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HEANF] 29.6 MPa-m"? A1 34.7 MPa-m"2. I 215 7095 £ 458 v (1 W 2L 02 ey T o P D 58 LG P 220 L
TFAERR AN AT AR T o L R E A . WA 205, @ EEESS M B 7056 A4/
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T8RP R IR AT S FELBE 43 BT B A3 AR AL SR ATF 7T A B
X Txxx REAE &SI PERER SCC M,

WS R ELS R G S, FE R
SR 1 A BEASIARER A 5)((450 C. 8
h)+(475 ‘C. 24 h))iR KJF=¥, 76430 C AR 2.5h
HELE] 4 mm, BB 80%A A . SLiG MRS IE
480 ‘C ORI 2 h BEAT [ AL B, B 5 23 0 4E 120 TR
B 2% 24 h(T6 Z5)F1 110 CHF 2% 8 h J5H 160 CHf 2L 14
h(T74 Z5).

FIRPAHIRIGE MTS—810 1 B IHL b
e KB EA R C(T)IRFE, 1% ASTM E399
PR AEEAT B R BV RS o SR P AR B AR o 2 il e
(Slow strain rate test, SSRT)RPFAL 1iZ A FEXT SCC 1k
J&PE. SSRT FF it S0 B2 VR AL 7 In), AR
RN 6.6X10° s, TEM A1 EBSD # 5 Je WU
F) 80 pum 7547, BEJE PR FIRUEE, A U
FIRSER TR &3 - fEB) Image-Pro Plus (IPP) 481t
Fr AR P33 RS, EBSD #4054 F§ TSL OIM Analysis
T AT 0T, 20~15° 1 dh SRR TICE 8 SUNAR A

#n #+(Low angle grain boundaries, LAGBs), KT 15°[1
mi It B TG FE 8 R A BE A T (High angle grain
boundaries, HAGBs).

=1 &8s

Table 1 Chemical compositions

Mass fraction/%
Zn Mg Cu Zr Ti Fe Si Al
7056 9.25 246 1.63 0.065 0.062 <<0.01 <<0.05 Bal.
7095 9.02 1.59 245 0.069 0.10 <<0.01 <<0.05 Bal.

Alloy

2SS

21 ERELR

1 Fi7R N 7056 41 7095 454 8 7 AL 32 (1)
EBSD B . ME 1@@)fib)rl A, #ifh&airE
THIRMEL R, 7095 &4 mPgiarn 55K,
Hrb 7056 A& iR KL 62.4 pm, 7095 &40
K RSP K204 54.8 um, B HHZEA K B 1(c)FI(d)
A K, 7056 A4z b 7095 A4 K A B i Ao B
X 7056 & 4 K AE IS P45 AL R FE AR . 1X =2 HH
T 7095 G4 Cu HER S, 1M Cu T Mg 5

. (© W(HAB)=55.65%

Number fraction/%
S = N W A L N NN

10 20 30 40 50 60
Misorientation angle/(°)
B 1 7056 &4 7095 &4 [H VA 5 EBSD 45 %

Fig. 1 EBSD images((a), (b)) and distributions((c), (d)) of grain boundary misorientation after solid solution: (a), (c) 7056 alloy;
(b), (d) 7095 alloy

(@D w(HAB)=47.70%

Number fraction/%

10 20 30 40 50 60
Misorientation angle/(*)
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A& S RAHS S, X5 HOU Al JIN ' Sy
FLEE R — .

2(a)FI(b)FT7R A 7056 &4A1 7095 &4 T6 Y
B0 VR 1 LOT s iy Sl & P AT 1 AH 18 B 3R W A3 i
et BT LLEME £ 7056-T6 441 7095-T6 &
& dh N HAFLELN /N IFRIR 'R0 HT A, Foh 7056-T6
G e AP RS20 3.5 nm; i 7095-T6 &4
M AR T RS BSKTF 7056-T6 A4, %1 4.3 nm,
HEEEZE/NT 7056-T6 A&, ME 2(c)F(d) T &
H, 7056-T6 &4 7095-T6 A 4 kS 4T H HH(Grain
boundary precipitates, GBPs) 2 IELE 04, TLULENT H
iff (Precipitate free zones, PFZs) /AN & .

