55323455 6 1] FEHEEEFIR

Volume 32 Number 6 The Chinese Journal of Nonferrous Metals
DOI: 10.11817/j.ysxb.1004.0609.2021-40164

2022 4 6 A
June 2022

Mg-8Gd-4Y-1Zn-0.5A1 & & HY
=miLBIAR S f1F e

NG, Lt FEAR RERAL REAX, FOFY K%

(1. PELH T RS MEFRES TS, fi) 710048;
2. THRAERERL MR T ARG G R iR AR 5 N SR
EHR G S RIE R ARRE R G, TN 510650)

#  E: Mg-8Gd-4Y-1Zn-0.5AIJR D E, %) 6 &85SI SIS R G SRGH AR, 43 %3
SIS FIBS AR A EAT = R 5L A 250b 2 R OM. SEM. TEM #1 EBSD 73 B AW ZH 23 4544, [
F 0 FEAE P R R A ) 2P RE, BEREA LR A SEAFMN L L E T MALRE R, 5%
25 5 i LA R 35 SO A AROME 2H 23 b 56 B AR D P 2R PR T AR, PG o AL 3 S B AR D R S T A
Ki; 18R-LPSO &M AW A . R Wl MUAREL ), o b N HT oK Z A B A, e 28 1 A i
SR JEE (R o o) 5 BUAL 50 A 28T 20 T4 fot 24% A1 23%; SIRELH G, HF A F0 7 405 o okt RO A B K
18R-LPSO Z5 14 BRI (& it 570 Z IR BHRUS, BOM AL E BBV A AR s B2 L B o FE AV 22 4y
FiE% 383 MPa, 420 MPa fl15.5%.

KA Wi bBa e KANMELCE P (LPSO)E i ; FLil: RoWHL; JrAtkae

XERS: 1004-0609(2022)-06-1605-12 FESES: TG146.2 XEKFRERS: A

SITAE: XIBF, L By, #IELE, 5 Mg-8Gd-4Y-1Zn-0.5A1 & 4 (1 S IR FLHI A4S Jy 2R 0], PR (&
GBSk, 2022, 32(6): 1605-1616. DOT: 10.11817/1.ysxb.1004.0609.2021-40164

LIU Si-qi, MA Han, HUANG Zheng-hua, et al. Microstructures and mechanical properties of Mg-8Gd-4Y-1Zn-
0.5Al1 alloy rolled at room temperature[J]. The Chinese Journal of Nonferrous Metals, 2022, 32(6): 1605-1616.
DOI: 10.11817/j.ysxb.1004.0609.2021-40164

Bae AAB MR EMILRIE .. RN ZeREG T E ORI T KA IHELEA P (LPSO)4h

BN LA B B PR BEAR AL S, ARSIl His ML
R 3CT= b EGUAE ET Iz N TR, HH
ARG G DL ARG SRV 22 T GRS B RS,
M. MEESEFRIMRETER, e kol Hs
HPLE SRR, 1994 4E, LUO Z59F Mg-Zn-

F. 7EBEJE AE 7T, LPSO 45 #7F Mg-TM(id ¥
&JE)-REAEE R T ZWER, S RIM
LPSO £5# 2 M  #5 6H. 10H. 12R. 14H. 15R.
18R, 24R %51, Hidh 14H AT 18R %Y /& Mg-Y-Zn
H e W LPSO 454, (EHARE &k R

EEWB: | RKERAB KR40 H(2019GDASYL-0203002); |~ %44 & £ AT & 1% % Bh 35 H (2020B010186002); %<
S8 % L BRI O E AU H (2019622134013): 7 22 1T AR B KR BE G BT T & A R B AL B B b 1 H
(20GXSF0003); Bkpts a5 SR HT 5| 3 A Hh %5 310 H (82021-ZC-GXYZ-0011)

Uis HEA: 2021-04-21; 81T HEA: 2021-09-29

BIEEE: HIEWR, FRAEH TN, 1t fiE: 020-61086182; E-mail: huangzhenghua@gdinm.com
SRR, #HdZ, f#t; Hih: 13228096138; E-mail: zmzhang@xaut.edu.cn



