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Table 1 Chemical composition of the experimental alloys

(/%)
Zn Mg Cu Zr Er Ti Al
Alloyl 803 1.79 145 0.15 - 0.039  Bal.

Alloy2 798 182 147 0.16 0.16 0.039 Bal
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Fig.1 Microstructures of the as-cast alloys: (a) optical micrograph of alloy 1, (b) SEM image of alloy 1, (c) optical micrograph of alloy 2,
and (d) SEM image of alloy 2
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Table 2 Chemical composition of secondary phases of the ST RSN 2 B A A o AR S ek [ L S 4H )
as-cast alloys in Fig.1b and 1d (at%) PSS, X 2 P& &85 8E 1T T DSC 40 4r. 45251
Element Al Zn Mg Cu Fe Er WK 3 Fron. B1E 3a i) DSC fignT 4, 2 &4
A 36.33 2281 2342 1744 - - o oE P A AE 2 W B A . £ T 640 °C e A
o e ha T4 e W R 2 ORTE R BI04 1
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Fig.2 SEM micrograph of the as-cast alloy 2 (a) and corresponding elements planar distributions of Al (b), Zn (c), Mg (d), Cu (e), Er (f),
Fe (g)
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Fig.3 DSC curves of as-cast experimental alloys (a) and its magnification (b)
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Fig.4 SEM images of the Al-Zn-Mg-Cu alloys after homogenization: (a) alloy 1; (b) alloy 2; (c) high magnification of the rectangular

area in Fig.4b
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Table 3 Chemical composition of secondary phases of the

homogenized alloy in Fig.4 (at%)

Element Al Zn Mg Cu Er
A 46.12 17.24 12.30 24.34 -
B 59.31 6.84 - 29.33 4.52
C 44.52 17.98 26.32 11.18 -
D 83.50 8.39 5.49 2.53 -
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Fig.5 XRD patterns of Al-Zn-Mg-Cu alloy before and after
homogenization (a-as-cast alloy 1, b-homogenized alloy

1, c-as-cast alloy 2, and d-homogenized alloy 2)
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Fig.6 Microstructures of the Al-Zn-Mg-Cu alloys after aging treatment: (a) optical micrograph of alloy 1, (b) SEM image of alloy 1,

(c) optical micrograph of alloy 2, and (d) SEM image of alloy 2
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Fig.7 TEM images of the alloy 2 under different conditions: (a) homogenized and (b) peak aged
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Fig.8 SEM fractographs of the experimental alloys: (a, b) alloy 1 and (c, d) alloy 2
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Table 4 Tensile properties of the two alloys at room

temperature
Alloy o,/MPa 00.2/MPa 0/%
1 565.8 530.6 10.27
2 558.6 524.8 11.164

MU A 52, W 454 Al-Cu-Er — JoAH U6 21 2215 g
AlgCuEr AHIFZE BHLEL . 75554 T, a(AD)E SErE
WA A, [, Er AN R dth ol 41 28 2 [ /90 L 1 R0
B Er MREAKE S, oot RN (Loa(Al)+
t1-AlsCuEr) FFUAR A, BRI, 01 Bk [ 4 1
It RN, (L—a(Al)+r1-AlgCusEr+ALEr) R AR
A X FETRB N, — A 4T Er MBS RIRMK,
S Er TG F A8 ]/ T AN W A, L
THATHY Er (9 B A DL 3k — o3k i e N R A2 e 53—
J7 T, AR R oK A U0 E Zn F Mg BER4E
T[] TR v, AT A 302 DX 3 ) S S B B AR
o AlsCusEr AT RZ A BT ]/ 5 180 v PR i B 4
SURIRBE, MU TS E] 480.9 °C A, KEIE

sl L AL A Y (ol MgZng #1D S WK, XA
ERRE BRHAS T —oodb i N R AR A, XA
BT A AHE IR AR5 5E T AlgCuyEr AHE I H ILAE At
F i AR S R 2 1]
3.2 Er ZEE&PHBFEERARIEANNIE

R4 DSC 7 #r g R4, &4 2 AlgCuyEr AH
(45 210N 573.8 °C, Bz i T & a3 504k Ja 3k
AR BRI E o DRI, AR S SR8 A AR [ i Ak B ) I R
MR FE AR AN S i NER AR, 1T 2 BLJSUAR (1 T 35 AN
DHAAAET A ah . B )E, &4 2 Pk
BT KRR EIR 1) AlgCuyEr A, X 25 B A1 £E )5 48
FLRDE R Sy W, I 1T R A R 5 R T 4 i B
(PSND [zt o IEWIE 6¢ FiskBin, 64 2 LR
A AE (R HR B i AH 24 R IAE T 45 R P 3, IXAE
—EFEPE B UL T X Sk B A A SE T RE S R PR A
b, ISR A S 25 G PERe ™ AR AR 52 .

