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ABSTRACT The rheological model developed by chen et al is applied to study the steady state and
transient state behaviour of A1-6.5Si semi-solid metal (SSM) slurries. The application of the model has
revealed a number of microstructural and rheological characteristics of SSM slurries. The theoretical
analysis shows that there is a strong coupling between the microstructure and the steady state viscosity.
It is shown that the steady state viscosity of Al-6.5Si decreases with decreasing solid fraction and
increasing shear rate. This theoretical prediction is in good agreement with the experimental results
in the literature. Concerning time dependent properties, but irrespective of the flow conditions, the
apparent viscosity of a SSM slurry with a specified solid fraction is exclusively determined by its
structure, while the effect of shear rate and shearing time is reflected by their effect on slurry structure.
The deagglomeration kinetics is about two orders of magnitude faster than the agglomeration kinetics
for A1-6.5Si. The model has also been successfully applied to predict the hysteresis loops under various
cyclic deformation conditions.
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Table 1 Model parameters for Al-6.5Si alloy obtained by
fitting Ito’s experimental data(29]

Parameters o3 ag c d dg ds

-1 3 3.g—1

S mm mm®-8s

0.01 -0.0004 0.26 0.2 0.008

Value 9.0x10~4
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Fig.1 Calculated apparent viscosity of Al-6.5Si alloy by
Eq.(4) as a function of the effective solid fraction
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Fig.2 Calculated steady state viscosity for Al-6.58i al-
loys under different shear rates as a function of
solid fraction
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Fig.3 Calculated and experimental steady state viscosity
(a) and the average particle number in an agglom-
erate (b) as a function of shear rate for Al-6.5Si
alloys with different solid fractions
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Fig.4 Calculated transient state viscosity (a) and the av-
erage agglomerate size (b) for Al-6.5Si alloy with
a solid fraction of 0.3 under different shear rates
as a function of shearing time. The steady state

under zero shear rate is taken as the starting point
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5 MEENLESNREAEL, :FX—&, Flemings? %5
3% Al-6.551 thRAUR: B SAFRIEE R EEE. TTLRAA
%, PR YR SO AR R AR AT R 2 A R 4
RHER RS
3.2 ZRIFBUHLIE TR LwE

R SSM MRy B —F B Bk RN RIS TRy
wHR B3 MR EAEROTREEUT 5 MR A
(1) SSM HHEMBEIUIERMEA T, SRMBERS;
(2) #E (v =0)SSM ¥ —Brtia];, (3) EEAEHMHIE
t,(up-time) Py, HBYLIHAKE 0 WAD BRI IHE
Ymax; (4) SSM FRFEBI IR Ymax KIMER TRBIHHY
B (5) L EM ta(down-time) BHEPY, HRTHIE
K Ymax H/NE 0. MREFTEREY SSM ¥kl BA A
e, MEFEU S BROEREEELRAETN ) - WY
ERE T H— AR, BEFERMA/NZB SSM
PR RIRES, WRURK, MSYERE. EWEER
ERA/MISE @ (1) MR 105 (2) BER
6] te; (3) LFFRHE] tu; (4) BABIVIER Ymax; (5) B4R
RS ¢; (6) TRERE ta. SLAMA (B3] {5 ks
¥ (BTEE AARERS8%) MHEEFERNEHA
&l 6. @ 6a & L FHEHA] t, MBS EEEW. HET
M, MEFERRE LT t, M3 (1—8 s) TR
VIR IR 4o M ERERN LW LA 6b. XE®
B, BEREREERIABIUIERK o AN (100—300/s)
T/, B 6c RBABTEIEE Ymax HIHW. T LUFH,
Y IS PR R R A BT VIR Amax B34 (200—1000/s)
Tk BERE ¢ OBELE 6d, #ERERERE
] ¢ AR hN (5—60 s) K. TR 6 T[H, £2
B tu, 90, Ymax, tr WS FRERME W S LRE R 434
EHE. E, RERRFREREESES SN



480 & B % #t 39%

1
000 @

800 f s

600 | y/

N
\
/
el _J

400

Shear stress, Pa

200

———rt—

0 200 400 600
Shear rate, 1/s

800

600 |

400

shear stress, Pa

200 1000/s

0 300 600 900
Shear rate, 1/s

800

(b)
—_T -
”
600 / T~o <
& el Y
[72]
2 // | 100/s
£ 400 '
o / )
2]
]
=y
w
200t 300/s
/
/
/
1)}’ L n
0 200 400 600
Shear rate, 1/s
900
(d) —_
/ ~..
/. .
/ .
r \
© 600 B 3 H
a / 60s I
()]
g I
2 ]
4]
=y
w

0 200 400 600
Shear rate, 1/s

BH6 LynE. FHEWEE, BRWIERARLEEEX Al-6.551 &M ERMEMR
Fig.8 Calculated hysteresis loosp for Al-6.55i alloys showing the effects of up time tu (a), initial shear rate 4 (b),

maximum shear rate Ymax (c) and resting time t; (d) on the degree of thixotropy ¢=0.4

(a) ¥0=450/s, t:=60 8, Ymax=500/s

(c) ¥0=450/s. t,=60 s, t, = t4=0.8, 2 and 4 s, respectively

AP
4 &

(1) EZH Al-6.551 AEMRTITHESHMENE
RBAXEE, ZEEHEBRIP—ESHRRT, EBRHRU
KB SE & B A WET IR, T BY U1 AN BY LR (A X%
TR B i B el o OAE & R B MAE H SR S B

(2) EEF Al-6.551 4k R A TR R B AR S
eI hNTTIE I, BEBY U 3 A 5 N .

