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Fig.1 Dendrite envelope used for the CA simulation.
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Fig.2 Unidirectional solidification of Al-Bmass% Si alloy.
(a) Experimental apparatus.
(b) Experiment.
(c) Simulation
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Fig.3 Observed and simulated structures of conventionally cast Al-
5mass% Si alloy.(Super heat = 100K)



22 IUOMBFERETIV

IZULARNLTOTY FI4 MREFEELZY I 20— b
k2 Jke UT1990F R R» 5 7 2 — X7 4 — L F
EOVBHRICHEELE L, 22 CHEZ O EERL TAS
MR TV I A MPIRAEHICHBICE B#IL 0%
WATOWET BET 2 =27 4 =L NI & F & 450
ICHOWBRTOES, LALTY Fo4 MilfkERRE L7
BB BHEFREI 00 B Z & R ET, M) TN O REIK T,
Fiusd TRV TOMRD TV F 54 L OKEL 2B A
T, v O BRI A RO OIIARTATEETL 2. 3 BAATV
K54 MR D * 51 = X L %92 2123830 TF 28,
72— X7 4 = FEEBEOREIISH T 51213E S Lz
SRWIEEZLE L,

2009 4F-~20124F- 1213 T, @il 7 a ¥ 2EE N Ek
Kotz 3w - v afEhiiliE] sEsicsnyd 2#s%
& