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30 HL B E4T Mg-8Gd-3Y-1Nd-0.5Zr & 444
Mo S B s el B be, M oo L Mg-32Gd.
Mg-32Y. Mg-25Nd. Mg-33Zr(JF 50 $, %) [+ ]
GBI A B AT M, M I R FH B
B IR LR, BETE I GRS AR BT 1A a4 ke
4, VIR A 740~780 °C o HEIF AL FHANHIAKA B 1L,
RSP 200 mm X 150 mm X 20 mm, $EFIEE 740 C
ikt o TERERI L RN AE B A oy o0, orbrés
BRI 1,

F1 LA G

Table 1 Chemical compositions of the test alloy

Theoretical mass Measured mass

Element ) .
fraction% fraction/%
Gd 8.0 8.2
Y 3.0 3.1
Nd 1.0 0.9
Zr 0.5 0.4
Impurity <0.1 <0.1
Mg Bal. Bal.

) — i B ORI A T I A B, ORAIF R R4 H1 4%
PR S DRAF— 500 AR 2CHL B P AT [T b 5L
MR 55 R AR I FE S A RR S . i [ T
2B, e NEERE EERUREEST DSC (LK 1), HE]
1 A LLEH, 545 CULG A ST AT AR A, U0 [
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Bl 1 Mg-8Gd-3Y-1Nd-0.5Zr #5 &4 4 FE 5 DSC ik
Fig. 1 DSC curves of Mg-8Gd-3Y-1Nd-0.5Zr alloy as cast

samples (heating rate of 10 K/min)

510, 520 C; fRi&IFIFESER 12, 18 124 h, fRif
SE R R R KT

TRFEI A AR B N AT, R EEE
AT IR SRR SR . I Rl 225 °C, i
TRl 1~96 h, 4574

H D/max-rA BIFEHE X B EATHHL(XRD)X R
FES ATV 50875 F FET QUANTA-200 A1 414 Hi g
(SEM) J it B & 11 g 1% 43 1T (EDAX) Ly B % 1 46
mb AT A SOM SR DX o i 43 AT s H Titan
G260-300 with image corrector G ERZE 12 1F 37 K 5 i
URICER S DO = TR e AW E =S T N SR
T S PO 25 L, FRARRA 4.5%(Fi i 2> 50 1)
RS T, AN R R 50V, XU 5
=30 C: H] HB—3000B B4 Af FGAi & vH 0 1B A it 2E AT
TR 5 3 A, AR RS 30 mm X 20 mmX 15 mm,
BN R SRS AT BT, AR R R B 2
5 mm ARHC 4 AR RESR ORI T R, 3R S Rl
FESES:, VAR IEAH B4R, 207k 2450 N, O s Ib] ]
30's, 54N Rl R IS DO AME: AR
PRSI GB-T 228.1-2010 #¢3t, it A R
KB GB/T 4338-2006 #eit, HLKAE DRl 44T,
FH 5 /KR RGM—4000 A5 Ap L 6 7 GER 50 AL
XIS T B W i AR IR, R R A
MR A 1.5 mm/min, =R %A 200 °C,
£RiE 10 min, HHIEZY 1.0 mm/min, WK 3 AHREE
WOPSAE, AR BT K SRERORAF, B
BB DACEE

TR 5 ek P 0 3 T ) P AT S S s G, K 10
mm X 10 mm [3FE IR TAE 1 e Rk 2%,
SAHRP AU TAR MR B, 58 U KA RO = i
N, 3.5%NaCl(Jit 73 H0) R b, SO o AR
HbT A, VA UARRROR S B < S o

