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Effect of duplex aging on microstructure and
properties of 7050 aluminium alloy

TIAN Fu-quan, CUI Jiamrzhong
(The Key Laboratory of Electromagnetic Processing of M aterials,
Mnistry of Education, Northeastern University, Shenyang 110006, China)

Abstract: The effects of single aging, duplex aging and conditions between the first and second step agings on the
microstructures and properties of the extruded plate of 7050 aluminium alloy were investigated, by means of TEM,
tensile and conductivity tests. The results show that 7050 aluminium alloy aged at 120 C can obtain tensile strength
of 619 MPa and conductivity of 32. 3% IACS, and its overaging at that temperature needs long time. 7050 aluminium
alloy after duplex aging with the second-step aging at 165 ‘C can obtain the combinations of the tensile strength of
551 M Pa and the conductivity of 40. 6% IACS. Obvious effects of the treatment conditions exist between the first and
second step agings on the tensile strength of 7050 aluminium alloy during duplex aging. The tensile strength of 7050
aluminium alloy can be increased as stop aging or quick cooling after the first step aging during duplex aging. 7050
alloy can obtain tensile strength of 559 M Pa and conductivity of 40. 2% IACS when it is aged at 165 T for 16 h after
air cooling following the first step aging.

Key words: 7050 aluminium alloys; duplex aging; extruded plate; conductivity; precipitates

7050 fa &4 B OO & N H T Boeing777 %

MEAT . T 7050 A4, Gang '™ . Robson'” .

ML & F/A ~ 18Hornet Fl F ~ 22Raptor %4 i &
MU, s LR 8 B 25 M AR %A 4
BEAIG Fe A1 Sidm THIME. DL Ze 4R Cr 44k 5 ORLBE
I T VR KU CRAUE T R IHD ™ R PR B, 2 T
Cu 75 F A G G AT B 1R 5 S R0 ) J vk e

© Ui HHER: 2005-10-17; 1&iT HHE: 2006~01~19

Adler 259 J Staley'” 43 5%t 7050 A4 GP XA 1
FHETE B8 RH R 565 AR AR 0 TR [ s Ak 2 7 1 4
FHCL K B 2 b B AT S AT TR AWEST . Hardwic
VR E S BRI T 7050 A4 A AT
JEAT R . Bt B A R0 Bt DA 43 R

BIEE: sl &%, M, Wik 024~ 83681758; E-jzcui@ epm. neu. edu. cn



16 & 6 1

FHAR SR, & XUZRIN RO 7050 48 4 4 4 23 R0 g i e i * 959 -

7050 & & ER MG I T TE . B rfgE™ b
TRE T 41k 7050 &4 BRIk ITi% . b T4E 7050 &
ARG AT IR B L WIPE RN ) 8 o BE A 4
4, EWANEIT T KER RRA A HEEHFRY, (H
X PP Ak BRAR MEAE AR P o N . H R 7050 A4S
A 51 FEATS g XU N 25 b B . R 3R A8
AN H B — RN B I A5 P v R I ] S
XoF 58— N R A 5 N B TR AR B S A oK D
RGBS . DR AT AR () P 7 20 I 250t P55 AR ] 1)
AT, BT Sz A B AN, Tl RE
SHHEAPEMTERAES .

AIAEZ T 7050 A4 X2 I 250 B DL &
Pz (A A ER SR A e RE R e ), i L3RR
B saE M E SRS .

1 S2Ig

SEHG ] 7050 A <45 s Al BCR AT R BH 6 45,
PR W ST d 204 mm (2T 828558, 4
WIB K, VISkE RIS, ISt i s i i
102 mm x 25 mm BUHAAR, HALZR WAk 1. BT
B s A In) g 27 P RS2 URE AL B RS K
DR M ASAIE S0 95 .l AR A ) A BB 1 i 1ol
1% GB6397 —86 bk N T p [ AR b kA, I
do= 6 mm, lo= 5 do . Wr I H AR AR 1f O 58 15
20 mm (A B AR E A AR b
SRE AR NIIZ S FBE AT i

F1 LRAEMLEXD D HE
Table 1 Chemical composition of alloy

(mass fraction %)

