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Effect of pre-recovery treatment on microstructure and
properties of ultra high strength aluminum alloy
extrusion treated by solid solution—T652 treatment

TAN Cheng, XU Xiao-jing, JIANG Wei, SUN Liang-sheng, ZHANG Xiang-li, FAN Ya-zhou, ZHAO Jian-ji

(Engineering Institute of Advanced Manufacturing and Modern Equipment Technology,

Jiangsu University, Zhenjiang 212013, China)

Abstract: The effect of pre-recovery treatment on microstructure and properties of Al-12.5Zn-3.6Mg-1.2Cu-
0.2Zr-0.06Sr aluminum alloy extrusion treated by solid solution —T652 treatment was studied. The results show that the
pre-recovery treatment ((250 ‘C, 24 h)+(300 C, 6 h)+(350 ‘C, 6 h)+(400 C, 6 h)) can improve the dislocation density of
the alloy significantly, refine the grain size (from 11.14 to 5.25 pum), reduce the average angle grain boundaries (from
17.81° to 12.57°) and increase the percentage of low angle grain boundaries (from 66.2% to 76.4%), but reduce the
hardness and tensile strength slightly. Pre-recovery treatment enhances inter-granular corrosion performance, the
maximum corrosion depth decreases from 247.7 ym to 138.0 um. Quantitative analysis results show that the decrease of
the alloy strength can be attributed to the decline of aging precipitation strengthening. The promotion of corrosion
resistance can be due to the improvement of the proportion of low angle grain boundary and the coarsening of

precipitates.
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Table 1 Chemical composition of aluminum alloy (mass

fraction, %)

Zn Mg Cu Zr Sr Al

12.45 3.56 1.12 0.21 0.0553 Bal.
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Fig. 1 Microstructures of aluminum alloy after different heat

treatments: (a) Solid-solution+T652; (b) Pre-recovery+solid-
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Fig. 2 XRD patterns ((a), (c)) and FWHW ((b), (d)) after different heat treatments: (a), (b) Pre-recovery+solid-solution+T652; (c),
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Fig. 3 Integral breadth analysis to calculate average crystallite size and lattice strain from XRD data for aluminum alloys after

different heat treatments: (a) Solid solution+T652; (b) Pre-recovery-+solid solution+T652
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Table 2 Microstructural and mechanical features calculated from XRD data

Heat treatment

Average grain size of coherent

diffraction region, d/nm

Lattice strain,

<ez>l/2/10—6

Dislocation density,

p/(10"-m?)

Dislocations

strengthening, ,/MPa

Solid-solution+T652 62.37 5.04 0.7968 53.97
Pre-recovery+solid-solution+T652 97.51 10.33 1.2833 61.86
solution+T652

RAE: RIS a2
4 LAFEFAE LS R ) EBSD [E
Fig. 4 EBSD images of aluminum alloys after different heat
treatments: (a) Solid-solution+tT652; (b) Pre-recovery+solid-
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Table 3 Average values of grain size, percentage and average values of high-angle and low-angle grain boundaries calculated by
EBSD
Grain boundary angle Grain boundary angle Grain boundary angle
Heat treatment is less than 1° is in range of 1°—15° is larger than 15°
L /ym 0 /() S 0,/() Ju 6,/
Solid-solution+T652 11.14 17.81 0.662 5.35 0.338 42.17
Pre-recovery+Solid-solution+T652 5.25 12.57 0.764 3.95 0.236 40.42

R4 AU LR GG 5 R SR AL AL

Table 4 Dislocation strengthening and grain-boundaries strengthening of aluminum alloy after different heat treatments

Heat treatment (Up+O_LAGB)/MPa oHAGB/MPa (O_/)+O—LAGB+O_HAGB)/MP3
Solid-solution+T652 68.18 6.97 75.15
Pre-recovery+Solid-solution+T652 83.47 8.49 91.96

x5 SAFPEHE TREENR SR, B JURmEARKR

Table 5 Electrical conductivity , hardness, tensile strength and elongation of aluminum alloy after different heat treatments

Heat treatment

Electrical conductivity/%IACS

Hardness, HV  Tensile strength/MPa  Elongation/%
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Solid-solution +T652 26.03 232.43 720.5 5.0

Pre-recovery-+solid-solution+T652 27.59 226.02 699.1 4.2
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