2 FERE5HM

2.1 %575 Mg-8Gd-3Y-INd-0.5Zr &4 BMABL KRB

T

K 2 Fis b4 Mg-8Gd-3Y-1Nd-0.5Zr 4 411
SEM 1%, tHE 2 w4, HEESHLNH a-Mg Sk,
AR A BVA T a-Mg FEAR TR RORER 5
TR YOIREE ARG, XS AT S o3 H 2 R L
3, RER AR RE T B T AR 20 I 3 MR 2 1
KEEE RnT 5, B AV S S8 i 5 I 5 POIRERAE,
B Mg. Gdv Y 1 Nd JCEAR, Ml oosm &,
by AT ] P AR I BERE 1A, 454 XRD 4T,
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Mg-RE #24 f-MgosYs. BF5TERM], f-MgoYs HHH ] Y
JEF T LB Gd A1 Nd S5 5P RN, BoZAH Gd.
Nd THEFERE. C HAMmAEEAS B M, 2
BT HeR, o Gd A1 Y SR T Mg oK
i, i B REISF XRD AhHT, A B R e # T
WM (a-RE. Mg(Gd,Y)), E#SAHLPHEAL.
D MHZRIA & R, w R IX R oA A A T
ABEA SR IR RS, R A T LA
H, SEE Y Mg-8Gd-3Y-1Nd-0.5Zr £ 41 ki R
<100 pm, — % Mg-Gd-Y A &0k ST 2924 1000
um!', AN Ze JCE A

2.2 EiRMENEERMBER NFHEEREIN
2.2.1  [EEAENE 4 DRI 5N

Kl 4 fios i Mg-8Gd-3Y-1Nd-0.5Zr & 43T A ]

#7421 SEM 14
Fig. 2 SEM image of as-cast Mg-8Gd-3Y-1Nd-0.5Zr alloy: (a)
SEM image; (b) Position of EDS spectra

Bl 2 Mg-8Gd-3Y-1Nd-0.5Zr #53

&2 Mg-8Gd-3Y-1Nd-0.5Zr & 45 AR F 4 430
Table 2 Composition measurements of second phase particles

in Mg-8Gd-3Y-1Nd-0.5Zr alloys shown in Fig. 2

Sample Element content, w/%
Phase
No. Gd Y Nd Zr Mg
Y| 10.08 6.22 2.85 - 80.85 a-Mg
B 19.49 1218 8.55 - 5978  pB-MgyYs
C 3233 4547 - - 2220 Mg(Gd,Y)
D 1.43 - — 79.20 19.37 Richal-Zr

,*—a-Mg
b |'e—Cuboid phase |*
A—f-Mgy,Ys

*

10 20 30 40 50 60 70 80
20/(°)

Bl 3 Mg-8Gd-3Y-INd-0.5Zr 54 4M1 520 C. 24 h %

AbFEY) XRD HE

Fig. 3 XRD patterns of Mg-8Gd-3Y-1Nd-0.5Zr alloy: (a)

As-cast; (b) Solution-treated at 520 ‘C for 24 h

Bl4 HEALUE 500, 510, 520 C R 24 h J5 1) SEM 1§
Fig. 4 SEM images of Mg-8Gd-3Y-1Nd-0.5Zr alloy at 500 'C
(a), 510 C (b) and 520 C (c) for 24 h
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VAR (R 24 h )R SEM 5. K 4 T LA H,
4T ALFELLS, Mg-RE L 4URb, Xt T
500 ‘C5 510 Cifiw, 24 hitf, 54 Mg-RE
LA R SE . 48 520 "C AW 24 h LUS, Mg-RE
FL AR DGR 3 [ dE A4, AR)/D EPUIR Mg(Gd,Y)
MIFEAE . BFFTR MM, Mg(Gd,Y )AHZE AR I ] 4 K 5
72 h JERAEAE . HHIERT AR, Mg-8Gd-3Y-1Nd-
0.5Zr £ & 76 [l %5 ik B2 b i B R 2 AR
o-Mg+S-Mgy,Y s H+Mg(Gd,Y)—idHifl a-Mg [E¥44
+Mg(Gd,Y)#
222 [ AERN A4 ) A T RE R

