains with average diameter of about 20 um after duplex aging at (121
‘C, 360 min) and (177 ‘C, 60 min). EBSD analysis demonstrates that grain refinement results from the segmentation of
coarse grains by low angle grain boundaries and the lattice curvature due to solution quenching decreases by 77.8%
after aging treatment. The investigation of TEM shows that the scattered dislocations by quenching arrange into
dislocation arrays and low angle grain boundaries with aging time. MgZn, precipitates on the sub-grain boundary,
which helps the etchant Graff to visualize the sub-grain boundary using OM in the secondary aging.
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Table 1 Chemical composition of investigated 7050 Al alloy

profiles (mass fraction, %)

Zn Mg Cu Zr Fe Si Ti Al
584 232 204 0.11 0.039 0.041 0.012 Bal

R2 VK SQMALIN(AG)FALHL T %
Table 2 Heat treatments schedule of solution quenching (SQ)
and artificial aging (AG) treatment

Heat Temperature and holding
Sample No.
treatment time of heat treatment
Solution SQ 477 C, 1h)
) ) AG30 (477 °C, 1 h)+(121 °C, 30 min)
First aging
AG360 477 C, 1 h)+(121 "C, 360 min)
(477 °C, 1 hy+(121 ‘C, 360 min)+
AG360-5
) (177 °C, 5 min)
Second aging
(477 °C, 1 h)+(121 C, 360 min)+
AG360-60

(177 °C, 60 min)
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AG360-5 TFE diobn AR IR PG I el A 2 24
PRUR IS R EK 2 60 min J5, WK 1(e)fizr, WFE
AG360-60 1 JiURHL K [ £ FIIR it R 4 2 B R 4Kk 254l
s HRGT 444 20 pm A4
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Fig. 1 Optical microstructure of 7050 Al alloy after different heat treatments (All of samples etched by Graff Sargent except sample
of (f) by Keller): (a) SQ; (b) AG30; (c) AG360; (d) AG360-5; (e), (f) AG360-60

2 ZAFEFAEBLG 7050 H G PIR R 22 f S A0 AR EBSD K]
Fig. 2 EBSD maps showing grain boundary of 7050 Al alloy after different heat treatments: (a) SQ; (b) AG30; (c) AG360; (d)
AG360-5; (e) AG360-60
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Fig. 3 Orientation gradient distribution during three key

stages of different heat treatments
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Fig. 4 Schematic illustration of forming
sub-grain boundaries due to quenching
elastic strain energy during aging:
(a) Lattice curving due to scattered
dislocations; (b) Lattice flatted and
dislocation arrays formed; (c) Sub-grain

boundaries formed by dislocations
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Fig. 5 TEM images of 7050 Al alloy subjected to different heat treatments: (a) SQ, scattered dislocations; (b) AG360, dislocation

array formed by rearranged dislocations; (c) AG360, various dislocation arrays merging into LAGB; (d) AG360-5, LAGBs
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