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Table 1  Chemical composition of Al-Zn-Mg-Er-Zr alloy
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Fig.1  Microstructures of Al-Zn-Mg-Er-Zr alloy after hot rolling: (a) grain orientation; (b) misorientation angle distribution and the

recrystallized fraction; (¢) SEM microstructure; (d) TEM microstructure
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Fig.2 XRD patterns of Al-Zn-Mg-Er-Zr alloy in different states

JEKE, G44E IR 743.428 MPa, HLBEN
29.43 %IACS. I IR E N 80 CH, H T #rih
HIVRAL, BT ORI, viERARE, &4
WRE LT 218, 4k 72 h R4, B R A 1311.044
MPa, HL'SF A 30.53 % IACS, & &4t RE
R WAGEE N 120 CHF, £E 24 h I ik #)
W {E , A 1455.888 MPa, HL S %N 31.9 %IACS;
ZIFEThEERFENSTRE, 720 B EEN
1406.594 MPa, HF %N 33.42 %IACS. HiRJE K
T 120 CHF, M5 iR 3G, T R UG (H i
B R, B RGEEAE 80~160 ‘CZ IR, % 72h
S N2 oW A T Ul S G 1 T P | AP NG 1 1 B
Al-Zn-Mg-Er-Zr &4/ T6 3 L2 N 120 ‘C/24 h,

0.3 0 541

BB A O 1455.888 MPa, i fi 5% /¥ 420.5 MPa,
J IR 5 E Dl 328 MPa, JEAHEN 17.75%. S0,
T6 7 F V& J& th ¥ 4 N EC.

gE 4 Al-Zn-Mg-Er-Zr & & 5 J0 i 3k g, K 58
1 0 2 o 90 °C/12 h, T EA XS 2 ot
ML Z AT . B 58 Al-Zn-Mg-Er-Zr & & WK
B 2R (3 2 G 30 AR 100~190 C 2 [A]) ) fiF
JEE N L S S o B A TR AR Al B A 4 O B B
552 BT UR T S BRI KGNS 2 2
S I I R v, PR N TS B RORES . &2 1
eI 2R A N 1196.09 MPa, 55 I XA 1 JE
BT 61%, HFHEN 3039 %IACS, BEELSHS
RIETF 3.26%. £ H 1 H MG, BHFELLR
/N U B A I T A R AR K, R R B AR
2 2 P R OR3GO M5 2 S R FE A
115 CLLRFI, & IR B2, st
AR U 2 B AGR BN 130 AT 145 CHY,
T P 2 T 80 R L, 7E 9 h B8 m) LLIA B A R gAY,
L B 285 B ) S A G S AR FEE IR S AU 4G
&5 2 N IR ERAE 160 CHY, & &1 F T
WG, £ 3 h BliA B UE{E 1504.3 MPa, Z 54
18 R FE, Aaa TSRS MR E 190 C
B, G 4 T R B B R ZE K B AH X R 2N, 7E 12 h
IR OV T 5 1 i 3R R

IR TR Rk Al-Zn-Mg-Er-Zr & 458 & 5 i
PRV RE I, X8 43 S 6 A AT R A P R AT
FIVE B s, AR wE 6. Al-Zn-Mg-Er-Zr 5 &4

Fraction/%

0
Recrystallized Substructured  Deformed

o 10 20 30 40 50 60
Misorientation Angle/(°)

K3 Al-Zn-Mg-Er-Zr $L 1 [E 7 S H AR

Fig.3 Microstructures of Al-Zn-Mg-Er-Zr rolled plate after solid solution: (a) grain orientation map; (b) misorientation angle distribution

and the recrystallized fraction; (c) SEM microstructure; (d) TEM microstructure
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Fig.4  Microhardness (a) and conductivity (b) variation curves
with aging time of Al-Zn-Mg-Er-Zr alloy after

single-stage aging at different temperatures
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Fig.5 Microhardness (a) and conductivity (b) variation curves with
aging time of Al-Zn-Mg-Er-Zr alloy after two-stage aging at
different temperatures (the first aging process is 90 ‘C/12 h)
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Fig.7 TEM images of Al-Zn-Mg-Er-Zr alloy after single aging of 120 °C/24 h: (a) precipitation in the grain boundary; (b) precipitation

in the matrix, (c) SAED pattern along <112>Al
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Fig.8 TEM images and SAED patterns of intragranular precipitates of Al-Zn-Mg-Er-Zr alloy after two-stage aging: (a) 90 ‘C/12 h,