Bl 5 BFronch 520 °C [ % Ab B [H) B R] IR
Mg-8Gd-3Y-1Nd-0.5Zr &4 A [WHl ARt sk, & 6
Jros Ay 520 °C [ AL BEAS [F] IR R]) Mg(Gd, Y) 77 HUAH )
ST DL IS WA, % 4 h ZHT, Aa I
N, X T B-Meos Y s A IR [ B AR, B
RATEHY R, FECE SRR TR, B [ I R 1
B, p-MgouYs Ml Gdy Y. Nd 2586 10 E B FEA
R RS A T T AL, R EE SR BT
8h Aiti, Kit Mg(Gd, Y)Jr B RE, 3805 4l
sACER A BT R R, RS BT ARSE: B 12 h S,
Me(Gd,Y) 77 HAH T 46 [ 5 28 S A e, [ o A 25 R Ak
5, BeMEEF IR BT, BE R RS, A
FRE N, GamEETRE. 18520 CHE% 24 h i,
5 AMHLT-RES TN a-Mg 4K, Mg(Gd,Y) %
b, GaIR R ISR .

% 3 fish Mg-8Gd-3Y-1Nd-0.5Zr #4435 AN
[ Ak B P LA g 2 PR RE AT 200 C il i )
PERE. HE 3 WLUEH, G824k 520 CHw s

84

80

761

72F

681

641

Brinell hardness, HBS

60

561 1 1 1 1 1 1
0 4 8 12 16 20 24

Time/h
B 5 Mg-8Gd-3Y-INd-0.5Zr &4x 520 °C [F %5 b BEAS R A i)
(A1 PR AR A £k
Fig. 5 Hardness change curves of Mg-8Gd-3Y-1Nd-0.5Zr

alloy at 520 C for different solution-treated time

B 6 520 C T ErRiEA RIS ] Mg(Gd,Y)4H 4510
Fig. 6 Mg(Gd,Y) phase distribution at 520 C for different
holding time: (a) 8 h; (b) 12 h; (c) 24 h

24 h LU, SRARACS AR BEAR, A e iR
T HAEERS RO, R BURL RS A P b
Th MR B 5.

23 BB S ERIELA R I F RN
2.3.1 I H AT

7 FiR A AL 225 CASR IR 5
TEM JESR AT BE . B 7(a)~(b)Tn A 225 C. 4h
I RCAFE TEM B3I FIE X RIS AERE . B 7(a)
Moy LEH, GaA20h AT HAE, H
HRRK A LK, S5 G RIS BE AT, MLk
4215 Mg-RE RE4&H pAH—2, HA DO19 45
K, @S ECh a=2am=0.64 nm, c=cy=0.52 nm,
1/2{0110}, &P~ EBAMITIBE P HHIE 9(c)FI(d)nT
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Table 3 Mechanical properties of Mg-8Gd-3Y-1Nd-0.5Zr alloy with different heat treatments

Ultimate tensile strength at
Heat treatment

Elongation at

Ultimate tensile Elongation at

room temperature/MPa room temperature/% strength at 200 ‘C/MPa 200 ‘C/%
As-cast 1523 23 142.5 2.8
500 'C,24 h 175.2 5.5 163.6 6.1
510 °C,24h 178.1 53 165.3 59
520 °C,24h 181.6 6.1 169.1 6.5

PARIL, LERRCHE K S 24 h 5, S 4haEe
B FAR A NEURDIR ,  RSFZ LK, 24NN
L AH A v ) — 5 I HE A R g A, BE R AR
100~150 nm Ze 47, 45& WA RTHBE R 8T, HrtiAHh
B, B AT L IE AT 45 (CBCO)Y, i 1% 2 M
a=2ang=0.64 nm, b=2.2 nm, c=cy,=0.52 nm, %AHTE
1/2{0110},« 1/4{0110}, F1 3/4{0110} , &L= A= A AN 5
BEAE,

