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52, PLRE N HE— 53R TF 7020 4R &4 a T fe iR
52, FHEF T EIFHIAR Ge JLRTE 7000 R4S
SHRIE S L.

1.1 K3

AL K 48R (99.99%, s HD. Tkl
BE (99.9%) A1 Tk 46 8% (99.9%) , M Al-48%Cu -
Al-8%Mn. Al-3%Cr. Al-3%Zr 1 Al-5%Ge 9] &4
NIRRT IE R, 15 30 mm B, SLillfh
A WA 1. BRI SIMNE, B2 EIRAELKL 3 mm
JE IR o BRAFIRFELE SX—4—10 FUA4H 2QHE L AT
(470 °C, 1 h)EIEAEE, B 5 7 RI7E =K R 3K,
BJEAE 120 C N7 A I R #E .

1.2 SLWHEREMH

8 GB/T 15970.7—2000 SR BUN R A RE S AE
RW—50 293G T k4718 AR i 26 47 AR 55 (SSRT),
PR AT T AR FL T [, AR 1X107°
s IR IR B IR AR 3.5%NaCl(f &
IO FARESIAR 3 P4 RIS 5 5,
KH ZEISS EVO MA10 U474 H 53 (SEM) WL SR K Wi
1, HA# ] Oxford X-Max" Z4 g 1A (EDS) 4 #7155 — A
HE Ry o

SARREEL K BE LIRS, R Graff iRX77(83
mL H,0+1 mL HF+16 mL HNO;+3 g CrO;)#{7i2 1,
SRJGTE Olympus BXS1RFX 4 hH ks T W %2 ks
M2, K Tecnai G* F20 %3 i A (TEM)M 224 4
A P BSOULARSAE, s L A 200 kV; SR Titan G* 60—
300 734 E B B (STEM) 16 & £ 36 T2 15 35 1%
(HAADF) #5220 T WL 82 & 4 5 S AL O RRAIE, SR
Super-X Y RETE SO IS — A HIALZE Ry, SRBE RN
N1 nm, JIEEHEA 300 kV. FE5THEE RS 100 pm
MR, MPREAR 3 mm [ A S AT E AR U R
HLAARCN 30% HNOs+70% CH;OH(RFR 73 %0), 1R E#
HIE—20 CTLAF .

x1 LRSIy

Table 1 Chemical composition of studied alloys

2 SLIGHER

2.1 BNTIRERARIRIGER

1 9 7020 F1 7020-Ge AR 7E 23S M NaCl
T SR A0S AR S R A i 2k, B R A
REERHTH 2, HE 1 AT, Lk 7020 AL 2
7020-Ge H5AF, NaCl ¥ - 5 B R 3R A =
SR, (BN 7020 R4 IPTHL R
AR ST R T 3.0%F1 19.9%; 7020-Ge HR A7 11
Prhr o B AR 0 R T 0.4%F0 12.4%, TR
FEB RN 2). BEAh, N Ge JTGEJE, WM
2SRRI R A 345.1 MPa | [ 323.3 MPa, fii K
I 12.53% F R3] 11.73%. X5 LIN U1 45
RBPL, AATRIAE Al-Zn-Mg-Cu &4 A Ge JG
5, =R PR R TR

IS 7 I8 e B (Lssrr) 256 25 B8 T P 38 5 RO A
R, A AP T B 4B 8 o SR,
HAF AR N
Oy X (1+ 05, )
Oa X (14054

Isspr = 1= (D
X o, NRFETE NaCl W F PRI SR, MPa;
Opy NAFETE NaCl P IR E, %; o AIRFE
RSP PRI, MPa; S, NRFEAESESH K
KR, %; IsprlEM 01, FHIN 7 T 280
PEARBIE N, 3R 2 WAL, Lssrr HH 7020 #RAF I 0.059
J/NE 7020-Ge BRAT ) 0.017, XFEH] Ge TLRAEE R
H AR 7020 £ 4 1R 807 85 T o R U

22 hifRETORZSR

2 FIi7n oA 7020 A1 7020-Ge HM #E %55 AT NaCl
VW BT IR SEM 8. I 2 ATHL ik
& 7020 MM IESE 7020-Ge BRAL, P A A5 A 1 I 177
SR TR E S PRR AL 7E 25 S L fe 7
FIR T3 (LE 2(a)F(c)), 1M NaCl 38 i
PRI H I 738 SR A OB 2(b)F(d)), 1X

