5526 455 5 44
Volume 26 Number 5

TEERERFR

The Chinese Journal of Nonferrous Metals

2016 45 H
May 2016

XEHRS: 1004-0609(2016)-05-0957-07

I T Z 3 7A85 {258 & H=H0

aR (8] /& T4 1 RE RY 2 i

MO, HXE, ATIERZ E

B3, g

(1. Wr K% MERISE TR, K70 410082;
2. MMM ARAR, BT 530031;
3. dbETEAM RV SERE, b 100095)

= SRR, SRS BB TE, RN AT 2N TA8S e S RIS Atk
RERT AR B AT A RS o S5 R TA8S FRA ¥ T6 A5 hh N 20 A A5 K& 4l /N R L GP ORI ',
G AT ARG ARELE M, TG S TIERT A (PFZ); T73 A% &b PAT HEAR RO B BE ARG, 5 ST HRAR G
KR SEANEL A, PRZ il FAT AP HUR R PERE, (HBREREAR; (A1 PRI AL FLS 1 7TA8S 43
aERAL Te AMERFEANALNL T73 MBI EAA, SerPihmE LS HR 050 731.7MPa Al

36.5%(IACS), B -&r & W] I EL A5 952 407 1) ot R JE ol ek i o

3 B 7 JE P ABURRYE 5 oy S AT R AR S T AT b

AR, AN RCIBOR, S ATBANESE, PFZ B0, & <58 iU

EHIE: TASS BBE 4
hESEE: TG146.2; TG256.92; TG174.3

N O AR TR 4P ) A
XHERFRERD: A

Txxx REG RIS AR, HA M tbomE
FERE . B O R R e R R A i n T
PERE, T2 N T TR A RS R SRR, B
FEPAR TN B & e, S e A G i i PE e
T K, RS A S I R ke . TS
X Txxx F B A A N 6 ol BB M 1 AT R R A
EAN D A S NPV S MV R E S edin] i
SEPN RGN S S B e RER M, e I AL 1 5
Mg LY R 5 ISF T TR, DA g s 208 e o A A e 2 T 2R
AR R 2 5 RN S s, R4 RS SR T3 i B 4
(13 057 2400 PR R0 BN 8 kg s 5KORT I 2RO R R
Txxx REG 4 AE RRA ACFRI, Uil b pe ot R
SRR PR BOEAR DG, T HLRH I R SRR RO
2 b S AT S R BT I R R ] s gk eer S5 e o T
TXXX Fa BB 4 B Ak e AR T X D J el
(R RE IR, R T 4 1)t T b R e BT T ) S K 1
2

TA85 HE 4B T Al-Zn-Mg-Cu Z 8 i AR &
G, T E B 5 S [ 7085 MEREA A T — U
SREBOE R B B o 1% A mT LAY A2 TR R B R ML K

HEEWH: WK ARFAIESEBIH(51271076); | R4 #E 5™ 50

Igis BH#A: 2015-07-09; &iTHHEA: 2015-10-07

SRR TR, AR TR U B A
B PR RE (0 BER BE T AT 9% o ) 8 A
P T AR AR TE AR B2 o A SO AE i 300 PR ot
BRI A SR B 7 2 At L, N [l )
PRI RIS, SRRl B A Bt 5 A
[l T 200 TA8S By < 77~ PEREA 1A JE3 il P g
(R RE IR, A -Cr 4 T 5 0B P ARV 65 e P F s 38— A TG
PR

SER AR R ACROU S A RIS B SR it s 2 oy
(JREDH, %) F: Zn 8.53~8.90. Mg 2.59~2.81.
Cu 2.28~2.32. Zr0.12~0.18. Al 4xf&. Hi5E(E XI-800
BN EATH s, AHREY S8 e
390 °C, FFIEFURLSE 390 'C, HIEMEHEAE 90 mm,
JEIHE A 1.5~1.7 m/min, HI5EH%H0 10 mm fHEEH

B 1 J5 FIRRARFEAE MFL—11 78 e i 5 gl g
HEEAT(470 °C, 2 h)[EFE AR, SR ZEEEIE£3 C

45T H (51474101)

WBEMESE: moCH, BIEE%, Mt ik 0731-88664006; E-mail: wenligaohd@163.com



958 hEA SR R

2016 5

W, K EERSINA] 5 s, /K G S RIEEA T N T2
7 DHG—9108A 1Y H A -5 47 A AT IN RS 56
RIS mMZEEEIE 1 °C, KA T2 0% 1.

