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&1 AZIID BEA S ML sy
Table 1 Chemical composition of AZ91D magnesium alloy

(mass fraction, %)

Al Zn Mn Si Cu Fe Mg
8.96 0.68 0.20 0.02 0.0016 0.0029 Bal.

&2 Mg-Nd &R
Table 2 Chemical composition of Mg-Nd master alloy (mass
fraction, %)
Nd Fe Si Ni Al Co Mg
29.85 0.0011 0.010 0.0012 0.0014 0.0001 Bal.

B o-Mg [ 35 4 0 il F A AN 3% 25 IR 43 A 1 B IR
B-Mgis Al AHAL e p-Mgy7 Al A R M 0
FORH . Reb. BE Mo Ain & 4 nnm s AR
KT . EBMAR SR, W T AR R R
B-Mgs Al A0 G RAFEIERIR, BIKEE&RLRE 1%
PERE, RMALWE 1R,

Mg-Nd 18] & 42 5 IR Lo &4, HES
HLH a-Mg [EEAA p-Mgy Nds FHA R, BAZHH
WK 1(b)FTR.

 CA6140 BYZEIRNG 2 FhEEEE 7 0 HI BUS »
AZ91D &R IS E 2(a)fi7~, Mg-Nd H1E
AR E 2(b)F7 .

E1 &&rEfAN
Fig. 1 Microstructures of alloys: (a) AZ91Dmagnesium alloy;
(b) Mg-Nd master alloy

1) \“)\’ 3
B2 &&EmRimLs
Fig. 2 Surface morphologies of alloy chips: (a) AZ91D

magnesium alloy; (b) Mg-Nd master alloy

ME 2 FRTDEH, &48E MR RZFATIR
ML, BRI X EHTAEERSRES, Ul
I EEAG P2 T — AR, A A KEIRAL,
RN S, PR T KEMEERE, SEhIEINZ,
VIBAFAE— 5 IR AR ST, VIR “ % iR 4544
TERE G G R AR T, R, BRIEGE R T
PRI AR, A BT SR 5 WA TR I
.

T AZ91ID JE R~ H(3.2~3.6) mm X (1.5~
1.8) mm X (0.4~0.5) mm. fii T.ff] Mg-Nd H[6] 4 45 (1)
RFN(3.5~3.9) mm X (2.2~2.5) mm X (0.1~0.3) mm.

A G R AZ9ID-Nd 6 &1 L ERBEWT: %
4 Mg-Nd A 481 E Nd Fis 55 3%t 5
AZ91D B G BAEREWL HIRE 5T, FERIH A AR
HAE 300 MPa JE7) N SEER, SR 5 /ERERLE AN
HFAE] 400 CHFARIE 30 min J5HE5H BHAE N 8 mm
BEM, BEREEA 25:1. B0t H IR 22 B 2R T 44 ot
JE PRV 10~15 mm K A/NBE, FREEAT W RIS,
A A, .

KM OLYMPUS-GX71-6230A %4 4 Af 5 ¥ 5t
FESEAT AR ZINEE, SAHIAREF 0.5 g W5 PRIR . 2 mL
VK251 mL Z&48/K A 20 mL Jo7K 2B 1 VR
WE . KA WDW-10 BB 6] B 1 75 g ik 56
MU AT SR 1 2= PRI, RHEZAN 1 mm/s.
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K Quanta=200 B H b T 5 BUBURHARE i 47 A
S3H7. SKH Philips CM—12 0 5T b 752 BB o i
HET SIS 2T

2 HRE5E

2.1 HRFEMABALSHR

Bl 3 BT AN [T K T AH & s, iCRE A A T 1)
R WIS, VIS e T R RS
W, BEBZRPEANE. AR B R, AR
FEAEFTINRS. W 3 P T LA, SR 1 aER
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KNG, 20%~30% 1) (8] A 48 DA E] 50 pm
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H HBEH R  mESE A 5kt B 3(d)F T
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R IS re UV TR (el £ SV A 7 < | e ) PO =R 2 L 03
Ao WE 3T TLLE ], &l 5 EIRINETEE, B
e NS DNITY e % T S i DN Ll 1 e e
SRR, ZhASFREE G0/ SRS 4N B AR
KI5 0 A BE S5 AR 20 pm 224598/ E S
pm e A BEE SR BRI, Hr RS KL
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WEBETT M RABIERS), RAWHRA4R. &
G PRI R I P ) A 4 S A Mg Al A AE S8 1 AR T B it
A AL RS R PR [R] I 36 5 e v 2k 2 B HOIR 3
TXBE 5 1R 45 i 20 B 0 2 PR R BRI AR H

