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Theoretical Analysis and Model Study of the Formation of

Channel-Type Segregation

Shigeo ASAL, Jun-zo OzAWA, and Iwao Mucnr

Synopsis:

A mathematical model of a channel-type segregation is developed on the basis of the stability theory.
By focusing on the difference of the cooling conditions, the instability phenomena inducing the segregation

are theoretically analyzed by use of the model.

The analytical results are confirmed by the model experiments.

In these experiments, the aqueous

solutions of NH,Cl arc freezed by cooling from the top or the bottom of a mold having the adiabatic side

walls or by cooling through the side walls.

Thermal insulation of the side walls are essential for preventing the channel-type segregation.

When

a mold is cooled through its side walls, controlled preparation of the alloy elements is required to prevent

the formation of segregation.
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Fig. 1. Phase diagram of ammonium chloride-
water system.
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mushy zone. (s : solid zone, $+1 : mu-
shy zone, 1: liquid zone)
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(F)Macrosegregation

Photo. 1. Transitional freezing in the mushy zone observed by cooling from the top of a mold.

(coolant : liquid nitrogen)
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(G) Macrosegregation

Photo. 2. Channel-type segregation in the mushy zone observed by cooling from the top and

side walls of a mold. (coolants
and dry ice)
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(G)Macrosegregation |

Photo. 3. Channel-type segregation in the mushy zone observed by cooling from the side
walls of a mold. (coolant : the mixture of ethyl alcohol and dry ice)
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Photo. 4. Channel-type segregation in the mushy zone observed by cooling from the
side walls of a mold. (coolant : liquid nitrogen)
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(G)Macrosegregation

Photo. 5. Transitional freezing in the mushy zone observed by cooling from the
bottom of a mold. (coolant : liquid nitrogen)
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Photo. 511k, ER(V)DFEEETT. ZoEEICIE
Photo. (A) £ (G)iz, EHED HAF A J7 AT C
W H KOTSRS 5 LsNE, (D) &IEIER
Bchn, FERgesThvaERsMEshTtns.
ik, R E2 S FHlEh s X 51K, REREBROD
FEH D E D EL I DOTT2, FRELIRIT RSB b
ol d LRI, L L, REWCRELRE
B(1)DEE LITERRD, ZOBEITT, BRI
BRIzt L Bbhs.

ER(I)~(V)Z2BE U T, AH» SOWERZIES HE
TV, RIS X< HBET S, E2MEL ¢ Lkm
BBHVIETED DWEIT 25E810E, 13 & A CRITHS
Bohimwv. ks, 20 &k, PRERFOMBITRE
LS T5HDTHS. :

PIE? 5OWHEH BHAE VL, BESET £ TORMH
g 25 min §iETH B OIITHAT, (T Z2 Bk
LCEEZT 50k, THEZG» SWHIT 5581
BREE TREAE L<EL (|9 300min) o7z Zh
15, GHHEOHEBOERCD X 50, LFHEE X O
NTONBEPIRELEBELTHWDEIDEEZEZLNS. T
b, > LOWHE S BHEIIE, AERCHRS
FIEEIINTHABMELEIN DD, HEZEEL 25
BT, BRI 5L S X 51, HAKMRSTE
FENL WD ITWHIBPEE SRR w L LTk b.
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IR D < 7 v BT OB E FVEIRL, D%
FNVITESNC, RO F v o 2 VE < n R D4R
CORMARBEERRIC OWC DHERBIT 2 FT 0V, 7
Pl Ro RS % £ FOVERIC X D THE»DZ. L OR
B, WO B LRERDI. :

(1) {imAzmEL <, L2 SWET 841,
F v v FVEL < o EHTIEAERL LSV,

il

(2) (mzMEL <, TE» HWHT 5551,
F v v A VELT 2 oG, SELOFSE S E T VTR
iR, BONERMRbD LS.

(3) (s SWHT BB, GE&TR2 RN
5T X oT, BB BE ORIERFEZ /NS <
T5E5THE Frrivil< s al@iToskzil
W5 EDFARETH 5.

E) =
C:RE (% (wt))
¢yt LB (cal/g-°C)
D : PREUR (cm?/ sec)

G\ EES 5 %k 7 B —kgfSh (0To/0Y) /(1] 0)?

(=)
g B E (cm/ sec?)
AH : Bz S = v 2 L ¥ — %1k (cal/g)
k: Bk (cm?)
K : E£8h5 Rk (=)
It RREEX (cm)
m WA O {51 & (°C/ % (wt))
P xR (g/cm- sec?)
Re: v4 ) A RX¥i=SuVp/p (=)
Syt BELEHEE (cm?/cm?)
Su:FYEIALL T —h A= v/ (cm)
T :RE (°G)
T': BB O BUNET) (°G)
T, : {5 0 BUNEB) O 418 (°C)
Ty : MEE DR (°C)
Ty : NELB A D R\ IRE (°G)
¢ R (sec)
p : HB 4 Gk B By R (sec)
u : XH5moBERS (cm/ sec)
' XS HFROEELH (cm/ sec)
V : # o EERE (cm/ sec)
v Y FIDOBERERS (cm/ sec)
o' Y FIROEELEE (cm/sec)
X KB H e (cm)
Y : SiE 5 E R (cm)
B : faFnE IR o AR RE (1/°C)
oY) : Fr 2B (-)
¢ RS R (-)
£ ¢ BEEREE (cal/cm- sec-°C)
A BIRERE =k/cpp (cm?. sec)
po KR (g/ cm- sec)
o HWE (g/ cm?)
¢ R OB (cm?/ sec)
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