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Preparation of semisolid aluminum alloy slurry by
forced convection mixing and its microstructure evolution

ZHOU Bing, KANG Yong-lin, GAO Jun-zhen, QI Ming-fan, ZHANG Huan-huan

(School of Materials Science and Engineering, University of Science and Technology Beijing, Beijing1 00083, China)

Abstract: A356 aluminum alloy semisolid slurry was prepared by self-developed forced convection rheoforming
machine (FCR). The effects of barrel temperature, pouring temperature and rotation speed on the microstructure of
semisolid slurry were investigated. The solidification behavior of the semisolid slurry preparation was discussed. The
results show that reducing the barrel temperature and pouring temperature and increasing the rotation speed appropriately
are beneficial to obtain semisolid slurry with fine and spherical solid particles distributed in the matrix uniformly. The
desirable semisolid slurry with average primary solid phase diameter of below 80pum and shape factor of above 0.75 can
be obtained at pouring temperature of 620—630 °C, barrel temperature of 570—580 °C and rotation speed over 200 r/min.
The FCR device can greatly change the situation that the melt relies on diffusion to transfer the heat and mass in
traditional solidification conditions. It destroys the generation environment of dendrites. The temperature field and the
composition of the melt are going uniformly, which will be advantage to obtain better semisolid microstructure.
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Fig. 1 Schematic diagram (a) and physical diagram (b) of
FCR machine: 1— Slurry outlet; 2 — Graphite blockage;
3—Emptying core bar; 4—Heating and cooling element;
5—Stainless steel barrel; 6—Raphite inner barrel; 7—Spiral
stirring rod; 8—Insulation; 9—Funnel; 10—Graphite insulation
ring; 11—DBearing block; 12—Gear; 13—Adjusting handle;
14—Emptying handle; 15—Bearing; 16—Adjustable bracket
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Table 1 Chemical composition of A356 alloy ingot (mass

fraction, %)

Si Fe Cu Mn Mg Zn Ti Ni Al
6.93 0.17 0.01 0.01 0.38 0.01 0.15 0.05 Bal

¥ A356 B SEERT S A TIAEE ) 400 °C
(A P LSS 700 °C AL, HEAT B HRA 5 5
B A S 630~680 C; R REAIERE 600~570
C, A E AL N 100~400 r/min, A7 88 FEZEAL
TRUPRE, PHiPEEHZE LK TLE 400 RIEHE
R S, PEANE FCR WA, A St R
YERR P A AR, e — o IR (30 s) 5, e
JECEHET,  Hl45 1) 2 SR B b i .
Rl p R =SR-S E QTS & SN ESEAVIZZ i 8
% HE R 1 A HOR R N BIRE S AN A I, or
B HE 3N K A RO R 2

h TR EEAS TR 240 A 1 ol 2 10 21 Il 38 SR L
R, WIRhZe 7 1) A8 TP 10 mm JEIE Fy, JF
A — B TEAE AR . PRI B HiDeat
5, AT BN 0.5% 1) HF BR K 3B 765 o,
7t NEOPHOT 21 )t W ilBi I A A 2L A T LS55 #r o

FIF ImageTool PG AL ER A2 %2 12 S 4001 A [
AHSE S TR T 520 o A7) A AR RS 25 1 AR

B2 AFFEARRLE T A356 LRSS A

(b)
(d)

B4 D Eow, TWIRHEREF F £, Filk@EinT 1,
VI AR . B A RN

D=v44/n (1)
F=4nd/ P? (2)

BN RV W i E AT TR P T TRV e T S

2 HERE5H

2.1 AFREIEKREXHEZSHLARI RN

B 2 Jrs AR BRI R 630 °C B 18 200
t/min. BYYIIF A4 30 s {9 T 2 40F PSR f (iR B 4%
PETF IR S B L. B3 Fis ol iR E s
A356 P [l G A b R SOBARR 7 1 oG & i 2k . K]
I HOIR BT R X 3R a( ADAH, SR IX
AT A T R 3SR T ARE S 600 C,
ML a( AD)AH 2 48 FICIR BN BRI i, ~F35)
JOFZ0 150 pm, JEARPRIFAX 0 0.44, DA A fe A4S
B, AR = N2 B R R R, B
T AZECE R /D, R S R i R B IR 2
MERIREE R 590 CHY, FARRIREE RS, B& 1%
HWERBER, AR i I B Bsb, S ek
KA %, YIRS 94 pm, JRARP 24

Fig. 2 Microstructures of semisolid A356 alloy under different barrel temperatures: (a) 600 ‘C; (b) 590 C; (c) 580 C; (d) 570 C
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Fig. 4 Microstructures of semisolid A356 alloy at different pouring temperatures: (a) 650 “C; (b) 640 ‘C; (c) 630 C; (d) 620 C
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Fig. 6 Microstructures of semisolid A356 alloy at different rotation speeds: (a) 100 r/min; (b) 200 r/min; (¢) 300 r/min; (d) 400

r/min



2014 4E 1 H

66 o A < 2 A
0.9 100
=—Shape factor

4—Mean particle size
0.8 1 §
Q
8 X
3 180 o
S 0.7F 2
E E
<= a
= 170 5
0.6F s
160
0.5

100 200 300 400
Rotation speed/(rrmin")

B 7 B A356 A G & AENTESI L

Fig. 7 Effects of rotation speed on primary particles and

shape factor of semisolid A356 alloy
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Fig. 8 Flow illustration of melt in FCR device
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