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. AT Mg-Gd-Er-Zn Wi L TEEG SO ZUS J1°# PR il i 4 R A 06 1 | [T Ak B A5 S 25k
BT 2032 il 45 T Mg-Gd-Er-Zn 75 A8 4, IR H 4 A B ALBE (optical microscopy, OM) | X 5 28 A7 448 ( X-
ray diffraction ,XRD) . $9$ HL %% ( scanning electron microscopy , SEM ) & 1% &t B 4% ( transmission electron microscopy,
TEM) 25 F-BLTRAE. 25 REW  Mg-Gd-Er-Zn &4 WHESHLS FEH o-Mg ZAEME A2 (Mg, Zn) ,Gd 5
2 ALY, [ 5 AR U2 R RSB I MELEAS 7 (long period stacking ordered , LPSO) £5 4 ; £ #W8f AR, & 4 1Y
ARoRLAS 3 2 AR AL B A B R o A T I AR GRS 0 B, SRR SES G A S IR bR oR B e IR R
Ff 2 0] 435134 397. 5 MPa,359. 0 MPa 16. 0% .
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Microstructure and Mechanical Properties of Mg-Gd-Er-Zn
Wrought Magnesium Alloy Containing RE

WANG Zhaohui, LI Nannan, LIU Ke, LI Shubo, DU Wenbo
(College of Materials Science and Engineering, Beijing University of Technology, Beijing 100124, China)

Abstract: In order to research the microstructures and mechanical properties of Mg-Gd-Er-Zn wrought
magnesium alloy under different states. Mg-Gd-Gd-Zn alloy was prepared by conventional metal mold
casting, solution treatment, subsequently hot extrusion and ageing treatment, and was studied by using
optical microscopy ( OM ), X-ray diffraction ( XRD ), scanning electron microscopy ( SEM ) and
transmission electron microscopy (TEM). The results show that the as-cast microstructures of Mg-Gd-Er-
Zn alloy consists of a-Mg matrix and second-phase (Mg, Zn),Gd phase which distributes around a-Mg
matrix. After solution treatment, the lamellar long period stacking ordered (LPSO) structure appeared.
During hot extrusion, the grain of this alloy can be refined dramatically. And subsequently aged, the
nano B’ phases were precipitated. Finally, the tensile strength, yield strength and elongation of the aged
alloys at room condition reach 397. 5 MPa, 359. 0 MPa and 6. 0% , respectively.
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4 4R TR 0 L A4 B 25t ph okt B
AL B LS | H R T R R P RE LT
R RL RHIEALIS A TG BT EE
TR FAR B R 2 — 1

H T, il 2988 G 4 KRS R FH %) 2 32 B 2 L
SRR IR I RS AT RS 4
BER ER A A MPREAE L, oA 0 R B AR, R R
Y, R TR A AT AR o B 4 1 28 T AN e i
PERE , B Dl i 3 R ok 3 Lo pE R BE Y.
Ak Mg-Gd % Mg-Y %  Mg-Zn-Gd % il Mg-Gd-Y
FE4m THEHA RIFERI #ERES R A
JZRTE. Gao ZEUIWISE T 4 T6 B RALHE)S ) Mg-
15Gd4Y-0. 5Zr & &, HoPrPrss & hy 276. 9 MPa; 32
FH AT Mn Fl Ze X Mg-Gd-Y &4
F12FPERERSE R S5 R R P TS 5 Mg-9Gd4Y-0. 6Zr
G e BA B R HATHIE B AT 3K 370 MPa.

i BB B AU B 5 1 B RO TTE 5 Ak AR
JH M HAE Mg-RE &G & IMADTRM Zn AIIE AL
£ J5 W HE ¥ ¥ (long period stacking ordered ,
LPSO) 254420 & KR WA e S 42
FEAZ Mg-RE-Zn & 4, fES I ASIE J5 | REIE (1<
JRHESMITE G 4 rh 50 03 A [a] s A Ak BE A ok, A
AR A b o5 5 4 04 5 B2 RN IR | s AR AT S
(10 2 R R I T 2 bR e

AT LA RE B G b R RR R e, R
TR Mg-Gd-Er-Zn = i TSI BB G AR, JF
XA A A BERIEAET I T2 OWZL 2 12+ he
S AL 55 R TF 5.

