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VFAKFESE: Yb G &% Al-Zn-Mg-Cu & 4 H 2RV R (152 1

NS, KIERIN C.Cls, WHIRE ) 720~760 C,
TE A TR b e 2y, Hil 4 2 Fhigse
(Al-Zn-Mg-Cu. Al-Zn-Mg-Cu-Yb). ¥454E1E 465 C
TRIR 24 h FEAT ST AL, R AT B IR, BRI
N12.2, HRIRE A 420 °C, FHE L Netzsch DSC204F 1
B 7 A T SR o 5 38 D [ s A 3 20, ko T
TN 470 °C, fRIEISEY 1 h, #KJESCEIEEAT T6
RS 2% (130 °C, 24 h).

BT Magix-Pw2403 75 56 R B e i A8 &
S SEBRI Y, @ RNER 1 iR M #dEE (hot-
extruded treatment, HET) Fl1[# & -H} 2L (solution-aging
treatment, SAT) 2 FUIRZS HIFE S dHAT BF B FILOE, 24
Ji F Graff-Seagent it 7l (3 g Cr,03+1 mL HF+16 mL
HNO;+83 mL H,0) #4T/E 1, JF7E DM2700M AL
e BB S A4, ] Titan G2 60-300 3% &}
HLBE T & & R IS T ARIEAT W EE, FRIEAT U AT,
KR Tecnai G2 20S-Twin 3% 57 F &5 % i L kAT
WEE, FEHFEMZ KA Tenupol-5 Y A fiF XT84
Bl 2%, HLEN 20 V, HEEHIE-30~25 C, Hf#
W 25%HNO; Fl 75%CH;0H (AR 30 KR &
W

AR FE pR 4 B A FE 11 (BUEHLER 5104) 3%,
MAA S 5 A E A4S 7 Instron 3369 (50 kND
PRI ML BT, W 5 WG AR 2R =
Wk RGuitAT, DMBATHRBHRCH SR, HHk
B, R A4 kE GRS 1 em®) A TAE
AR, FF DA TB) J h %59 (IGC, 57 g/L NaCl #1 10 g/L
H,0, VR AV IRV, AT AE IGC IR
HERE S min, ST EEEEALRR 2 N FEEAT DA, AR
BEERFREE 35 °C; A Nova NanoSEM 230 B34 H1 1
A ORI 1 R S A I ok R T TS

2 HER5TR

2.1 ERSH

NTHEATER SAT %, Bt HET &M
44T DSC i, WK 1 Fion, Al-Zn-Mg-Cu
Al-Zn-Mg-Cu-Yb & 475 Hll £E 482 F1 474 CAELE 1 AR
TG, 22 VA A e R A BT OGS L PR U B N, A
A Be R, AR v I TR U R e VA AR R 2

x1 AEWNERRES
Table 1 Chemical composition of the studied alloys (/%)

Alloy Zn Mg Cu Yb Al
Al-Zn-Mg-Cu 8.67 2.52 2.18 - Bal.
Al-Zn-Mg-Cu-Yb 8.59 2.43 2.19  0.25 Bal.

* 3557 ¢
0.2
474 C
%0 0.0f
.—3 __,-’.. ——Al-Zn-Mg-Cu
0.2 7 o AlZnMg-CuYb
S
_O.4m
482 C

100 200 300 400 500

Temperature/C

K1 #AEESE 4K DSC #izk
Fig.1 DSC curves for the HET alloys
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N g g
S Ty I

RHAR

Bl 2a fll 2¢ 43 10 2 P& & HET RS I S AHH 2,
AMUEH 2 MEEERNYEFHER, &
Al-Zn-Mg-Cu-Yb & & ik 72 75 AR JE 7 1) 2 M o A
IS A (B 2c FLAEEKLATTE). SAT RETMH
Al-Zn-Mg-Cu &< RN — 188 3l d 20 i, &l 2b
Fi7s, 1 SAT % Al-Zn-Mg-Cu-Yb & 4 1)k 5 2 H
ECEE At /), AR & A 7 BOCE FHLOR I 35 — A (&l 2d
LTSk ATHR ). IX3REH Yb IR T AT i
SR IRAR, H YD AL 23 S 20 4048 ok e o

Kl 3a A Al-Zn-Mg-Cu-Yb & 4 7E SAT IR R
TEM 14, W] LA HLE df A AEAE RN A — B AT Al
N HE— B AR B LAY, X ] 3a i bRac b i X 4k
HEAT EDS Ju & s T AT, nr BUR I, A BT
WA Bl R T E 60.93%A1. 26.35%Cu Al
7.62%Yb ARk, H IR B 8:4:1, 4R E 1
P R SCHR™ 2, HEWTZ A A AlgCusYb A1
2.3 NEMEE

AT Yb B INY Al-Zn-Mg-Cu & & /154
RERIRE I, XF 2 Flt SAT 45 & 4 i AT 5 A Tz ik i b
T, i 4 Fros. SREW, Yo WERmE, &
& (1) PR B AN BT R FE RIS B T R E R S, R
5 1 1230.88 MPa 25 % 1518.02 MPa, #1E °~ 23.3%,
PLRISREEH 562.9 MPa 28 %E 616.3 MPa, HilE N
9.5%, XK Yb A FIT Al-Zn-Mg-Cu 4 7]
FHERE AR R

