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Fig. 1 Microstructures (BSE images) of Mg-7Gd-5Y-1Nd-xZn-0.5Zr(x=0, 1, 2) extruded alloys: (a) 0Zn alloy; (b) 0Zn alloy,
RE-rich phase; (c) 0Zn alloy, Zr particles; (d) 1Zn alloy; (¢) 1Zn alloy, Mgs(RE, Zn); (f) 1Zn alloy, Zn-Zr compounds; (g) 2Zn
alloy; (h) 2Zn alloy, RE-rich phase; (i) 2Zn alloy, Zn-Zr compounds
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Fig. 2 HAADF-STEM image and corresponding SAED pattern of Mg-7Gd-5Y-1Nd-0.5Zr extruded alloy: (a) HAADF-

STEM image; (b) Corresponding SAED pattern
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Fig. 3 HAADF-STEM images and corresponding SAED patterns of Mg-7Gd-5Y-1Nd-1Zn-0.5Zr extruded alloy:
(a) Metastable LPSO building block clusters and corresponding SAED pattern; (b) 14H-LPSO phase and corresponding
SAED pattern; (c) Mgs(RE, Zn) phase and corresponding SAED pattern; (c) Zn-Zr compounds
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Fig. 4

HAADF-STEM images and corresponding SAED patterns of Mg-7Gd-5Y-1Nd-2Zn-0.5Zr extruded alloy:

(a) HAADF-STEM image; (b) Corresponding SAED pattern from [1 IEO]‘Z ; (¢) SAED pattern of Mgs(RE, Zn) phase from
[111]; (d) HAADF-STEM image of LPSO building block clusters; (¢) HAADF-STEM image of 14H-LPSO structure and
corresponding SAED pattern from [1120], ; (f) HAADF-STEM image of kind band; (g) HAADF-STEM image of breakage

part of 14H-LPSO structure
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Fil EBSD $i A%} 3 i Mg-7Gd-5Y-1Nd-xZn-0.5Zr
(=0, 1, 2)BF LA B ERAT T b7, 3 e S ik
1] 53 A1 B AN [ #% B (Inverse pole figure, IPF)5
0001y + (1010) A1 (1120) /%l (Extrusion direction,

ED)HITH 2> A B 51 F 1 5. I 5 v (X 5y EBSD
FARFI A, W SRR H L DX AT 5, B
5(b)F B X 4 Mgs(RE, Zn) Uk £E B i il o' s
JEg b B FLIR ;. P 5(c) B 0 [X ek g A 0 0 9
AR LPSO 4544, i 3k AR et Hobr e ok, iR
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TE K Aokt A R E 1) 24k LPSO 45M(El 5(c)
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M 5(a)~(c) T A A H, 3 MRS S 4
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RSFR 43 pm. SRR SHE GB/T 36165—20185
THE, G aRiE 1500 AL L. Skignib ) 2
JRPA: 1) LPSO S5 A REAE P Ak BRI 2 Hh BEAS &
FLAK, (EAH AT 3 P& & 46 Fobi K /N Zn
RIS, WEETER R, P SR
Ks 2) 2Zn BEH AR Mgs(RE, Zn)Fi
Krn et DRX, JH7E G FHAbReET 4L 7, BRAS f kL
KR, bsh, TEFEERES, 0Zn AEFERLE
B AR AT A4k SR 5(a) R (g) BE E A [
Jii7R)e FJEARI) LPSO 454 1] LLFHAS DRX i #%
mRL AR (B 5(0) M by A B FoR), A4
Ko Fr 2R LPSO S5 M| ks 7E 4 Uk & L B ik
[z, WRHIE T SR ST