Zn Mg Cu Zr
6.24 2.26 2.32 0.13
Ti Fe Si Al
0.03 0.11 0.07 Bal.
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Fig.1 Variations of mechanical properties
of 7050 alloy with aging time at 120 C
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Fig. 2 Variations of mechanical properties
of 7050 alloy with time of
second-step aging at 165 C
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Fig. 3 Variations of tensile strength and
conductivity of 7050 alloy with time

of second-step aging at 165 C
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Fig.4 TEM micrographs of 7050 alloy

after single and duplex aging
(a) —120 C, 24 h; (b) —120 C, 6h /(2h)165 C, 12h
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Table 2 Properties of duplex-aged 7050 alloy under different conditions

e o e
Direct aged at 165 C for 6 h following WQ (A16) 566 515 12.8 40. 1
Direct aged at 165 C for 24 h following WQ (A24) 543 483 12.8 41.1
Direct aged at 165 'C for 16 h following AC (B16) 559 510 13.3 40.2
Direct aged at 165 'C for 21 h following AC (B21) 546 489 13.2 41.0
Direct aged at 165 'C for 24 h following AC (B24) 541 479 13.4 41.1
Direct aged at 165 'C for 29 h following AC (B29) 524 456 13.7 41.9
Heated to 165 C during 2 h in furnace and aged at 165 C for 12 h (C12) 566 518 11.8 39.9
Heated to 165 C during 2 h in furnace and aged at 165 C for 16 h (C16) 551 497 12.5 40.6
Heated to 165 C during 2 h in furnace and aged at 165 C for 24 h (C24) 528 463 12.4 41.6
Heated to 165 C during 2 h in furnace and aged at 165 C for 28 h (C28) 523 457 12,2 42.0
Heated to 165 C during 10 h in furnace and aged at 165 C for 12 h (D12) 524 457 12,3 40.7
Heated to 165 C during 10 h in furnace and aged at 165 C for 16 h (D16) 514 443 13.1 41.7
Heated to 165 C during 10 h in furnace and aged at 165 C for 24 h (D24) 504 427 13.3 42.5

5 7050 £ <AES P A TR M TEM 441
Fig. 5 TEM micrographs of duplex-aged 7050 alloy under different conditions
(a) =120 C, 6h, WQ+ 165 C, 16 h; (b) —120 C, 6h, AC+ 165 C, 16 h;
(¢) —120 C, 6h 7 (10h) 165 C, 16h; (d) —120 C, 6h, AC+ 165 C, (16+ 5)h



© 962 * o EAT 4R R

2006 4 6 H

6 h B UG KR AT S — 4% 165 C . 16 h 54k
T Af(5(a)) LS —2% 120 C. 6 h K 3G K& H
HATE 20 165 'C . 16 h PISEARKT HHAH(S( b)) 5 41
AN LIXUEW] 7050 £454 120 C . 6 h IR E HLALE
AT B RN AR RS IPE I, 2 A28 2
165 CHI LI BT HAEA Z KK . BRI 7050 A A 1%
B0 GP AELER BEYE Y, 7E28 4% 165 CHY i
MRAERA GP HIEIE . LA 7050 & 4 5 Tk o
FAU BR8P TR, EAER A&
TR A TG % AR . 45 —%% 120 'C .6 h I 3%
JE AR TR FE AR g I R B, AERE S
540165 CIN N AT R E % AR 0, Rk A
SHTHA ST E /DN . by S8 I, R
URA GP A FEER,  [R] It 3 A g o i ik
VORI FEAR, &k AR AR, A5 d M2 5
KK, PRBE Y S22 2] 165 CHEAT I R IIFE b
HH—20120 C.6 h B 5 2% (£ EH\AF 10
h) FAE 165 CH R ( S B Hh SE K IR 25 sF T (RO b
FHEE, BT BT AR B R SERE SRR, LT 5( )
F(d) .

1) 7050 &4t 120 CHM AR =i
I 24 BE T, &% 68 h IS HTHr sk Al ik 619 MPa, {H
HL 3L K 32. 3% IACS .

2) 7050 H&4HE—2% 120 C .6 h I UGkt
2h WIHEZ 165 CHRIIN % 16 F124 h, a, . SFIH

SR 4 R4 551 F1 528 MPa . 12. 5% 1 12. 4% .

40. 6% TACS F141. 6% IACS .

3) 7050 £ 4K FH AL I 30T, P 4 i &% 2 [
Qb B 0] 4 ) 5 FEE A B S ) S, T BT IS 2R
BRI AR TR S S S, %
IS4G 258 FEHEAT 165 °C . 16 h ISk £ 4 ) 4 8 A
HL S %0510k 559 M Pa £ 40. 2% IACS .

REFERENCES

[1] Clark D A, Johnson W S. Temperature effects on fa-
tigue performance of cold expanded holes in 7050 ~
T7451 aluminum alloy[ J]. International Journal of Fa-
tigue, 2003, 25: 159~ 165.

[2] Magnusen P E, Buci R J, Hinkle A J, et al. Analysis
and prediction of microstructural effect on long-term

fatigue performance of an aluminum aerospace alloy

[ 10]

[ 11]

[J]. International Journal of Fatigue, 1997, 19(1):
275 ~ 283.
Lin C K, Yang S T. Corrosion fatigue behavior of

7050 aluminum alloys in different tempers|[J].

neering Fracture M echanics, 1998, 59(6): 779 = 795.

Engi

Gang S, Alfred C. Early-stage precipitation in AFZnr
Mg Cu alloy (7050) [J]. Acta Materialia, 2004, 52
(4): 503~ 4516.