1 SEWHE

AR SCWFFE 0 G 4 55 5 R R R e s T2
% B a BRI A EE (w =99.99% ) | 4l F
(w=99.99% ) Mg-Gd (w =30% ) H1[i] & 4: . Mg-Er
(w=30%) 644 Mg-Zr (w =30% ) a5 4,
FRAEEEITE G RN AL, A
SFy + N, PRAP 400 2 1 3 H BEL AP o 5 B k.
G, B AE 200 °C WAL TS THEZ 700 °C, 7E
Al AL J5 I A Mg-Gd Mg-Er H 8] & 45
WA AR TR Z 720 C 3R 15 min, 2R 50
A Zn G4 H Mg-Zr &4 BFE 5140 R ORI ;
Bon KA S IE IR B TR 4 2 680 CIFHe%E T Tk
2200 CH4Jmiirh, 315 Mg-Gd-Er-Zn 7 1855
SR BRSNS B RKIRERE BT
M T )G, A5 S A8 Mg-Gd-Er-Zn B IEEE G

B

FIFH Magix-PW2403 %I X S8 5966 o Hr
By, ER N Mgy, 69 Gd, ¢ Exg 27 Zng 5 Ziy, 5. il
1 D/MAC-3C BUERE PR X STRATHAL, 0BT A W)
WETEEHHA . FIH Netzsch STC449C #45p
AU 35 25 G i M A R P Rk RS, LA
BB AR BARIESS 2 AHFE 73 IR A A4, i
SE G 4 10 [EL A R L R ). R Y32 B 100 ¢ IR R
PLX A A G i ORI T A T, JAE IR IR B2
400 °C, BT LA 10: 1, X $0EF 5 #6413 47 7K R Ab
B BERASBES S M0 RORBEBE R 225 C,
LR R [ 2ok i R AL i e . I RICS G b
i P 8 R 7 XD — 1000 ik £ A8 2 0 3 A3 L sk
At AR 2 A 10 A a5, RO 39 1E
VEZORZSFE S RO RE .

B EES B RS RSEE A Al g
il I EHN 5% fiF BRI A JE kS, R FH Zeiss Axio
Imager A2m 2% B 64 HITACHI S3400N #4454
LB M BE 1 43 M1 X (energy-dispersive spectrometry
EDS) B WRE I AL 2L, I 4307 e Stk ST B 26
2 MRS JES 2. A JEM -2100 H175 5 H
BLor A A RS R i 2 Pk AOE SR BT AR A
F1 UTM -4304 2477 e b EHRA B AL I 05 42 10 3 2
PERE, J12A PR B B4R 5 mm, AR 25 mm,
PAERYRLAHEEE Y 1 mm/min.

2 ZBWERKITE

2.1 BEASHBRST

K1 RS 6 e Fr it 2, iR 22 $ o) B
(differential scanning calorimetry, DSC ) [ £& 7] L &
WA SIETHRS R P BB T 2 DUk g 1 h
A B iR, HiAes 1 AHIE A (Mg, Zn),Gd Y

O_
-0.2¢ T8 #: 10 °C/min
—0.4 ] WA FF15:581.1 °C
= 06 A
g T L. 639.2 T
%v -08r ik i 52},"}.;(23‘;:532.1 T : E
# 10t :
£ 12 Wi
O 272
—1.4} : i
- i B—
~16} H: 633.4 °C
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400 450 500 550 600 650

REEIC
Bl #ESG 400 DSC
Fig.1 DSC analysis of as-cast alloy
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SR I | HOR 2T IR B 523.1 C VA GSIRE N
532.1 °C WEAATREE N 527.2 °C ;45 2 AW HIE B
o-Mg (4 A PAde ) R YRS R 581. 1 °C & 4
TN 639.2 °C WE(H K 633. 4 °C. L4 Likortss
B Rl A AR 2 M RE A A 0 AR
K500 °C %R EEREAR T4 2 A AR e, DA T £
UE T HEA AL PR AL T S A A S . A4
TS 2 ARSI FE 50 I, TR0 G 4 1 [ B [ oy
12 h.
2.2 ALSHIREL
P T A A A 225 °C H IR 1k i 28 4 8] 2

