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W5 T 4@ G Mg-xSm-0.4Zn-0.3Zr (x=0.4~5)%
GAE 175, 200 fi1 225 CUEHF RS T A & 12E 1k
fit, HAF TR Mg-4Sm-0.4Zn-0.3Zr E A 5t 1%
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Btk BL Mg-Sm-Zn-Zr JHt Fiik £ R S0 R A 1
IM6 & &R R R A EE FRANAE: [
Mg-Sm-Zn-Zr &<k R BA RIFHEIERN &4,
R D B I A e — e G AR I S R . At
AW HSEiE Mg-4Sm-0.6Zn-0.4Zr &4 NWF R 4.,
FESRHT SR U gt IR b, SN S A R R
Bty RAGUEMIER, SR ELESHET, [FH
MRz ReSENERS TG, N
Mg-4Sm-0.6Zn-0.4Zr £ 433t — B Tk R FH $2 it RE il 4k
S HEUAE .

BTk AlisE . 4idE. Mg-20%Sm(Ji & 2 %) iE]
B Mg-30%Zr(J5T 57 %0 T 18] & e 42 1 S 5 o
BEATHCRE, SRS Bk 25 8% 41 43 JEORL R T 48U B H Tk &
250 C, [AINHEEEERIINIFTIAZE 550 C. MIAEE
BE, IR TEE 730 CHIBEA V(SF6):V(CO,)=1:200 frIf#
PRk . FEEREESE ARG, SN E R R E TR
730~740 CHF, AR, RN SLEER
Mg-20%Sm Hi A &4, fFH7Eeiiis, RS
760 C; FESA AR EAE(760£10) CHEAR, i
VAR IR, A Mg-30%Zr Fhla &4, fdses
RLIE, Y9504 HE 10~15 min. SRJEFEIRZE 720 CIF
FE 40 min. 5, BESIERRERID R,
FH H A B 25 B OGS SO & B A 1R S bR B A A
Mg-4.26Sm-0.58Zn-0.36Zr(JFi &0 5, %).

i F B0 25 BAEFR AP (ZZG-250) 06 & 4 3T R [ 1
AER, BART 208 520 CH#HUMbH 6 h, FEHHOKEEK.
RIG, SFREEE G EAT 250 CE R 2. KA
FM-700 B4k FOREFE THEAT B AE I, 307 9 S0 N,
TRIEI A 15 s, BN e DT 10 SR, BOPFME
VE NG BEE . P AR BE R~ 15 mmX4
mm X 2 mm, 3/ Instron 5869 % J5 GE4 BHRIE WA T
PrRE, NAREF AN 1xX107° s BARES IR
ZAMR S Ko

KHHA Olympus GX71 H& A0S ME . i E
Bruker D8 Focus 8¢ X S ZfiT4#1X - H 4% Hitachi S4800
B35 R ST ERE T R B4 T EDAX GENESIS
RREREA ) TEM-EDS R G0(RGRAERREHRIE A 10
KV, REWHRVEHLEY 20 kV)MIZEE FEI-TECNAI G
BRI T o BB T B S SURAE . &40 SEM
FE 28 75 B AN P AL B, B IR 5 35 mL i
Ky 2 mL UKESER 2.2 g T9RRIRFI 3 mL K& 1K, &

FHAFESE & — AN EE N 30 um 245 BHAN 3 mm
(I, ZJEHN Gatan 691 Bk A P X B it
ITIRE, RANREAH, MHRE, BT HREEER 3~
4keV, BTN ENE4°, JER 2 90 min.
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2.1 HBEHERSESNEMAR

1 flt7m N Mg-4Sm-0.6Zn-0.4Zr & 4 55 25 F1 [ v
BHEEM XRD . HE 1 v W, BEEE T EH a-Mg
1 Mg Sm(Ifi 0L 454, a = 0.73 nm!") A k.
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Fig. 1 XRD patterns of as-cast and solid solution alloys

2 IR NESEEIMMAL . WE 2(a)r] LA
Eih, BEEGE0EEERRSTZ) 50 pm, At L
BB S M. A 2(0) AT LAEE M A Y, 1%
M2 AR RIFS MR, 5EA o-Mg B
A S AL A . ARYEAR LY EDS 4B 45 S n] 4,
ZAI T N Mga13Smys 34Zns 53, 5 XRD 70 A 46
FHFF, B MgSm M EE T AREMECE(LE
2(b)). FEHEEM XRD 4R ER, HiEEEH R
A a-Mg, TCHAMAHPIATH IR I HMNEESE S0
SHE R 5 HU R R ILE 3), B RS
SRR AT R EKAORE M, BHEK%
WA B HOR 5 ARA AT H . RS FU &R
GAO ZUNGHGE, YURBRA ZrH, ML 454,
a=0.478 nm), HFRAKFARBRN Zn,Zr; H(PYT5
45K, a=0.768 nm 1 ¢=0.699 nm), HiXLeHT H AT
FIEVERERC W M AN IR . SAL, [ A A SR
Mg;Sm A TEAIE MR, “FEIERURST N 52 pm, @RI
FREWPREKK,
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Element  x/%
Mg 74.13
Sm 22.34