5(d)~(HFT7~ N Mg-7Gd-5Y-1Nd-xZn-0.5Zr
(x=0, 1, 2)BFEAH EW[001]75 [ (ED) I S A K
(IPF). 45REH], 0Zn Fl 1Zn & &SRR N
(0001) //ED £, (0001)IZEH M EH FHIE 1, %
55354 3.593 F1 8.941;2Zn & & AU I B 551k,
H A2 B R (0001) /ED A1(1010) //EDGE
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Total Partition Total
Direction Min Max Fraction Fraction
[ <0001>001] ©0° 15° 0091  0.091
[l <10-10>I[001] 0° 15° 0.047  0.047
[ <11-20-001] 0 15° 0032  0.032

Direction Min  Max Fraction
[ <0001>001) ©0° 15° 0.255
[l <10-10=001] 0° 15° 0.081

[ <11-20-001 0° 15° 0.044

2110

Max: 1.832

1010

0001 2110

Partition Total Partition
Fraction Direction Min Max Fraction Fraction
0.270 [l <0001>001] 0 15° 0052 0056
0.086 [ <10-10>001] 0° 15° 0163 0178
0.047 [ <11-20=001 0° 15° 0090  0.098

5 Mg-7Gd-5Y-1Nd-xZn-0.5Zr(x=0, 1, 2)F[E 24 4 EBSD 7t
Fig. 5 EBSD results of Mg-7Gd-5Y-1Nd-xZn-0.5Zr(x=0, 1, 2) extruded alloy: (a), (b), (c) Inverse pole figure maps; (d), (e),
(f) IPF; (g), (h), (i) Distribution of (0001), (1010) and (1120) /ED; (a), (d), (2) 0Zn alloy; (b), (e), (h) 1Zn alloy; (c), (f),

(i) 2Zn alloy

23K, FET(0001) AT T-H5 e fil). @I B 5(c) ()
R A 2Zn A& TR K &R 20N
(1010 /ED, JEMIZR, X 53CHR[27, 36] 3B HH
—3. Mg-Gd-Y-Zn-Zr HES G ST HLSHRIETE N
FMAU, FEH(0001) 47T ED 5k (1010) “FAT
T EDP7 277 58 0Zn A1 1Zn 9 DRX MIZHKYE
AL, AT LLULEH (0001) //ED 242 T DRX S 21
X (0001) // ED L3R 4E A A& —Fh 45 i 4, iX
PO E B A KA HPY . B 5@~0) s N
Mg-7Gd-5Y-1Nd-xZn-0.5Zr(x=0, 1, 2)FIESEEH
0001y « (1010 F1(1120) 43 5)°F47F ED (i /> 4
P (332 (R E ) 224 15°), (0001) //ED [T AR 23 B0y
A 9.1% 27.0%F1 5.6%. LLEE 5(b)Fl(h),

(0001) //ED HJ ki £ ZAEH Mgs(RE, Zn)FURLH H
MEHLMME, TS ZIR LPSO, AN 1Zn

B TR 2 T Mgs(RE, Zn)R0kL i) BEAS B i
L AR B TE e T T GRS 1T LPSO &5 44 W] 11 i 3 Fif
G K o

2.3 Mg-7Gd-5Y-1Nd-xZn-0.5Zr(x=0, 1, 2)IFEZ

BENFEMEE

Kl 6 Fizs N Mg-7Gd-5Y-1Nd-xZn-0.5Zr(x=0, 1,
DFESEEMER ¥R 0Zn A& MPIRE
FE(UTS) Jit IR FE (YS) R R (EL) /37 284
MPa. 199 MPa 1 11.0%; 1Zn &4 UTS. YS #l
EL 7354 325 MPa. 260 MPa Al 6.0%; 2Zn &4
) UTS. YS 1 EL 434 365 MPa. 276 MPa fll
17.5%. HTRLIEWHEN /NG, BERTE
WAFRT oA, FrbtEaes T4 = EW75 A
KATEEAL . FEARSEIR 6T, i 3 kRS
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Fig. 6 Mechanical properties of Mg-7Gd-5Y-1Nd-xZn-
0.5Zr (x=0, 1, 2, mass fraction, %) extruded alloys at room

temperature
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KEMPE S, MRV L2 W, X2
BIHBFEYUR LPSO S5ffit, H 5BERARNMBA
WA, 454 TEM 4558, Haviyi Tk
R LPSO S5 M 7E S He ik 72 Hh B B I 11 4k