B 3(a)RI(b) TR N 7056 441 7095 &4 T74 I
B VR 1107 s iy Sl & P AT 1S AH 18 B 34 R H A3
eFt. HMETLLEH, 7056-T74 &40 7095-T74 &
& AN AR T Te W2k B k4 W B 1L,
7056-T74 & n MHEEITIRNE 2, 1 7095-T74 &

e R

B2 7056 A4 A1 7095 &4 T6 B RS & P A i 5 TEM MG B AH ST 21K B AT S Ae R

G o FHRSFAA 20 nm, {H 7056-T74 4 4 dn AT H
KBS B AT SR & T 7095-T74 &4 ). th4h, GBPs [6
BERAE T HIAL, Hord 7095-T74 44 GBPs 257, A
SRS HIEEE L 7056-T74 & 4K . PR & 441
HIL T B PFZs, S8 EEAE S 328 53 nm 1 71 nm.

22 N1FMERE

= 2 FTHABF A STE T6 F T74 B RS 1 714
PEREMA . 7056-T6 A & PuisiE (Ultimate tensile
strength, UTS). J& IR E (Yield strength, YS)F{H K %
(Elongation, EL)%) 7l /& 643 MPa. 632 MPa 1 7.2%,
M 7056-T74 & < (5T 38 B AN ik 558 2 73 Tl P 1K
2.2%1 1.6%, (ARG 12.5%.7095-T6 &< UTS
1 EL 43 572 610 MPa 1 11.6%. 7095 &4 M T6 I 2%
B T74 I 208 FEAH FRARIR R B K(8.5%). JIATEREM
AAATAT S SR AT ARG, — AR, Txxx &
BEESTH Ty T A E £ (Supersaturated

Fig.2 TEM images of intragranular((a), (b)) and grain boundary((c), (d)) under T6 aging: (a), (c) 7056 alloy; (b), (d) 7095 alloy
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A gL 2 K
s P98 3 - ’

B3 7056 &< 7095 < T74 I RS & A &S S TEM B B AR LA B T AR RE
Fig.3 TEM images of intragranular((a), (b)) and grain boundary((c), (d)) under T74 aging: (a), (c) 7056 alloy; (b), (d) 7095 alloy

solid solution, SSS)—GP X —#'#l—y #, HH GP X
J2 5 BRI 1 SR T A, AR AR AN
2 Txxx R G A i E BN AT SRAGAR , %A 1
s s AT Rk i F ER R, 4 A
SEH AL AR BN AR E AT I RS OR . Ak
AR PR, B e R 1R Mg S
BEIAT AR RARAR SR, T Cu A BT A AR
A =222, N E 2a)F(b) AT &N, 7056 4 Al
7095 B4 T6 I UG fh N HAFTE M B B PR
N IHT AR, X AT H A TE SRR T AT DA RPE
TRALAEIIZ Y, DRI P £ < #2265 o P 5

H 7095-T6 & 4 df AT H AR )% BELE 7056-T6 & 42 (1)
K, KHSRERKT 7056-T6 &4, M T6 F| T74
20, PR A 4 PO AT HE RE AT R AR T I R LA

7095-T74 & I n AT HARSE 2 . MR IR,

TZAR SR R AN I o # AR, S PR R £
7056-T74 41 7095-T74 & &b LA H I T PR,
{H 7095-T74 & 4 38 FE BRI IR BEBE R . PRk, W] A
e Mg nERIIBRIEF T Cu 0EK, B&Ei Cu &
5T A R AE R4, 1X 5 HOU Al CHINH £ 22
S8

M 2 AT IR TR I AR A R, R
T6 FH N Ky [ AREHR(DUE 30 MPa-m'?), T74 B 2%
J& Kic (WIS, Hdh 7095 & &g ok, w
K 23.05%. BIEFIMES Txxx REBE AL Z DI
K, FEAFEMEEEWSE B kL
PFZs. GBPs Al AT AR, A SRl A1
Kl Fe 1 Si fI& EALE 0.05%LAF, R AT DL ZmE X
AT W s . AL 1 I Rl A TV I
RLGERIRAZEAN K, 5 ST 200T it A 8 A R ¥ ] 5 A 5
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ARTCHEM o [RIME SO 906 G B R R0 S 1T s Y
Fh T B X T s . B 4 FRcA 7056
H4A 7095 &4 fHH C(T)RFEKT 2L Itk 0 5.
7056-T6 4= W 1 2 UKBIRTESN, A2 HLAY (1) & BB
4, 1 7095-T6 &4 10 2R PR A HLrE, &
Wil b SRR AW, 7056-T74 & &l O
S BT UKRRIRTE SR I RRAE, (H O IR Z 40/ N &
VR AW, T 7095-T74 &4 W S & b R~
KHERFIE w4515, AR E Rk, Fik,
PARRE G AE T6 F1 T74 I 0N HAFAE =Fh W 2
AR WA, o R R ORIV A W A . I —
b 24 20 5 48 1 Ay, BT A AL
SRS 22, RN DR B AL : i I BT HH AR R ST K % L GBPs
FE T LR PFZs 152 R0, K] 2 WT %0 7056-T6
H17095-T6 &4 an AT HAH R ST 4l B, Gk
AL N R ERR . A SR AR R,
GBPs PRTRF H BI™ 5 (1 B ) B Hh it iz s el 23 i

