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Abstract

The microstructure of magnesium alloy whose nominal composition is Mg-8.0Gd-2.5Y-0.5Nd-2.0Zr
was investigated by means of optical microscopy, scanning electron microscopy, X-ray texture
analysis and transmission electron microscopy, and the mechanical properties were obtained. The
results show that the as-cast microstructures of Mg-8.0%Gd-2.5%Y-0.5%Nd-2.0%Zr alloy consists
of a-Mg matrix and lamellar second-phase (Mg5Gd and Mg24Y5 phase) which distributes around
a-Mg matrix. The Mg5Gd and Mg24Y5 phase basically disappeared after solution treatment. Then
by aging treatment, alloys reach a good mechanical property. The mechanical properties of stu-
died alloy at room temperature, 250°C and 300°C reach 312.04 MPa, 271.99 MPa and 199.81 MPa;
the corresponding elongations are 3.4%, 7.0% and 12.7%.
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FIFZEMEMEE. B BE. XFRATHABEF BESMR T £ Uk AMg-8.0Gd-2.5Y-0.5Nd-2.0Zr
MEEHEMAR, WRTEEM /122 . FFARE, Mg-8.0%Gd-2.5%Y-0.5%Nd-2.0%Zr& & %
BUHRAETEHa-MgE AN EEW R R 5 M KB - HMg5GdMMg24YSH &, FEEA#EE, Mg56dH
Mg24YSHHEARN R, BENBAEE, AE&ERBREH %%, REE. 250CH300CHHIRRE
4yH14312.04 MPa, 271.99 MPafl1199.81 MPa, HXHRIZEMEBLFIN: 3.4%, 7.0%F12.7%.
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1. 51§

B S BRI & E AR G F = R R 32 2 T A S, SR m il 2 e i 2,
P R T EEA RN HTEEI[1] [2]. Mg-RE R A &2 BEENM A4, EHTTE 200°C~300°C F KT
fE. FESEEETIA Gd. Y %M Lo R A St M HE S S & 1= iR iR fE[3]-[5], oes Ho iR
AR 1 e DL A S PR RE(6] [7], M8 MQ-RE A &TEMUZSHUR . R4 B L7 5P A T I i R i 58]
[9]. —JG Mg-Gd & & MHihiss R Gd & =M R s, SR, & &M% HEE Gd & &M KM AR
Ko MEES & BRI TZNEBERMN . BT Y. Gd fEEA ST MERER K, RIMHBRGH
[ 5 BB AL AT H SRR . Zr FEBER R REIVA BEAR D, (H AR SR I R RL A AGAE P . WEDB4 i 4 & &K 1
EHRIE N 300°C, ZA e A BE M S SOR, =iE. BB PUE M RE R IR LR,
i FLEA T BT e RE[10] [11]. WE43 &43& T 250 CRN ], BEA BN EEMEREE, CuH
TR JMUR CAT R AEF . Mg-Gd-Y-X RAE 4 AL WES4, WE43 F1 ZM6 A 4 5 4 1) il 14k g
[12]-[15], (HE5EE M 2= IR AP K 2w AR . H 77, Mg-Gd-Y #i L85 & A ZUE R A I 7 1) i [16]-[18]
ARSCAE 2 RS2 i Hemt B AR 3 — M 1 & Sy, FERFIE T B s R BRI, 15 BRI & R A
re i T 5 DAL I A 2R

2. SEUR

SOG4 4K FH Tl 4l 85 (>99.93 wt.%) . Mg-30.15wt.%Nd. Mg-31.25wt.%Gd. Mg-25.48wt.%Y .
Mg-30.14wt.%Si H1[E] &4 ECE . BTN, SR PR TR 760°C 5 M A4iEEEE, M Ar <
HATORY, FraiBEbe B0 E IR 20 min. 2R iR BEHE A3 780°CHFMAFT ) Mg-Gd. Mg-Y.
Mg-Nd A1 Mg-Zr Fr[a1 &4, fra i e B HE R 3 min, P\ 5 R i heid 2 R~1 4 ©50 mm x 150
mm AR . &4 4 Ul N Mg-8.0%Gd-2.5%Y-0.5%Nd-2.0%Zr .