Kl 5 5 2 Fl SAT & & MBIl DS, oL
F|, Al-Zn-Mg-Cu &4 FE S B )5 o fn 2
ZURNYS B 24 1E, 1 Al-Zn-Mg-Cu-Yb & 4 LA
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Fig. 2 OM microstructures of HET Al-Zn-Mg-Cu (a), SAT Al-Zn-Mg-Cu (b), HET Al-Zn-Mg-Cu-Yb (c), and (d) SAT Al-Zn-Mg-Cu-Yb
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Al 60.93
Cu 26.35
Yb 7.62
:é Zn 3.58
e Mg 0.92
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Energy/keV

Al

500 nm

3 SAT Al-Zn-Mg-Cu-Yb & 4] TEM % 5 —AH 1) EDS 43 #r
Fig.3 TEM image of the SAT Al-Zn-Mg-Cu-Yb alloy (a), EDS analysis results (b) and EDS element mappings (c) of the second phase
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VPSS Yb A S X Al-Zn-Mg-Cu & S H LI RE N2

* 3559 -

<200 650
[an} I:IMicrohardness 616.3
ozo ®  Tensile strength <
g X | o~
g 7 562.9 o g
> : 154.9 s
= { ; &
£150 550 &
Q w
(=}
= 125.6 =
S125¢ T 500 £
:
= 100 450
Al-Zn-Mg-Cu  Al-Zn-Mg-Cu-Yb

4 Yb ISINHTJE SAT 456 & i B Atf B R B 4or 5t P
Fig.4 Microhardness and tensile strength of the SAT Al-Zn-Mg-
Cu and Al-Zn-Mg-Cu-Yb alloys

5 Yb RINHT S SAT 54 £ hr i sl 7 1 B30
Fig.5 Fracture morphologies of SAT Al-Zn-Mg-Cu (a) and
Al-Zn-Mg-Cu-Yb (b) tensile specimens

PIE o e TR F, NG R R A T 1 RR AR W] BLK
W7t Al-Zn-Mg-Cu-Yb & & H A7 5 4F B i R
2.4 JEihiERE

6 N 2 B SAT A4 1E 1GC Wl kAL ih 28,
X AT Tafel 43T AT 45 2IHH L& <6 1) AL 22 TR Bk 25,
AFEE AL (Eeor) FFMABR Uor)» WE 2 PR,
Al-Zn-Mg-Cu il Al-Zn-Mg-Cu-Yb &%) Een 705N
—0.766 F1-0.789 V, Ui Yb /5, Al-Zn-Mg-Cu &4
JES A ) BE KRR SR Y, A i R
Lo FIE L, T Al-Zn-Mg-Cu F Al-Zn-Mg-Cu-Yb &4 1

= Al-Zn-Mg-Cu
| —-—--Al-Zn-Mg-Cu-Yb

lg(i/A-cm™)
A

-0.9 -0.8 -0.7 -0.6
E/V vs. SCE

K6 Yb#INTa SAT 6 & i Ak th 2k
Fig.6 Polarization curves of the SAT Al-Zn-Mg-Cu and Al-Zn-
Mg-Cu-Yb alloys

R2 YbRMATE SAT BE&MUHMEUESH
Table 2 Polarization curves parameters of the SAT Al-Zn-

Mg-Cu and Al-Zn-Mg-Cu-Yb alloys

Alloy Eecon/V vs. SCE Leor/pA-cm™

Al-Zn-Mg-Cu —-0.766 73.35

Al-Zn-Mg-Cu-Yb —-0.789 104.2

Loow 23K 73.35 F1104.2 pA-ecm?, BT LA JE B 5h 11241
FHEEMAEI T YD TR IR & S8 il i BEAF]

7 #& Al-Zn-Mg-Cu-Yb &4 e Ak #h 22 035 1
JEhR T SEM S, M 7a il LU, JEThEE R
AAE AlgCu Yb MG EARSEHEAL, TBORJE WSS, Wil 7b
FiR, AlgCusYb A JE Bl A 256 T AlsCusYb AHK
A A S R v, AR SRR 26] T O IRE, KR HT
AlgCu,Yb A I JE ik rAT iy T 544, FEA &R A S ki,
AlgCu,Yb A5 Ak 2 ] 23 0 2 e P2 AR AT B, AT
845 AlgCu,Yb AHMFEAATILT, TERUE YT, X WE
BT Yb B INSs %Ak Al-Zn-Mg-Cu & 41 J& vk BE 1
3 W it
3.1 Yb BURIN*T Al-Zn-Mg-Cu & & ¢HLE RIS

