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Table 1 Composition of Mg-7Gd-5Y-1Nd-2Zn-0.5Zr alloy

(mass fraction, %)

Gd Y Nd Zn Zr Mg

7.08 4.84 0.89 2.12 0.38 Bal.
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Fig.1 Metallographic photo of as-cast alloy
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Fig. 2 BSE images of grain boundary and intragranular second phases in as-cast alloy: (a) Low magnification image;

(b) Zoom in black box area in Fig. 2(a); (¢) RE-rich phase indicated by arrow B in Fig. 2(a); (d) Zr-rich particle indicated by

arrow C in Fig. 2(a)
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Table 2 Composition of each phase in as-cast alloy

Mole fraction, %

Position Phase
Mg Gd Y Nd Zn Zr

A 975 1.1 1.1 0.1 0.1 0.1 Matrix
D 76.7 9.1 50 3.1 6.1 - (Mg, Zn:RE
E 82.8 7.1 44 25 32 — Mgs(RE,Zn)
F 89.6 27 31 05 41 - LPSO
G 33 249 718 - - - RE-rich
H 209 - 13 - - 778  Zrrich
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Fig. 3 HAADF-STEM image of FIB sample of second phases on grain boundaries in as-cast alloy and SAED patterns of
regions with different contrasts: (a) HAADF-STEM image of FIB sample; (b) (Mg, Zn)s;RE phase in area 4; (¢c) Mgs(RE, Zn)
phase in area B; (d) (Mg, Zn);RE phase and Mgs(RE, Zn) phase; (¢) 18R-LPSO phase in area D; (f) 14H-LPSO phase in area C
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(@)
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b lT SR PR L. R TN | S —,
X N [0001]
Zpm [1120]

4 I[1120] MEH A L APk LPSO A HAADF-STEM 1% & SAED it

Fig. 4 HAADF-STEM image and SAED patterns of bulk LPSO phase observed along [1120] in as-cast alloys: (a) Low
magnification image of bulk LPSO phase; (b) High resolution HAADF-STEM image; (c) Corresponding SAED pattern of
18R-LPSO phase; (d) High resolution HAADF-STEM image; (e) Corresponding SAED pattern of 14H-LPSO phase;

(f) Incomplete periodic stacking structure of bulk LPSO phase

170014

2um [0001]  [1120]

5 IR[1120], MEHD A NG HAADF-STEM 14 J SAED i
Fig. 5 Low-magnification HAADF-STEM image and SAED pattern of as-cast alloy observed along [1120], inside grain:
(a) Needle-like phase distributed parallel to (0001), plane inside grain; (b) SAED pattern, diffraction streaks shown by

yellow arrows
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MY IC R 4 4~ 3 4> Mg R T Z MG B 6(e)
H LPSO B 4 4 LPSO M BT 77 4 2
A5 A0 S Mg TR T EREG B 6(HH 1 LPSO
P g He s 3 4~ LPSO ML T 4 4 1>\ 8 /> Mg

1120]

6 W[1120], MEEEE G & EA N R LPSO # #H¥) HAADF-STEM 4k

JEF Z R B 6(2)HH ) LPSO My B 5 4 LPSO
PP T 3 N 34 8 MR 4 A4 Mg Ji T2
P e IXEE LPSO GBI AS HL A4 56 B2 1) HE i JA 1
PE.

Bl 7(a) s N8 A A 4 ok P 3T [0001], MR
S3RIF = 7 ¥ HAADF-STEM #%. Mg Ji 7hE &
NAHES, % RE/Zn R FHEAEIRAT EE,

[0001]

L—> [1700]

[1120]

Fig. 6 HAADF-STEM image of LPSO building blocks with different stacking structures observed along [1120], in as-cast
alloy: (a) Low magnification image; (b) High resolution image of region 4 in Fig. 6(a); (c) High resolution image of region B
in Fig. 6(a); (d)—(g) LPSO building blocks with other different structures

7 fEsds & A 0001, AFRREE

EB/M0001]