MG IR LT 2255, Mg-Gd-Y-Nd-Zr & 4% F i VIR 8 520°C, I R0 FE A 225°C o 1RSI
(e EUNEU LA ERE EAT AN [FIIS (8] (0 [ AL BE, 4 &N i TA) A B e e AT R B L 2 B AL i % =
FAV A BRI AT T3 ok, JE3 kit (] /9 15~30 s, K JE3 Dl i ARV ot ek FH 37 7K i e 144, S R A KR,
7E XIP-6A B AL B (OM) T AT AN 2R %2, 15 31 s 0 B [ 15 il B2 /5 - 0 i) B2 b 34 )5 1)
TREHEAT AN [FIT B) BB 25 A B, 4% % AN BF U] A oot FH AR AR E G b R4 T BS, 76 HV-10B 4 [RAE 3 it



IR, A3 B LR B R . X SR ATSS AT (XRD)7E H A #2242 D/max 2000 %Y 18 KW #%# X
SHRATHMY E5E K, 7E Tecnai G20 AU 5T HAL (TEM) T BEAT SR LI 8L BUZ A F 1 e 2kh 2 T i
RFEREAT IR A E A, FRICOLWT T3 . IR PSS 7E CSS-44100 M 5 B T HiHL L idk4T,
PR E N 1.0 mm/min, FiHRFEZ I GB6397-86 AT, Wi A& &#A. BESHLAHRMAE
Quanta-200 ZY 4 HL 1 A B (SEM) AT -
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3.1. ASHRAETENHE

311 AERHSERMER

K1 R NiZa S B, mEmH, §erESEMANRZH a-Mg HE S — LI fifE
ot AR Ao DO JHEL ) ) AN I B AR T 3R 2 2, DU TR SR A A Sk A P PR B8 B 2 A 75 T LT 0 F D o
BRI FHEM AT, SRS, RAER, TR RS 2008 44 pm.

3.12. A&EEFIENTE

4 2 FTR A% A 47 520°C /R I ) F (R VAL, m ] 2(c) AT, £r4:% 520°C/12 h [HV R AT
JEEIEAR SRR, RN KR B R T, FLE BT S 0 ELBER 3 e T ey,
TRLR ST LY — SRR K RIS . Rk, BATHIE 520°C/12 h /E & &t i [ i 1l B

3.1.3. SERMHIENER

K 3 BN A% A 4 520°C A 12 h G FOR ZOBEAL i 2k . R S, fERS SR VIsaIn B, & &t s
TTEF B FRAE 12 h Bk B {E AT (105.6 Hv), FEE R RIIE K, & &R BH N, &I ir
FEAAE . DUk, AT E %4 4 % e B B B R FE Sy 225°C /12 he

3.2. AENHSMEREEMER

KA NEeEAN, WTUEH, feEEas RN, B a-Mg F4K, IEA7E KR 7L 5 5
AL WA L B AN B AR AT 3R R A 23 1] 4(b) & & /AR IBUR A, JExt A RS IRL 7 384T T EDS
RETE M, SERWE 1 PR, Bk, A% SHAD EEAE A FARAN: AN o-Mg ik, BN
KEAAERAP O S, CONEA D BN A, D SN DB A A, 454 EDS REiA
JETH ) XRD 4558, W1 B EEH MgsGd Fl Mg, Ys (155 —AH, C NE(Gd + Y)iH, D N&E Zr #fl, Xt
BE—AIESE T Zr £ Mg SR 1 ZAE N RL AR o & Zr S Pl 32 TR L i R A B L

K S EeRESHL, TUEN, %SG THAENRKERAPFEMHLSA D2,
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177 EDS BEIr AT, SR 2 Pron. ik, & eBEA N EEAAAE 3 MANFIHEL: AN a-Mg
ik, B NTRAM, C MR R, XTERESHPMmA R R, GRS EENKER A MEHESS
SIS, A2 Gd MY B iR 7, WAV R R, TR AN S TR
REET5 AR BCREA D, ARER 0 T7 A MR A R R A . X B AMIRAS ) EDS S5 R W AL, #E G
R E RPN LA 34 a-Mg K. J7 AR S .

3.3. 241 XRD 59
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Figure 1. OM images of as-cast alloy
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Figure 2. OM images of alloy with different solid solution time. (a) 8 h; (b) 10 h; (c) 12 h; (d)
14 h; (e) 16 h; (f) 18 h
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Figure 3. Aging hardening curve of the alloy after solid solution
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Figure 4. (a) SEM image of as-cast alloy; (b) magnified image of as-cast alloy
[E 4. () AEHFSHEEL; (b) GEHABBALHER
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Figure 5. (a) SEM image of alloy of solid solution; (b) magnified image of alloy of solid solution
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Figure 6. XRD diffraction pattern of Mg-Gd-Y-Nd-Zr alloy. (a) Solid solution; (b) as-cast
6. Mg-Gd-Y-Nd-Zr &4 XRD 15t Eig. (a) BEAZ; (b) &5



Table 1. EDS result of as-cast alloy
i 1. AES EDS o

A B C D
Element

wt.% at.% wt.% at.% wt.% at.% wt.% at.%
Mg 95.31 98.68 64.51 91.20 19.65 53.97 78.13 93.29
Y 1.72 0.28 5.66 2.19 36.24 27.22 211 0.69
Nd 0.57 0.16 4.65 111 1.89 0.88 0.28 0.06
Gd 2.83 0.45 25.18 5.50 42.22 17.93 1.78 0.33
Zr 0 0 0 0 0 0 17.69 5.63

