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Microstructures and mechanical properties of
high-strength Mg-Gd-Y-Zn-Zr alloy

WANG Zhen-dong, FANG Can-feng, MENG Ling-gang, LI Nai-pu, WU You-fang, ZHANG Xing-guo

(School of Materials Science and Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: High-strength Mg-7Gd-4Y-1.6Zn-0.5Zr alloy was prepared by conventional metal mold casting, subsequently
hot extrusion and T5 heat treatment were conducted. The microstructures and mechanical properties of this Mg alloy
under different states were studied by using OP, XRD, SEM and TEM. The results show that the as-cast microstructures
of Mg-7Gd-4Y-1.6Zn-0.5Zr alloy consists of a-Mg matrix and lamellar second-phase Mg;;Zn(Gd, Y) phase which
distributes around a-Mg matrix. After hot extrusion, the grain size of this alloy can be refined dramatically. Tiny little
particle Mg;Zn;(Gd, Y), phase is precipitated out of the Mg;,Zn(Gd, Y) phase during the process of T5 heat treatment.
The tensile strength, yield strength and elongation of alloys under TS5 condition reach 446 MPa, 399 MPa and 6.1%,
respectively. The main strengthening methods are considered as fine grain strengthening and second-phase strengthening.
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A4 B IR SR W] A 610 MPa, sk A A 2 B s
T RRLIAIALRT Mg-Y &4 PN Zn TG T
SRAGAH, iR AR EA K EELE 25 4)(LPSO), BEfS
BRI ML & 8210 1 24 Pk i . GAO 255t T4
T6 B 5 Mg-15Gd-4Y-0.5Zr &4, HApidromps
N 2769 MPa, # syl T Mn R Zr Xt
Mg-Gd-Y &2 J12# ke isgm, 58RI TS
A& Mg-9Gd-4Y-0.6Zr &4 HARE M, Hhihmm
FEWTIA 370 MPa.

HAr, ok Mg-RE 74 R %2 LR IR R Gd.
Y S FAm R, SBURA K S H SRR,
WM, Mg-RE H4IA/DE Zn TG, AMXATLL
W45 Mg-RE 542 2 N ROHT 2021, it ELAEE > i
NEM L E4MET, Mg-RE-Zn &4 R T Bt
TEAH LA A B o R R T D 4
(Long period stacking ordered structure, fij#K LPSO &4
1;@)[12—13]0

ARICAEH UL Mg-Gd-Y 454 kA, DL 2% e Bt
G A U H I, IS PRI GdL Y TR,
IR INIGE & Zn JCHE DUNERTG Mg-Zn-RE &4
LPSO &5t it b At [FI IATHE: Ze JC 040 bk
K4 SR A % Mg-7Gd-4Y-1.6Zn-0.5Zr £
G, WA PG R AR A T 2Rk
) VERE .

SIS G i 4l Mg (i 7341, 99.9%) Zn(99.9%)
BL A Mg-30%Gd. Mg-30%Y. Mg-30%Zr H1[8) &4 A
5ok, RG4S I S T AR OR Y, Ll
Ar KSR TR AR B . 4 8 PR TR 300°C A2 4,
PR, SR (COL+SFE) IR AR Tl
SIS 2 A I 1 BT

£ 1 Mg-7Gd-4Y-1.6Zn-0.5Zr & 452k 24K 4
Table 1 Chemical composition of Mg-7Gd-4Y-1.6Zn-0.5Zr
alloy (mass fraction, %)
Mg Gd Y Zn Zr
86.32 7.56 3.97 1.43 0.72

BHEEEL: 520 CHAIMALEE 12 h J5, I LR 4106
mm X 45 mm R EIRFE, 75 3 000 kN (1741 E
W HF R AR d35 mm HIBFE, $5EEE A 10:1;
WA 400 'C, FEERIHEER 0.1 mm/s. HHFEE

(IRERBELT TS IR, IR 200 Co AT
iff 7 G R WA PRI 1), JEAT T AN [R] B 25 1) (s
JEMRR . 45 REKW, G4 40 h A7 ML,
ARSI 16 B PR IR A BN [] 24 40 o

KH MEF4A 2 D) gaAH BB WA FARES
AR EMAL, KH ISM-5600LV #1413 s
EDS it {4 #11 Tecnai G220 S-Twin %37 5 Ha 85 0t AN [A) IR
AP T B S S5 78, FIH DNS100
R )M RN OO T SR ) A R R . AR
{138 2 4 2 mm/min.
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2.1 Mg-7Gd-4Y-1.6Zn-0.5Zr & & B LA LR

