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Estimation of Solute Concentration Distribution Accompanied by

Interdendritic Solidification

Kazuo WATANABE

Synopsis:

A peculiar break point in the cooling curves was experimentally observed. This point may be resulted
from the rapid progress of solidification caused by the supercooling of interdendritic liquid.

For studying the mechanism mentioned above mathematical models for estimating the distribution of the
solute concentration in the interdendritic liquid have been developed. The models are described for three
cases where the liquid-solid interface is plain, cylindrical surface, and spherical one, respectively. Two
models for the second and the third cases, which represent the state of the liquid surrounded with the den—
drite arms, show that the difference between the liquid concentrations at the liquid-solid interface and
those at the midpoint of adjacent dendrites increase when the solid fraction increases at the constant
ratio. And it may be understood that the concentration difference results in the supercooling. While
for the first model the difference of the concentrations decreases.

Furthermore, by the use of the third model the measured temperatures where the break point occurs

can be explained.
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Fig. 1. Platelike model of dendrite morphology.
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Fig. 2. Distribution of solute concentration in one
element of dendrite model.
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Fig. 8. Observed and calculated break points on.
cooling curves.
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Photo. 1. Example of microscopic photograph of
dendritic structure.
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Appendix

L. (18)RooifkiE
M) RotgHHoELr Tz, AT)RXx b

I~f2dt*1 ﬂ*dt

ar2+br+c
* T+
— —a?f:r—b;]: dr eeereeenneinneennenn (A 1)
ThbsbH. 27T,
p——2KP
¢ = — (3K—2KP) 1
a—=—KP L (A1)
b =— (1—2KP) J
¢ =1—KP

ThH5H (ADRofs, HIR (B2—4ac) OFE, F,
BILXO>TESER®LD. ZOHE,
—4ac=1>0
THH,
I :—Z)——lnlatz—}—br—i—ﬂ
2a
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ar +b-+V/B—tac X (1= B/)KPS(1-)} —1 | dx
59, (AlRick v (A)REFHE T, (1/2)KP p3
I =ln{AKP‘[2—(1—2KP)T+(1——KP} =Coasﬁm...................-.-.....(All)
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+(1—-3K) In {’I%P—(ijr)_—)—} (A 3) ThH5. .
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EbXhbET5., 22T, 21X 0o ZEAEL,
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CKPe— (KD 0 a4y T
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= —2KP 1
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KP 3K(1—-2KP) +2K2P?
I =1"2kp" (1—2KP)?

.........
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I =KPr+3K1In (1—7) «ooeerereennnennennenn (A 9)
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&b, (AlO), (AIO’)JQJ: Y (19)’t73>1<iz>
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So-0s
f (Co— Cs*)dx
0
‘60
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0

3K
=Cods5 5 koP {1~e-koP(1—B)}»
5. (AIDROADE (A ROEDEELWE

TEYABRES.
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e—ho(R/D)xdyx

- (A13)
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ag, a1, a4y : EBEIRESHRNTE T 5 /RE,
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Co : MYIBE (%)
Ci: Fv A tHoOBRRATIR T SBEREL
FY PS4 rEEEPLHCRTSBERE LD
7% (%)
: FERAEICR T A WHEERE (%)
B RE IR T 5 EMEEE (%)
: R HE T D AR EIR B RS (cm?/ sec)
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DR ELRE ()
REBRICK T MR ES (°C /%)
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MAEREEARKEAREICEFSZT Y FF 4 b
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1 0s/00 (—)
tFV PS4 AR LI S OREKREOAE
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1 200=(Fv F 74 FR) (cm)
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6 M (°C)
bo : MimBE DA (°C)
& Wik, £ =x/0 (—)
T ERTALRER, T =t/ts (—)
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