(b,¢)90 ‘C/12 h+145 C/18 h
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Fig.9 TEM images of grain boundary precipitates of Al-Zn-Mg-Er-Zr alloy after two-stage aging of 90 ‘C/12 h+145 C/x h: (a) 0 h,

(b) 18 h, and (c) 48 h
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Table2 Comparison of mechanical properties and corrosion resistance of Al-Zn-Mg-Er-Zr alloy under different aging conditions

Hardness, Conductivity/
Aging condition Rm/MPa Rpo.2/MPa Al% ECS
HV/MPa %IACS
120 ‘C/24 h 420.5 328 17.75 1455.888 31.90 EC
90 C/12 h+115 C/72 h 491 442 12.0 1628.760 32.44 EB
90 C/12 h+145 ‘C/18 h 443 388 14.0 1574.468 33.91 PB




7 MRUM B4 2RO 32T Al-Zn-Mg-Er-Zr £ 47 R AR ik 14k (10 X0 i) 20085 52 * 2459 -
4 2:5 'i./e [10] Buha J, Lumley R N, Crosky A G. Materials Science and

1) Al-Zn-Mg-Er-Zr & 4 7E %L J5 2 B th kL A2 72
50~100 nm. 0% FEEE S A MgZno M, R4
470 C/1 h [ AL BEEEA K 58 4%, Als(Er, Zr)ki 7]
ECRVET L S S MEF ,  BEAS A7 45 10 12 2h ANIE 5 St 5E
¥, MEIzhASHEL 5, WA SHEREN 54.1%.

2) Al-Zn-Mg-Er-Zr & & i E B RN A T 2N
120 ‘C/24h (T6 b, BUF, 4EIRATREHN 1455.888 MPa,
H 5 %N 31.90 %IACS, HLE & 4 8 AR iE 5 9 328 MPa.
REARZE N 17.75%, FITEJFITFL N EC. T6 &G4+
BLEmALAH N GP X Al A, 75 &oRL PS8 /N SR 807 A
1E dn S b BREERIELE A A, o S R BB 20
DUVENT A7

3) Al-Zn-Mg-Er-Zr & 4 5 R B 3 T 20N
90 ‘C/12 h+145 “C/18 h kb )5, 1§ % Ny 1574.468 MPa,
HL 550N 33.91 %IACS, JER5E %N 388 MPa, ZEf#
N 14.0%, K& FFRPEH Ny PBo SIS ) 5 5 A0 il
PEBEIE T To &5 . MLmF, d AT H AR 2 8 I3 2R
BRIR . IR A 5~15 nm. U AL Sy AR S
ST AR WAL, K2 YT, 1 5 Ab i 4k
oA, KEEZIN 35 nm, Hr i AHIAIEEAE 10~50 nm, PFZ
T EZI0N 44.7 nm.,

S 30k

[1] Williams J C, Jr Starke E A. Acta Materialia[J], 2003, 51(19):
5775

[2] Cole G S, Sherman A M. Materials Characterization[J], 1995,
35(1): 3

[3] Guan Renguo( & 1~ &), Lou Huafen(% {£ %), Huang Hui( 3%
W) et al. Strategic Study of CAE( H .72 &l 2)[J], 2020,
22(05): 68

[4] Pan Fusheng(i% & 4:), Zhang Dingfei( 5k T 3F). Aluminum
Alloy and Application(85 4 4 J¢ i FH)[M]. Beijing: Chemical
Industry Press, 2006: 347

[5] Xie P, Chen S'Y, Chen K H et al. Corrosion Science[J], 2019,
161: 108 184

[6] Rout P K, Ghosh M M, Ghosh K S. Materials Characterization[J],
2015, 104: 49

[7] Ditta A, Wei L J, Xu Y J et al. Materials Characterization[J], 2020,
161: 110 133

[8] Wang S, Luo B H, Bai Z H et al. Vacuum[J], 2020, 176:
109 311

[9] Cina B, Zeidess F. Materials Science Forum[J], 1992, 102-
104: 99

References

Engineering A[J], 2008, 492(1-2): 1

[11] Gopala Krishna K, Sivaprasad K, Venkateswarlu K et al.
Materials Science and Engineering A[J], 2012, 535: 129

[12] Xiao Q F, Xu Y M, Huang J W et al. Journal of Materials
Research and Technology [J], 2020, 9(5): 101 98