&2 7056 Fll 7095 & 41715 Mg
Table 2 Mechanical properties of 7056 and 7095 alloys

LTINS GBPs ¥R, i i ST, (R,
7056-T6 & 41 7095-T6 & & A BN Kic 1, HE
4(a)F1(b) 1 B AL R T RS AR SE T IX . 48 T74 I
RUG, WG 4 b BT AR B SR A 2 A 8 PR T
Fompg RN, JTHSE 7095-T74 A& RN ERZ
20 nm Ze A A ERE ZPECE 2 . KL, Pl
HEM Kie EEEE TS ok, 0L, AESN
GBPs [ A R LR s S 1Y e, B PFZs 1A
FIFA TR 7850 HEAT0), 7095-T74 & &4 BARK &
YR AL 22, DL N2 GBPs il PFZs SRR AEFAE, A
A R Ke B, B 4d)Rk S iEss 77X
_‘lJ_r,o
23 NAOBMAR

Kl 5 fiin N 7056 A4 7095 & 4243 BIAE = iR Al
3.5% NaCl /K [) SSRT M A F ihizk. Bl 6 A
7 FiRN 7056 E4F1 7095 A4 HIEREA 3.5%

T6 T74

Alloy UTS/ YS/ EL/ Ko/ UTS/ YS/ EL/ Kie/
MPa MPa % (MPa'm'?) MPa MPa % (MPa'm'?)

7056 643 632 72 26.8 629 622 8.1 29.6

7095 610 607 11.6 28.2 558 539 13.7 34.7

9 A

B4 7056 A4 7095 G & AEA I RSk A% T Wi 2439 14 Wr 1 7

el

Fig. 4 Fracture morphologies of 7056 alloy and 7095 alloy under different aging conditions: (a) 7056-T6; (b) 7095-T6;

(c) 7056-T74; (d) 7095-T74
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NaCl /K SSRT 56 =5 (Il TSR, AT %0 50
COR AR OUR, IX MR KR T R )R T 2
(SCC). % 3 FrFI WM& 4 SSRT 56 )5 1) 11 2= 1 BE
BB KE. EREW: 1 3.5% NaCl # K
558 B 5 =R S R AR ZE AN K, I A AR
BExai B A IR . S8, 7E 3.5% NaCl i H il
TRAFE i AR K R T = IR IR & 1, Rk sce
BURPEIR TS Isspe MERIPAL, HAERA FHAI()
TP,

Isspr = (1= Onacr / Oair ) x100% (1)

A Sacy B Spy 2 3.5% NaCl ¥ AN = iz Tl
WK Ioerr HBROR, it SCC R & 8 T
TN 7056 G4 H1 7095 B 4 Issrr 45, RIEHT SCC
Re 7T E/NBEI KN T . 7056-T6. 7095-T6.

7056-T74. 7095-T74. &h5t FHLORBIHT HIAH— A A
& n-Mg(Zn,ALCu), “FHAH, 1ZAHA PFZs J 4RI
BARBA RS ZE, SRR IR e kA
AR, B ARE phEE ), 7056-T6 A4 A
7095-T6 4 GBPs S HEARIELL 7341, Jm F FHAR B 1k
A a2 i 2R IE I, IX 2 7056-T6 & 4 Al
7095-T6 4 SCC HUBM: L m MR . B 6 Fin A
7056-T6 &4 7095-T6 &4 SSRT KRS (W L1 TE
B MK 6(a)i(c) AT LLE H: 7056-T6 & < AH3
IRZ /N BGPTSR, =& e, T
7095-T6 & <M HAHSABR U d A AESL, S HHIR 2 /)
PIes Xk, XA A G IR G R E 6(b)AI(d)
AL BRUKHIR T S W LR RS, JE I T I a ST
R ZIRRA. XWRH T LR n-Mg(Zn,AlLCu),
G 8ok H 23ES250 45, 7E SSRT I L5 1E i

