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Abstract; Several advanced techniques in characterizing the microstructural evolution during ageing of Al alloys are

briefly described. These include high-angle annular dark field scanning transmission electron microscopy applicable to re-

veal the Z contrast of atomic columns, 3-dimensional atom probe which can visualize the spatial distribution of different el-

ements in sub-micron regions of materials, simulation of complicated selected area electron diffraction and first-principles

calculations. The state-of-art progress on the effect of Cu addition on the precipitation sequence of alloys, the precipitation
kinetics, the age hardening response, the compositions and detailed structures of different precipitates (such as GP zones,
B"phase, 7 phase) , and other aspects of microstructural evolution during ageing of 6000 Al-Mg-Si and 7000 Al-Zn-Mg Al
alloys have been summarized. Finally the highly efficient alloy design based on the phase field simulations coupled with

experimental verification is stressed.
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Fig. 1 Comparison between the simulated patterns and the experiment results, Z = [001] ,,: (a) comparison between the sim-

ulated and the experiment pattern from 8" precipitates and the a-Al matrix, (b) simulated composite SAED pattern

from Q precipitates and a-Al matrix, and (c¢) the experimentally determined composite SAED pattern from Q precipi-

tates, Si plates and a-Al matrix
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Fig.2  Simulated composite SAEDs for (a) 8" precipitates in a-Al matrix, Z = [001],,, (b) Q'/Q precipitates in @-Al matrix,

7=[001],, and (c) B" precipitates in a-Al matrix, Z=[110]
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Fig. 3 TEM bright field image and HRTEM image of the under-aged specimens, Z=[110],,: (a) a TEM bright field image; (b) a HR-

TEM image, the arrow marks the side view of GP platelets parallel to (1 11 ) a1, while images in the two dashed frames are the projec-

tions of the GP platelets parallel to (111) ,, or (11 1 ) a1, the white solid frame marks a GP platelet parallel to ( 111 ) a1 in another

field of the same grain
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Fig. 4  Fourier-filiered HAADF-STEM images of g"precipitates in the samples aged at 175 °C for 8 h (a) and 22 h (b), respectively, Z =

[001],; (c) The atomic model of the Cu-containing 8"precipitate constructed from the Fourier-filtered HAADF-STEM image in(b)

20

40

60

80

100

120

nm

BEl5S  BaAE 175 CHIES h 5 LBREEA A R

HHHZIE T 001 ]

JE 1R B

F?F?%%ﬁiﬁ‘] 4k Mg, SiFil Cu J5i7 16 (i 3DAP J4%) , &

Fig. 5 3-D Mg, Si and Cu atom maps of solute-enriched features (obtained by 3DAP) after removing solutes in the matrix of the alloy

aged at 175 °C for 8 h, zone axis is close to [001] ,,
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Fig. 6  Crystallographic features of the precipitates in alloy C2 after aged for 5 760 min at 140 C, Z = [112],,: a TEM

image(a) , SAED pattern(b) , a HRTEM image of 7 precursor(c) and enlarged portion of the box in (¢) (d)
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Table 1 Chemical compositions of the 7000 alloys used in [45]

Alloy no. Zn Mg Cu Al
NC 6.75 2.78 0.01 Bal.
c2 6.71 2.77 2.04 Bal.
C3 6.75 2.80 2.98 Bal.
C4 6. 87 2.89 3.92 Bal.

3.2.2 Cuxy 7000 %4854 n FH4860 %R

n AR 7000 & Al-Mg-Zn 5 45 I 850 72 b Y
BEHTHA, R — Ay & MgZn,, SRR 12 4
Ji (4 A4 Mg J5 51 8 4> Zn i), WK 8 s, Al-
Mg-Zn-Cu 54 1 n AR B AL 4 85> — B AFTE S L, Mar-
laud 2 A B iz AT APT $ER S5 4 5% /A X Ot L
SFCASAXS) #F5E 1 3 B[R] L3 1 Al-Zn-Mg-Cu 45 42 H7
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Fig. 7 Schematic of microstructural evolutions during aging process

of four Al-Mg-Zn( - Cu) alloys
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Fig. 8 The atomic model of n phase with denotations of atomic sites
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Fig. 9 The determination of the composition of the i phase in over-aged Al-Mg-Zn-Cu alloy: (a) a low magnification aberration-corrected

HAADF-STEM image, (b)and (c¢) are the measured EDS results of the matrix and the 7 phase, respectively
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