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Fig. 1 Microstructure and misorientation angle of 6082 aluminum alloy billet: (a) Inverse pole figure (IPF) diagram;

(b) Distribution of grain boundary orientation difference vs misorientation angles
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Fig. 2 IPF diagrams of samples under different heat treatments: (a) 0.05 s, SO; (b) 0.1 s™', SO0; (¢) 0.2 57!, S0; (d) 0.3 57",
S0; (€) 0.05 s, S1; (1) 0.1's™, S1; () 0.2 57, S1; (h) 0.3 5™, S1; (1) 0.05 5™, S2; () 0.1's™, S2; (k) 0.2 57, 82 (1) 0.3 57!, S2
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Fig. 4 KAM diagrams of samples under different heat treatments: (a) 0.05 s™', SO; (b) 0.1 ™', SO0; (c) 0.2 s™!, SO; (d) 0.3 57/,
S0; (e) 0.05s™',S1; () 0.1 57!, S1;(g) 0.2s™', S1; (h) 0.3 57", S1; (i) 0.05s7", S2; (j) 0.1 57", 82; (k) 0.257,S2; (1) 0.3 57!, S2
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Fig. 5 Diagrams of dislocation density variation of samples under different heat treatments: (a) Total dislocation density;

(b) Intra-grain dislocation density
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Fig. 6 TEM images of specimens aging state S1 deformed at different strain rates: (a) £=0.05 s™'; (b) é=0.1s7"; (c) &=0.2 5™';

(d) é=0.3 s7'; (e) Diffraction spot pattern
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Fig. 7 TEM images of specimens aging state S2 of deformed at different strain rates: (a) £=0.05 s™'; (b) é=0.1 s7"; (c) é=
0.2 (d) é=0.3 5!
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Fig. 8 Mechanical properties of samples under different strain rates: (a) Yield strength and tensile strength change with

strain rate; (b) Elongation with strain rate
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Table 2 Effect of grain boundaries on strength at different strain rates
Sample éls™! a, G/GPa b/nm o/um Jred 70 Ag,/MPa
0.05 3.66 17.9 33
0.1 1.06 12.2 12.4
S1 2 26.1 0.286
0.2 2.32 23.2 4.9
0.3 1.53 13.1 8.5
0.05 2.02 18.2 6.0
0.1 1.81 20.3 6.6
S2 2 26.1 0.286
0.2 1.43 23.6 8.0
0.3 1.94 17.1 6.4
F3  AIE AR T [ TR R IR R
Table 3 Effect of solution on strength of samples at different strain rates
Sample és7! Ky /MPa-%"")  Kg/(MPa-%") Cy/% Cyi/% At /MPa
0.05 0.70 0.65 72.5
0.1 0.68 0.71 75.0
S1 29.0 66.3
0.2 0.76 0.65 74.0
0.3 0.70 0.72 76.3
0.05 0.62 0.52 63.8
0.1 0.68 0.68 73.9
S2 29.0 66.3
0.2 0.64 0.63 70.3
0.3 0.62 0.58 67.0
Fed4  A[E AR E R T EREHT ARG 9 IR R
Table 4 Effect of precipitation on strength of samples at different strain rates
Sample éls! G/GPa b/nm v ry/nm SS/% D/nm At /MPa
0.05 2.1 7.9 87.8
0.1 2.3 7.7 93.9
S1 26.1 0.286 0.3 0.286
0.2 1.7 6.7 87.2
0.3 1.9 6.6 95.3
0.05 2.2 8.7 85.1
0.1 2.2 8.6 854
S2 26.1 0.286 0.3 0.286
0.2 2.0 8.8 78.9
0.3 1.6 6.9 83.6
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Table 5 Effect of dislocations on strength of samples at different strain rates

Sample éls™! G/GPa b/nm o p/10"m™ Aty /MPa
0.05 1.42 26.6
0.1 1.51 274
S1 26.1 0.286 0.3
0.2 2.10 32.3
0.3 2.03 31.8
0.05 0.89 21.1
0.1 1.35 25.9
S2 26.1 0.286 0.3
0.2 1.30 25.4
0.3 1.88 30.6
96 | 9.5
s 9.0
2l g
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Fig. 9 Relationship between Az, and subgrain volume

fraction
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Evolution of grain substructure and precipitation in
6082 aluminum alloy forgings and their effects on properties

LI Jun-jun', DENG Yun-lai"?, GUO Xiao-bin’

(1. Research Institute of Light Alloy, Central South University, Changsha 410083, China;
2. School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: To study the influence of substructure evolution on mechanical properties of 6082 aluminum alloy
forgings, the forging tests of 6082 aluminum alloy were carried out at different strain rates. By means of EBSD
and TEM characterization, the effects of subgrain volume fraction and dislocation density on precipitation
strengthening were investigated under different heat treatment conditions. The results show that, when the
deformation temperature is 490 “C, the density of subgrain and dislocation in the deformed microstructure of 6082
aluminum alloy increases with the increase of strain rate, while the degree of recrystallization decreases
continuously. During the subsequent heat treatment process, the substructure acts as the favorable nucleation point
to induce the nucleation of the precipitated phase, and the precipitation diameter decreases with the increase of
dislocation density, and the spacing becomes smaller, and the quantity density increases. At the same time, the
contribution of dislocation density and subgrain volume fraction to the precipitation strengthening is linear, which
affects the strengthening effect of the precipitation. When both two strength contributions reach the balance, the
mechanical properties are the best after (550 ‘C, 1 h solid solution)+(180 “C, 12 h) artificial aging heat treatment,
the yield strength reaches 331.4 MPa, and the elongation is 9.9%.

Key words: 6082 aluminum alloy; forging; dislocation density; substructure; precipitation strengthening
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