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Effect of double extrusion on
microstructure and properties of MB26 magnesium alloy rod

WANG Qi, WANG Bin, YI Dan-qing, LIU Hui-qun, ZANG Bing, WEN Zhi

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

Abstract: MB26 magnesium alloy (Mg-6.3Zn-0.7Zr-0.9Y-0.3Nd) rod was prepared by double extrusion. The effects of
extrusion ratio and rare earth elements (RE) on the microstructure and properties of MB26 alloy, as well as the
distribution of RE in the alloy, were investigated by OM, XRD, SEM and TEM. The results show that, the dynamic
recrystallization occurs during the double extrusion, the recrystallized grain size decreases with the increase of extrusion
ratio. When extrusion ratio A=25, the grain size is 1.9 um with better mechanical properties. The large amount of
dispersed Mg;Y,Zn; (W) and MgZn (') phases appear after extrusion pinned the grain boundary and hindered the growth
of recrystallized grain. By data fitting analysis, the Hall-Petch relationship of yield strength and grain size was calculated.
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70%I5F, MB26 £k o fiihr k1A 21 350 MPa, {H
K ZEARE 9%. VOLKOVA!''FI TON 2512153 55
TN T 2% Mg-Zn-Zr 54 80EAR 1 5%
M. KIM 25050 B, Mg-Zn-Zr-Re B4 bt %L
)G & AR RS B, 28 300 CIRE K G IR iR T
P SRR, — kB R T $E i Mg-RE & 4Pk, 1
P79 S IR AT T AR Mg-Zn-Zr-Re &4
S YR R B R A R A T4 i, A IR BT IR R I
SRS INA N, Z904 3 pml P,

ZE LFER, BRI TR HE MB26 55 45
AL, R EAIER, (B HE TR A
W I BT T MB26 B U AR I, el
ST 1S HON HA R R (4 5 AR AR . A
I, ARSCAEE X MB26 AT —IRBF RS WEA
ANRIBF ELEXT MB26 545 4 AL ZURI ) 24 PERE Y 3%
W, AT AR G EO S A A AT IR, A
HHHIIN T T 2R S .
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S B S R (LR 8, %) N
Mg-6.3Zn-0.7Zr-0.9Y-0.3Nd . K FH FL B 450, 5 771
47, BEAIAG 1 LL Mg-20Zr. Mg-30Y. Mg-30Nd
[ A TN, 48 KA B0 B EL A% 90 mm (1)
e . BEMRERIIN TS, 2380 C. 18 h ¥4JfLiE K,
— KB AE 800 t b EHE ML EREAT, il b EAE 50
mm [ [EFE . BEJELE 300 t L aH R HL_EXT R B T —
W, 2B EAS 164 14, 10 F1 8 mm HIHEHT,
PR NAEA 50 mm, HrEEL@)H14 100 13, 25
A 39, PRIRBFHHT, WA E T4 LR o # 2)
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350 °C, SRHIATSsmRNEN R, B R e
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Fig. 1 Microstructures of as-cast and homogenized alloys and XRD patterns: (a) OM image of as-cast alloys; (b) SEM image of
as-cast alloys; (c) OM image of homogenized alloys; (d) SEM image of homogenized alloys; (¢) XRD pattern of as-cast alloys; (f)

XRD pattern of homogenized alloys

F1 K1) T EEESHR RS 45 R R4 B R LG A=39 I, & &M HILRRLL, FE5
Table 1 EDS analysis results of as-cast alloys shown in Fig.1(b) KAOLE 3(d)), &l TR A, AR
Elomen 8 ¢ Ko BTSN, PG, SOR161E

W% % wi% % w% X% 3 MgZnZr A A FRIRETTES 50%, WIS A

Mg  37.88 6337 94.66 98.16 69.54 86.45 110%., AHR AR TG A B A REBEARIE N . B A
Y 868 397 051 015 438 149 DI REEE SR, ViEE, TIOESFIEE R,
Zn 51.71 32,17 403 1.55 26.08 12.06 b s T AEHIE S BTN Sy, PRAE IR BLAL,
Nd 174 049 08 O0M 0 0 NI I AT IR 5 A 40 Al 4 s 5
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B3 SEftESmagues
Fig. 3 Microstructures of MB26 alloys extruded

at different extrusion ratios: (al) A=10, cross-
section; (a2) A=10, vertical-section; (bl) A=13,
cross-section; (b2) A=13, vertical-section; (cl)
=25, cross-section; (c2) A=25, vertical-section;

(d) =39
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B4 AFGE ARG 2K SEM %
Fig. 4 SEM images of alloys extruded at different extrusion
ratios: (a) 4=10; (b) 2=13; (c) /=25
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Fig. 5 XRD pattern of alloy after hot extrusion
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Fig. 6 Mechanical properties of alloys at different extrusion

ratios
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SLIBVE-E/ 07 = 7 D =W NEIF Y e v IR ST
WL RS HUE IR R R (WA 2 0 3). Fk 2 F3
TR AN Hall-Petch 20 ATt U4, S5 R an &) 7
Fise I 7 R AR EAEIE/E N Hall-Petch 2
KR, 153 MB26 B8 Ga B RN 7T 0o, F1EH
i RS d R, mRQFR. NRQ)WTLER,
BEA A K I KT — A a0 KR, it i
R SRR 1 2 R KR

O, =182+22047"2 2)

R2 OEAEANFIRE T AR o R

Table 2 Sectional average grain size of alloys under different

conditions
Alloy state Sectl(.)nal. average Yield strength/
grain size/pum MPa
As-cast 24.7 239
As-once-extruded 14.1 270