Table 2. EDS result of solid alloy
i 2. B&BEA7TS EDS 21

A B C
Element

wt.% at.% wt.% at.% wt.% at.%

Mg 92.21 98.43 01.75 08.02 46.62 77.07

Y 2.17 0.63 40.73 51.06 06.50 2.94
Nd 0.80 0.14 2.39 1.85 43.20 19.03
Gd 4.82 0.80 55.13 39.07 0.60 0.17
Zr 0 0 0 0 3.08 0.79

T BH 3 (0 [T o B UL 1 o (ERAEENA 2 5, BRATITE 20 = 29°HIALE R I T — Pl i, A1)
WIS T A0, AT E RS [19@ I B 54t , e 77 AN fee 4544, a=5.25 A, Sk AL A 3L
K, RGN R, W IR E T AT, RS RGN R R A R
Forh, F8 7 ARSI S A

7 & Mg-Gd-Y-Nd-Zr £ 4R <11 2 0> 75 [ AT S BE A S L3R I R, AT S IR i wp ey
PLEH, FEATHBE A <0000>5{10 10} [7], F77E = /NRINMIATE B, M1 BIbc T 14, 12, 34 1)
frE, X5 Mg-Gd RG S EIEER RIAT AR g7 ARUCHES, 4] 4(b) 2 520 SR R E R, BT B
B, T FAHBERZ, 2MREL XA TREE SN ER ¥R SR I F R . AH7E[20]
FW, SHAE Gd BRI AN ssss—f7(D01g) —f’(cbeo) —p(fec), Hr, WhaZs pHx &4
L H) 7 RRAAE A, B AT RO IE A 54, di R B0 @ = 2-a,mg = 0.64 nm, b = 8:d{10 1 0},.g = 2.22 Nm,
C = Cpmg = 0.52 Nm. FERNAHIH, M FEomAHA g7, B2, eEXIEERmAIRIEAmE, b
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WO, &4 HA AL I 2 TR o i o B A SR IR am e, & I 2] (] A AR B 3E 3R, ARl A B AH
HT B ARG fec. g5, HEARIEILH, ERBORIM SRR, Kk, BEE g MK, &4 %6
BHTRE, DUREEIRET K, AERIHERZENZE SRR mE 1A R
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4 3 N e R am e ) BE AN S DI 25 B2 T B St A e i A iR S AR R, R AT LA
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Figure 7. TEM photo of Mg-Gd-Y-Nd-Zr alloy with peak aging. (a) Diffraction spots;
(b) bright field image
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Figure 8. Fracture morphology of alloy, stretched at three
temperature. (a) Room temperature; (b) 250°C; (c) 300°C
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Table 3. Mechanical properties of studied alloy at room tem-
perature, 250°C and 300°C
73 AS7FEER. 250°CH 300°CHINF AL

HEE(C) B 58 E (MPa) FEAHZE (%)
iR 312.04 34
250°C 271.99 7.0
300°C 199.81 12.7

FE BRI G MR BB AR, ORI RAE, B R TR, 250C .
FRER G AT D, IS5 BTN, (AR BRI S R I DS K, 592 2 (ABLME AR (AR
P, 300°CF, WKL BEHRIE G IR 0I5, BT LA R B, AR K.

GhE 2 BT RLE S IO/ T 5 R, SRR, F T 0 o R AECE R BRAL AR BRI T
TCUSTE it PO A T RS O AT 4, AR A BB R MO FUR IR, (AR A AR, W7 RSt 2
T AR T L (R o 250°C BRI, B LB WEEE AL A B A, KT H AR R 35 T P (Rt 1A
W, it 1) TR LU AT 9B M . 300°CRRIRBLININ, A4 RAEDEEE, SHAEEHIL, HEEM
SRR R, TE R AR
4. #5ig

1) Mg5Gd 1 M24Y5 HI & 4 A5 (R 35 M1, EEATEM A, SHOR, XEWFRLm T &4
(2, 20 VR AL TE S B A A TR, o F B (G + V)T KA, 7 AARE foe 45K, 5360k
GRS IN, SIE SRS, B Zr HEEARAETE a-Mg S gL, S AR, AR
fITEF .

2) A 4RI T ORI AL, B R IRE T, IR AR, PR,
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3) % U4 N Mg-8.0%Gd-2.5%Y-0.5%Nd-2.0%2Zr F4 4 [ 5% At [ 5 i il 4 : 520°C/12 h, 225°C

112 h, TEiZEI 1S EE& 4 E i, 250°CHI 300°C TRt E 4> 514 312.04 MPa, 271.99 MPa #l1 199.81
MPa, Gk R 5N 3.4%, 7.0%H1 12.7%.
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