SRS 7 200 RE/Zn J5 7 FIBEZ: 1 SAED i

Fig. 7 Different types of RE/Zn atomic cluster structures observed along [0001], in as-cast alloy crystal: (a) Different
types of RE/Zn atomic clusters distribution; (b) Zoom in area 4 in Fig. 7(a); (¢) Zoom in area B in Fig. 7(a); (d) Zoom in area
Cin Fig. 7(a); (e) SAED pattern observed along [0001],
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Fig. 9 BSE images of homogenized alloy: (a) Residual second phase at grain boundary; (b) RE-rich phase; (¢) Zn-Zr

clusters



116 hEA ORI

202241 H

[1700]

0001
;M [1150]<L—[>]

E 10 5SS & H A PUR LPSO #HE[1120], ML%%¥ HAADF-STEM 41 SAED %

[0002],

EB//[1120]

Fig. 10 HAADF-STEM images and SAED pattern of bulk LPSO phases observed along [1120], in homogenized alloys:
(a) SAED pattern; (b) HAADF-STEM image of bulk LPSO phase; (c) High resolution HAADF-STEM image
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B 1 BEEEST A TR LPSO AH[1120], # W %1 HAADF-STEM &
Fig. 11 HAADF-STEM images of different forms of LPSO phases with incomplete period along [1120], in homogenized
alloy: (a) HAADF-STEM image of residual LPSO phase at grain boundary; (b) Zoom in area 4; (¢) Zoom in area B
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Fig. 12 HAADF-STEM images and SAED patterns observed along [l 150],1 in homogeneous alloy inside grain:
(a) HAADF-STEM image inside grain; (b) LPSO block observed along [1120], ; (c) SAED pattern observed along [1120], ;
(d) High-resolution HAADF-STEM image of LPSO building block

EB//[0001],

B 13 NS G ERmANTT0001], MBI AR 734577 2N RE/Zn J5-7 BIFE4E 14 2 SAED i

Fig. 13 Different types of RE/Zn atomic cluster structures observed along [0001], in homogenized alloy crystal:
(a) Different types of RE/Zn atomic clusters distribution; (b) Zoom in area 4 in Fig. 13(a); (c) Zoom in area B in Fig. 13(a);
(d) Zoom in area C in Fig. 13(a); (€) Zoom in area D in Fig. 13(a); (f) SAED pattern observer along [0001],
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AaL, FEWE 7 G, i, i) 3 B 7 .
tbah, EBLNEEEPIEUER T H—Mo AT
R (VWK A Bas3 IS FFRR 2 B B 4 A7
f) RE/Zn JE-TFE(ILIE 13(e)). 7E SAED i i ) i 4>
FATHPE S LS B 5 AT S BE R (E 13(D)
FEORTEALE), 5 ER RE/Zn J& - FIREXR .

LB S AKE IS, RE/Zn JR T HIFERISER K
B, ERT Mg-Gd-Y REEAE g F
H GP [X {1 4544 .

3 Zig

1) Mg-7Gd-5Y-1Nd-2Zn-0.5Zr #4544 R0
HLH a-Mg B4 f A EAES: I MRR L 4 4
JrHURIE RE AH LA SBURCIR & Ze FHAL R Horp
HMAL P FE (Mg, Zn)sRE HH(FCC, &FiESHN
a=0.72nm) . Mgs(RE, Zn)#H (FCC, &SN
a=2.24nm). YUK LPSO 45MAH; fMAEE D EA

~ TR A I HERR G5 R B Z0IR LPSO Ry, JUlR
LPSO #HLL 18R Z5# N3, fA{E/>E 14H-LPSO
My FERE XM R R A 4+1 SR HELRE A
68 S5 A LPSO AH.

