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Fig.1 Ultra-high strength Al-Zn-Mg-Cu alloy extruded profiles
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Table 1 Heat treatment process

Solution Quenching Peak aging
treatment temperature/C treatment
20
450 ‘C/2h 60 80 ‘C/12h
+475 C/1h 80 +120 ‘C/8h

B OR B /N HAR . [001]H5 Ahk [X B T AT S HERE B
T e AR AR T L, 7/4, OMVE . AR E
TEM BRI H, S AHRSEAEE 3 nm, H 53k
B SR (K 2b2 G E), AT LA E SR AT
AH 3= N M ¥ R F O 58 [X (Guinier-Preston zone, GP
X)), My KR EFFE R 80 C, R GP X4k, S
HELT SR KA KT A, TR E0k 1.8%, 1
Bl 2c1 fion, TEA BTG HURAEATR, Hh & 5K
Hr AR B2 A 35~64 nm,  FRRARR ) A 126~210 nm,
KA 2~5, #F&arat e p MRHE, B3R
BEDTEY Al-Zn-Mg-Cu &40, 541 & AT AR
JGT R, R ey 21~75 nm(E 2¢2).
BB Hh, MPEKEFERINE] 95 °C, ST AR
Wb B A gk 223 2 . A E0k 5.3%, HRSFHN.
FERA K FEATIA E] 400 nm, K& S 10, a1/ 2d1
FioRe 534k, &S AR EE— 2D 1 N 2] 20~67 nm.
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JEF S, RGOS 5 b El AT H A . Dorward*8iA Ky,
TEKAY IO U P Bk Z b B A E G R, KR 20,
60. 80 Fl1 95 C4pJil%f B[ #4 2134 B4 150, 50, 20
8 Cls. FIM, HAGRBEME. AHEERE, &
H Ik FRAE T BT H 5L DX R] P9 45 B (O T (ARG . BT A
MFAZ S KRBT TE 2« KT AR SRR . H
TRANERERER TRAM, S EE T XA K
HAHRT TR EPEC . BERE S T &N XK.
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AR RN A V6 A 23~65 nm, AT HARTEIEE A 9~52 nm.
Bl IR T R, R ST AR B 4 A IR S A
KBRS SR & (R BT AR AR BE RS o 2 B, 1 F
Mr b AR RSHCR, S5 2 F i i R AT B AR RSH AR,
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e UL FE PO R SR AR AR S Ah, BE S KR
FEREIN, f Ao A B 23 nm BN & 41 nm.

AN AR L FE R B RUAS it SR AT AR I e R
BUWIEE 2 fiR. BERKRERN, #KE5H8E
d AT A Cu e R S BRI B BN
HE A Cu RS EmTEHEAS. WEKRE, HX
BREAN 60 CHRIFEM IS LA KRN 80 Al
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Fig.2 Intergranular precipitate morphologies and SAED patterns of the ultra-high strength Al-Zn-Mg-Cu alloys quenched at different
temperatures: (al, a2) 20 C, (b1, b2) 60 C, (c1, c2) 80 ‘C, and (d1, d2) 95 C
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Fig.3 Intergranular precipitate morphologies of the aged ultra-high strength Al-Zn-Mg-Cu alloys quenched at different temperatures:

(a) 20 ‘C, (b) 60 ‘C, (c)80 °C,and (d) 95 C
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Table 2 Cu contents of intergranular precipitate in the

ultra-high strength Al-Zn-Mg-Cu alloys quenched

at different temperatures

Quench Cu content/at%

temperature/°C

As quenched After aging
20 - 1.2340.11
60 1.4330.11 2.0640.06
80 2.17+0.58 2.2440.46
95 2.23#.63 2,544 .41

4 AR BRI BE R I A B T R Al-Zn-Mg-Cu £ 4 5 PO AT AR T 31
Fig.4 Intragranular precipitate morphologies of the aged ultra-high strength Al-Zn-Mg-Cu alloys quenched at different temperatures:
(@) 20 C, (b)60 C, (c)80 C,and(d)95 C
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T 19l } ‘1\{\ 3 Quench Ultimate Yield .
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sl . . . 00 20 78944 7864 10.841.1
20 40 60 80 100 60 78646 7844 10.6+1.7
Quench Temperature/'C 80 77846 77247 10343
5 IR R T B RS R A-Zn-Mg-Cu & 4 i fif 95 75447 72241 9.8+1.6

VAES
Fig.5 Tensile mechanical properties of the aged ultra-high
strength Al-Zn-Mg-Cu alloys quenched at different

temperatures
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Fig.6 Intergranular corrosion morphologies of the aged ultra-high strength Al-Zn-Mg-Cu alloys quenched at different temperatures:

(2) 20 °C, (b) 60 °C, (c) 80 'C, and (d) 95 C
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Fig.7 Exfoliation corrosion performance of the aged ultra-high strength Al-Zn-Mg-Cu alloy quenched at different temperatures:

(a) relationship between corrosion grades and time; (b~e) exfoliation corrosion morphologies of alloys quenched at 20 C (b),

60 °C (c), 80 ‘C (d), and 95 C (e)
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Effect of Quench Temperature on Microstructure and Properties of Ultra-High
Strength Al-Zn-Mg-Cu Alloy

Han Baoshuai, Zeng Yuansong, Xu Yanjin, Rong Gang, Ma Xiaoguang, Hou Hongliang, Han Xiuquan
(AVIC Manufacturing Technology Institute, Beijing 100024, China)

Abstract: The ultra-high strength Al-Zn-Mg-Cu alloy with strength of 800 MPa has a promising application prospect in the aviation
industry, and also has a great effect on the structural lightweight. However, its application is limited at present due to its poor corrosion
resistance. In this study, by controlling the quenching temperature of the colling water (quenching temperature for short), the quenching
precipitates formed between the crystals of the ultra-high strength Al-Zn-Mg-Cu alloy to control the corrosion resistance. The peak aged
microstructure, tensile mechanical properties, intergranular corrosion properties and exfoliation corrosion properties of the alloy after
quenching at different temperatures were studied and compared. It is found that increasing the quenching temperature promotes the
formation of the intragranular and intergranular quenched precipitates, and also promotes the intermittent distribution of the aged
precipitates and the content of Cu in intergranular precipitates. When the quenching temperature increases to 80 °C, the tensile strength at
room temperature decreases by only 1.4%, but the intergranular corrosion depth decreases by about 50%. The exfoliation corrosion is
optimized from ED grade to PA-EA grade when the quenching temperature increases to 80 <C, but continuing to increase the quenching
temperature will reduce the corrosion resistance. The analysis believes that when the proper quenching temperature is between 60 and
80 <C, the quenched precipitates formed in the grain boundary region increase the grain boundary potential and block the corrosion
propagation channel. At the same time, the number and size of precipitates can be controlled, without causing a significantly reduction in
the mechanical properties.

Key words: ultra-high strength Al-Zn-Mg-Cu alloy; quenching temperature; intergranular precipitates; mechanical properties; corrosion

resistance
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