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Effect of Chemical Composition on Apparent Viscosity of Semi-solid
Metals
Masazumi HIRAI, Kaisuhiro TAKEBAYASHI and Yuji YOSHIKAWA
Synopsis :

Stirring experiments of Al, Cu and Fe semi-solid alloys on continuous cooling were carried out to in-
vestigate the effect of chemical composition and stirring conditions on the apparent viscosity of semi-solid
metals. ‘

The apparent viscosity of every alloy increased with increasing solidification rate and decreasing shear
rate and the critical fraction solid for fluidity increased with decreasing solidification rate and increasing
shear rate. The equation for apparent viscosity 7, of semi-solid alloy is proposed as follows,

apmcl/3';/—4/3
”a— nLa 1+ 2[1/fs_1/(0'72_ﬂcl/37'/41/3)]

a=2.03%10%( X/100)"?

8=19.0(X/100)"
where 7;, is the apparent viscosity of liquid, o, is the density of alloy, C is solidification rate, 7 is shear
rate and fs is fraction solid. The @, 8 values depended on chemical composition of alloys and became larger
with increasing solute content X. These results were explained by the shape parameter value of suspended
particles and the trapped liquid volume in suspended particles in semi-solid metals.
Key words : viscosity ; semi-solid metal ; viscosity equation of semi-solid metal ; shear rate; critical fraction
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solid for fluidity ; solidification rate.
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Table 1. Experimental conditions.
Alloy Experiment Stirrer Mean shear Mean cooling Mean df,/dt Regression results
numbers size rate/s ! rate/K+s™} rate/s”! a value Joor value
Al-10%Cu 18 #200 mm 90~280 0.05~0.84 0.0012~0.0209 5.89~92.7 0.32~0.60
Al-10%Cu 3 #230 mm 250~500 0.06~0.45 0.0015~0.0107 3.38~22.0 0.49~0.61
Al-10%Cu 5 ¢ 80 mm 25~-200 0.03~0.05 0.0007~0.0013 14.1~144 0.44~0.58
Al-4.5%Cu 3 ¢ 80 mm 25~140 0.02~0.45 0.0010~0.,0267 5.87~120 0.33~0.70
Al-15%Cu 2 ¢ 80 mm 25~ 75 0.04 0.0006 96.5~362 0.52~0.54
Al-3.6%Si 2 ® 80 mm 25~ 75 0.03 0.0007 71.0~80.2 0.62~0.63
Cu-8%Sn 8 $100 mm 55~460 0.18~0.73 0.0020~0.0070 14.2~632 0.30~0.43
Fe-0.8%C 4 $100 mm 55~460 0.04~0.07 0.0006~0.0011 9.50~264 0.63~0.67
Fe-2.5%C 4 ¢ 80 mm 50~125 0.05~0.09 0.0003~0.0006 55.5~225 0.42~0.61
* Paddle type
Table 2. Chemical compositions.
Chemical composition/mass%
T Alloy
kj Al Si Cu Sn C Mn P S
Al-4.5%Cu | 94.5 — 4.5 — — — - —
Al-10%Cu 90 — 10 — e — e —
Al-15%Cu 85 — 15 - — — — —_
Al-3.6%Si 96 3.6 0.4 — e — - —_
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. e-0. . .25 — —_ 0.8 0.5 0.01 0.01
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a) Shear rate = 171/s, df,/dt = 0.0008/s
b) Shear rate = 457/s, df,/dt= 0.0008/s

Photo. 1. Microstructures of water quenched semi-solid 0.8mass% C-steel (f, = 0.4).

a) Al-4.5 mass% Cu
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¢) Cu-8 mass% Sn
d) 2.5 mass% C-iron
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Photo. 2. Microstructures of water quenched semi-solid alloys (f,= 0.2~0.4).
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Fig. 10. Calculated results of apparent viscosity

of Sn-15mass% Pb alloy. The data of solid symbols
are the results of Joly’s in Ref. (2).
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Fig. 11. Calculated results of apparent viscosity
of Sn-15mass% Pb alloy. The data of solid symbols
are the results of Nan’s in the stepwise (@) and
continuous( A ) cooling in Ref. (7).
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Fig. 12. Change in apparent viscosity of Al-6.5
mass% Si alloy during isothermal shearing. The
data of solid symbols are the results of Moon's in
Ref. (22). The (df,/dt), is initial solidification rate.
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5. & =]

7 RO S OBHEREER TV B E SR ORE
BXIETEERTOBEYRAEL, UToRREE L.
(1)&E4 LS, BEHEE AL IHEORRIEEE®R
BE L BUMIE R IC B S h, BREEEAIVNEWIEE, &
7o BIWT R AT & W T & A TR YR < TREDBR R
HER K XL RABEHBIID - 72,
(2)FEEEEORE IBBRHO /8T X — ¥ — kil
BIRREAAROBEBCEATE, A0 M & BEEE
BLUBHEREOMKRIE, EHFELLEIBLAL
Al-10 mass% Cu & DHERVOBRKOBE*E XS
JTH—BICBET A, SREROBEBREEOEELE
Eiﬂ)ﬁéﬁiﬁt 7;Co7’:.

ap, C1/3 7',—4/3

Na= NLa

1
012——ﬂc‘“i‘”“)
(Pa-s)

[L-
fs

a=2.03 X 10% (X/100)/3

£=19.0(X/100)'?
»ESRT.

(3)AEHDDBRENKEVIILE, a, BOENKE
CHEENBE L A ERSA LGRS, ThEEIBRENK
EVIIEBERAOTIR T 2 — 5 — B X UREAIC
Fo o TENLHAHERPKEL DO LEEILND.

B#gIZ, AEICH-T, TBHEr 22wz (kR)
LA T v 7 OFEIRFERBEIC R B#v LT,

ic 5
C: EHZE 0~0.4 F COREMEE df./di(s™!)
C,: WHBEEEE (mass%)
D: AEONEARE (m?s™!)
G:# ¥ rnr2 (Nem)
H:#BBozy 7 vE— (Jom™?)
L: BRTRER S BTEMITKRO24E) (m)
S, : BBk SRR (REE/ A (m™)
T: #HEE (K)
W &SR KA LRE /ST 2 — % —
X: 88T OFEEHRE (mass%)
a: BEBEROBIRIT A -5 —

d: BT OFHE (m)

S, EAEE

Soor : TRBHBR TR E AR

ko : 5 BLAREK

m : AR B (K-mass% ')

n  BEFEE OYFVRBHTF oSS G EME) (m)
rp : WHAEEE (m)

y: SUMTEEE (s71)

No: FERELED D THE (Pas)

0L A& D THEE (Pass)

o: FRIARERE & B UK ORE®RE (kgem ?)
Om: BEEDHHBBETOEE (kgem )

o: B O RERN (Jom™?)

Q: BHAEE (rad's™')
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