2) KH FIB £{R7E(Mg, Zn):RE #5 Mgs(RE,
Zo)AH A7 X IR IE WL %2 HAADF-STEM 14 %
SAED i . 45 & B, (Mg, Zn);RE #5 Mgs(RE, Zn)
¥ FCC &5t bk %2 N apy g0 pe =
0.72 nm Ml @y, 50 e = 224 nm, F 54T 5] A7 72
d(220) s, e 2y = 3 (220) gy 0y

3) &3k (515 C, 48 b #kbEl f5, A
AbfI (Mg, Zn)sRE #H & Mgs(RE, Zn)AH BV 5 344
L FR I AE O K 2R A AR 1Y 14H-LPSO AH:
TE 5 LR B I 14H-LPSO M H B R BB IX 4, 77E B
A 4+2 ZEHFD 4+4 SERIIHESRRHE . dRi A S
Zr FRLHONTEARA RG] Zo-Zr PR AR &
RE FHTE SI 43 FE v A R A B R AR Ak

4) BEAR G S AR AR K EVE L T WP AT
T-[0001], 11 ZARAH, A [FEZCE ) LPSO ) E kR
Hoo Kk Mg BT EMBE LPSO Mad; 43t
(515 °C, 48 h)y¥JZfLHbFR 5, &N LPSO 4%
PR EE, AR /> $0H B4 LPSO #e g

JUH S LPSO Mgk E . Bbah, #&KssE
SRR, BAEAEAN R 5340 77 ¥ RE/Zn J5 1)
B, BRT Mg-Gd-Y REEA S pHTHTHI GP X
O EAy A
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Microstructures of as-cast and homogenized
Mg-7Gd-5Y-1Nd-2Zn-0.5Zr alloy
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MA Ming-long®, CHE Cong">*, CUI Qiao-qi">*, LI Cong"?**, XU Yun-pei"?>*,
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GRINM Group Co., Ltd, Beijing 100088, China;
2. Guobiao (Beijing) Testing & Certification Co., Ltd., Beijing 101407, China;
3. Beijing General Research Institute for Nonferrous Metals, Beijing 100088, China;
4. China United Test and Certification Co., Ltd., Beijing 101407, China;
5. State Key Laboratory of Nonferrous Metals and Processes,
GRIMAT Engineering Institute Co., Ltd., Beijing 101407, China)

Abstract: The microstructure and the second phase of Mg-7Gd-5Y-1Nd-2Zn-0.5Zr alloy in as-cast and (515 °C, 48
h) homogenized state were observed and analyzed by using focused ion beam(FIB) preparation technology,
transmission electron microscopy(TEM), high-angle-annular-dark-field scanning transmission electron microscopy
(HAADF-STEM), scanning electron microscopy(SEM) and other technical means. The results show that grain
boundary eutectic phase of the as-cast alloy consists of (Mg, Zn);RE phase (FCC, a=0.72 nm), Mgs(RE, Zn) phase
(FCC, @=2.24 nm) and bulk long-period stacking ordered(LPSO) phase. The bulk LPSO phase is mainly 18R
structure with a small amount of 14H structure and incomplete period LPSO structure in local position. In addition,
there are micron RE-rich phases distributed near the eutectic phase and micron-scale Zr-rich particles distributed
inside the grains. After homogenization treatment at (515 “C, 48 h), (Mg, Zn);RE phase and Mgs(RE, Zn) phase are
completely dissolved. The bulk LPSO phase is mainly 14H structure with transition LPSO phases of different crystal
structures. Inside the grains of the as-cast alloy, observed along [1120], , it is found that there are several atomic
layers to nano-scale LPSO building blocks, consisting of different numbers of LPSO building block units (4 RE/Zn
atomic layers) and Mg atoms layer alternate stacking structure. The stacking sequence of RE/Zn and Mg atomic
layers does not have a complete periodicity. After homogenization treatment, the LPSO building blocks inside the
grain are almost dissolved, only a very small number of individual LPSO building block units remaining. There are
multiple distribution modes of RE/Zn-rich atoms in the crystal grains observed along the [0001] , which are the
early structures of the GP zone in the f’ precipitation sequence of the Mg-Gd-Y magnesium alloy aging process.

Key words: Mg alloys; long-period stacking ordered structures; HAADF-STEM; LPSO building blocks
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