R1TASS Wi MM T A
Table 1 Aging process of 7A85 alloy bar

Aging process Code
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Fig. 1 TEM images and diffraction patterns of 7A85 alloy under different aging processes: (a), (d), (g) Grain interior morphologies
of T6, T73, RRA; (b), (e), (h) Grain boundary morphologies of T6, T73, RRA; (c), (f), (i) Diffraction patterns of T6, T73, RRA
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Fig. 2 Hardness and conductivity of 7A85 alloy under

different aging processes
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Fig. 3 Tensile properties of 7A85 alloy under different aging

processes
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Fig. 4 Intergranular corrosion morphologies of 7A85 alloy under different aging processes: (a) T6; (b) T76; (c) T73; (d) RRA
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Table 2 Intergranular corrosion results of 7A85 alloy

Maximum corrosion

Aging process Corrosion grade
depth/um
T6 162.9 4
T76 65.7 3
T73 57.1 3
RRA 61.5 3
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Fig. 5 Chart of aging precipitation pattern: (a) Peak aging and

over aging; (b) Retrogression and reaging treatment

32 ARSI ZXhFEMERERZNE

TA8S5 RIS A 4 i B TR iy KU T 4 5 A
AR HAER, ST AR SRS . AR5, TR,
FEF (R TEARFA G0 A1, BASHT HAH 5 B A PR AR 2 A (1)
(SN ) N Tt B S TR PN [ S S
AN RSE B AR R, I8 A A A LAY R R
(177 ORI I A T A 458 A A KA AR TR
b P, IEEhARK S S AR S e R N
— MR, RPRBTTHUE]. DIEHLEI SRS B
T RAFAS HOR RS 3SR THIHEOK,  ii Sak AL o
A BECRE R T AR 23 B SRR ST R B K90
RSOV RIN IR B S HURIAS SRR 2 IF IR, AR
BT A RS RE 5, THFERERBNHLEITTE) . T6 &
GNP HAMEZELS GPITIX A 4 (W E
1(a)), HEERZ, MHAEDIEIHLEY 3 FHA7,
EEME R, N 760.8 MPa. 1M T73 &4 %N
W AR 20 g RS n AHOLE 1(d)), BTk
WS, MTHARREROR, (S get ML o
T, SREEA PRGBS E (1 AH )
R T BB R e, BRFERER 597.7 MPa.
AT T73, T76 T MBS R MR —L, Ml
FAIRSEEE T73 ML, A Seid HLEIR AL RR
Lt T73 & M5R—LE, BTl T76 /AL MRE S m—
R, N 675.0 MPa. RRA WbHEf5H&MMNAS T

SRLOLE 1(g)), M0 5L 3 SR T AT
HUAH, DB BAT B R 5, T 731.7 MPa,

3.3 AR T ER & EE R F20E

B G o IR B b S I R SR Sl R AT
AHE i ACUTE T s I BH B R 8. Hr i) 5 2%
P ST TR I AL AN SE AR ], 44T DLk
PR B, SRR A9, B4t E AN
Ji, SECe i N, B A RN, K
A BHBR, A AR IS ol e, AT 2 A DS ol
TA8S G4 T6 AW di Ft b HBLIE SRR #4HF 5
FOLE 1)F(b)), JCABIEUENT A, &b
FH o A BAASAH , AR SCHRT 16 ML T8 T A3 F) i il 5 4
S AT AR AR AL B s v %0, AH AR HL AT ARG
(—1.05V), FeAk Al HLHHA M (-0.85 V), S HRAE
P, ST A a( AR B b, H
DA D AR D BEAK B SR SE R, IXAH Y
TAER I EIERR T — SRR o, AaRS 4
A, B0 S EE S A TR OLE 4@)), KM
IR AR w1 T U S A S B KB R Ok 162.9
um. 1 T73 & EAE A LARES AT n AHIEAE &
FiJE Y se— 4% B 2 0 JE U vE A s (L B 1(d)
(), PFZ HIHBLRN n AHIIAIELL /> A BEAR T S I 6S
PREVR A, WK TR umE, FrAEx Te &, &
S T AU B BB A, A SR KR 57.1
um. 1] RRA AP 5 & 4 BA AL T73 &1 AR,
BT S EANIESE AT ERLR ) AHOLE 1(2)F(h))s
K HEFHTAH (o A I PHTAH (p AEDFAS, &R PFZ
ik, n AHMAES AT T bt B s ol i is
PE, Wl TR s B, BR T A, &
S R TR M Bl 2 ARG, B R IR E R 61.5
um. PbAh, HLS R 0] LR AEAR A & T IR ok 8 7
HL 5 28 B LY g B Tl Ik BE AR 5 TARS B ANl 2K
TA TR FEERE/NFUR: T73. RRA.
T76. T6, UiHEGHUN 7 vy e 3/ 1R
F: T73. RRA. T76. T6, X5 & F) & b s o 1 45
FH—3.