[13] Shen Yuanguo(7L 7G [®), Bai Pucun( A #M47), Hou Xiaohu(f#%
/NER) et al. Rare Metal Materials and Engineering(Fi 5 4 )&
MRS TF2)[I], 2014, 43(08): 2032

[14] Li Zhihui(Z= £ # ), Xiong Baiqing( & #17 ), Zhang Yongan
(5K 7K %) et al. Rare Metal Materials and Engineering(#i &
& JEMELS T[T, 2008, 37(3): 521

[15] Li B, Wang X M, Chen H et al. Journal of Alloys and
Compounds[J], 2016, 678: 160

[16] Oliveira A F, de Barros M C, Cardoso K R et al. Materials
Science and Engineering A[J], 2004, 379(1-2): 321

[17] Xia P, Liu Z Y, Bai S et al. Materials Characterization[J],
2016, 118: 438

[18] Shi Y J, Pan Q L, Li M J et al. Materials Science and
Engineering A[J], 2015, 621: 173

[19] Liu L, Jia Y Y, Jiang J T et al. Journal of Alloys and
Compounds[J], 2019, 799: 1

[20] Robson J D. Acta Materialia[J], 2004, 52(6): 1409

[21] Dai X Y, Xia C Q, Wu A R et al. Materials Science Forum[J],
2007, 546-549: 961

[22] Xiao Q F, Huang J W, Jiang Y G et al. Transactions of
Nonferrous Metals Society of China[J], 2020, 30(6): 1429

[23] Wen S P, Gao K Y, Huang H et al. Journal of Alloys and
Compounds[J], 2013, 574: 92

[24] Wen S P, Gao K Y, Li Y et al. Scripta Materialia[J], 2011,
65(7): 592

[25] Qi Peng(JT M), Li Bolong(Z* 1A &), Wang Tongbo(E [&] )
et al. Rare Metal Materials and Engineering(%i 5 4 J& #4 ¥}
5 T FE)[J], 2020, 49(4): 1360

[26] Wu H, Wen S P, Lu J T et al. Transactions of Nonferrous
Metals Society of China[J], 2017, 27(7): 1476

[27] Guo Y W, Wei W, Shi W et al. Journal of Alloys and
Compounds[J], 2022, 912: 165 237

[28] Wu H, Wen S P, Huang H et al. Journal of Alloys and
Compounds[J], 2016, 685: 869

[29] Wang Y C, Wu X D, Cao L F et al. Materials Science and
Engineering A[J], 2020, 792: 139 807

[30] Li X Z, Hansen V, Gjennes J et al. Acta Materialia[J], 1999,
47(9): 2651

[31] Luo J, Luo HY, Li S J et al. Materials & Design[J], 2019,



* 2460 * WA & RS TR H52 %

187: 108 402 61(6): 2163
[32] Berg L K, Gjennes J, Hansen V et al. Acta MaterialialJ], [34] Russell K C. Advances in Colloid and Interface Science[J],
2001, 49(17): 3443 1980, 13(3-4): 205

[33] Hu T, Ma K, Topping T D et al. Acta Materialia[J], 2013,

Enhanced Mechanical Properties and Corrosion Resistance of Novel Al-Zn-Mg-Er-Zr
Alloy by Two-Stage Aging Treatment

Chen Jiongshen, Rong Li, Wei Wu, Huang Hui, Gao Kunyuan, Wu Xiaolan, Wen Shengping, Qi Peng, Nie Zuoren
(Key Laboratory of Advanced Functional Materials, Education Ministry of China, Beijing University of Technology,
Beijing 100124, China)

Abstract: The mechanical properties and corrosion resistance of a novel Al-Zn-Mg-Er-Zr alloy under different aging processes were
systematically studied. The microstructure of the alloy was analyzed by EBSD, XRD, SEM, TEM to understand the relationship between
the best comprehensive properties of the alloy and its microstructure mode. It was found that the excellent two-stage aging process was
90 ‘C/12 h+145 °C/18 h, the corresponding yield strength and elongation were 388 MPa and 14.0%, the susceptibility to exfoliation
corrosion was PB. At the same time, the main strengthening phases (GP zone and 7' phase) of the alloy numerously precipitated in the
matrix, the # phase at the grain boundary was discontinuous.

Key words: Al-Zn-Mg-Er-Zr; two-stage aging; microstructure; mechanical properties; exfoliation corrosion
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