2858 225 °C 30 h I E, A I g AH,
Kl 7(e)OFTR, B AR TE IR, o pisk
L5 pARARIE, broE AT BE AT LR, g AT
DAL EER(FCC), a=0.73 nm, 5 Mg;Nd [f#1%2, 4%
GITRLZR 72 h, ST IR IUBARAE, Kl 7(g)
s, HARZORMA R KA 1 um, JEEEA 100 nm,
A H RIS BE bR LB 7(h) T, A R T T
J5 G5/ (FCC), a=2.22 nm, 5 MgsGd [[l#J, 5 Mg-RE
TP g A5

TEM A4 REW], Mg-8Gd-3Y-1Nd-0.5Zr &4
LRt 225 CRIZOEFE R 2t T 4 AN e ol
Fi: Mg(S.S.8.8)=p"—p—p—p, 15 Mg-Gd Rt
g —8,

Kl 8 Fi7n k) Mg-8Gd-3Y-1Nd-0.5Zr &4 I B0t RE
1) XRD i¥%. &l 8 nfFH, HrhtispEs mAeRA
ANFE KR B, BT a-Mg FEAAF Mg(Gd,Y) 7k
AT LAAY, A AW B AR A T bz, Bk
24 h i, HIEH WAEHIL, 30 h B HILT B 14T
SHEAE, (HIOAFAERRS> pAH, T2 0 I, B B A,
2505 TEM RAES, S
232 NAESHEEM kG

P 9 T/ g [ i 1) 4 el 38 I ) A A R A T
Y. BB 9 WA, D4 225 CF BAR W R
ROREAL R o I I(0~4 h), A5G 8 19 0 AN B
MK S 6~18 h B, A bl Gk B, B Ak
)28 20~30 h i, &G Al Wos AR S KR - 5,
24 h FEATR)IKIEAY 104.4 HBS, )5, BEFEI 20N A

MG, AEMEEA T N R TEM X640
M AT A AT RIETT, S E A 255 A o 2 g L 2R g
[H] T BEATHFSE(4 hy 24 hy 30 hy 72 h).

% 4 Fios ol Mg-8Gd-3Y-1Nd-0.5Zr B854 &40t
520 °C. 24 h [FYEALBE, 225 “CI B[R N A] 5 16 1) 2%
PERE, WTLLE TR RS T & &M Hiha e I,
A2 5 RS AR A BT T B, 7RV IN 25 225 °C
24 h i}, PR pE A A, UEES G E s 80 MPa.

Mg-8Gd-3Y-INd-0.5Zr # &G 440t 520 C.24 h
¥, 225 CHIZGACEE, HZURPERER A MAR, W2
Y, AT B, SRR RN, BEAE
B R PR3, Gk BV I RO, Y 2 AT R AR B,
G REN T IN R B, gy BT A, ASBTRLAL,
AR T pATIB R BIAR g, SER AR pAARY
RAC, TAELSE IR T B o

BAH R . 35 4 5 G 4 n B DN Ol e AR L
M A T AR A ER TR . FOAH ELRE R 5 4
O3 AT B LK 7 A I AR 3 et BEL RS A 13z 33,
BB EHRIRFES, A EATIR, T RO A £ S 1T 7%
1) R L LAY

I A S = A T 4 N AR B A AR XS B A
EEVEA, Hi TR, AP,
PrCAsBAAE A B o a5 B A2 1) By A S BAH,
ARG RS TH, RSN S AR,
SEALAE AN Qi) 338 (0 S A E ATt AH
233 INRESE SR ok g

10 iR HAFPIRZS T Mg-8Gd-3Y-1Nd-0.5Zr
GETEESEIEN R CR. WE 10 haf LG H,
ARG 4 I JE PR e sE B BB . BG4
WraEmm, THMEEE N 2.48 mL/(cm*h). HT
BAGET IS AR Z, SRR AR,
B-MgoaYs FHAT Mg(Gd,Y)AHTE J& tust R v 4 g BBl AH
FEIIAGN a-Mg SRR TR, G4 ol
PEREANEERY . WA S &M EE RN 0.79
mL/(cm™h), &4 R kRS E . hTREEES
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. 20171 2-Mg
. B 01102-Mg