7n 2 872
Zn 5.05

2 HETENHRAR
Fig. 2 Optical microstructure(a) and BSE-SEM image(b) and

corresponding EDS results of as-cast alloy

B3 [FESEERHAN
Fig. 3 Optical microstructure(a) and BSE-SEM image(b) for

solid solution alloy

2.2 BIEE LT A FNIEETTS & £ HZALR

K 4 fiT 7R N Mg-4Sm-0.6Zn-0.4Zr 45 1E 250 ‘C%
T A0 F R S AN (IR DG R . EH ] 4 AT LA
TEWE D, KRGS SR 5 R R,
KW REAUE RN . VAR EEMEEA STHY,
FERT 2L 2 h JRIAR] T IEERERE, HAEN 81HV. #t—I
P RL, AR I B S R R S, BRI I 2K,
HFEBFEREIOEAEK K, B 5 A T IEREE SR
TEM HIERME. B S)F(b)Fia~ A TEM 1%, W]
DA B LI 200 4 AT AR —Fh, HSERELN 1
nm, KEHFHELHN S50nm, KA 50:1. HRIEEX
FEL AT R (LI 5(c)) BT 6, S bt AR PR ) THT A
L, HUSAE[0002]77 ) H LSS T4 25 8L X P
TS e Mg-Gd-Zn-Zr &4 Mg-Sm-Zn-Zr
G4y iRIE, I H NIE MY, X7
FRIE B p"(Mg,REZn KRN 51HE, y" & —Fih 7
I7NTTE5H, S S 50N @=0.556 nm Fil ¢=0.444 nm.
FHh y HEERARE T BRI R, HARAL MR LT
(2110),.//(1100),;, and [0001],.//[0001]y, - P& 5(d)
BN y" AR LR i R, P e L A 4
5 IR AT SRR R (LI 5(c)) i BEM &, FRCUE ]
Ty HIAEAE . K, A4 250 CUGR K 3 Einik
FHONEETHT " DTVEAR o
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Fig. 4 Hardening evolution of solid solution alloy as a

Vickers hardness, HV
~
S

D
(=}

function of ageing time during isothermal aged at 250 ‘C

23 HEFEMHRE

B 6 A, BAS. IENSSESE=ER
3 S O B O = A R A 2 R VAL O o A 93
(UTS) o Ji AR 58 FE (TY S) A i K R (BL) 41l T2
1 H o INHIRT DA HE A 2 6 4 110 i B R S P 35 LU BRI
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N *0002

-
*0000

5 UENREA 4R TEM 441
Fig. 5

BF-TEM micrographs((a), (b)), their corresponding SAED patterns(c) and high resolution TEM images(d) with

corresponding digital FFT patterns of precipitates in peak-aged Mg-4Sm-0.6Zn-0.4Zr alloy (Electron beam for all images is parallel

to [1120] zone axis)

240

[+

a

= 180

%" 120 +

2

£

b

g 60r —— As-cast
—— Solution-treated
— Peak-aged

0 2 4 6 8 10

Engineering strain/%

B 6 hds. BEE. ENAESE e SIRN TN )-T
T AR 2

Fig. 6 Engineering stress—engineering strain curves of as-cast,

solid solution, peak-aged alloy at room temperature

ARG EIIPURIBREE . A AR AW S A 2 4y
SI°A 152 MPa. 105 MPa Al 3.8%. {H2[F B2 5,
e R E RS TR, WS MK R R NEE, &
T 6.2%. VEAR MG, G4 RESm, $i
11 IR R B =9 153 MPa,  BUfv o E ik 210 MPa,
[F B W7 5 AE e 6 ORIFLE 4.0%

#F1 Mg-4Sm-0.6Zn-0.4Zr & 41 /125 MR
Table 1 Mechanical properties of Mg-4Sm-0.6Zn-0.4Z alloy

Treatment Ultimate tensile Yield Elongation to
strength/MPa  strength/MPa  failure/%
As-cast 15246 105+3 3.8+1.5
Solid solution 1564 92+4 6.2+1.1
Peak-aged 210+5 15343 4.0+£0.8
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3 it

T HS G SRS — M, AR
R SRS AL R N b S EOR AU A, I
HAR T WAL, RS el a ik B eH
Pl mAE . HEGELEE S, AR M
SEABE ISR, el R A oA
ERERNLE, BABRSEETHI - SE5HExK
FIFHZE Gy, E IR AR AR R B 8 22 PR RE R i 2
SATERE, R, XA EAE RN, AL
AR, EHESGEPIE B, RS
TERU, R R I TR AN T 5 . RS S
SAEPLRERE P A AR IR 5, e 1 8Os 28
Pho BT AR ER BRI 2R, A SR EL AR ARG
AT FIRACRAR, 95 [0 V5 5 < o o ot Al 5 P A T 8%
SEE. NG ERINNIT 2R, XX
& " (MgREZn AN A RUTHE s E ], X ek
AH/NIRELAIREAR RENS AT RIS AL A S 3h, AT 2 35
BE AN A IPA S Ci S i i S SEY VIR 1
Ry ARICRAE BT RINETHR TR . W 2L
HE M ERGRE (o )T T ARIR:

Oy =Op\g +O0gp, +0p )

Kb oy, WATBEI R IREREL, HAE A 21 MPal'); oy,
VSERE T € N SR i € S R S
M, FTCAUCHUERT 202 5, [ s A R v] 2 AN T

i AR AR PG 22 1) Hall-Petch 5¢ R 3] %R

%[17—18]
Acy, = % @)
X : k N Hall-Petch R%(, HALWTH AN 188
MPa-pum 1 g AR R ST o ER T R R
fE— R FR KR, HAFE R RS IUE N 55
um. BT LA AR [ TTERZ N 25 MPa.

FH T VAR R 4 P BT HE AE 2 By BE TR AT HA AH
B, 24 de>>t(d Rt 53 AU R R B R0 5 )
HRAE NIEPOE H BETH TS Orowan 34K 52 =2y
Froasl, mTEn y s R .

d
Ao, = MGb xIn—t 3)

27t\/1—v(0'\/975(3—1]dt

DNFETITHEAT "X J A 3 R ok M

HH: Ao

ppt

>N Taylor B -7 (M=4.5"); G &I BT V) R (G=16.6
GPal"); b N BEIAAKE % & (A (5=0.32 nm!')); v Ry
BEIIARA EE (v =0.352 1) £ UTTE A AR > B AR
KIS a5, doFf E 2 SIBEAL 59 50 nm AT 2.2%.
BT R3), DUvE SR JE AR 5 1 Tk AL S E L
120 MPa.

HE ST RN, W S B A 0 IR R FE 2N
166 MPa, W& T S2961H 153 MPa. iX 0] GE 2 K ik
A5 S 500 1R 22 DR B 4 iR — S e 1) 200 BT
o AT LATE T 4 R B 2, SR o
BRI 2974 25 MPa, TJTTE S TTRRZ Y 120 MPa.
DR, UGN KA A 1) 1 SRR ML DR DT E 3 Ak

4 Z5ip

1) BEEE&FES a-Mg il Mg;Sm ik, T3
BRI ST N 50 ume [BEANEEZ J5, SRF MgsSm A58
oGBS N S ST Y o e o S T AR Sy N 3
BAEETE 250 CERIHOI AP, RILH B IFIIR 2L
SRR o IR S T H ) 2 B R AL AR D9 R I T
JEM .

2) BAA G PRI « A i R 55 R i e
KZ 358 152 MPa. 105 MPa 1 3.8%. [H 1 ALFE 2
G, JENRGREERSA TR, Prhiss BRI, miliE
KR ESE, X387 6.2%. #E— Bk abrs,
G AR R E G, B IROR B SA 153 MPa,
PURLHRSE A 210 MPa, [3] i W7 J5 (8K R AR REAE 4.0%

3) WFUERT A A R LT 18 &4,
R FEZER R R BTy BIviiE s,  FHxd e ik
SR PE DTN 120 MPa, 29 (5 i IRSEEE Y 80%, i
i T A SRR
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Effect of heat treatment on microstructure and mechanical
properties of sand-cast Mg-4Sm-0.6Zn-0.4Zr alloy

LU Lian-wen', BU Fan-giang', LIU Xiao-qin', WANG Da-chen', MENG Jian®

(1. CRRC Changchun Railway Vehicles Co., Ltd., Changchun 130062, China;
2. Changchun Institute of Applied Chemistry, Chinese Academy of Sciences, Changchun 130022, China)

Abstract: In this work, the effects of heat treatment on microstructure and mechanical properties of sand-cast
Mg-4Sm-0.6Zn-0.4Zr alloy were investigated through the microstructure analysis by optical microscopy(OM), X-ray
diffractometry(XRD), scanning electron microscopy(SEM) and transmission electron microscopy(TEM) and mechanical
properties testing. The results indicate that the as-cast alloy is mainly comprised of a-Mg matrix and eutectic Mg;Sm
phase. After solution treatment, the coarse second phases are almost dissolved into Mg matrix and the grains do not grow
significantly. The dominant precipitates of the alloy peak-aged at 250 “C are identified as basal y” phase. Also, the
peak-aged alloy displays the best mechanical properties with ultimate tensile strength of 210 MPa, yield strength of 153
MPa, and elongation to failure of 4.0%. In addition, the dominant strengthening effect in peak-aged alloy is considered as
precipitation strengthening induced by the dispersed fine y” precipitate based on the quantitative analysis results of the
strengthening mechanism. The contribution of precipitation strengthening to yield strength is 120 MPa, accounting for
about 80% of the total yield strength.

Key words: Mg-Sm; rare-earth Mg alloy; mechanical properties; sand casting
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