Mass fraction/%

Alloy

Zn Mg Cu Mn Cr Zr Ge Al
7020 4.36 1.25 0.15 0.26 0.19 0.13 - Bal.
7020-Ge 4.33 1.25 0.15 0.27 0.20 0.13 0.11 Bal.
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Fig. 1 SSRT curves of two aged sheets in different media: (a) 7020 sheet; (b) 7020-Ge sheet
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Table 2 SSRT test results of 7020 and 7020-Ge sheets in different media

Alloy Medium Ultimate strength, R,,/MPa AUY% Elongation, 4/% AEPI% Issrr
Air 3451+ 1.4 12.53 £0.46

7020 3.0 19.9 0.059
NacCl solution 3322+3.2 10.03 £0.78
Air 3233+1.7 11.73 £0.42

7020-Ge 0.4 12.4 0.017
NacCl solution 322.1+2.4 10.27 £0.53

1) AU=100%x (Rm,air_Rm,NaCI solution)/Rm,air; 2) AE=100%x (Am,air_Am,NaCI solulion)/Am,air

e S S

3 WIS AR 2E 25 UR NaCl 7 bR 11 (64 SEM {2

Fig. 2 Low magnification SEM images showing fracture surface morphologies of two aged sheets after SSRT test: (a) 7020 sheet in
air; (b) 7020 sheet in NaCl solution; (¢) 7020-Ge sheet in air; (d) 7020-Ge sheet in NaCl solution
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B3 PR AR 7E 25 SR NaCl g b iz A 1017 & % SEM 15
Fig. 3 High magnification SEM images of two aged sheets showing fracture surface morphologies of sheets after SSRT test: (a)
7020 sheet in air; (b) 7020 sheet in NaCl solution; (c) 7020-Ge sheet in air; (d) 7020-Ge sheet in NaCl solution
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Fig. 4 SEM image showing fracture surface of 7020-Ge sheet after SSRT test(a) and EDS spectrum(b) of particle A
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Fig. 5 Optical micrograph of two aged sheets: (a) 7020 sheet;
(b) 7020-Ge sheet (RD: rolling direction, ND: normal direction)

B & AR T BT R T 7% (PSN) Y T 45 & Bl s B4,
7020-Ge AR H B AR T HER 7020 M E
%, ] LA BT 2 1 F25 & S pi (LB 5(b)).
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Ve =(1.41/6)x (ND2 .,/ A) )
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Ge TTEMFAEHEMEIL Zny Mg 574 BUR T3 Bk
R, il GP XITERG, MM T A%t . 54k,
7020-Ge A H Mg,Ge AHIITE UL 4)23 HFE—6
5> Mg B, Wil o MrEE. A, n'Af
AL, RN, SRR 28, R,
7020-Ge M TE 2 S A BT R 58 B 7020 A AR
RN 2).

B 7 T A 202 7020 A1 7020-Ge BB s 7 A i
A1) HAADF-STEM 4. BEARRM ol SR Ab 354 K &
n FRLT, AH 7020 Bb 1 p AHI RS FITRIEE S /N Ty
T TG LB RPAROR T i FAL LA ZURRAE, X 2 AN
Gtk AHRRSE. [RIBE. Sy LA PFZ % it

Bl 6 Wi RS (110) , 77 A &4 N 813 TEM (R K&
Xof IS FRY 6 X AT S AR

Fig. 6 Bright field TEM images and corresponding (110} ,,
SADP of two aged sheets: (a) 7020 sheet; (b) 7020-Ge sheet
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B 7 PRI GO ) & 7 AL HAADF-STEM {5

Fig. 7 HAADF-STEM images showing precipitates and PFZ
at grain boundary of two aged sheets: (a) 7020 sheet; (b)
7020-Ge sheet

