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Formation Mechanism of Freckle in Unidirectional Solidification

Synopsis :

Toshiki KAWAMURA, Shigeo ASAI and Iwao MUCHI

Experimental and theoretical works have been conducted to clarify the formation mechanism of freckle in

unidirectional solidification.

The formation process of freckle in mushy zone and the movement of inter-

dendritic liquid were visualized and observed by use of a cold model of NH,CI-H,O system.
It is noted that freckle grows up against the freezing direction, i.e., from the liquid-mushy interface to

the mushy-solid interface.

Fingertype fluid movement is observed near the liquid-mushy interface which is
presumed to trigger the channel flow inducing freckle.

A mathematical model which takes account of the freezing and remelting phenomena in the mushy zone has

been developed to simulate the formation process of freeckles.

Methods for preventing the formation of

freckle are proposed on the basis of the formation mechanism investigated in this paper.
Key words : foundry ; ingot making ; VAR ; ESR ; unidirectional solidification ; freckle.
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Transitional processes of channel formation.
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Fig. 1. Schematic illustration of finger type up-
ward flow.

FRFEEH 20mm/s OEE THRMAR XSME LTI ER
L, WEEICELZBKEHFEIILA2 TV A,
HHERA ORI O FE) % WAL LBISE L o RICED
W, Fr v R ANEBOGMRE Fig 2 1R E LT
AL 7.
2-4 7Ly 7IVDERENS

BEBEGED SR THE TICERLZF v ¥ A NVOEEK
% AR O R 2K 2 CRALHER % Fig. 3 1R
PR E 55 27% ((wt)NH,Cl) LT & 40% LA Tt
F o VANDERIAONZWI EXRbYE. GEBE
28y (NH Cl-H,0 RT3 NH,Cl R 2 & IZH
W45 ) PAIE, KRBTV coPRLRIbE e
BHROBEZ LIS, SEBEL VRV -OERMTHRD
BB AR RET S, —F, EE&REN KV (NHCI i
EAEV) BEIE, AEHOEE L & 0 iBEig
B U CHASHESIR S F v 2 A UDER L B9
bOEEZIOLNS.

BRIEERIC BT, BRI ORI FEME () &

> Liquid phase

L + S phase

|+ Solid phase

Photo. 4. Spouting flow from channel.
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Fig. 2. Schematic illustration of spouting flow
from channel.
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Fig. 3. Effects of concentration of pouring liquid
on the number of channels.
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Fig. 4. Effects of cooling rate and temperature
gradient on the formation of freckles.
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Fig. 5. Favorable position for channel formation
and natural convection oriented by dendrite arms or
baffles.
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Fig. 7. Calculated transitional variations of

stream lines in solid-liquid zone.
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B MR % H0 5 72912, NH,CI-H,0 ROBERIEER 4 170
TR, 7Ly 2 ViEF v Y FNERWTHH L i
Bl 7Ly 7 VEBBROFHMZBERERIIESY
T, 7V v 7 VEBBR RIS HHFNET IV ERHA
L7z, 7V 2 VAERBEEMHEL, 7L 2 VERD
IS A= A A

i £
C: BItTCEDOBRE (kg/m®)
C :NH,Cl DERTRE (—)
C: AN OREERE  (kg/m®)
C,: H# (J/kg-K)
G:iRESE (K/m)
g:ENEE (m/s?)
AH : BEE#ER (J/kg)
iy:y HIAIDEARZ PV (—)
K : Vo maE (—)
K: Z8%5 vV (m?)
koky,: x FiIE y HEAOEEE (m?)
U XFHOE (m)
m: BB ORE  (K-m/kg)

LD R ORI DA R R

p: &L (Pa)
R: GHEERE
T: 8% (K)
T,: £EE0EE (K)

T, : BAHBEE  (K)

T : FHARE O ERE  (K)
i BEE (s)

V: & E~XZ PV (m/s)

V: XFEHOREEE (m/s)
:KFEHROERE (m)
CERE A MO (m)

cEH ((88/0T) 7=7) (kg/m*+K)
(2% ((8¢/0C) =) (—)
(7)RXhofR (1/K-s)

AR (—)

cBAEECE  (n?/s)

KR (Pa-s)

: T (kg/m®)

: T, CUBIAREOEE (kg/m®)
(m?/s)

(K/s)
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