(3) EES Al-6.551 ERMBEETELRETRR
B ERER. : .

(4) ZcmR (23] MAFTLATRW Al-6.551 (K RFE A FhIE
WA &G T HIREEFF.

R B = R 250

85300

[1] Kirkwood D H. Int Mater Rev, 1994; 39: 173

(b) t:=20 s, ty = t4=2 8 Ymax=500/s

(d) 40=300/s, tu = ta4=2 8, Ymax=500/s

[2] Flemings M C. Metall Trans, 1991; 22A: 957

[3] Fan Z. Int Mater Rev, 2002; 47: 49

[4] Joly P A, Mehrabian R. J Mater Sci, 1976; 11: 1393

[5] Wang N, Shu G, Yang J. Mater Trans JIM, 1990; 31;: 715

(6] Kattamis T Z, Piccone T J. Mater Sci Eng, 1991; A131:
265

[7] Turng L S, Wang K K. J Mater Sci, 1991; 26: 12173

[8] Loué W R, Landkroon S, Kool W H. Mater Sci Eng, 1992;
9: 241

[9] Mada M, Ajersch F. Mater Sci Eng, 1996; A212: 157

[10] Mada M, Ajersch M. Mater Sci Eng, 1996; A212: 171

[11] Modigell M, Koke J. In: Bhasin A K eds., Proc 5th Int
Conf on Semi—Solid Processing of Alloys and Composites,
Colorado School of Mines, 1998: 417

[12] Modigell M, Koke J. Mechan Time—Depend Mater, 1999;
3: 15

[13] Quaak C J, Katgerman L, Kool W H. In: Kirkwood D
H, Kapranos P eds., Proc 4th Int Conf on Semi-Solid
Processing of Alloys and Composites, The University of
Sheffield, 1996: 35



5 34 BREES : BT Al-6.551 G EMRERE 481

[14] Kumar P, Martin C L, Brown S. Acta Metall Mater, 1994;
42: 3595

[15] Koke J, Modigell M. Proc Int Symp on Advanced Forming
and Die Manufacturing Technology, Pusan, South Korea,
1999: 101

[16] Koke J, Modigell M, Peter J. Appl Mech Eng, 1999; 4:
345 .

[17] Burgos G R, Alexandrou A N. J Rheology, 1999; 43: 485

[18] Cross J. Colloid Sci, 1965; 20: 417

[19] Cheng D C H, Inter J. Cosmetic Sci, 1987; 9: 151

[20] Alexandrou A N, Burgos G R, Entov V M. In: Chiarmetta
G J, Rosso M eds., Proc 6th Int Conf on Semi—-Solid Pro-
cessing of Alloys and Composites, Turin, Italy: Politenico
di Torion, 2000: 553

{21] Kirkwood, Ward P J, Barkhudarov M, Chin S B, Atkinson
H YV, Liu Y. In: Chiarmetta G L, Rosso M eds., Proc 6th
Int Conf on Semi-Solid Processing of Alloys and Com-
posites, Turin, Italy: Politenico di Torion, 2000: 545

[22] Kumar P, Martin C L, Brown S. Metall Trans, 1993: 24A:
1107

[23] Chen J Y, Fan Z. Mater Sci Technol, 2002; 18: 237

[24] Fan Z, Chen J Y. Mater Sci Technol, 2002; 18: 243

[25] Chen J Y, Fan Z. Mater Sci Technol, 2002; 18: 250

[26] Fan Z, Chen J Y. Mater Sci Technol, 2002; 18: 258

[27] Sharma K C, Ferreira J H, Govender G, Damm 0. In:
Chiarmetta G L, Rosso M eds., Proc 6th Int Conf on
Semi—Solid Processing of Alloys and Composites, Turin,
Italy: Politenico di Torion, 2000: 253

[28] Kopper A, Apelian D. In: Chiarmetta G L, Rosso M eds.,
Proc 6th Int Conf on Semi-Solid Processing of Alloys and
Composites, Turin, Italy: Politenico di Torion, 2000: 379

[29] Ito Y, Flemings M C, Cornie J A. In: Sekhar J A, Dantzig
J A eds., Nature and Properties of Semi—Solid Materials,

: Warrendale, Pennsylvania: The Metals Society of AIME,
1991: 3

[30] Sigworth G K. Can Metall Q, 1996; 35: 101

[31] Suery M, Zavaliangos A. In: Chiarmetta G L, Rosso M
eds., Proc 6th Int Conf on Semi-Solid Processing of Al-
loys and Composites, Turin, Italy: Politenico di Torion,
2000: 129

[32] Alexandrou A N, Burgos G R, Entov V M. In: Chiarmetta
G L, Rosso M eds., Proc 6h Int Conf on Semi—Solid Pro-
cessing of Alloys and Composites, Turin, Italy: Politenico
di Torion, 2000: 161

[33] Burgos G R, Alexandrou A N, Entov V. J Mater Proc
Technol, 2001; 110: 164

[34] Matin C L, Kumar P, Brown S. Acta Metall Mater, 1994;
42: 3603