ANFEPIRA T Mg-7Gd-4Y-1.6Zn-0.5Zr &4 Wik
AL, SEM (R AN MY () XRD ¥ LA K IS R b P S 45 4
() TEM 18730 an 18 1~4 Jrs « AL 1@) A1 1(b) Tz i)
WA B LIS A K 2() TR XRD %0 UE H,
TEHEAT o-Mg A RIS, P30k )T
90 um Zifi. HEHBSALTHIKK. BRI
“AH MgZn(Gd, Y)¥E i St AL RPIR A, JF By
—E M7 ARSI DU RO I 5 A R ER S T
RSB () 4 22 XRD 7 55 40 Hr o2 2 B A
Mgy4(Gd,Y,Zn)s #.

MBI 1(c)rl LLE#], Mg-7Gd-4Y-1.6Zn-0.5Zr 44
KB IWAE S, F5r 5 AR S a-Mg FEA
i, B BRI ATE BAR TE A RPIR 1) Mg 1nZn(Gd, Y)
AR HOIR L BORCR Y Mgoa(Gd,Y,Zn)s #H.

Hafnd 400 CHGEALE, ME 1(dEH,
sioRL R EEBE T sk, B 90 pm A4 98/ 2 30
pm Zif7. HE 1(e) T LLMEE R, S HRARIE 515
THAGIEIR A T A, RS LT A
LA Mgy, Zn(Gd, Y)FHAE B e ik B v gl B e
SR, K3 1K) MgioZn(Gd, Y) MK SR B OR B TR, JF
HEEAR A LGURI 8 AH O BB R 7 g Ko

HFEE&E TS ’3Ub#E Mg-7Gd-4Y-1.6Zn-
0.5Zr B EAHA LW E 1(HFr. B 1) i,
IR B, 76 20K MgioZn(Gd, Y)AH EATrH 2> 54l
NIIRORAE, Z55 18 2(d)FTs XRD WAL, iZAHN
Mg3Zn;(Gd, Y),.

3 sl Mg-7Gd-4Y-1.6Zn-0.5Zr 45 4551
I AL B FS ) SEM 1%, B 3(a) T 4 i FTXS N EDS
IIMTEE R ILE 2. M EDS rirgi BT LA, Mg-
7Gd-4Y-1.6Zn-0.5Zr G MNESEM RS —HRY
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TR, %5 Wil Mg-Gd-Y-Zn-Zr & G MO 2R 7 24 P g 3

E1 Mg-7Gd-4Y-1.6Zn-0.5Zr &4 L

Fig. 1 Microstructures of Mg-7Gd-4Y-1.6Zn-0.5Zr alloys: (a), (b) As-cast; (c) As-homogenized; (d) As-extruded transverse; (e) As-

extruded longitudinal; (f) As-aged
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B2 Mg-7Gd-4Y-1.6Zn-0.5Zr 42/ XRD i
Fig. 2
(a) As-cast; (b) As-homogenized; (c) As-extruded; (d) As-aged

XRD patterns of Mg-7Gd-4Y-1.6Zn-0.5Zr alloys:

F2 K3t 4 SR EDS 430
Table 2 Corresponding EDS results of point 4 in Fig. 3(a)

Element wi% x/%
Mg 63.2 86.31
Y 17.32 6.53
Gd 9.47 2.02
Zn 10.01 5.14
Total 100 100

ORI R ZREE A Mg-6.53Y-2.02Gd-5.14Zn( )
IRHL, %), ILEERGUERLT 18R 8 LPSO £y, &5
4 TEM M %2 Mg-7Gd-4Y-1.6Zn-0.5Zr 44z M i 7 25
R 2B 4 FroR)rTan, BAT LPSO 45
K Mg-6.53Y-2.02Gd-5.14Zn( BE /R 53 %, %) AL
IIATAE SRS b, I R R ok
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B3 Mg7Gd-4Y-1.6Zn-0.5Zr -4 SEM 1§

Fig. 3 SEM images of Mg-7Gd-4Y-1.6Zn-0.5Zr alloys: (a) As-cast; (b) As-aged

B4 Mg-7Gd-4Y-1.6Zn-0.5Zr &4 TEM 1%

Fig. 4 TEM images of Mg-7Gd-4Y-1.6Zn-0.5Zr alloys: (a) Grain boundary; (b) Grain boundary combined with matrix; (c) Grain

boundary close to grain inner; (d) Intra-crystalline

2.2 Mg-7Gd-4Y-1.6Zn-0.5Zr &% 8 hF1EaE
Mg-7Gd-4Y-1.6Zn-0.5Zr 54530 J1F#hAibE gE
MR EE R 3 prglle tH 3 WA, BASPrhramE
Je MR BE A A 185 1 127 MPa; Il #uBs AR B nl K
Wi P4 F 2 Pk RE B IR AS U by i A e I o B