T80Tt 4553k 3 4 B, 7020 B A AR
<} 48.5 nm, [AIEEZ) N 47.2 nm; I Ge 7GHR)E,
n AR ST BN 32 62.9 nm, [ EEBEINEIZ) 71.1 nm,
PFZ %A K. B 4 /%1, A Ge L&A, 7
A Zn, Mg SR JLTFEINn—6%, ([HEEE K LEIHL
N 2:1; Cu FEISA F%. ZHAO ZPWE Ol 7t
AR, BRI g AT R D T I )91 i TR A A e
bR WK RPN IR . FERE RV, SR I
W) Zn, Mg Al Cu &R 72t 24 5%, IHPE
f At ETAZ N GP X, XA B AE KRBT
LR S . SR1, 7E 7020-Ge HA . Ge JiLT
BEAT ALV K0, W T A sh S A e,
il L AT, WD T d AR TERT R S I,
TX G o FAH P LAMR SRR 22 (I 0 iR, B RST R,
Zn. Mg SEHRE. 15 7020 HAf 4, & A b i

R3PS RSB S g ARRGT S (IR LU PFZ 58 1%
it
Table 3 Average size, spacing of # phase at grain boundaries

and width of PFZs in two aged sheets

Allo Size of 5 Spacing of i Width of
Y phase/nm phase/nm PFZs/nm

7020 48.549.7 47.2439.6 39.243.6
7020-Ge 62.9+18.4 71.1+48.4 41.246.6

Ta PRI RS 5T g ML EE RO
Table 4 Chemical composition of # phase at grain boundaries

in two aged sheets

Mole fraction/%
Alloy
Zn Mg Cu Al
7020 11.3£5.0 5.8+£2.0 0.9+0.5 Bal.
7020-Ge 20.6+5.9 10.5£1.7  0.6+0.1 Bal.

JEFH G Ge TR, mAMHERKERZ, &
KBEEL, M Zn. Mg SEEM, RFED.

TE WA HRE RE G B — L6 ]SFA 50~300 nm 1]
S AR, Wl 7 A A kTR, EDS A
CERF LR PR T AL GRS, FESH Mn.
Si fll Fe L&, HEDMA: 3.9%~72% 1.3%~4.9%
A 1.2%~2.9%(BE/R 7340, R Hob—ShiFBr T
Al JCESL, FEESH Mn Ml Cr TR, SESHN
2.7%~4.4%H1 1.2%~3.1%. X425 FREF EIVANI
ZEDOI%E AAT020 454 G PR B IR FU 45 5, (RiX e
FLFALFASZ Ge Juz MR, (R PR L5 MRS 1
AL TR E I — BRI T EATHE 7000 REE &
A ) P 5 R AR RO, DRI A AROM R
AT A (LELS).

3 Wig

TEJE A AN AL FRER R, 7000 REAA 4
MRV SR AN TG RL . Ab 73 B F R SR T
ALY, REE I E R S R AR . S
n MTEGSh—M7e MBI, mRJeisE, fE48 7
VEF R4 5 o A S i 8L, R i A g S 80K
FERTWTZL. Bk, 7020 A1 7020-Ge PR {E NaCl
VWP R R R S SR AR AR A
P2 153 %ot FL AL 2 AT 2 S A R, (E— T
5, Zn. Mg iR S EF K& Cu TR S EHKSIL
FAAR TS B 5 R 25 2 B k>0, ARYE SR 4 AT, DN
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4 Z5ip
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Effect of minor Ge on stress corrosion cracking susceptibility of
7020 aluminium alloy sheet

WANG Qing' %, YANG Zhen-shen"?, CHAI Wen-ru" %, CHEN Jing-chao'*2,
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2. Key Laboratory of Nonferrous Metal Materials Science and Engineering, Ministry of Education,
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4. Nonferrous Metal Oriented Advanced Structural Materials and Manufacturing Cooperative Innovation Center,

Central South University, Changsha 410083, China)

Abstract: The effect of minor Ge on susceptibility to stress corrosion cracking (SCC) of 7020 aluminium alloy sheet was
investigated by slow strain rate tensile (SSRT) test, optical microscopy (OM), scanning electron microscopy (SEM) and
transmission electron microscopy (TEM). The reason for the decreased strength of 7020-Ge sheet was discussed
according to the change of the size and volume fraction of ' strengthening phase inside grains, and the reason for the
decreased SCC susceptibility was discussed according to the change of grain structure, and the size, spacing, chemical
compositions of # phase at grain boundaries caused by Ge addition. The results show that, after the introduction of Ge,
the ultimate strength of sheets subjected to SSRT test decreases; moreover, the decrement of strength and elongation in
NaCl solution compared with air decreases, and Issgr decreases from 0.059 to 0.017, indicating significantly decreased
SCC susceptibility.
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