1606 T A e E SR

2022 £ 6 H

MEEH] T EATAAET,

Mg-RE 5 £ 438 5 32 It A1 55 11 ef A0 18 4k, 2%
R, %fMg-RE-Zn& & HATHS AL EE, 9K R~F 1)
UUUE A LPSO 45 M b AR &, AT A s &
SR . BES Mg-Gd-Y-Zn-Zr & & 1ERF 2L
Tob i Hp e 3V R ] 544 (SSSS)—B" (DO, Mg RE)—
B’ (bco, Mg, RE) I F PLiEsr i, Her, g/zE
U HAE, SREC AR B REA R PHAS A £ 12
Z1, MIMEE SRR R T 15%~17%"",
FrEAD Mg-Y-Zn & & AU B 5, EBNAS P45 &b i
FiL b R BT M M 2 (SFs),  7E 4 /N DRX &K
LPSO &5 #4 F1 SFs (AL [F/EH &, B 205 I Mg-Y-
Zn A 4 AE R R R I T 1R 5 R AU T P = 4
20 MPal,

SR, PRI ZE AR LR 2085 & & R R AN ST 1Y)
R R . LIEPVE Mg-8Gd-4Y-1Zn 5 il T
0.2%Al( & ¥t & )5, 18R-LPSO &5 14 7 & B
SR, H2 B A S A AR N 14H-LPSO 45
Fs R AL G 3R IV IS 56 A 4 1 o P85 0 98 12K [
A3 252 i, R B S M R E (R ) MK 2 5
51 HH 268 MPa f16.0% #2714 281 MPa il 11.1%. A&
WE A IART St kB, 7E Mg-8Gd-4Y-1Zn &4
HRIN0.5%Al 5, AZTLRE I AR, FPEEM
= T A H 6.5% 12 51 £ 9.0%, 5 AR 75 Ok
FRE B I IR 2(7.0%) 2

KRGS %IE T2 M S MBS & 5 7 A4
ARSLRH ST S BB, (R R 1 B 25 ok ™ 2
PR T8 A SRR E BB, ST 2K
B HER. WA T2 AR R, Bid.
ALEIAE, R T EEE G AROM R A 7 T 8 R P L ) L
2o MWEEAEIME, FLHIE T A5 = IR FLH A HAEL
P, SREAAL, FRELH R A ERER R, WL
FRA ., BEURFIRT IS0 fi . SR, H AT TE Mg-Gd-
Y-Zn REEG &I ALG R B TR D, R ST
F LPSO &5 M IH 86 & S MR T N T 2 SR F A I
TZ, RTHHIBRAT R Nk, AR
Mg-8Gd-4Y-1Zn-0.5A1 & & A 50T %, %t 3L 5)
AAAA TS A 73 Sl AT R AR T 5 20% (1) 2 i
AL, FEHETRI AU, SEET R IR 51
REJHAZ LA, P52 LPSO S5 MR EAT N, NIT

KGRI LB e R L EIR 18 S M BOR S
P, DT 98 B £ < 10 5 P AR

1 SCIG

KR TAi Mgk, 4 Al%E. 25 Zn ke Ll Mg-
30%Gd. Mg-30%Y (L= 775, %) H A& &5 R
ML A CO, M 0.2% SF (R %, %) IRES
IRAR I BB G 4 0 Bk b ] £ Mg-8Gd-4Y-1Zn-
0.5A15EE. Bk, fFaiMglewaBE, Tt
WA 730 C, REKMAH e a4 8 &G 4
BE: HEAE 1.5 hABEFRIGIR 3 I, DLORIEIG AR 5
BSE: SRIEIMNKSBRRIEAT R R, 750 CF i
FE 20 min [G4 A SRS RHIE IR R A2 710 1C
JEIE, A3 GE R RRE ALY & B AU, 15
FER RIS . F5 AR = Al SR
[RFAAE A R 25 500 CHILIMLALER 14 h 5 7EA K
Ko K B R IN TR ELAR 100 mm & 76 B R AL ik
ITH R, B, B fE AR 1 T3 5 5 38
430 'C, FFEHEE N 18 mm/min, HIEE A 10, 5
PR E R %8 65 mmxEF 12 mm (I FFE
B o K38 540 5 B ARRE D TR FE 7R O 12
mm FIBRAT, 3 [F 5 RO 2 HEAT SR L E], FLER
¥ 910 t/min, FFERELEN10%, RAEE
BN20%. SRS R RS R
K E, HIAHMAMER R MMRL, 20l
N S -FLHIAROM FIBE - AL IR M . e, 195
= FL IR 7EAS [R] i FE (400 “C . 450 'C. 500 C)
(IR A 1] (10 miny 20 min. 30 min), #4745
AR K AL B o 455 He— L A ARORA [R5 AT AH N 1) P 45
fi AE B (500 C {5 10 min). 5 Fh &L i A B 25 76
200 C B RUA RIS [E](0~120 h).