& B MRl AR R RS A2, 5
MR g5/ D), HRYE EBSD /T4 3,
Mg-7Gd-5Y-1Nd-xZn- 0.5Zr(x=0, 1, 2)H K& A &1
m AL RSP BE Zn SR RO IR TR o AR 4
Hall-Petch K F o, = 0, +Kd™"* (o, N JEIRGELE,
o, NS EE D], K NERL, d NSRS R4,
mi AR ERN, A  E RGERERROK . [RIEE, Aok
JFIRUN, IR A S BRI

1Zn & & A7) LPSO 2544 Mgs(RE, Zn)fiki
M Zn-Zr MHEERNSE —AHAHITER, (2 1Zn &5
Mgs(RE, Zn)FUHE 1 RSFEOR, B TR IR 2 K HURL 1)

) PN b
7 Mg-7Gd-5Y-1Nd-xZn-0.5Zr(x=0, 1, 2)F L4 &
P2
Fig. 7 Microstructures of fracture position of tensile
specimens of Mg-7Gd-5Y-1Nd-xZn-0.5Zr (x=0, 1, 2)
extruded alloys: (a) 0Zn alloy; (b) 1Zn alloy; (c) 2Zn alloy
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Microstructures and mechanical properties of extruded
Mg-7Gd-5Y-1Nd-xZn-0.5Zr (x=0, 1, 2) alloys

PENG Yong-gang">™>* DU Zhi-wei"*>* LI Yong-jun’, LI-Ting" ***, HAN Xiao-lei" >, MA Ming-long’,
PANG Zheng"***, XU Yun-pei"*>*, LI Cong"**, YUAN Jia-wei’, SHI Guo-liang’

1. National Center of Analysis and Testing for Nonferrous Metals and Electronic Materials,
GRINM Group Co., Ltd., Beijing 100088, China;
2. China United Test and Certification Co., Ltd., Beijing 101407, China;
3. Beijing General Research Institute for Nonferrous Metals, Beijing 100088, China;
4. Guobiao (Beijing) Testing and Certification Co., Ltd., Beijing 101407, China;
5. State Key Laboratory of Nonferrous Metals and Processes,
GRIMAT Engineering Institute Co., Ltd., Beijing 101407

Abstract: The microstructure and mechanical properties of extruded Mg-7Gd-5Y-1Nd-xZn-0.5Zr (x=0, 1, 2, mass
fraction, %) alloys were investigated by scanning electron microscope(SEM), transmission electron backscattered
diffraction(EBSD) and high-angle annular dark-field scanning transmission electron microscopy(HAADF-STEM).
The addition of Zn element can form long period stacking ordered (LPSO) structures, promote the precipitation of
Mgs(RE, Zn) phases and form Zn-Zr compounds with Zr element. LPSO structures can not only restrict grain
growth, refines grain, but also prevent dynamic recrystallization, resulting in dynamic recrystallization grains and
deformable grains coexisted, the DRX grains with a (0001) /ED texture, and the deformed grains with
(1010) //ED texture. The large size micron-scale Mgs(RE, Zn) particles can reduce the toughness and plasticity of
the alloy, the uniformly distributed submicron-scale Mgs(RE, Zn) particles play the role of second phase
strengthening and can nail grain boundaries, and hinder grain growth. For three extruded alloys, the
Mg-7Gd-5Y-1Nd-2Zn-0.5Zr alloy obtains the optimal mechanical properties, the tensile strength, yield strength
and elongation are 365 MPa, 276 MPa and 17.5%, respectively.

Key words: magnesium alloys; extrusion; long-period stacking ordered (LPSO) structures; HAADF-STEM;

mechanical properties
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