R3I ABAEAFPRE N 1 i g
Table 3 Yield strength of alloys under different conditions

. . Sectional average Yield strength/
Extrusion ratio, A L
grain size/pum MPa
10 2.8 289
13 2.3 326
25 1.9 357

360}
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200 :
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7 A e IR oo RIEIRPPE) SRR/ d IR

Fig. 7 Relationship between yield strength oy, and sectional

average grain size d of alloys

24 TRERFEZHENHSHERFMN
8 Fias WA S IS A A 1) TEM . 24

BRI 4=10 BF, LT P4 ek, AR oA A
A, A TESE (L 8). B A A EE R TES
H IS AL 8(al)): — 2N FERAE AR
SPRIRURLAH,  HAME A AR IREERIR, 2 SR LE &
FRRL RSFHR 0.2~0.5 um, R4 RERG T 45 T (0L
8(a2))FISCHR[22] AT A Mg Zns YL (W)AH, 1Z%AH 55 2
EAAEAENTIH, S % 5—F a0/ NMabT A,
AMERFEMEIR, ]SFA 0.1~0.2 um, SEEAKR—E £
JERT (LR 8(a3)), ZAH ML PEAH f(MgZn), HHAT
Laves FH&5H), ZAHAENOA S0 FRRES, 54
FAAE— B R E HEA& R R

MHIRL =14 B, 1AL REE 2,
i BL AT A), ROSPEEAR BAE 1 opm 24 (WL
8(bl)); FRLARI W AHLEST ik 2 v 45 21350 /- i
B J7 MR A, RSP 02~0.4 pm( U 14
8(b2)): #sr W AHLENESA Ao A1, 6 Ak 1 5 Ik FH
HEH (LK 8(b3)); MUBFIRLL A=25 W, WibkiZiH
Wz, WARSRIAIAHZERG R, W iR RO AR B A
o B0 W AR AT S INAN/INIREL, FEE A b
AN WA, RSEA 0.1~0.3 pm(WL K 8(c2)). 4
NI W ARETHLAE N A S S A, BRAG T ST
¥, MBS kiR 8(c2)), [FIIFES AT Tk
I A, A B REG RS gn s (O 1
8(c3)).

HH T, MB26 86 4 19742 ] B RIS — AR
AT R EAEE g, AERMED .

1) BILREEE

B AL TR BE 3G X, B P 45 b dioR RUST 4
o, AATREAS), R N R ER AR R O T R
BRI S . TS & AR 24
BE, PR, WALh A R, RS
Tk i HI T4 ARG, SO
P, P, AR R A sl A T4 I S B
M. BEARTE SRR A 10 B 25), SaTHER
(0 R E B R D AR R B P et 25 HH R R A e 4 i
Wi, [ R A GBI AR 5, SRR TEA S K&
N T AGANIA ) o 24 )=25 I, KA PR AR T il 4
B A 5 g 7 R A R A A O TG BE 3, A T 4
PET ARG, A0 T AR I DR s A KR Y
i A% 9(a)).

2) A

O H ) MgsZns Yo (WAHTEAR JSRIRE, TR0 Al
TEM AN, BEEJEHTH B/(MgZn)AH 2 HRAR, R
SHRADN, HEMAAAE RO R . A EMNAY
[N VA= Ve S by s Ao Wi e I N VA £ 2N
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Fig. 8 TEM images and EDAX pattern of MB26 alloys extruded at different extrusion ratios: (al), (a3) TEM images (1=10); (a2)
EDAX pattern (4=10); (b1), (b2), (b3) TEM images (1=14); (c1), (c2), (c3) TEM images (1=25)

B9 MB26 & HTRASHR L
Fig. 9 TEM images of extruded MB26 alloy (/=25): (a) Subgrain nucleation; (b) Block at boundaries
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[71) E'(] 9‘%/% Different grain refinement mechanisms of minor zirconium and
= kf/l” (3) cerium in magnesium alloys[J]. Transactions of Nonferrous

K. Zener j?(pz) iz ””*ifﬁiu%ﬁ/—*éma TR I RH
Z IR TR RE R 2 [

:ifﬁ*ﬁ%ﬁﬁfﬂﬂﬁj\i&; rO N AR AR B A
WL AR EOBOR, TURLERZH /N, f/r IR, 1%
L~ 0 EE T Tt N T BEL T bk b 1] 8 AT 9 T
WL, BEER R 10 BK%) 25, JEACRAEA il
() W ARG 78 0 BiRE, 0k ST 0.8~1.0 um 4i4L ]
0.2~0.4 pum, HyREE A, WG IL Zener
T (p) AT HER 2 435 DAL, JUIZ2E 7 AT g 2 b BELASE I 5 F)
GRS RS IERS,  BRAST45 R KR,

b=}

3 Zig

1) MB26 54 1E 400 C— kBRI FEFHF IR
=PRSS M, T IR R AT
AL M. BEAE ZIREFRLE 4 )\ 10 HnE] 25,
SEEEORRST AN 2.8 um 4146 E] 1.9 pm.

2) MB26 BEa S L Z(MgsZngY)AHAN
B MgZn)tH, BATH A EBAR AT . FFEARTE
WK EHTH WM Y,Zno) M, eI/ NR U i, ET
FUAR TS, PHAS T 45 S ap KoK,

3) A, B L 4 X MB26 B 44 e

REA BN, 2 A4 1 [FII, B A ISR,
PRSI A RER D 4R, 24 4=25 IS 0,=357

MPa. 6,=376 MPa. 0=13.4 %, {H34 =39 5}, FIE)5
b LRG0, Tl Bl A 15 A 4 IR
B RLR K RN 60,=182+220d 2.
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