2N B AN O S, A R e R R R
(1.2 g ¥R Z+2 mL ZJ8+21 mL ZF+3 mL Z%18/K)
JE G S AR RFE, 4 IAE Leica DMI 3000M A 5
2 54 (OM) AT JEOL HXA-8100 244 1 1~ 2. 4%
5% (SEM) b it AT W L 4300 8%, I % FH 5 %K FEI
Quanta 200 %! &1 (X (EDS) R il # i) e K 4L k. 7E
K H Cu #E 1) SmartLab Y X 5 2R i1 5% _E 34T 9040



BEHH

X, 25 Mg-8Gd-4Y-1Zn-0.5A1 & 4 HI =R ALHI 41415 1k g 1607

7M. 18 Image-Pro Plus 6.0 #4405 40 AR FH 4
# . {4 Ff] FEI Nova NanoSEM 450 #£4T 7 HL 115 %
BHITEHEBSD) /3 #T, I OIM 23 Wt 3 A4 43 $ic i
i1 JEM-2100F B4 37 i L - R U5 (TEM) L 8% 4
(20 24 DA K Hff s 5 A o A B MH-5L B 52 i 52
AR R 1 R4 IR FE(HV), 7E9.8 N[ &
SKERAT TR 15 o WYELHI 7 i Tt bz ke 78
DNS200 24 /3 fe A BHAIG AL FHEAT Rifiikgs, Fifi
TEE A2 mm/min.

2 FER5E

2.1 ERILHIXI SR AR S RERI RN

B ()T s NS IRFEE I 5 LA 35 1) SEM
%o BB 1@ W, ¥I5IARFE 3 2 s K A1 a-
Mg ZEAR . KA )Z A RA O 1) 1 4) B
[ BEATL ) K B AR AR 2R (LI 1 () ) BYRA R
L HOR A UL 1) 1 C) o Nitk— 255 HEWL
SENMIAR, XX LA AR BEAT T AH S8 EDS 43 8 (W
K)o AP HE T Mg, ,(Gd,Y)(Zn,Al), 455
HIEFURAE, HEWTX M ZE R AH Dy 14H-LPSO &5
o B 1(b)FT~ A B HRTEM A%, W LLE H R
FRA LA VE 2 A0 BPAT I SR 7 HEDR2H 70 52 ) SR 1
B AR, Hr 5k AR B TR R B 4
1.6 nm. 45E AR (FFT) L, (0000), £(0002),
2 TAAERT S B 450 18 4y, IX LA AE 8 5 LRl
Tl E ¥ 18R-LPSO 4t — (™. CHh &H K&
M GAMY JuE, IWNHNE REFRL, XME RE
WURLAE Mg-RE & & H ORI, BA RIS
SEME, TEREI S R R R e A e

B 1(c) s A SIAC M 22 2 IR 5L 1 20% J5 1)
OMf%. HE 1N I, S=RILHE, MR
AFN, b RSFAN], FB 55 ik A 38 D
BIEBOR AR AR (L 1(c) RISk TR, X
R TEEIRFLGIN, 5480 TS R
A, TR I R A R P R A A 2 B A 2R AR 1Y
J5 SRR AR TR, L A8 23 N R B
AR R ] O T2 B ORI AZ I . AR SR AT
18R-LPSO 5 i 4 B SR IR W1 2., 5 5% Aok
18R-LPSO & 14 A4 AL JEI 24N [R], 3 Al e A2 A

