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ABSTRACT The microstructural evolution of semisolid ZL101 hypoeutectic Al-Si alloy solidified
in ultrasound field was investigated. The results indicate that the morphology of primary particles
is related closely to the temperature of the applied ultrasound field. The primary grains grow into
globular shape when ultrasound is applied from 640 to 585 C (nearly solidified temperature). When

the ultrasound is applied from 610 (solid fraction 0.1) to 598 C (applied 120 s), the originally formed
dendrites are granulated. When the ultrasound is applied at 600 C (solid fraction 0.25) and holding
temperature for 120 s (about 595 ‘C), a mixture structure consisted of dendrite and granulated grains
is formed. The evolution mechanism of semisolid microstructure under ultrasound field was discussed.
KEY WORDS ultrasound, aluminum alloy, semisolid slurry, nondendritic microstructure, evolu-

tion mechanism
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Fig.1 Schematic of experimental set—up (1—ultrasonic
generator, 2—heating furnace, 3—amplitude trans-
former, 4—transducer, 5—vibrator holder, 6—metal
cup, 7—slide bar, 8—holding table, 9—PID temper-

ature controller)
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Fig.2 Microstructures of the semisolid aluminum alloy ZL101 sample cooled to 610 ‘C (a), 600 C (b) and 585 ‘C
(c) from 640 ‘C by a rate of 6 C/min under ultrasound field
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Fig.3 Microstructures of the semisolid aluminum alloy ZL101 alloy cooled to 610 ‘C under no ultrasound (a),

and then applied ultrasound for 60 s corresponding to 604 C (b) and 120 s corresponding to 598 ‘C (c)
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Fig.4 Microstructures of the semisolid aluminum alloy ZL101 alloy cooled to 600 ‘C under no ultrasound (a),

and then applied ultrasound for 60 s corresponding to 598 ‘C (b) and 120 s corresponding to 595 ‘C (c)
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Fig.5 Effect of ultrasound on solute and temperature dis-
tributions in front of a grain (X, Cr, T3, T, GL—
thickness of boundary layer, solute concentration in
remnant liquid, interface temperature, liquidus tem-
perature and temperature gradient without ultra-
sound applied, respectively; X{, C{, T/, T{, G, —
thickness of boundary layer, solute concentration in
remnant liquid, interface temperature, liquidus tem-
perature and temperature gradient with ultrasound

applied, respectively)
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Fig.6 Action of 600 W ultrasonic cavitation on 20 pm thick aluminum foil in water

(a) normal appearance

(b) foil deformed and cracking after 30 s ultrasound applied

(c) “crater” caused by cavitation
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Fig.7 Fragmentation model of a dendrite under action of ultrasound field

(a) dendrite grown in melt (b) dendrite arm bended

(c) crack or grain boundary created

(d) crack further growth, arrows indicating infiltration direction of liquid flow (e) dendrite fragmented

AT DL FAAEAR I P AR ), TR ORI, B B et
BTSSR P T BT ORI SR, S R B AR
K, F RS AR

B 7 SR T R PR B A T RE L. SRt
TR R A 98 A R e, e b R (B Ta); T
PRI 2N R e I S (7 7h); AR LS
Tos 1l it SR s e (1 Te)s 6725 i A0 A 2 Ak i B 40
s R SEEE R R, BEON AR YR (] 7d);
B i AR e R IR TS (18] Te). 3BT /K e
B, WEREIRIRE TG E 8 iR, A 4 Hilsr R
BHHIS, B AR 5642 B L

4 s AR A R S AR NI e, 2 AR
BT TR ORI WL, AE BTV R DR R B 42 X
7 A R B A, DT X 30 R S A T AR B, VR
SREUIR Ay, BT N (P 5 TR ), AT AR s
A, ARG S RDROR A R X B R R
HE S 7 R B 1.

A, LR ZUFE R IR A B T, P RE e A f
SR A o R A K 0 S, O I TV L BE R A,
B TR A e, O ATV A UL A A
KLk, B, fEA R RS, B A AR, R
RS 40 /N R 0 .

(E.24 A T 22 A e, B I M R o P S A
FEVE RIS, H TR A R B SR A, A AR
I, STREE R R, U B 4 K TR AR T TG
VRS W7, R R, A A R A PR B3k
T 7 AR/ 7EAE, P B TR, i
BT BEARGRL X FMES T3 Wu 4 [19]
R DL 0 A TR SR R R A 2 AL T B
T A R TR g S

2R
f=exp( =) (1)
Heb, fORSRIBR AR, BB N 1 R WEEEEE; v b
W B AR Ao T ORI TR B . AR, KE R
P ARAE, 24 1 WA IF, 28 3 -1 8 7 70 A R B
WU, B v . B, AR, BB, (U R R

8 EA T ZL101 SHE5EiREIL
Fig.8 Infiltration phenomena in the ZL101 aluminum al-

loy under ultrasound (positions A showing the part

infiltration and position B the total infiltration)
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