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Table 1 Chemical composition of alloys

Mass fraction/%

Alloy

Zn Mg

Cu Yb Zr Al

AlZnMgCu-Yb-Cr
AlZnMgCu-Yb-Zr

8.48
8.52

232
231

1.91
1.95

0.21 - 0.13
0.19 0.14 -

Bal.
Bal.
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Fig.1 Diagram of fracture experiment device
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B2 T6 MG e eMAL(T-L )
Fig. 2 Optical microstructures of T6-tempered alloys (T-L plane): (a) AlZnMgCu-Yb-Cr, electro-polished and anodized;

(b) AlZnMgCu-Yb-Zr, electro-polished and anodized; (c¢) AlZnMgCu-Yb-Cr, etched with Graff-Sargent reagent; (d)
AlZnMgCu-Yb-Zr, etched with Graff-Sargent reagent

Recrystallized Substructured
grain grain

B3 To G4 EBSD S kiR 537 1]
Fig. 3 EBSD grain characteristic distribution maps of T6-tempered A1ZnMgCu-Yb-Cr (a) and AIZnMgCu-Yb-Zr (b) alloys
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Fig. 4 Grain size distribution of T6-tempered AIZnMgCu-Yb-Cr (a) and AIZnMgCu-Yb-Zr (b) alloys
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Fig. 5 Distribution mappings of CSL grain boundary character and misorientation angles between adjacent gains in T6-tempered

alloys: (a) AIZnMgCu-YDb-Cr, distribution mappings of CSL grain boundary character; (b) AIZnMgCu-Yb-Cr, misorientation angles;
(c) AlZnMgCu-Yb-Zr, distribution mappings of CSL grain boundary character; (d) AlIZnMgCu-Yb-Zr, misorientation angles
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Kl 7 N T6 B34S AlZnMgCu-Yb-Cr &4
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2975 30~100 nm( I B 7(a) F(b) H & Sk AT di ik ) - BR itk 2
A, b B TEAE K& 0.5~1 pm A1 0.1~0.2 pm f B A
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BE AT S . BRI, £
FHMAFELE 20~50 nm I TCHTIENT HIH o
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Fig. 6 Distribution mappings of Schmid factor and corresponding of statistical graphs in T6-tempered alloys: (a) AlZnMgCu-

Yb-Cr, distribution mappings of Schmid factor; (b) AlZnMgCu-Yb-Zr, distribution mappings of Schmid factor; (c) AlZnMgCu-

Yb-Cr, statistical graphs; (d) AlZnMgCu-Yb-Zr, statistical graphs
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B 7 T6 WA AlZnMgCu-Yb-Cr 4 4 1) TEM {3 AR BUMH 1% [X 57 59 5T

Fig. 7 TEM images and SAED patterns of T6-tempered AlZnMgCu-Yb-Cr alloy: (a), (b) TEM bright field images of cluster-state
nano-scaled dispersoids; (c) SAED patterns, [211] of dispersoids in Figs. 6(a) and (b); (d), (¢) TEM images of sub-micron scaled

phases; (f) TEM image of grain boundary precipitates

B8 T6 KA AlZnMgCu-Yb-Zr 441 TEM (3R 9/R SO IE X (AT 5 B
Fig. 8 TEM images and SAED patterns of T6-tempered AlZnMgCu-Yb-Zr alloy: (a) TEM bright field image of subgrain; (b) TEM
image of grain boundary precipitates; (¢) TEM image of grain boundaries and dislocations pinned by fine dispersoids; (d) SAED

pattern, [113],,
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Table 2 Tensile properties, hardness and fracture toughness

for the tested alloys

Hardness, O'b/ 0'042/ 510/ K[c(S-L)/
HV  MPa MPa % (MPam"?)

AlZnMgCu-Yb-Cr 202 684.8 6639 7.0 19.3
AlZnMgCu-Yb-Zr 210 7219 7115 7.7 29.3

Alloy

IRSEEE 5> 518 210HV . 721.9 MPa #1 711.5 MPa, fii&
B T1.7%, WiZHIEN 29.3 MPa-m'?, FHE &N
Yb Hl Zr 7] 45 15 Al-Zn-Mg-Cu 2 4 F 98 5 A0 K 24 90 1
BN, JrEMRE S5 6 18 Schimid B4 4i 1%
IVEEE K
9 RN T6 BESE &R B .

AlZnMgCu-Yb-Cr & & hr i W 1 gk i i 2R 9) 55 1
7RIS TR, WaEBRAECOR, YIRS H
W, AR A S W A B M B 22 (L 9(a) Al
(b). ZGRenE T, K FX AR AlCusYb
A E M, MIE %N AlL,CuMg (S ). AlZnMgCu-
Yb-Zr &4 Wi A AR R, NS 2 HIR,
HIax A2 A S AHOLE 9()F(d)), RAF AWM

Yb Fl Zr 7] 2038 Al-Zn-Mg-Cu & & 1 B 2439) 1 FE

2.3 mlEE i Ee

Bl 10 BR8] 6 a 1 AT 22 56 TR S
MIEHIES . AlZnMgCu-Yb-Zr & AN A AT & 4]
JE I 5, JEEPRIR FE /N 10(b)), AlZnMgCu-Yb-
Cr &4 ORI SEE I, BB sRINES
SRETIFEN AR EOLE 10(a). WEE KL,
Al-Zn-Mg-Cu &4 [ J55 ok 3 B V5 KA B 1 P45
AL TSR R, T A T O 0 R SR A4
JiE i, 2B A A RN Yb Rl Zr 7T 3542 18 Al-Zn-Mg-Cu
B &I R S AT .