600 | (@)
500 | ,
§ 400 |
2300
2 ,
£ —— 7056-T6, air
200 S/ /. 7056-T6, 3.5% NaCl
— 7095-T6, air
wo+ g~/ . 7095-T6, 3.5% NaCl
0 1 2 3 4 5

Displacement/mm

B 5 7056 &4:A17095 &4 SSRT Hhzk

FALTE RN &, AT B0 FL B 1 SCC Uk .
7 B NI 2 7056 G4 7095 A4 SSRT K44
(RIS B 7)) T LB H: 7056-T74 &
SOHIIE X, BIRE IR AT de i 22 1) 1 s 5 32
SHRA WA, T 7095-T74 AW DR EF
T2 . AN 7(b)RI(d)FT&0: 7056 AT 7095 4
2 T74 B RLCARMER BUWT L R3S, X R A
RSB R AT et O KRB, Bk,

7056-T74 441 7095-T74 A 4] SCC U PR,

e 7095-T74 &4 1) SCC BUBME K KRR, X2
T 7095-T74 & 4 n-Mg(Zn,Al,Cu), AHFE AL AR B BE VA,
GBPs [AJPEEE A, F YRR o F 1 6 o e A gy
JEHR . FEIFRNEINN: SCC 5 i ST i R 1
H KRR G, — B I FUE S 2 R A A S 2L,
LK 7-Mg(Zn,ALCu), AR LIMENHE H R T 1
B oK FRAK SCC U IEN, 7056-T6 & 4 A1 7095-T6 &
&1 n-Mg(Zn,ALCu), RFEUN, NEeE 2003k H
JRF, AN R 5 7E n-Mg(Zn,ALCu), AH T HERR, 24
or— BAE AR, B TS GBPs TRIEY &,
SEHEABMHEIR. 7056 &4 7095 A 4&% T74 i
B, n-Mg(Zn,ALCu), RFHGIN, RefisRE 2 H i+
KPR SCC HutE, JLHZ 7095-T74 &4 GBPs A
RSFRE 2L, RIES A, BRI T BR800
e A R IR, M PG SCC gt . Lt A R
PH B JE3 e 28 100 2 S BT R4 R AR FE SCC U,
i ZHUR S ST ARESE ) GBPs X A4 SCC s i
AR Fik, 7095-T74 44 GBPs HUIXFdF fiiE
A e HA R AH SCC BE IR . HAN, £
HWON T Mg (R BT AT Mg—H AR FAE F AN AT
WEGLA 2 SCC BUR M . i 4k Mg 5 H 5 Rl L
i ZERT Al H PR AEZE, Mg—H 1H

600 [ (b) S—
500 | N\
O,l ’
£ 400 /
&
2300 -
g .
& — 7056-T74, air
PIUV) S 7056-T74, 3.5% NaCl
— 7095-T74, air
o 4 7095-T74, 3.5% NaCl
0 1 2 3 4 5

Displacement/mm

Fig. 5 Stress-displacement curves of 7056 alloy and 7095 alloy under different aging conditions: (a) T6; (b) T74
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HAERSEIN T H R FESFOERSE, BT E280T# A%, Mg JeE NS TE R A mIE, ik 7056 &4
] GEMEDOT 1S T 7056 &4 @ T Mg % Cu Y SCC BUBMHER Er - ik Mg 5 Cu &8 [1 7095 R A& 4&AE
ERER A4, Cu JRTAE 7-Mg(Zn,ALCu), Ml & & T RCIRAS B AR SCC Uk

Bl 6 7056 <A1 7095 &4 T6 W2 T SSRT W HIE 3
Fig. 6 SEM fracture images of SSRT failed samples: (a) 7056-T6, air; (b) 7056-T6, 3.5% NaCl; (c) 7095-T6, air; (d) 7095-T6,
3.5% NaCl