TA8S A 4 IS A FA A R 25 40 30l 38 FH T AN [
15 F A 000 52 Ja e 2 T6 IR ZS 10— 155 i I 7 788
T BB VAL A R R SR I v e R v DR SR ) B ) 5 1
T76 RAS DG T Rk (0 i . WP I &5
R T73 ARASIRIAE T Y g J65 ik vy, i e S
ZAPE BERARIA K = 1 25K AF - RRAIRZSIRIE T



962 hEA SR R

2016 45 A

MRS I ) J65 P PR e S v T R R R S R A

4 4k

1) ANFAETETR, TA85 A &MU om & Al
PR B KB/ F W R . T RRAL T76+ T73,
Bt e () JB h Pk BE HH K ZI/NIIUT 4 = 734 RRAL T76.
T6, L& H SRR NRT—3,

2) 4 RRA 0B, e BAY5 To MU N
MBI T73 SELC AN, Prdrm sz |
731.7 MPa, X T T6 A& T FE 3.8%; [AJH it ] f5e
KIFEREE A 61.5 pm, AHXFT T6 Z540 A4 [ JE Hife
B 62.2%, 49 24w (15 SR B4 PR F el e 2
I\

3) TA85 <z in ] i R ABURE Y B o S AT H A
(GBP)HICTTIENT AT (PEZ) TR AEAT 5%, & FL 0T A
JOSFR, AN EESE, PRZ BSE, A4
DIEBUBCHE RN o S22, A it TS i AR M K

REFERENCES

[1] DURSUN T, SOUTIS C. Recent developments in advanced
aircraft aluminium alloys[J]. Materials and Design, 2014, 56:

862—-871.

[2] x| Jx, wEE, THY, TV FEE. KWIHSAES
HIRIE SE IR S e B 0], R B 4R 24 i, 2010, 20(9):
1705-1715.

LIU Bing, PENG Chao-qun, WANG Ri-chu, WANG Xiao-feng,
LI Ting-ting. Recent development and prospects for giant plane
aluminum alloys[J]. The Chinese Journal of Nonferrous Metals,
2010, 20(9): 1705-1715.

[3] HUDA Z, EDI P. Materials selection in design of structures and
engines of supersonic aircraft: A review[J]. Materials & Design,
2013, 46: 552—560.

[4] ROMETSCH P A, ZHANG Y, KNIGHT S. Heat treatment of
7xxx series aluminium alloys—Some recent developments[J].
Transactions of Nonferrous Metals Society of China, 2014, 24(7):
2003-2017.

5] TEREE, T, BRI S SRR, e e
THR, 2013, 41(10): 1-14.

WANG lJian-guo, WANG Zhu-tang. Advancement in aerospace
alloys[J]. Light
Technology, 2013, 41(10): 1-14.

6] ¥k, RIOCHE, ACHEW, T 8, & i 8 &2, B
I, BIRARALAT 7050 £H-E R 0 i i BURR P (R ma 1], #4
BT 2R, 2015,36(3): 90-95.

wrought  aluminium Alloy Fabrication

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

JIN Ji-rong, SONG Ren-guo, DAI Chun-li, WANG Chao, LI Hai,
QI Xing, QI Wen-juan. Effects of aging and cathodic
polarization on susceptibility to SCC of 7050 aluminum alloy[J].
Transaction of Materials and Heat Treatment, 2015, 36(3):
90-95.
CHEN S Y, CHEN K H, DONG P X, YE S P, HUANG L P.
Effect of heat treatment on stress corrosion cracking, fracture
toughness and strength of 7085 aluminum alloy[J]. Transactions
of Nonferrous Metals Society of China, 2014, 24(7): 2320—2325.
JIANG J T, XIAO W Q, YANG L, SHAO W Z, YUAN S J,
ZHEN L. Ageing behavior and stress corrosion cracking
resistance of a non-isothermally aged Al-Zn-Mg-Cu alloy[J].
Materials Science and Engineering A, 2014, 605(27): 167—-175.
LIH Y, GENG J F, DONG X J,WANG C J, ZHENG F. Effect of
aging on fracture toughness and stress corrosion cracking
resistance of forged 7475 aluminum alloy[J]. Journal of Wuhan
University of Technology (Materials Science Edition), 2007,
22(2): 191-195.
SRETH, AEME, KR, AEEEE, MUK, AR A
B 7050 405 <k ) I PPk BE RS A[D]. P IR (e e 2
i, 2008, 18(10): 1795-1801.
ZHANG Xin-ming, LI Peng-hui, LIU Sheng-dan, LI Guo-feng,
ZHU Hang-fei, ZHOU Xin-wei. Effect of retrogression time on
intergranular corrosion of 7050 aluminum alloy[J]. The Chinese
Journal of Nonferrous Metals, 2008, 18(10): 1795—1801.
gRELL, sk AR, mOCEE, AR INRCIRASHT 7A85 mink
A EREN LR T RE R SR ). M B AR
T 7%, 2013, 42(12): 2581-2585.
YAO Xiao-hong, ZHANG Lin, GAO Wen-lin, TIAN Lin-hai.
Effect of aging treatment on mechanical and intergranular
corrosion properties of 7A85 high strength aluminum alloy[J].
Metal 2013, 42(12):
2581-2585.
FTIERR, wSCHE, B B I SAUCEEXT 7A85 a4l
ZUMPERENISZALT]. AR TR, 2015, 43(8): 13-18.
HE Zheng-lin, GAO Wen-li, LU Zheng, FENG Zhao-hui. Effects

