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Microstructure evolution of Al8.79Zn2.16Mg2.11Cu0.12Zr
alloy during homogenization

ZHUANG Dayong",WU Ping',REN Dawei',LIU Jie*, FENG Xiang', YU Peng”

(1 Quality Department, CSIC Longjiang Guanghan Gas Turbine Co.,Ltd., Harbin 150070, China;
2 Process Department, Northeast Light Alloy Co., Ltd., Harbin 150060, China)

Abstract: The microstructure evolution in Al8.79Zn2.16Mg2.11Cu0.12Zr alloy ingot during the one-step
low-temperature homogenization and three-steps high-temperature homogenization is investigated by the
scanning electron microscopy (SEM), differential scanning calorimetry (DSC), X-ray diffraction (XRD),
and the transmission electron microscopy (TEM). The results indicate that the microstructure of the cast
Al8.797n2.16Mg2.11Cu0.12Zr alloy is similar to that of traditional commercial Al-Zn-Mg-Cu alloys,
consisting of ' (Mg (Zn, Cu, Al),), n(MgZn,), and Fe-rich (Al;,Cu,Fe) phases. The 0 (ALCu) ,
T (Al,MgsZn;) , and S(Al,CuMg) phases are not present. The redissolution effect of the second phases is
not enough after one-step homogenization heat treatment at low temperature (380 ‘C/2,8,16,24 h) and the
change of redissolution effect is not obvious even if the homogenization heat treatment time 1s prolonged. A
large number of the eutectic organization of the second phases still remains in the original mesh structure.
However, the redissolution effect is improved by increasing the homogenization heat treatment temperature
to 475 “C (430 °C/12 h-+470 °C/4 h-+475 °*C/15h) , except for a small amount of Fe-rich (Al,Cu,Fe)
phases that are difficult to redissolution, the other phases are almost completely redissolution, no 1’ phase
transformation of S phase is detected during the one-step low-temperature homogenization and three-steps
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high-temperature homogenization heat treatment processes. The appearance of quench cracks occurs during

the three-steps homogenization heat treatment at 475 °C, which severely deteriorated the mechanical properties

of the region near the crack in the alloy.
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1 #35 Al8.79Zn2.16Mg2.11Cu0.12Zr & 453171
(a),(b)SEM; (¢)XRD i ; (d)DSC ik
Fig.1 Analysis of as-cast Al8.79Zn2.16Mg2.11Cu0.12Zr alloy
(a), (b)SEM images; (¢c)XRD pattern; (d)DSC curves

®1 E1HFRERMEDSHHER (RFHE/ %)
Table 1 EDS analysis results of different points in Fig.1
(atom fraction/ %)

Point Al Zn Mg Cu Ni Si Fe

1 75.22 0.58 1443 1.04 8.73
2 4734 17.19  21.15 10.52  0.49 3.32
3 73.65 0.87 1.04 14.66  1.90 7.88
4 84.66 0.80 0.56 1.78  4.47 7.73
5 30.56  28.90  30.56 9.17 1.47

6 74.61 4.09 256 11.90  0.78 6.05
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[#2  Al8.79Zn2.16Mg2.11Cu0.127Zr £ 45 PG R IR S L ALk Bl SEM &
(a) 380 °C/2 h;(b) 380 “C/8 h;(c) 380 “C/16 h;(d) 380 °C/24 h
Fig.2 SEM images of Al8.79Zn2.16Mg2.11Cu0.12Zr alloy after one-step low-temperature homogenization heat treatment
(a)380°C/2h;(b)380 °C/8h;(c)380 °C/16 h;(d)380 °C/24 h

R2 E2ARRHEDS AR (EFHE/%)
Table 2 EDS analysis results of different points in Fig.2
(atom fraction/ %)

Point Al Zn Mg Cu Fe
7 62.09 13.33 19.40 5.18
8 75.55 15.9 8.55
9 72.39 11.62 7.36 6.93 1.70
10 92.52 3.13 2.10 1.54 0.71
11 75.30 16.40 8.30
12 46.34 20.59 24.67 8.40
13 24.70 23.70 37.58 14.02
14 76.05 0.85 0.75 14.27 8.08
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Fig.3 Microstructure analysis of Al8.79Zn2.16Mg2.11Cu0.12Zr alloy after homogenization heat treatment at 380 “C/24 h
(a) TEM image; (b), (¢)SAED patterns; (d)-(i)mapping of area B
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El4  Al8.79Zn2.16Mg2.11Cu0.12Zr & 4 1E =G5 S AP0 BHL 3k 7 v A TRoW 2 2 ik 2
(2)430 °C/12 h— IS PAL BE 5 ()430 °C/12 h+470 °C/4 h —FIGSIHPAEIE; (¢)430 °C/12 h+470 °C/4 h+-475°C/2 h =I5 E AL T 5
(d)430 °C/12 h-+470 C/4 h-+475 ‘C/15 h =I5 kb 3
Fig.4 Microstructure evolution of Al8.79Zn2.16Mg2.11Cu0.12Zr alloy during three-steps homogenization heat treatment
(a)one-step at 430 “C/12 h; (b)two-steps at 430 °C/12 h-+470 “C/4 h; (c)three-steps at 430 ‘C/12 h-+470 °C/4 h+475°C/2 h;
(d)three-steps at 430 “C/12 h+470 “C/4 h-+475°C/15h

®3 E4IRRRKEDS LR (RF 5%/ %)
Table 3 EDS analysis results of different points in Fig.4

(atom fraction/ %)

Point Al Zn Mg Cu Fe Ni
15 24.11 26.77 32.17 16.75 0.20

16 71.06 1.50 2.29 17.00 8.16

17 68.85 1.02 18.69 9.28 2.15
18 54.62 16.26 17.99 11.13

19 83.33 2.32 1.56 8.02 3.41 1.36
20 70.06 1.07 17.13 9.01 2.73
21 69.33 0.90 2.55 18.04 9.18

22 70.40 0.91 0.19 17.60 9.35 1.56
23 83.00 3.86 1.35 7.84 3.15 0.80
24 68.30 1.34 18.92 9.54 1.91
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5 Al8.79Zn2.16Mg2.11Cu0.127Zr & 4 F 475 “C= G35 1AL b TR ] 12 30 i) 1] 1) A 41 2L A
(a)430°C/12 h=+470 °C/4 h-+475°C/2 h; (b)430 °C/12 h+470 °C/4 h-+475 “C/4 h;
(¢)430°C/12 h+470 °C/4 h-+475°C/6 h; (d)430 °C/12 h+470 °C/4 h-+475°C/8 h

Fig.5 Microstructure evolution of Al8.79Zn2.16Mg2.11Cu0.12Zr alloy with various soaking time during

three-steps homogenization heat treatment at 475 “C
(a)430 °C/12 h-+470 ‘C/4 h-+475°C/2 h;(b)430 “C/12 h+470 “C/4 h-+475°C/4 h;
(¢)430 °C/12 h+470 ‘C/4 h-+475°C/6 h;(d)430 ‘C/12 h+470 ‘C/4 h-+475°C/8 h
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Fig.6 Homogenization kinetic curves of different ' (Mg(Zn,Cu, Al),)
phase spacing in Al8.79Zn2.16Mg2.11Cu0.12Zr alloy
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