3 7056 F1 7095 5 < 15 AR H A I £ R
Table 3 SSRT results of 7056 and7095 alloys

Mechanical property
Alloy Environment
UTS/MPa Loss rate/% YS/MPa Loss rate/% 0/% Loss rate/%
Air 572 545 7.2
7056-T6 4.2 6.2 41.7
3.5%NacCl 548 511 4.2
Air 550 534 8.6
7095-T6 5.1 5.8 384
3.5%NacCl 522 503 53
Air 597 581 10.8
7056-T74 2.2 2.9 29.6
3.5%NaCl 584 564 7.6
Air 560 545 12.8
7095-T74 7.5 7.9 234

3.5%NaCl 518 502 9.8
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B 7 7056 & 47095 é‘%TM 24~ SSRT Dﬂé%ﬂ

Fig. 7 SEM fracture images of SSRT samples failed: (a) 7056-T74, air; (b)7056-T74, 3.5% NaCl; (c) 7095-T74, air; (d) 7095-T74,

3.5% NaCl

41.67 . 7095

T6 T74

8 7056 #4xA1 7095 G B AR BT Lsspr {8
Fig. 8 SCC susceptibility index (Issgr) of different aging

conditions
3 ZEig

1) 7056 &4 1 7095 & 4 [ H AR A T BRI

Fighin, T 7095 A& MR E . XZHT Cu
TCEMBT Mg BRE oGS KA.

2) 7056 &4 7095 G4 T6 I U5 L 73 il /2
643 MPa Fl 610 MPa, Wi (Kic) 7l & 26.8
MPa-m"? #1 28.2 MPa-m'?. £ T74 W35, S48/
TBE, WIS BN E] 29.6 MPa-m'” F1 347
MPa-m'"?. AR & 4008 T 4, Mg JC& 158
R T Cu i, Cu & 5T AL,
R 7056 G458 T 7095 4. dai S AR
ZERRAR, MRTURIR. AELLMHT ARG DUSE T H
(3 A 3454 4 A I 2R 0 1 18 o

3) 7056 & 417095 G422 T6 I 315 BIIELL 7
AR 10 ST A (GBPs), 55 T AR BH AR S il g, 3
W em 2, {# SCC BUBRYERE B (T0s6.16=41.6 7% T1005.16=
38.37%). T74 BI&UG, K. ILAESE ] GBPs [
KT AEHEMmEE, SCC BURTETS BT (Losee=
29.63%, Ioste= 23.44%), JLIHE 7095-T74 &4
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Effect of heat treatment on mechanical properties and
SCC of 7056 and 7095 aluminum alloys

WEI Shi-long"? FENG Yan"? WANG Ri-chu% REN Jian"2, PENG Chao-qun"?,
ZHANG Hui®, XU Chun-ting’, WU Ying®

(1. School of Materials Science and Engineering, Central South University, Changsha 410083, China;
2. Key Laboratory of Electronic Packaging and Advanced Functional Materials, Central South University,
Changsha 410083, China;

3. The 38th Institute of China Electronics Technology Group Corporation, Hefei 230088, China)

Abstract: The microstructure, mechanical properties and stress corrosion cracking sensitivity of 7056 and 7095 alloys
with peak aging and over aging treatments were studied by SEM, EBSD, TEM, slow strain rate tensile tests and fracture
toughness tests. The results show that both alloys have obvious recrystallization after solid solution and the
recrystallization degree of 7095 alloy is higher than 7056 alloy. After peak aging, fine precipitates with small size and
high density in both alloys. 7056 alloy has smaller size (3.5 nm) and higher density than 7095 alloy, thus showing higher
strength (643 MPa). After overaging, the precipitates of the two alloys obviously coarsen, leading to deteriorative strength.
The 7095 alloy have lots of coarsening # phase after overaging, thus the strength of the 7095 alloy decreased 8.5%. The
fracture toughness values of 7056 and 7095 alloys after peak aging are 26.8 MPa-m"? and 28.2 MPa-m'?, respectively,
and increase to 29.6 MPa-m"? and 34.7 MPa-m'?, respectively, after overaging. The large fracture toughness of overaged
7095 alloy is due to the decrease of the strength difference between the grain and the grain boundary. The combined
action of the precipitate free zones and the coarsening and discontinuous grain boundary precipitates is another reason.
The continuous precipitates in the grain boundary in the two peak aging alloys result in high stress corrosion cracking
(SCC) sensitivity. After overaging, the grain boundary precipitates (GBPs) in the two alloys turn to discontinuous
distribution and obviously coarsen, decreasing the SCC sensitivity.

Key words: 7xxx series aluminum alloy; aging precipitation; stress corrosion cracking; fracture toughness
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