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Table 1 Chemical composition of commercial A356 alloy

(mass fraction, %)

Si Mg Fe Ti Cu Zn Al

7.06 027  0.115 0.097 0.001 0.01  Bal
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Fig. 3  Schematic diagram of temperature change in

semi-solid process by SIM
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Fig. 4 The microstructure of A356 alloy in different forming
ways: (a) Traditional permanent mold casting at 680 C; (b)
High pressure die casting at 680 ‘C; (c) Semi-solid
rheo-diecasting by SIM

2 a( A KT BB o J 2 e R R v (R AT A
RV JE R BAZ MG K, v A F Rl PR AR A
FACKIMTTE BN i H A B IRAS S S V(A
B 4(c)) AR 2> BOd B Fr s B BLR AN 1 IR
a( AV HA BB I BEIR /N, I H B S (1 25
ARG (L5 ILIE] 4(c)h BRETTHE), I — RS A 44
IR A AE R B I W FERIL LR

22 RBEMEXNBEZERTEHEVE a(ADFREY

AL

Bl S B A AR TR 208 WA 5 2
2, tHIE 5 WTRUEH, BEE DRI R R e, 904
o-Al(on) UKL ST BT, g A A . X373
R RO FVRIORE 5 268 S A T A3 (UL 1] 6(a)), 755K}
AR, AL oy ROUREIR) 122 SR NSy 35
wm, FH R ORE [ F5E h 1,57 AEARH 3 min £ S
min B, a; BORLFFEI AR 230124 66 pum AT 81
wm, FH R ORE [ Bk 1.25 AT 1.34; MR )
IEF] 10 min B, o BURLKT-3) SRR K S 104
um, AR [ HE R O 1.47. I 6(b) iUl & il £k
AL H, ORI IOR 2 K R 44k, HLE
FiK K IR & D ~Do'=Kt 8712 75 FR* (Do Ay 4
TEHTAR I ZI ) A= W AHBORE B4R, D, oA PRI ) ¢ )5
SRS AP U AN i P u N F ST N P i S s O U1
Bz M RAEH K KRG MENALR . LG50, &
B A356 G 4 1 A AR ORI OB ORI I 8] D

3 min.

2.3 REMRIm AT 8 % 0% 5 E Eh b 22 i

B 7 s o AR R I )5 E 20 i A R 1
SEM 4. ISR, ANFELRELTFT oy BURLT
JEARIE h A HOIR it B BOIR vy, A2 U, DRI INT ]
Xof s B THEBE AR 1) — g T AL 2L AN R IR K.
Image-Pro Plus 5.0 25 ap RORL IR dokir RO 1647 1
H(EIL S0 MR 45 R oK, 4R 04 34 5 A1 10 min
I o JURL RT3 diobt RO 4051k 654 7.04 6.7 BL&
6.8 pum, FZEN S URLIT RS ZEA K. X
FAMRIR S ECN 1) RS A AT ge ik, il
8 7. SRR, WOk R 5~8 pm Y H A )LL)
KT 50%. [RINF, MEZAn (LK 8(e) ] LAA H,
TR ) AR A (200 AR A AN SR IR
SEor A S LB AR AL, RSHLE 5~8 pum i [ Y
(R A by AR 58%, b5 W — Rk <)
B 2L ) A AL AR Ko X6 FITE 200 ANOREREAT P34
TR ST TS o TORLI T BB SE ) 6.6 um



5 26 B4 11 ) W], S A356 Pt AT AR IR PR R R AT 2259

Bl5  ANF LRI AR ) F A E AR RS AL

Fig. 5 Microstructures of rheo-diecasting by SIM under different holding time: (a) 0 min; (b) 3 min; (c) 5 min; (d) 10 min
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Fig. 6 Changes of primary particle size and shape factor with holding time (a) and linear fitting curve (b)
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Fig. 7 SEM images of rheo-diecasting by SIM under different holding time: (a) 0 min; (b) 3 min; (¢) 5 min; (d) 10 min
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Fig. 8 Distribution of secondary particle size

in thin-walled die-casting: (a) 0 min; (b) 3 min;

(¢) 5 min; (d) 10 min; (e) Total distribution

Table 2 Element content in a; and a, particles and eutectic structure

Isothermal Mass fraction in a; particle/% Mass fraction in a, particle/% Mass fraction in eutectic/%
holding time/min Al Si Mg Cu Zn Al Si Mg Cu Zn Al Si Mg Cu Zn
0 98.8 1.2 0 0 0 983 1.7 0 0 0 75.1 195 27 21 0.6
3 989 1.1 0 0 0 983 1.7 0 0 0 693 238 52 1.1 0.6
5 98.8 1.2 0 0 0 983 1.7 0 0 0 734 209 35 15 07
10 989 1.1 0 0 0 983 1.7 0 0 0 669 261 55 15 0
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Fig. 10 Elements distribution diagram of A356 alloy by RDC:
(a) Stable growth interface of a; particle; (b) Unstable growth

interface of a, particle
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Fig. 11 Morphologies of eutectic phase: (a) HPDC; (b) RDC
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Fig. 12 Unstable growth of particles: (a) Secondary (a,)
particles; (b) Primary (a,) particles
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Solidification behavior of A356 aluminum alloy during
rheo-diecasting process with self-inoculation method

LI Ming', LI Yuan-dong"2, QIU Jin', ZHANG Ji-yuan', BI Guang-1i"%, MA Ying':?

(1. State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals,
Lanzhou University of Technology, Lanzhou 730050, China;

2. Key Laboratory of Non-ferrous Metal Alloys and Processing, Ministry of Education,
Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: The semisolid slurry of A356 aluminum alloy was prepared by self-inoculation method and the solidification
behavior of thin-walled component produced by rheo-diecasting was investigated. The results indicate that the isothermal
holding process during slurry preparation has great effect on primary a(Al) particles, but has little effect on the
microstructure of secondary solidification in the process of thin-walled rheo-diecasting. When the remaining liquid fills
die cavity, due to the large cooling rate provided by metallic dies, the nucleation is expected to take place throughout the
entire remaining liquid. The growth of nucleus has two stages, nucleus will grow stably into globular particles with the
limited grain size of 6.5 pum, then, as the exist of constitutional undercooling, both primary (a;) particles and secondary
(a) particles will appear unstable growth phenomenon. Compared with original composition of alloy, the remaining
liquid closes to the eutectic composition due to the existence of a; particles, which makes the content of Si in o, particles
higher than that in a; particles. The eutectic reaction is confined to small intergranular areas due to the presence of fine a,
particles. With high local cooling rate, the eutectic silicon will solidify in fine fibrous or chrysanthemum morphology.

Key words: aluminum alloy; semi-solid forming; self-inoculation method; rheo-diecasting; secondary solidification;

constitutional undercooling; eutectic silicon
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