AT AR 2L BILE Al-Zn-Mg-Cu 541, Yb 5
FEEILE Cu ZHFERBRMZ M, SIEK
AlgCu,Yb FE 4, B2 FIIE 3 thadk—PiEse Tix— M
o fE HET JRE T, AlCu,Yb MI& I EH LA 7
AT, XREFNBEITER Yo S mEBARRER
r A B A, TEEE [ 45 T R T A e R A
TEMALTERZ KR, BB ARG, A a A K,
# AlgCusYb AH R ILH W B TE 7 & HE A, 1 AE
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Wit R RS TR

52k

AlgCusYb

B 7 Wtk k5 SAT Al-Zn-Mg-Cu-Yb & 4 (& th % I SEM 31
Fig.7 Corrosion surface SEM morphology of SAT Al-Zn-Mg-Cu-Yb alloy after polarization curve test (a) and its magnified image (b)
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AHATS LR BE A & 57 PR o
Yb I IE £ e 2 4 4k KL E . BT Yb i
A T B, 6 i SR BATHAE A, RIS 854 STk
[28]7] %1, 8a 1 8b FronI4i/N Al;Yb Fi¥BHAS &
R B ALES I 3l , 3K P 77 T T DR e ) A 380 48 e ot i
EH .
3.2 Yb HIRMXT Al-Zn-Mg-Cu & & N MRERVEIR
ME 4 72 Fl SAT &4 &M fe 2 81 L s R 3
Yb I iE s A S0 15 R O Re AR
FERIFTLLRBHE M : (1) AR SFE ALYDb Fi
T, BB AHBAER: (2) dimiER, R

R

Al;Yb
e

10 nm :

10 nm

# Hall-Petch A3, 7fE—EJEHEN, RN, 58
JE R
3.3 Yb HIRMXT Al-Zn-Mg-Cu & & & i 14 RE AV 2N
ME 6 FIZE 2 AI%1, Yb N2 AL Al-Zn-Mg-
Cu && Mt i mhtEge. 78 IGC ¥+, HmTHiZE
MOAFAE,  JE5 T o BER AR TR 5 B AR DL T HE A S 2
sz 8], pH G HE A R v B R B ) SR LR
P : (1) Wik 7 Fias, AlgCu,Yb AHEIAAAER N T
JER AR X Sk (2) W 8¢ Al 8d AR, TE Al-Zn-
Mg-Cu &, HAFLAN MgZn, #H () ZWig
i, MR Yb J5, AR n MRES S A, HIRR
TORE R mTE , W R T R B

Al[011]

K8 Yb TG SAT #34& & TEM 1§ & % — A FFT
Fig.8 TEM images of SAT Al-Zn-Mg-Cu-Yb alloy (a, b); # phase distribution on grain boundary structure of SAT Al-Zn-Mg-Cu-Yb
alloy (c) and SAT Al-Zn-Mg-Cu alloy (d); HRTEM images of Al;Yb and # in SAT Al-Zn-Mg-Cu-Yb alloy (e, f), FFT of AL;Yb (g)
and # (h) phase
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VERFESE: Yb IE &3 Al-Zn-Mg-Cu &4

H AR RE B s 3561 »

4 & i

1) Al-Zn-Mg-Cu &R INTE Yb 5tk o f
FHK ) AlgCusYb AT &, HL & FEAL IR o A H W 2R 2 A7
AR A, RIS A & iR 18 240 L

2) W Yb JEE& M R B E S, B
JE R R 58 B 43 ) A 1518.02 MPa 1 616.3 MPa, 57
JIHT K 1230.88 MPa £l 562.9 MPa A EL, 18184 5 N
23.3%F1 9.5%, Fr A Wr 2T 2 H ) 53 5 b AR ) TR
A B W R AR N o T Y

3) WIN YD Ji5 G G i R v e B N B, R AL
H—-0.766 V FEILE-0.789 V, JEM B HEEZH 73.35
pA-em? AN 104.2 pA-cm?.
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Effect of Yb Microalloying on Microstructure and Properties of Al-Zn-Mg-Cu Alloy

Xu Yongxiang', Zhu Mengzhen', Fang Huachan', Zhang Zhuo®, Duan Zhiying', Sun Zhen'
(1. State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)
(2. Advance Research Center, Central South University, Changsha 410083, China)

Abstract: Al-Zn-Mg-Cu and Al-Zn-Mg-Cu-Yb alloys were prepared by melting casting, hot extrusion deformation and solution aging. The
effect of rare earth Yb microalloying on the microstructure of Al-Zn-Mg-Cu alloy was observed by optical microscope, scanning electron
microscope and transmission electron microscope, and the properties were tested by differential thermal analyzer, tensile tester and
electrochemical workstation. The results show that the addition of Yb can obviously refine the grains, and the microhardness and tensile
strength increase from 1230.88 MPa and 562.9 MPa to 1518.05 MPa and 616.3 MPa, respectively. The tensile fracture mode also changes
from intergranular fracture and dimple fracture mixing to complete dimple fracture. However, the precipitation of coarse AlgCusYb phase
in the matrix and the continuous distribution of # phase on grain boundaries are unfavorable to the corrosion resistance.

Key words: Al-Zn-Mg-Cu alloy; Yb microalloying; grains refining; tensile fracture; corrosion resistance
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