7 Mg-8Gd-3Y-1Nd-0.5Zr &4:(1 TEM W35 Sk X i AT S Te At
Fig.7 TEM images and SAED patterns of Mg-8Gd-3Y-1Nd-0.5Zr alloy aged for different time: (a), (b) 4 h, B//[21 10] ,; (c), (d) 24
h, B//[2110] 4 (e), () 30 h, B//[0001],; (g), (h) 72 h, B//[2110]
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R4 225 CHRAFIN ] Mg-8Gd-3Y-1Nd-0.5Zr &4 1) ) 2 ML fE
Table 4 Mechanical properties of Mg-8Gd-3Y-1Nd-0.5Zr alloy aged at 225 °C for different time

Ultimate tensile  Yield strength Elongation Ultimate Yield
Heat Elongation at Microhardness,
strength at room at room at room tensile strength  strength at
treatment 200 C/% HBS
temperature/MPa temperature/MPa temperature/% at 200 ‘C/MPa 200 ‘C/MPa
225°C,4h 187.6 112.7 49 162.5 94.3 5.3 89.1
225°C,24h 2313 180.6 34 210.5 162.5 3.9 104.4
225 °C,30h 2213 165.1 43 200.6 132.6 5.1 103.5
225°C,72h 184.3 102.8 5.9 169.6 89.4 6.4 89.2
'_;f/-ll\/zéd Y) R N AENT R Z008 15 nm (I9MEAR p7AH, &
*—Mg(Ga, PRV SN N
S B P PE R i, PEIHT U 0.56 mL/(om’h);
1 2516 h G, A4 WIREHT RS20 0.2 um ()3F
kA, prAECRIRD G R, A e R ki BE
e, “FIHrEEE A 0.64 mL/(cm>h), Hi%4 h H
2h o e HomsAT LTt k24 h S, SAkEIRIARE, &
) ld s prfE Rt L2 L 25 T r Holk s gl
30h 1 SWAL pATECRIE B 5 i (IR ok U BOR A2 B
:ﬂz == J BAIR), £ A PR T, PRI R
F 0.40 mL/(cm*h). W% 72 h J&, &4t G 245

10 20 30 40 50 60 70 &0
260/(°)
8 Mg-8Gd-3Y-1Nd-0.5Zr & 41 BARFEM XRD il
Fig. 8 XRD patterns of aged Mg-8Gd-3Y-1Nd-0.5Zr alloy

specimens
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W
T

80 1 I I I I I I
2 6 12 20 30 48 96

Time/h
9  Mg-8Gd-3Y-1Nd-0.5Zr & 4 2fisi 4k, i 2k
Fig. 9 Age-hardening curve of Mg-8Gd-3Y-1Nd-0.5Zr alloy

LRIt Mo Y s M BEIEAA,  [IRAH A o,
sk i R PR BIR ) g BRARG 5 B50E 4 TAO J ohE REE vro

225 CHFRAE Mg-8Gd-3Y-1Nd-0.5Zr & 4101 Ji
Tk Ak ALt . BEAT IR R RE K, & 4 A AT
AR AL, T E&amiraEE. Na4h s,

B, AW REAMFRES M g, A4 EiEae
Pemn, TYEGEREUN, 4 0.22 mL/(cm®h). HIl
A Mg-8Gd-3Y-1Nd-0.5Zr & 4= 1T i b fig vl %0,
BEHEARAL T I AR ) F AT RSN, BedE A
RO IL R ARSI, BRIRHT S AR AR,
B A N B RERLAG, BE AR P T e AR 3 A
I, BEIEARAL T HO) AR PR, s T
BG4 (N B M e R