HTHEGE&EERD, B, Sy s

30um|

B 3 AFFEERT AZ9ID-Nd &4
BTG B

Fig. 3
AZ91D-Nd alloy with different extrusion

Optical microstructures of
passes perpendicular to extrusion direction:
(a) 1st pass; (b) 2nd pass; (c) 3rd pass;
(d) 4th pass; (e) Sth pass
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ey ACHE 2 ZERY, IR I AT DUARRIL ) 1 45 & P
R A AT, 1E 400 CIRE MRE S KNS
FREE o BB P T) 5 ORI Mg, Al AH JH FBLAEAE
JEESRIAR X, I e X 3 i 8 BE AR e,
Wy AR SR, XA R B P 45 i R TR A% X B AR A
B fEUS BT T DO S BB & e AR K deok
B, PSR RLIZETIE 2, JF HAN NS 2100 A

2.2 FEERIREAEHED

K 4 fros gt 5 BIRET R A I AZ91D-Nd &4
¥) SEM &. M 4 e LIE H, KBRS EH
L2 T8 0 (IR RROBIRE, B 5% T U 2 28 ST 1) 7 A 21
gt bo T RSN &, SRR 4.
£ 400 CLA L, BPEARTE (5 AL REFRIL B & A AR
PrHRE, SECREMAATETH, BRI AE
G R TR MY B RN, (LIRS . 2
7 AT LB S s Bt b5 T BRI SE A 5
TS5 P45 A TEAZ I It e o i) 4 4 0K BB 1) 722

FESER, WILAETHLAR T, JFBEAS IR TY i 72 o i ki
KK. &l 5 ERFHEFRSEE ST EH o-Mg H.
Mg Al #H. Mgy Nds AHZL R

Bl 5 B NIE A R AZ91D-Nd 44 SEM JE3
J EDS M4 R, Bk, TR EEE.
ME 5 FHRTDUE H, Nd WSRERE, &R EA

B4 24 5ERFEEN AZ91D-Nd 44 SEM 14
Fig. 4 SEM image of AZ91D-Ndalloy after Sth pass extrusion

57°) Mg

@ ai

Zn

B 5 FHEM AZ91D-Nd 54 SEM
TES &% EDS T 70 B4 2R
Fig. 5 SEM image of AZ91D-Nd alloy

and EDS results of surface scan by

prepared by solid phase synthesis:
(a) SEM image; (b) Mg scanning result;
(c) Al scanning result; (d) Zn scanning

result; (¢) Nd scanning result
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Nd 7o, kLA Nd JTTERIS2) 70 A X Nd 7o
ENREAl L PN A FE P A ON R e e LR
ARPREE T oK. Wit Nd BA KA. SRl SRR
FY ENBREEARR) Nd 54 A A A, B
Wiz, AR, S sR e e A A 2 3h R
T, AL ISR —E T A, (2R
Y51, REG R sEm, A TR e, (H5
S B AR T 1), RBURL R AR

2.3 EHTEFEALGFIES T
K 6 s NE S IEREFE G AZ91D-Nd &4 TEM
% . WE 6@ T LLEH, 785 Aids R T4 .

(b) | Mg
Element w/%  x/%
Zn 9.10 5.40
Mg 4430 70.40
Al 10.10 14.40
Nd 36.50 9.80
Al
1‘ Nd
" i lL‘ Ao 4
0 2 4 6 8 10 12
Energy/keV
(©)

[ 10mm |
6 % 5IENEFTEE AZ9ID-Nd &4 TEM &

Fig. 6 TEM images of AZ91D-Nd alloy after 5th pass
extrusion: (a) TEM image; (b) Energy spectrum analysis of

point 4; (c) Interface between master alloy and matrix

A/ Mg-Nd FP1a]) & R0k, TR B ZEAERER Oy
Fo IXFPEINER AR A AP E] e RURE T DU & SR 2
FTALIPER, BRASALAEIEE), e rEae. A
6(b) AT AW, £l A4 AbREE Nd BRI & &R0, M
B 6(c) T LUE B, e & e MUk 5 B AR T 25 5
B, BARIRL, BB R THE S

