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Undercooling and primary solidification behavior in mixture
of hypereutectic and another Al-Si alloy melts

Tatsuya OHMI*, Kiyotaka MATSUURA*
Masayuki KUDOH* and Youichi ITOH* o/

A simplified numerical model is presented to investigate the undercooling and solidification behavior of a hypereu-
tectic Al-Si alloy during the mixing process of two kinds of molten alloys with different temperature and composi-
tion. This model involves a single slab of the second melt (Al-32 mass%Si alloy) stretching in the infinite bulk of
the first melt (Al-12 mass%Si alloy). The second melt and, in some cases, a part of the first melt near the second
melt are undercooled and solidified in the course of the mixing. The number of primary crystals is maximized at a
certain strain rate of the stretching slab, depending on the initial thickness of the slab, while the maximum under-
cooling of the second melt increases as the strain rate increases. These results suggest that excessive agitation dur-
ing the mixing may depress the refinement of the primary crystals.
(Received June 5, 1997)
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Fig. 1 Single slab configuration showing initial distribu-
tion of temperature, T, or concentration, ¢. The S is ini-
tial thickness of the slab. The subscripts 1 and 2 refer to
the initial conditions of the first and the second melt,
respectively.

Z ORI X BBEHBRG LB T 5 i, B4 ok
ROBER - BEMBEL BT 5 Lagrange 7c I 7 = B
ERMBBLETH D,

R, LET%20FF T, RIGELIEZH > BgaHNTk <
7 e BEETFADEAREINRTERLD), KFRTIE, K
R A DETT 5 UM OIS Y BfliiciR <5 — vic
B LB BAYEETET 5 —HOoFEYCER L,
ZDFRDOBFEHEFED—DTHB T » FRETFALODD
SEAEERANRC, 74 FREET VL, —HRhBIC
X W RREHT 5 B LEERD 5 » S#EAE 2, NHHE
YROFEELBIBRELM L Ly, FBETETT
55 FIBRR L BT 53D TH5,

2.2 BEREEFILOHESE

AR /R Lo fISiRE € 7 ik, RA~OHEW X 51E
ERETEXHRETHIAMNEF N LERERE TV EDBBRE
RT3, AFROBRSEE = FME, ZOBHEFALOR
SEBEETFAREALI L LY, BESR IUCBESD
HELRERERGTEEAREALICLDTH B,

FECTHWBROMMESTIR % Fig. 1 KR T, KRB
BT, ROBEMAHE LT, B—DFRR 2 RISE I ER
| KBBFRCEBINIBEEE L D,

BA&® 74 TiE, Fig 1 CRTRE LBEOWHRS MR
Zt=0s KBV CHEBIMCIEE I N, T OkOREIRRICHE
2T, REEH x FRECH—CIBHET 2 & R EBFED
BEHHIRZIDIDET D, 22T, abaldlfthZfhiR
BHER IO 2KREBEGOMRE, ¥ T & LIZEBBD
MERETH D, ATETIXASI Ry WHE L, | KBS
B LT, ¢g=12mass¥%, T'=853 K (KHBKREEEL),
2 RBEBWBI LTI, =32 mass%, To=1160 K (GEZEE50
K) CREE L, ¥, BEOINEHRE D PEILEE o /s
EOYEE (Table 1 2R) (HRE (T) PRE (o) KF
Lis\d D& Ui,

KICFHHEFEE RS,

i & &b BB LERT 5 FRROBHED_ bic BEExE
5 LT Lagrange REBCE S BEOBBH HBRRITKRD
XorERIhBW,

43

Table 1 Constants used in the calculations

Diffusion coefficient, D (1079 m2-s1) 5.0
Thermal diffusivity (alloy), a (10~5m?-s~1) 3.9
Specific heat (alloy)*, Cp (kj~kg‘l ‘K1) 1.090
Latent heat of fusion (primary Si) *H
(k] -kg~1) 1497
Density (Si crystal) *, p (Mg-m~3) 2.31
Solid-liquid interface energy*, ¢  (J-m~—2) 1.1
Nucleation rate constant®, K, 1000
Nucleation order*, N, 3
Growth rate constant®, K g 0.08
Growth order®, N, 0.2
* used in the crystallization model proposed by the present
authors®
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Fig. 2 Changes in temperature, 7, and liquidus tempera-
ture, T, in the center of the second melt (y=0) and in
the first melt in contact with the second melt ( x=0.55).
Crystallization is not considered. The initial slab thick-
ness, Sy, is 1 mm and the strain rate, ¢, is 10 s~!.
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Fig. 3 Distribution of the maximum undercooling, ATim.
Crystallization is not considered.
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Fig. 4 Relationship between strain rate, ¢, and the ulti-
mate total number of primary crystals per unit mass of
the second melt, ngr.
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Fig. 5 Distributions of the maximum undercooling,
ATym, and the ultimate number of primary crystals per
unit mass, ns. So=1 mm.
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Fig. 6 Effects of ¢ on ATLym and ng in the center of the
second melt.
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Fig. 7 Changes in temperature, 7, liquidus temperature, 71, the number of primary crystals per unit mass, n, and frac-
tion of solid, fs, in the center of the second melt. Symbols “M—-C’’ and ‘“M’’ indicate the results calculated with and
without the crystallization model, respectively. Sp=1 mm. (a) e=0s"1, (b) e=10s"1, (c) e=50s"".
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