SR G v 4 A, 8 [ 5 I R b PR 1 4
2 BB T R A A e 1 AR . XIS
HHER 2 SR D O & 4 2 AR LR 1) IR ALEr K F.
FEFLARUREE N, Er 7080 FE AR o R P47 [ 5 BEARAIG, AR



59

BT R Er 7E0058 Al-Zn-Mg-Cu & & TR B R “ sk ”

*2855 ¢

N 0.05%, {HT I35 N R IR 0,  fE e et [
MR, Br AR Y REENA LIS S T 4.47%.
TE A S0 BT R F 0Bk  3 1o 7% s A g R, 7
—EREE EIET Er AR A . B, &
4 2 ) Er B T ORI AE T =00 AlgCuyEr AHELAE,
AN T 8RR, DU [ A4 () T8 XA
1o X I v F S AR IR ARG e, (8 )G SRk B
S 5 T AR A /NSRRI ALEr R, IXEE 4
NGREC IR ALEr R TR E M E, ais S8
BRIEAARTEAT, $Em T A AR T A R S A
SRZLIIETHAE R, NI REAE W 4 M R e fase, $em T
HEMHEL P . A, BT Ze B 5 BE R
HOk>1, EUE R SRR O P T, K
Zr WA 5] o A 43 5 BUG S BT K IR AL Ze Kt
FA Ok B T LA A AR AR NS, TS BOAE o S B
I ALZe R I G UTTE AT H 4 (PFZ), X FoJc it
TEHT H T IE S P 5 A AL B B RS, A4 2 4L
B R I IR ALEr KL F AR SR T ORI A, AR
— R Rk T X BB, AR TEE 1, &
4 2 TGS A R BTG

TEARSE T, Er ERMMERNFE 2 FiE48N
(R BARERORH e VARG 58 —AH L R ORE RUST R A At o i 2
WHAARFRBREWNZN. &4 2 TBRT AlLZr Hikist
AFAE R ALEr JkE, S5 EARGE S, &
2 FLARC MV 45 R B AR E FE Al R D o R
R R e Rl TR AN I8 AN TR AP |
AL, &4 2 BN AT T S sR g . AR,
MR TG4 1, &4 2 WPUhr om0 e s B2 IF R 13
BT O A BT R . X EERE D, WK 9 FioR,
B4 2 BB TP AT AE KR AlgCuyEr A, 388K <) sk
TR G P 5 AH A S 4 L T AR T I R b 2 B T A
ZERHE o I /N RS ) AlgCugEr AR I 18] AS 15 52 — A
Bk, DARSSBEHAME I, A, X R
AlgCu,Er AHIF T3 RSFILE 10 pm UL E, ERBIERE
th, STHAFAL RN AS, 1 A ZE R T 3 B 28 1%

K9 AlsCusEr M7ER TG R #E R 7 LR EUR B K
Fig.9 Schematic diagram for cracking of AlgCu4Er phase during

deformation
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Existence Form of Trace Er in Al-Zn-Mg-Cu Alloy and Its "Genetic Effect"

Huang Yuanchun'?, Zhang Chuanchao'?, Ren Xianwei'?, Liu Yu'?, Chen Sizhuo'?, WangYanlingl‘2
(1. Light Alloy Research Institute, Central South University, Changsha 410083, China)
(2. State Key Laboratory of High Performance and Complex Manufacturing, Central South University, Changsha 410083, China)

Abstract: Two kinds of alloys Al-Zn-Mg-Cu and Al-Zn-Mg-Cu-0.15%Er were prepared by steel mould casting. The existence form of Er
in the as-cast, homogenized, deformed and aged microstructures of the Al-Zn-Mg-Cu alloy were investigated by optical microscopy (OM),
scanning electron microscopy (SEM), energy dispersive spectrometer (EDS), differential scanning calorimetry (DSC), transmission
electron microscopy (TEM) and X-ray diffractometry (XRD). In addition, the effect of Er on the tensile properties of the alloy at room
temperature was also discussed. The results show that trace element Er can refine the as-cast microstructure of Al-Zn-Mg-Cu alloy to a
certain extent, but this refinement is limited. Er exists in the alloy mainly in the form of a ternary AlgCu4Er phase, which forms during the
solidification and segregates at the grain boundaries, and which often occurs between eutectic networks. AlsCusEr has a high melting point
and poor plasticity and is therefore easily crushed during the thermal deformation of the alloy. AlgCusEr fragments may cause cracks and
may also induce recrystallization nucleation, which will eventually have an adverse effect on the comprehensive properties of the alloy.

Key words: Al-Zn-Mg-Cu-(Er) alloy; AlgCu4Er phase; microstructure; mechanical properties
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