24 SIEFMEE

K 7 B NEAE R AZ9ID-Nd &4 bk
fe. &1 IRATFEE, PLdisfE F 225 MPa, fiik
FEHH 1.5%. EXZHTHEESBEK, SMEREH
WEE KEMRL, WK 3R, TR 205
M RCEIRAERT, R ESRAE TR G 48 NI
FARF b= A G rp A AL, T TR R AR WA
FEb, G EE SRS E RIS, Fikbe
A RERRGNFLIREGR G, WH RS b
EFRE RGN, IR E4 8 5 RS A R
SRR, R A R T R R UREAR R k45
SIR AT B R . BERGETY Mgir Al AHBE R, 155
TN IR B ENZET o B 5 R AN SR A KR
Wm. &5 ERGEE, PrhiiEfELF] 323 MPa, il
KARIEF] 7.2% o P 5 R FANT T3 4 18 IRFF
JE e S Mg FEAR /N o

340 8
Stress

Elongation

300 1

260

AN
Elongation to failure/%

220

Ultimate tensile stress/MPa

180

2 3
Extrusion pass/time

B 7 AR AZ9ID-Nd &4 712 Bk
Fig. 7 Mechanical properties of AZ91D-Nd alloy prepared by

0

solid phase synthesis

HI T S AORIEE BB 52, Nd T8 A Mgp-AlL,
M BB oRL S, 7= A LA SR A A ATt B Al
WETE I BRI P T] 5 OB f-Mg 7 Al AHAE ST H IR
VENSE — R TAEAE, A ROBBES 1A A A2 S AL
FHHTER, AT AR ZERR, AR B TR TR A,
PEr VPRI . BRI AR, WRR A <
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RIS AE FR AR 2 FE AR TEAZ R AR, 40/ R ) &
SR P25 PR AL A% O, JEBEAS T 45 ah i
R R, 8 22 B G B R AR A AR 4l

Hall-petch APz frm. RAERQ) T 50
e RLERA /)N, BRPEEERE, SRR, ART AR B
AR, AR O, R, 480
WA & IR IER B3 .

o, =0, +Kd™"? (1)

A AZ9D A S PUHLRE N 250 MPa, K2
N 7%, &S IR EM A UG, Prhiss A ] 323 MPa,
LLBEASIT 3R S T 29.2%, MK ZIET] 7.2%, SHE&R
M. BEAERA. PRt 38 ARSI 4
s 4 i R A PR L (R4 R A & i AZ91D-Nd 866 4
D15 VERESR = 1) S ZERRAL AL

3 #ZEig

1) Mg-Nd 8] &4 J8 25 5 38 U5 e g e 5
BIE oy ATTEFEAR R, T R S AL AN B AR 75k
ETHLER T, PHAS T S Mizsl, $em 7B HMeRE .

2) ZIEIRFIEGH AZ9ID-Nd B:&5 4 KL T
AL, PRSP AEgE SR . G
SRR AT 22 1 X35, R

3) G SEIRTE)G, AL S S IIRENE . K
() p-Mg,Al, MIBEHAIE, X6 Je A4 () #2448 F ok .
B-Mg Al A ARTE ST, W] AR 2058 — A kLT 1) 5
AEH .

4) BEAE BB R0, b A A 3
P, &S5RG, PibiiREiAF] 323 MPa, f#
KL HN 7.2%. 5 B IRET R S (BT hn i A e 1
InmEFEAR /N o
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Microstructure evolution and mechanical properties of
AZ91D-Nd alloy fabricated by multi-pass solid phase synthesis

WANG Dian-jun, HU Mao-liang, JI Ze-sheng, XU Hong-yu, WANG Ye

(School of Materials Science and Engineering, Harbin University of Science and Technology, Harbin 150040, China)

Abstract: AZ91D alloy chips and Mg-Nd master alloy chips were fabricated by multi-pass solid phase synthesis. The
homogenization and breaking mechanism of -Mg;,Al;, phase and master alloy chips were analyzed. The results show
that Mg-Nd master alloy chips are broken. Nd element dissolves inside the grain and solid solution strengthening is
formed. The granular particles were distributed in the grain boundary, which produces the precipitation strengthening.
The coarse f-Mg;Al;, phases, which deterioratesthe matrix, are broken. The broken S-Mg;;Al}, phase and granular
particles accelerate the dynamic recrystallization, refine the grain and improve the mechanical properties. The ultimate
tensile strength of AZ91D-Nd alloy is 323 MPa, which is higher than that of as-cast AZ91D alloy. The elongation of
AZ91D-Nd alloy is 7.2%, which is similar to that of as-castAZ91D alloy.

Key words: solid phase synthesis; AZ91D; Mg-Nd master alloy; microstructure; mechanical property
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