Fis. B 2 Al & BriFoE & 4 7E 225 °C B30
JEE T B S e A5 R e A5 SR, HL A o e A s [
AR SEEA T AN T34, S B ] 34 5] 48 b B, A 4
LT — AR A, PR B 5T T, A 42 1
W IR . R, 78R S2 i T2,
BB W R AL BRESHE] g 48 h.
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Fig.2  Ageing hardening curves of the as-extruded
alloy at 225 C
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K 3(a) WEESH4EH SEM JESH, B S iR A
(Mg,Zn),Gd A, 2T 5 A0, 2 WA R 4 A
5 a-Mg B B IE S AL 2107 [ B, A) UL 2R #]
(Mg, Zn) ,Gd AH J& Bl 16 R i 1 4K (5 SR S5 14
LRGSR i b B 1 S I SEAT o A T AR AR
SRR W . X 3 (a) B A TR R
ORGSR AT L3 3 B, HE 5 R &l 3 (b) FR,
(Mg,Zn) 5(Gd,Er) B 5 L0 2R 98: 2, ARG AH G
WFSE 45 5, % 40 41 2H-Mg 5 14H-LPSO 4514
éﬂﬁji“s'm.

H T RS AT K (Mg, Zn) ,Gd 7L
FIBOMmHT 45858452500 C A1 12 h [FE LB
BHALIES K 4 iR, 8, B2 5

: B:(Mg,Zn) 3C d
/¢

‘ y e ;:i/

J \ fl:LamCllale.

(a) SEMJES

Mg L& wl/% /%
Mg 85.51 97.30
Zn 0.57 0.24
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Gd 12.42 2.18
Er 1.32 0.22
7Zn
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LelZr Gd  Zn Zr Zr
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(b) fg i 5T

K3 G ER SEM B LLLZ R RESHI R RETE 7347
Fig.3 SEM microstructure and EDS result of lamellar region

AR R ST R 26 wm, #5854 4 2 AR 2 A
(Mg, Zn) ;Gd FHIEEATH K, (H7E [ 95 28 i S f ok
LK 2R A ik 2 B ERRE5 4 ) 14 H-LPSO
GER SRR RS R L

K4 BESSehzR R oM R

Fig.4 OM microstructure of the lamellar structure in

solid solution alloy
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Bl 5(a) AT AEE, 17T 225 °C x48 h
WA s 355 Kb B () A5 4 2 AL 8. NIEL S (a) TT L
E i 2R R EE A A AR R R R Al O
BIRRSE R 10 pum, 5 FEE S A 40 SRR ST A1
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HERIP ISR & &8 E T hE MY, G481
IEFEAIE SRR )2 AR LPSO KA S PEAR I | 3
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Fig.5 OM microstructure of the peak-aged alloy and XRD

patterns of as-extruded and peak-aged alloy
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Fig. 6  Co-existence of LPSO structure and B’ phase in

matrix of peak-aged alloy and precipitate phase and

SAED pattern of peak-aged alloy
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Fig.7 Room temperature mechanical properties of the

alloy at as-extruded and as-aged
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1) REFEE P& e kA T S HEE W, KI5
T Y NS S AR, AR E Hall-Patch 245K
0'y,=a'0+K><d_'/2 (1)
Ao i IRGREE s o) 0 B dh PR B Ji IR 32 S K Oy
R, d ARRRGE . (L) IR, SR 2 /)N | A
FHRBEBR . TS A 8RR ST i 26 wm T8
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SHKRE (Mg, Zn),Gd H 5 T LSO, 1 28 [
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1) R T & 1EfE Mg-Gd-Er-Zn ZS 45 & 4 41
B WY 2 ERE D R, =397.5 MPa, R, , =
359.0 MPa,A =6.0%.
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F AT R 2 FR B LPSO 4548, 3% 45 44 ] 7E $% Ik
TR A BCET L S AR A d s A s Me-Gd-Ex-
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