N
D
S

= —4 h annealed alloy

*—16 h annealed alloy
4—24 h annealed alloy
¥—72 h annealed alloy
<«—Homogenized alloy
»— As-cast alloy

— —_— [\*)

(=3 W (=3

(=} (=} [=}
T T

W
(=}

H, evolution volume/(mL-cm™2)

20 40 60 80
Immersion time/h

10 AFEPRA T Mg-8Gd-3Y-INd-0.5Zr A&EA R 5%
HEURNEEIPSEN
Fig. 10 Relationship between hydrogen evolution volumes

and immersion time of Mg-8Gd-3Y-1Nd-0.5Zr alloy anodes

under different conditions
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1) Mg-8Gd-3Y-INd-0.5Zr #4454 4 B R 15
H a-Mg. f-Mgy Ys. & Zr ki fl Mg(Gd,Y) /7 Btz
o

2) Mg-8Gd-3Y-1Nd-0.5Zr ¥ & [l 4l 2 AR i 7
H: a-Mg+B-MgysY s #1+Mg(Gd,Y)— 1B a-Mg [H]5F
HAMg(GA,Y) M . BT H S Mg (S.S.S.8)—
B'—B—pi—f, FERIGTRA N fAH.

3) Mg-8Gd-3Y-1Nd-0.5Zr & 4:4F 520 C. 24 h
WG 1 VEREIG TR, TR PURIRE N 181.6 MPa, il
KRNy 6.1%; 200 C. 24 h KeBL)E, HrdranEh 169.1
MPa, {HKHN 6.5%; L3t 225 'C. 24 h I’ H A,
WIRPIPIEEE N 231.3 MPa, %N 3.4%; 200 C.
24 h JbHS, PrbrakfEy 210.5 MPa, K%K 3.9%.,

4) IR FAAL PR R Mg-8Gd—3Y—1Nd—0.5Zr H4
(RN e e R . I RCRIE, R G EAT H EAR S AT B
g, FAkab T Tfr iﬂ: A, A A sl

RERRAG, BRI AR e 58 A0 B I, BEIEAALL
T AR E FPRAS, I I S A a5 /),
M 0.22 mL/(ecm™h), & 4 KITH JGE r: BE B it o
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Microstructure evolution and performance of
Mg-8Gd-3Y-1Nd-0.5Zr alloy during heat treatment

FENG Yan, LI Xiao-geng, WANG Ri-chu, PENG Chao-qun

(School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The effects of heat treatments on the microstructures and properties of the Mg-8Gd-3Y-1Nd-0.5Zr alloy were
studied. The cast Mg-8Gd-3Y-1Nd-0.5Zr alloy consists a-Mg, Mg(Gd,Y) second phases and eutectic phases of Zr-rich
particle phase and f-Mgy,Ysreticular. After solid solution treatment at 520 C for 24 h, the microstructure evolution of
the alloy follows this sequence, a-Mg+f-Mg,,Ys phase + Mg(Gd,Y)—oversaturated a-Mg solid solution +Mg(Gd,Y)
phase. After aged at 225 C, the second phases in the Mg-8Gd-3Y-1Nd-0.5Zr alloy precipitate following this sequence,
Mg(S.S.S.S)—B"(D0O19)—4(CBCO)—p(FCC)—A(FCC). The peak aging state occurs when the alloy is aged at 225 C
for 24 h. The room temperature tensile strength gets 231 MPa and the elongation rate gets 3.4%, respectively. Moreover,
aging treatment improves the corrosion resistance of the alloy. After aged at 225 ‘C for 72 h, stable S(FCC) phase
precipitates in the Mg-8Gd-3Y-1Nd-0.5Zr alloy, which express the best corrosion resistance. The lowest average
hydrogen precipitation rate is 0.22 mL/(cm*h).

Key words: Mg-8Gd-3Y-1Nd-0.5Zr alloy; solid solution treatment; microstructure; mechanical property; precipitation

sequence
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