Rare Materials and Engineering,

of heat treatment on microstructure and properties of 7A85
aluminum alloy[J]. Journal of Materials Engineering, 2015,
43(8): 13—18.

LIUJ Z, CHEN J H, YANG X B, REN S, WUCL, XUHY,
ZOU J. Revisiting the precipitation sequence in Al-Zn-Mg-based
alloys by high-resolution transmission electron microscopy[J].
Scripta Materialia, 2010, 63(11): 1061-1064.

TR T R AR B A R AR B AR PERE IR S W [D].
Kb PRIRAE, 2007: 4-5.

NING Ai-lin. Effect of precipitates and its distribution on
mechanical properties of high-strength aluminum alloy[D].
Changsha: Central South University, 2007: 4-5.

VORR, B HE S 7000 AR EIES G4 RRA FIALTELD).



[16]

55 26 4255 5 1) MOBE, S AL 2N TABS AR b I 2 i () B Pk e 14 5 963
BN, 1996, 19(1): 28-34. (Science and Technology), 2007, 38(4): 617-622.
MO Zhi-min, ZHENG Zi-qiao, HUANG Bi-ping. RRA [17] NAJJAR D, MAGNIN T, WARNER T J. Influence of critical
Treatment of 7000 series high strength aluminum alloy[J]. surface defects and localized competition between anodic
Aluminum Processing, 1996, 19(1): 28—34. dissolution and hydrogen effects during stress corrosion cracking
FER, iRy, ke, X bk, R, #nkk, £ k. of a 7050 aluminum alloy[J]. Mater Sci Eng A, 1997, 238(2):
IR 20T TAS2 B bt ) 68 P A S oA T2 O S I D). 293-302.
PR 2R AR BLERT), 2007, 38(4): 617-622. [18] XL, e, MRS HOM T R[], LS, 2012,
YIN Zhi-min, FANG Jia-fang, HUANG Ji-wu, NIE Bo, SHAN z1:269-276.
Chang-zhi, GUO lJia-lin, WANG Lin. Effects of aging treatment LIU Zhong-min, JIANG Jin-long. Discuss on aluminous heat
on intercrystalline corrosion and exfoliation corrosion behavior exchanger for its corrosion resistance[J]. Electric Appliance,
of 7A52 aluminum alloy[J]. Journal of Central South University 2012, z1: 269-276.

Effect of ageing processes on mechanical properties and
intergranular corrosion of 7A85 aluminum alloy

BAI Fan', GAO Wen-li', HE Zheng-lin?, LU Zheng®, FENG Zhao-hui®

(1. College of Materials Science and Engineering, Hunan University, Changsha 410082, China;
2. Alnan Aluminum Co., Ltd., Nanning 530031, China;
3. Beijing Institute of Aeronautical Materials, Beijing 100095, China)

Abstract: The influence of aging process on mechanical properties and intergranular corrosion of 7A85 aluminum alloy
was investigated by tensile testing and intergranular corrosion testing combining with transmission electron microscope.
The results show that, a large quantity of GP zones and some 7' phases disperse in grain, with continuous secondary
phases in grain boundary, and the precipitation free zone (PFZ) does not exist in the T6 temper. 7A85 aluminum obtains a
favorable corrosion property with the phases in the grain boundary becoming discontinuous and PFZ widening in the T73
temper. 7A85-RRA, which has the Té6-like grain-interior and the T73-like grain-boundary morphology, shows good
comprehensive performance, with the combinations of tensile strength of 731.7 MPa and electrical conductivity of
36.5%(IACS). Corrosion sensibility of alloy is related to the characteristics of equilibrium phase and precipitation free
zone at grain boundary, with the equilibrium phases discontinuous and PFZ widening, the corrosion sensibility of alloy
decreases.

Key words: 7A85 aluminum alloy; age hardening; microstructure; intergranular corrosion
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