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Microstructure and mechanical property of semi—solid
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ABSTRACT The semi-solid slurry of AZ91D magnesium alloy was prepared by twin—screw stirring
mixer, and the relationship between mechanical properties and microstructure for semi—solid magnesium
alloy were investigated. The results showed that the solid fraction of primary a—Mg phase increased and
the grains became finer and rounder with reducing pouring temperature of the Mg melt or the barrel
temperature of stirring machine. Furthermore, the effect of the pouring temperature of Mg melt on the
solid fraction in slurry was bigger than that of the barrel preheating temperature. The tensile strength and
elongation of rheo—diecasting AZ91D alloy were best when the solid fraction controlled in the range 30%
to 45%, and the mechanical properties were deteriorated gradually with the increase of the average size of
primary « phase grains. The formation mechanism of non—dentritic structure under the condition of high
shear rate and rheo—diecasting process was proposed.
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Fig.3 Relationship of semi-solid structure with pouring temperature of magnesium alloy melt (sleeve
temperature 580 ‘C, shear rate 5460 s~ !} (a) 640 C, (b) 630 C, (c) 620 C, (d) 610 T
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Table 1 Relation between pouring temperature of Mg alloy melt and structural characteristic as well as

solid fraction

Pouring temperature

Shear time/s Solid fraction/% Grain size/pm Shape factor Note
of Mg melt/C
640 5 32 72 - Dendrite .
630 5 35 61 2.17
620 5 46 53 1.33
610 5 52 48 1.23

Notes: temperature of mixer barrel 580 ‘C, shear rate 5460 s~ !
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Fig.4 Relationship of semi-solid structure with barrel temperature (a) 590 C (b) 585 C (c¢) 580 C

(d) 575 T (pouring temperature of Mg alloy melt 610 C, shear rate 6830 s~ ")
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Table 2 Relation between barrel temperature and structural characteristic as well as solid fraction

Temperature of .
Shear time/s

mixer barrel/C

Solid fraction/%

Grain size/um Shape factor

590 4
585 4
580 4
575 4

28
39
46
51

45 1.71
52 1.41
52 1.28
48 1.27

Notes: pouring temperature of Mg melt 610 C; shear rate 6830 s’
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mould. (b) semi-solid rheo-diecasting



68

R M SRS R SR A AL SR 671

BALE SEREE TV E o Mg MR THR
SR H . S B AL TR A I B BB R 580 C
BRAT BY I Rl 2730~6840 s, BE WK R IE IR BE A
610~ 6::0 C L Bl N2, K% L SRR AE

Bl o g5 T4 o Mg FH &G RCT8 RSP RHA B
FLHIsR ) EARE MR A M. M o Mg FaRkr Ty
RSEH 35 pm B, IRBEAIHLRIR R 5] 210 MPa, Ff
F L B RSPR RN, X FE R PR B BRI
s R o RSP 55 pm BT EE KA 170 MPa,
VLR £ o Mg FRTA04L X b1 Rk 3 A g B 24 B
55, AF FHEOIEERNES. SSRCTH RS
35~45 «m T Z WA, IRKFEW R K, H
ER 2.1%, T 24 R T2 RS RS R E] 50 pm LR, 48
iR 25 N RER] 1.6%.
2.5 AFEERAAREVT LI

B 7 AN TESSHMDSRAMEESHEE
HRUE FE AL B TRETEE MR wTRLE I,
Mg F ¥ TERI A o Mg A, Al BEAE7E T 3L &4
Mgi7 Al #, HARLE T-914 o Mg A, {H2 L840
SR AR TR X R, AL TEIL A
PR ER PHAEV M TRRE, Zn WIZEN 4
TEdLd He

HER WS ERBARH, A Mg 7Al,
FIERIIRAMA, 7 WHA B K (v R HUZ. (B,
RS B2 1 25 A8 IR 95 AR 20 4 A oK 0L B B 9 7%
KRG T AR, ¥4 o Mg FA ST LA A1 kL
RAL A PR, 41/ LR SR AR R 7ok
B RO R 5~10 20K o Mg A, RE B &R
KorHh R RSB BY ), 8K T = 4R AR
ml, T BRI HUE RIWI A o-Mg MR L
A E S B8 OB 0 UM AR R RN B PR IR
B, SRR T 4/ K o Mg A 118

EL37, B a2t f S B S A R B AL
PR MR —HARA R E . HPss
FRFRPE A s T AR AL . 450 s BT AL ) T o
KBRS — IBAINHIPLR . A SCEE A, &
B A R AR R P B S OB & HIEA L E &M
AETAE, HIOE RS AT 2, RES
ARt R AR RB SRR NG IR K 25