00018

L
0000

18R-LPSO

1 Mg-8Gd-4Y-1Zn-0.5A1 & 435 SRR J AL 11
WO

Fig. 1  Microstructures of Mg-8Gd-4Y-1Zn-0.5A1 alloy
homogenized and homogenized-rolled sheet: (a) SEM
image of homogenized state; (b) HRTEM and FFT images
(inset) of B in Fig. 1(a); (c) Optical image of homogenized-
rolled sheet
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) x/%
Point
Mg Gd Y Zn Al

A 90.84 3.22 3.05 1.90 0.99
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C 40.53 13.91 45.56 - -
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Fig. 2 Optical micrographs of Mg-8Gd-4Y-1Zn-0.5A1 homogenized-rolled sheets held at different temperatures for different
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Fig. 3 EBSD results of Mg-8Gd-4Y-1Zn-0.5Al alloy homogenized-rolled sheet: (a) Inverse polar figure map; (b) Polar

figures; (c) Grain size distribution; (d) Misorientation angle distribution; (¢) Schmid factor distribution
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Fig. 4 Aging hardening curves and microstructure after peak aging of Mg-8Gd-4Y-1Zn-0.5A1 alloy homogenized-rolled
sheets: (a) Aging hardening curves; (b)—(f) STEM images; (g)—-(h) TEM images and FFT
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Fig. 5 Tensile properties of Mg-8Gd-4Y-1Zn-0.5Al alloy in various states: (a) As-homogenized; (b) As-homogenized-
rolled; (c) As-homogenized-rolled-aged; (d) As-extruded; (e)As-extruded-rolled; (f) As-extruded-rolled-aged
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Fig. 6 Microstructures of Mg-8Gd-4Y-1Zn-0.5Al alloy extruded-rolled sheet: (a) Optical image; (b) SEM image
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Fig. 7 EBSD results of Mg-8Gd-4Y-1Zn-0.5A1 alloy extruded-rolled sheet: (a) Inverse polar figure map; (b) Polar figures;
(c) Grain size distribution; (d) Misorientation angle distribution; (e) Schmid factor distribution
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Fig. 8 STEM images of Mg-8Gd-4Y-1Zn-0.5Al alloy extruded-rolled sheet after aging treatment: (a), (b) 18R-LPSO

structure; (c) Grain containing stacking faults and ' phase; (d) Grain without stacking faults
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Microstructures and mechanical properties of
Mg-8Gd-4Y-1Zn-0.5Al1 alloy rolled at room temperature

LIU Si-qi"?, MA Han"?, HUANG Zheng-hua?, ZHANG Zhong-ming', XU Chun-jie', LI Xiao" %, CHEN Feng®

(1. School of Materials Science and Engineering, Xi’an University of Technology, Xi’an 710048, China;
2. Guangdong-Hong Kong Joint Research and Development Center on Advanced Manufacturing Technology for
Light Alloys, Guangdong Provincial Key Laboratory of Metal Toughening Technology and Application,
Institute of New Materials, Guangdong Academy of Sciences, Guangzhou 510650, China)

Abstract: The as-cast samples of Mg-8Gd-4Y-1Zn-0.5A1 (mass fraction, %) alloy were homogenized and hot-
extruded to obtain extruded sheets. And then, the homogenized and extruded sheets were rolled at room
temperature and aged, respectively. The microstructures and phase compositions of the samples were analyzed by
OM, SEM, TEM and EBSD. Meanwhile, the hardness and tensile mechanical properties of the samples were
tested. The aim is to study the evolution on the microstructure and mechanical properties of the alloy under
different processing technologies. After rolling at room temperature, the structure transforms from equiaxed
crystals into deformed grains accompanied by twins, and then transforms into static recrystallized grains after the
recrystallization treatment. Meanwhile the 18R-LPSO structure shrinks and aggregates. After peak aging
treatment, a large number of stacking faults and B’ phases precipitate in some grains. The yield strength (YS) and
tensile strength (UTS) of the sheet are enhanced by 24% and 23% compared with those before aging, respectively.
After rolling at room temperature, the recrystallized grain size of extruded sheet increases slightly, and 18R-LPSO
structure appears irregular bending and delamination. After aging, the YS, UTS and Elongation (EL) of the sheet
reach 383 MPa, 420 MPa and 5.5%, respectively.

Key words: Mg-rare earth alloy; long-period stacking ordered (LPSO); rolling; microstructure; mechanical

property
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