24 RIFEREMEEE

% 3 FTHI NG &AE EXCO ¥ H 2 AN A A A) 5
S, B 11 B e EXCO il i 48 h
JEEESNBINES . BHE 11 TEH, Rifl48h 5,
AlZnMgCu-Yb-Cr &4 I T 81 5105 2 5 m 48
WY RIS, B EAEN A, B SR
FIHEAANE, REFREAEHE, RIEHFmISE™HE
(WL 11(a)). AlZnMgCu-Yb-Zr PR EE LRI A

B9 To R & ST I SEM &

Fig. 9 Fracture SEM images of T6-tempered AlZnMgCu-Yb-Cr((a), (b)) and AlZnMgCu-Yb-Zr((c), (d)) alloys
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¥
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10 5 5] 1 B < BB T 28 0% TR S Tt ) S Rl 2L 21
Fig. 10 Graff-Sargent reagent etched cross-sectional optical
microstructures after IGC testing: (a) AlZnMgCu-Yb-Cr;
(b) AlZnMgCu-Yb-Zr

£ 3 T6 BIAAELE EXCO R I AR F] J5 (45
AR
Table 3 Corrosion grade of T6-tempered alloy after immersed

in EXCO solution for different times

Testing time/h

Alloy
1 2 4 8 12 24 48

AlZnMgCu-Yb-Cr P EA™ EA™ EA" EB EB EB'

AlZnMgCu-Yb-Zr N P~ P P P° P EA

B SR, RN D EENE. B, RITE
JE A TR A, bR B A e, 2R T R S 1)
BEE /DA 11(b)). AlZnMgCu-Yb-Cr Al AlZnMgCu-
Yb-Zr & 4aHIRITE G T 578 EBT. EA, RUE
AN YD A Zr B 5 R Al-Zn-Mg-Cu & 41 RI7%
Jg bl 77 6

W RIVE R AR SR E s, B T4
IS, 258K 12 s, KM Al-Zn-Mg-Cu &
G VR JEE ok S SR VA XA B ) T4 o R S A
PR, T AR X R T AR FE RN

11 EXCO R 48 h G FE bl (M TS
Fig. 11
Yb-Cr(a) and AlZnMgCu-Yb-Zr(b) alloys after immersed in
EXCO solution for 48 h

~ 500um

Cross-section optical micrographs of AlZnMgCu-

12 RIVEJE 1048 h 5 & < BT 22 BR RS Tt 1 2 S 21
Fig. 12 Graff-Sargent reagent etched cross-section optical
microstructures after EXCO testing for 48 h: (a) AlZnMgCu-
Yb-Cr; (b) AlZnMgCu-Yb-Zr
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3.1 BHENEFBRERNZN

T6-i 2% AlZnMgCu-Yb-Zr &4, P4tk 4546,
BT KEFHERUR ST 2.3 pm T S0k, B/ R
FERT KB 51%. 7 FI45 5 AlZnMgCu-Yb-Cr &4,
KA FE i AL LA ik 80%, P34 f kLR SEE T 40
pme XS Yb 1) Al-Zn-Mg-Cu &4 8] R T 45 i 25
BRIV T 9K B ok 8O o Ak B B A
Al-Zn-Mg-Cu & &7E [ i f o= A KW iy, 7ERE
JE T [ P HE AR R, WK KR O A A
Lo R, A Mz ae KRB — 2 MR (Re)
I, A 2T R 4G dib Ak, MRS Gibbs-Thompson 2% %
2R Zener ARSI, SAE A B B m IO AL B
BHJJH1 Zener BH ) Py, 75 BERERIA /N HIAF 2 R
UF ORI o L1, 4546 B SR UM 5 B4k ) (1) S THD e A0
RIARREEAR, TIA RRACINEOHE rRA L2, s 24T 3L
PrEEFA ER ST R, MRS S W AR RLEs M, R aCNA AL
SINECH ) SRR EE R 22—

AlZnMgCu-Yb-Zr &4 s FIPU 45 dRe /1 kiR
FRAE 10~20 nm. FE4% 1 Al (Yb, Zr) R . ARHESC
BR[10], AL(Yb, Zr)yR B A 12/55454, 5 Aly(Sc, Zr)
A AL(Er, Zr)oREARZRMIN, X AR 41/ R SR /2
AR BHABK folr, Bm Zener B 77, W ULA RO
HRPU IR T O i 110 [ 375 o 205 o e o ) i o

32 BHEmMESNFMENZI

WIEE 2, 5HEHN AlZnMgCu-Yb-Cr &4
b, RESRILT4EIR AIZnMgCu-Yb-Zr &4 HAH
AR . SR AIGEfEME . Aly(YD, Zr)X} AlZnMgCu-
Yb-Zr G4 RIE T 1) 10~20 nm. FEA%H
Al (Yb, Zr)3R B P2 A4 Orowan SRALFIAT 7tk 2) ¢
JE AN E AL FE R T, AL(YD, Zn)#REUH A il
fn KR, AR RSHRRRAE 2~3 um, AR TR AR ki 1 5
BAEFFIE 52%, PR¥FE T S5 H AL .