10 AUEAFHUBE AR T e [ SR R
HA - Y/, BEMPIA o Mg BN, BT 45
E BT E R RBURAT N BT YNR SR B 2 5k, 8
HUUTHEER R (1) EE Mk T HORAR ZI BT,
BB Y o-Mg M2 [ B REREVE AT (2) RSk
Wz ) I T R TR, S SRR ) 4
a-Mg FHESWRRIVE R, W B b i SR B R e

WDKK RIS S 2R, B R R
BT, INTTHZRIR A AL T (3) M IRHTR
BREAR T HOR IR R BRI o ¥, T B 7S
FoeA SRR RSB E SNRERRL, AKX
IS T B AR 2R A

AL, A B I A SCRAT A A v Sk A E B
Ul RAMERT, RS AR R, BA B
BRI HULRERAL, XA IR P ST - Pl AR

3 & i

R AUEFF B SRR R ROE L2, "k
A/ NEIEE . RBP4 RSHE 60 pom LA T8RS &3F
AL AR BRIERE R AR E R,
[E] SR E AR B, B o-Mg AR SE 4l /M
B, H HRARE SRR PR E B,

EHARIEERER 30%~45%, WAER#HES
S RA RSB TTRRE M E R, FEYIE o Mg
FRRRRLPHA T RIS 0, SO 2 BB T REAK.

= B Y1H R R WA 55 R JE B H U TR
HLIE, BEA B A HLARERAL, SUR M ik pu it
A - P AR R

2 £ X W

1 D.H.Kirkwood, International Materials Reviews, 39(5),
173(1994)

2 Z.Fan, International Materials Reviews, 47(2), 49(2002)

3 M.C.Flemings, Metallurgical Transactions A, 22A(5),
957(1999) :

4 MAO Weimin, YIN Aimei, ZHONG Xueyou, Chinese
Journal of Materials Research, 19(4), 401(2005)

(BLUR, BERE, TSR, SRR ER, 19(4), 401(2005))

5 H.Watari, K.Davey, M.T.Rasgado, T.Haga, S.Izawa,
Journal of Materials Processing Technology, 155(10),
1662(2004)

6 LI Yuandong, HAO Yuan, YAN Fengyun, Journal of
Gansu University of Technology, 28(2), 34(2002)

(ETHK, M I, WS, HA TR, 28(2), 34(2002))

7 CUI Jianzhong, LU Guimin, LIU Dan, DONG Jie, Journal
of Harbin Institute of Technology, 32(4), 110(2000)
(BED, BEtR, X f, H O, WRELLAEZHR, 32(4),
110(2000))

8 H.Kanfmann, R.Potzinger, Die-Casting Engineer, (7),
16(2002)

9 S.Kamado, A.Yuasa, T.Hitomi, Y.Kojima, Journal of
Japan Institute of Light Metals, 42(12), 734(1992)

10 ZHEN Zisheng, MAQO Weimin, ZHAO Aimin, Special
Casting & Nonferrous Alloy, (6), 32(2001)

(BLTHE, BIR, BER, i REEE4, (6), 32(2001))

11 ZHEN Zisheng, MAO Weimin, CHEN Hongtao, Journal
of University of Science and Technology Beijing, 25(4),
341(2003)

(B BIR, Bit®E dasBik®Es,
341(2003))

25(4),



672

M BF

K ¥ #®

204

12

13

14

M.T.Shehata, E.Essadiqi, V.Kao, Proceedings of the
7th on Semi-Solid Processing of Alloys and Composites,
Tsukuba, Japan, 263(2002)

LE Qichi, OU Peng, CUI Jiangzhong, LU Guimin, Jour-
nal of Northeastern University(Natural Science), 23(4),
371(2002)

(REH, B B, AR, BRR, RiKPER (HARER),
23(4), 371(2002))

F.Czerwinski, A.Zielinska—Lipiec,
1225(2001)

Acta Mater., (49),

15

16

17
18

F.Czerwinski, A.Zielinska—Lipiec, Proceedings ¢i the Tth
on Semi-Solid Processing of Alloys and Co:nposites.
Tsukuba, Japan, 275 (2002)

J.J.Blandin, D.Giunchi, Materials Science and Technol-
ogy, 49(3), 333(2002)

H.Kaufmann, R.Potzinger, Light Metal Age, (2). 56(2001)
Z.Koren, H.Rosenson, E.M.Gutman, Journal of Light
Metals, (2), 81(2002)