Robson J D. Microstructural evolution in aluminium
alloy 7050 during processing[ J]. Materials Science and
Engineering A, 2004, 382: 112~ 121.

Adler P N, Deilsi R. Calorimetric studies of 7000 se-
ries aluminum alloys: II. Comparison of 7075, 7050
and RX720 alloys[ J].
1977, 8(7): 1185~ 1190.

Staley J T. Aging kinetics of aluminum alloy 7050[ J].
Metallurgical Transactions, 1974, 5: 929~ 932.

Hardwick D A, Thompson A W, Bernstein I M. The

Metallurgical Transactions A,

effect of copper content and heat treatment on the hy-
drogen embrittlement of 7050-type alloys[ J]. Corro-
sion Science, 1988, 28(12): 1127 ~ 1137.
REHE, B, KIS, 55 7050 86 6 A i b
L5 N JE ok B AR 57 AT O BT S 3] . R S kL
PR, 1996, 16(1): 1-17.
SONG Ren-guo, ZENG Merguang, ZHANG Bao-jin,
et al. Investigation relation between grain boundary
segregation and behavior of stress corrosion and corro-
sion fatigue in 7050 aluminium[ J]. Journal of Chinese
Society for Corrosion and Protection, 1996, 16(1): 1~
7.
BeER, B8, A3k, & SN 7050 &4
Ji BE AL RE I A J] . TR K222 4R, 2004, 27
(4): 100~ 102.
DUAN Yubo, TANG Jian, DIAO Wemrwu, et al.
Effect of chemical composition on formation perform-
ance of 7050 alloy billets[ J].
University, 2004, 27(4): 100 ~ 102.
BHEER, 7K BT 7050-T7651 474 4 Tl )5 4 242

-

Journal of Chongqing

LU Harqing, ZHANG Srping. Study on process of
7.75~ T 7651 aluminum alloy prestretched plate[ J].
Aluminum Fabrication, 2004, 157(4): 48 ~ 54.
HALER, Bk %k, HHEG, . ECAP Hl& B MEROK
7050 Fa 5 I ) A RE MO A5 A T] . PR ATt G
JB 244k, 2002, 12(5): 1012~ 1015.

ZHENG Lrjing, ZHANG Yan, ZENG Mer guang,
et al. Microstructure and mechanical properties of
submicrometer 7050 aluminum alloy prepared by

ECAP[J]. The Chinese Journal of Nonferrous M et-



16 & 6 1

HARIR, 55

KRR 7050 BB A

A GURITERE IR0 * 963 ¢

[13]

[ 14]

als, 2002,

12(5): 1012 ~ 1015.
Nakai M, Eto T. New retrogression and reaging
process for high strength and high stress corrosion
resistance 7050 aluminum alloys[ J]. Aluminum Al-
loys, 1998, 3: 1621~ 1626.

BORA, ZKEE, FRKNI, 5. 7050 &4 RRA JLiE
B TEM BF5E[J]. MU R4, 2000, 20(4):
1-85.

GU YI-jie, LI Yongxia, ZHANG Yong gang, et al.
TEM observation of precipitates in a 7050 alloy after
RRA treatment|[ J].
als, 2000, 20(4): 17 5.
BWIRAS, MR, 5KKHI,
BEXF 7050 & 4 B2 ] )] .
32~ 34.

GU YlIjie, LIN Jian-guo,
al. Effect of RRA treatment on microstructures of
7050 aluminium alloy[ J].
Metals, 2001(1): 32~ 34.
DRRAR, T, Stk
B BuR R = R A S A

Journal of Aeronautical M ateri-

4. FIEFR Z(RRA) Ak
& @ AL B, 2001(1):

ZHANG Yonggang, et

The Heat Treatment of

7050 %54 4 R RRA Ab
| Lﬁj(,

[ 17]

[ 18]

1997, 25(9):
QIU Hong wei,

34 - 37.
YU Subin, MA Hong-wu. The of
microstructure and mechanical properties of 7050

plate during RRA treatment[ J]. Light Alloy Fabrica-

tion Technology, 1997, 25(9): 34 = 37.
?KT’E”’%, $ 1, ﬂ VJ'J, 27055 A ij?JI”’Hi%

(3): 219 ~223.

GUO Jurrfeng, LI Ping, ZHAO Gang, et al. Study

ik, 2004, 3

on microstructures and mechanical properties of 7055
alloy extruded plate in longitudinal and transverse di-
rection [ J]. Journal of Materials and Metallurgy,
2004, 3(3): 219 ~223.

FESOME. T AR A A FAOAL BRI BE Y R [ D] Tk
BH: ARAB R, 1986.

JIANG Werrhui. An Investigation of Heat Treatment
of High Strength Aluminium Alloys[ D]. Shenyang:
Northeastern University, 1986.

(45E  TF18)