3.3 BEENESERITANEIY

P g R, EE%M Yb A Cr 1
Al-Zn-Mg-Cu & & EZ IR RWE N T, BEHN Y
N Zr &S HA AT SRR E 9. AT
BE— DI WA T N S A RS AR R, X
W R TR AT T B EE, A R WA 13 B
N, F4EE AlZnMgCu-Yb-Cr & 4 H i dm W22 43 50

BT ARES M AlZnMgCu-Yb-Zr &4 . Ak
ERSF N 1~3 um ) ALCuMg F0RLE I RAA4, Hus

fracture

S phasc g8

)

B 13 Al-Zn-Mg-Cu & Auffilf N SEM 18 & BET
i
Fig. 13
analysis of Al-Zn-Mg-Cu alloy after tensile-testing: (a)
AlZnMgCu-Yb-Cr; (b) AlZnMgCu-Yb-Zr

Fracture cross-section SEM image and EDXS

R P T i R R T R (L 13(a) P E
Qb 3K T S AR T 7E K A T P 4 o O BB A
GRSt RS A, FLK A B A o R R R
Gt b AT AR R, PFZs X (LA 7(6),
TR SRR IR, AR, RGERSYRL,

FELTYEIR AlZnMgCu-Yb-Zr &4, KA A
SR, T S HA 5 B T A A T
%o XHAK T FAL PR/ S R AR,
A FE BT AR S S IR L, H R A T R
PFZ X, [, BOKMESTHAE A G RE,
AL F HERA RN, S R R TR i 1 B, S
IR B AR KRR 2 DR/IN A B i S A7 AE T
KRN, OGP R, ALY 5
TR AEAE FIBT S S 5 JF 2L, Bt o 9] 20 5 ok g
IREE, Wi Y,
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Ak, £F4EIR AlZnMgCu-Yb-Zr & 4 b K40/
g PR BT B T I R R o T P R A S R
i, AT SIS S B AR T T B i e B W I
LGN

34 BERMEEBEIRE MRS

MR 9 #0110 L5 R, 456 SCHR[221UESE, i [H]
JE P ERSURSIR KA FE R T R, TR/ A FE A BT
iSRG A T o KA B i 5 I 28 AR g
FHE S, PFZ XL, T FEARMER 4 AHFD
PFZ 5 R AR A AR ZE S, SIE RS
o, RAEEERT B AE MG /N A
Ft AT AR S AR, & SRR IR A 5 TR G PFZ X,
DRI PG 1 A TR0 T R FRA 2230 70, BH AR AL AR A Uik
559, BHARVEMOEEEIRS, 16— LYW 1 PR
TRGETE, AELE T A, R B OK AR R SRR
JEble BTN R R S A B AL ZE RS, A
AR MARS S, K& SPUREE e
I B

DAY ZPRICA i T K A B i A B BRI S

RENVEU/INIRE SR 77, OO KA & L X g R i

BRE R N TN S, R H A B S RE )
KA BE & A5 45 0 o JE o R P R i — 2D 4R
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Effects of minor Yb and transition element on grain boundary
character and properties of super strength Al-Zn-Mg-Cu alloys

FANG Hua-chan, LIU Tan, ZHU Jia-min, XIAO Peng

(State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: The electron backscatter diffraction (EBSD) experiments were conducted to study the grain size, grain
boundary types and feature in Al-Zn-Mg-Cu super high-strength alloys by complex additions of rare earth element Yb
and transition element Zr or Cr. The effect of grain boundary character on the mechanical properties and localized
corrosion (Intergranular corrosion and exfoliation corrosion) of Al-Zn-Mg-Cu alloy was investigated. The results show
that, comparing with Yb and Cr addition, the recrystallization of Al matrix can be strongly inhibited by complex additions
of Yb and Zr to Al-Zn-Mg-Cu alloy. After high temperature solution-T6 temper, the average grain size and recrystallized
volume fraction decrease from 40 um and 98% to 2.3 pm and 3%, respectively. The 227 accounted for the highest
proportion of grain boundaries, the proportion of small-angle grain boundaries increases from 8% to 51%. The
precipitates on the subgrain boundaries are similar with those in the grain, leading to the decrease of the volume fraction
of fracture along recrystallized grain, and the mechanical properties and resistance to corrosion of the alloys increase
sharply.

Key words: rare earth Yb; transition element; electron backscatter diffraction; mechanical property; corrosion
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