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Abstract: The homogenization annealing treatment has an important effect on the microstructure of Mg-Gd-Y-Zn-Zr alloys.
In particular, the evolution of the LPSO structure plays an important role in the application of rare earth magnesium alloys.
To study the effect of homogenization annealing on the microstructure evolution of the Mg-10Gd-4Y-1Zn-0.5Zr (mass
fraction, %) alloy, the alloy was prepared by casting with vacuum argon protection in an electric-resistance furnace,
followed by homogenization annealing. The microstructures of the as-cast and homogenized alloys were observed by OM,
SEM and TEM. The results show that the as-cast alloy consists of a small amount of randomly dispersed island-like
Mgs s(Gd,Y,Zn) phase, coarse bulk Mg,(Gd,Y)Zn eutectic phase, Mg-RE particles and a large amount of coarse matrix
a-Mg, with an average grain size of 91.2 pm. The a-Mg matrix, Mg;,(Gd,Y)Zn eutectic phase and granular Mg-RE phase
appear within the homogenized alloy, with an average grain size of 142.1 wm. The grains of the homogenized alloy grow

significantly, and the coarse block Mg;e(Gd, Y, Zn) eutectic phase and 18R-LPSO structure at the grain boundary are
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transformed into the fine lamellar 14H-LPSO structure in the grains. The homogenized alloy contains more LPSO phase, of

which the morphology evolves from coarse block to dense and fine lamellar and lacks high density dislocations and second

phases compared with the as-cast alloy, indicating that the homogenization annealing process effectively promotes the

softening of the alloy and plays an important role in the subsequent plastic processing.
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Tab.1 Chemical composition of the as—cast alloy
Element/% Gd Y Zn Zr Mg
Bottom 10.18  4.16 0.99 0.42 Bal.
N Middle 10.02 4.09 095 044  Bal
composition Top 10.10 4.30 1.10 0.47 Bal.
Nominal composition 10.00  4.00 1.00 0.50 Bal.
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Tab.2 The grain sizes and properties of the as—cast and
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Fig.1 Microstructure of the as-cast alloy: (a) OM image, (b~c) SEM images
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Tab.3 EDS results of various points in the as—cast alloy

Mg Gd Y Zn
Point Mass Atomic Mass Atomic Mass Atomic Mass Atomic
fraction/% fraction/% fraction/% fraction/% fraction/% fraction/% fraction% fraction/%
A 96.90 99.47 2.77 0.44 0.33 0.09 / /
B 70.39 90.97 15.18 3.03 7.35 2.60 7.09 3.41
C 58.99 86.77 25.11 5.71 8.17 3.29 7.74 423
D 5.72 17.09 / / 94.28 82.91 / /

2 B XRD B (a) %45, (b) #1570 A&
Fig.2 XRD patterns of alloy: (a) as-cast alloy, (b) homogenized alloy



Vol.44 No.09

<846+ FOUNDRY TECHNOLOGY Sep. 2023
3 50 iR KR ZUE S (a) OM 44, (b) SEM £H 4
Fig.3 The microstructure of homogenized alloy: (a) OM image, (b) SEM image
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Tab.4 EDS results of various points in the homogenized alloy
Mg Gd Y Zn
Point Mass Atomic Mass Atomic Mass Atomic Mass Atomic
faction/% fraction/% fraction/% fraction/% fraction/% fraction/% fraction/% fraction/%
Al 94.68 98.73 2.99 0.34 2.33 0.93 / /
B1 6.07 18.14 / / 93.93 81.86 / /

47N Z R R A A LPSO 4544

M2 2 AT, 5 A FE #E 4T 520 °Cx14 h, Fifi
R Tl 1R 121 50 4k AR K AL B, AR R B S i 82.73 HV s
FEARE] 76.45 HVso, PUHL5R E H 289.87 MPa Jili /)N ]
273.61 MPa,

— 7T, 2t ¥ A AR AL B R R R
S 91.2 wm ZE K F] 142.1 wm, SRR SF Y 35 R
/D TOULZE 2 PN Y o BB BRI A R X T R s
Bl A AR RS S T B S R R A BAE
FHUSE AT RIS T 40 s A 8O 5 O — T i, B A
Ten B BE A 40 /N2 R LPSO 25 i A i, 858 T 5
A48 1 28 BLAE Y JEAR 2 45 R b Rz 9 7 26 AT 34
ST R AL ORISR R A R
OB B BERRAR, & A I LRI L4
23 AEHBERHANBASHESFBEALR

AR 514k AR K A B IR (% TEM U
ERNE 4 fiR I 4B RESES ST RAE A
S DRI BT A A A Sk 7 (PR €8 2 2 K X3
[ B o P A 5 A [ HE A 7 =X LPSO 4544 (28
0 jlE 2k i Sk X B Y AE 55 S TEM 81 JF 5140

BB AZAEMS) 2 B 51RO AL RS O 4 2
e R it 2 Rk Al /N 4R 1 LPSO 2548, H 40
Wz,

&l 4(b) b 7 4 51 AR K R AL B2 21 TP i 4R
YA R R LPSO 4548, 283 520 °CRy¥ 411
iR KA, A 4 rp LPSO 4548 11 75 2 B 3, T 54
AR POIR G AR Sy B S Al /N SR el . 35 ARk
Ab PSR T R R K R A Y A A AR B
A, X ULHAE Y SR KA A B FIHBR S S &4
PR A A 50 A AR R N T S B R AR B S A R
RO, T SR B T AR B

Xof 5 1 RS B R AR B LR HetR LPSO 4544
#47 TEM #1 SEAD 438, 4018 5 Fizs o 1E(0002)y,
FVEL 407 S U] B 18 A ] A S HE B 4 A
BE R, AT PR AR POk A 18R-LPSO 4544, [
Sy, FEAIAEE AL 18R-LPSO 2544 LA 4 HEME
HICAH 2 HERLAR A TTHY I 1 AR T, B
WIvEHEAR, ARG CIE R 1.568 nm, H & —A4>
18R 25 AT 3 A A HEBR L oT . X — I 4 250
5 At 2 2 U100 00 i 2 R — B

/4 KRS & 4 09 BE-TEM {2 (a) #75 , (b) 1951 (i k4
Fig.4 The BF-TEM images of alloy: (a) as-cast alloy, (b) homogenized alloy
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Fig.5 TEM images of LPSO structure in as-cast alloy: (a) BF-TEM image and SAED pattern, (b) HRTEM image
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Fig.6. TEM images of LPSO structure in homogenized alloy: (a) BF-TEM image and SAED pattern, (b) HRTEM image
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