HIEF 383 Fll 326 MPa, L& HI$Em T 107.0%F1
156.7%, MKHIL 7.2%, WESERET 37.5%. T5
B 230 A B F T i B R it i B2 43 i) K 446 Kl 399
MPa, LLHFRSDHISEE T 16.5%M1 22.4%, {HZ&fH
KHEIMN 72% FER 6.1%. ATLLEH, Mg-7Gd-4Y-
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FIRAR, . H Mg-Gd-Y-Zn-Zr &AL A1 iE 5

F£3 Mg-7Gd-4Y-1.6Zn-0.5Zr &4 127k BE
Table 3 Mechanical properties of Mg-7Y-4Gd-1.6Zn-0.5Zr

alloy
Alloy o,/MPa oo./MPa &%
As-cast 185 127 4.5
As-extraded 383 326 7.2
As-aged 446 399 6.1

1.6Zn-0.5Zr & 4 (EIRAFE R AR BRATTHr 58 B2 1) [F] ] R RF
T RUFMPE. KRS HORES T A TR K,
AR 2550 b P AT e AT R B o R DR I 2k e
HT 16 MgsZns(Gd, Y), HHERIS 451850, BT &%
PUT, A S I 0 ) TR B A TR A PRI,
e R S BB ) B A VT A Ak DA

PFFIEA Mg-7Gd-4Y-1.6Zn-0.57Zr & &Pihrim/e
(B i S BT A R4 A sA B,  £8 i B AR T,
RN SRS AL B, RS . |
Hall-Petch 2 =A%, dfokn RO 19k N B A% A7 2t 2
MEHEHR SR . NUSSBAUM ZEIRF50 R0, X T
INTT RIS Gk, SR /N X i B = A PR 5 )
T8 L AL 5 S5 R AR RS 2

LR E, Mg-7Gd-4Y-1.6Zn-0.5Zr 45455
JEE R 5548 g 32 T2 s DR D s 80 R b HR At /)i
AR BRYS A RAHBEAGA fF 12 5 . TEM WS )2
AR Mg-6.53Y-2.02Gd-5.14Zn(FE /R 53 %0, Yo)AH Al 4 i
S EARBAR SN GO, Aeig A R LS Sk
(] AH LIS ), X T4 a4 AR o B 7 45 AR
R [FE, HE&ThEE RS ml R ERK
Mg Zn(Gd,Y) s A AH B A7 R U AR T 58 PE, X8 v
Mg-Gd-Y F#F1 Mg-Zn-Y R G0 AIEYEA 5 H
FE RO R, A e ELAT I v ) R R
(1 [ B AT A A I S R, RV RAT R 25
15V RE.

Kl 5 P b G G b R 2 I G (1 T 1 2
o HIE S ATLUEH, 7E8E T O 4R 0 RO H A
P2 FE RO 22 ARSI A ADIRAERE O dial 2,
KNZEEHSTEMRE. XEHTAEBE T/
MR, WBRD, &M, 24 T S
AT o AR AR A B LU AR R FERT, B
AR A AT, Wi S BCRLUH R . S8k
R A5, A4 MW I oA — e B ok
NS, WS B A R . X EH
TR B R Atk OB R RE R,
/D T AT AR FERR, DAL, BF HS RIS b 35 1) Mg-7Gd-
4Y-1.6Zn-0.5Zr &G HATRAF B E AR TE e

Fig. 5 SEM images of tension fractures of Mg-7Gd-4Y-16Zb-
0.5Zr alloys: (a) As-cast; (b) As-aged

3 Zig

1) Mg,Zn(Gd, Y)/& Mg-7Gd-4Y-1.6Zn-0.5Zr 154>
PEAM AP F L A, B R A LM
Ko, G HEARIEE, I ZIR
5 AR I S AT e

2) Mg,Zn(Gd, Y)4H 2 LPSO 544, H Mg;,Zn(Gd,
Y)AH M Bl SRS P, BEAS SR [ AR X I 3
HHOIRT T Mg-7Gd-4Y-1.6Zn-0.5Zr 440 121k
REJF BT R AT AR TR 2.

3) A RIS RN SO B T2, B
HEA RS SRR Mg-7Gd-4Y-1.6Zn-0.5Zr
Bz, PUBIREE e kom0 0 446 MPa.
399 MPa 1 6.1%.
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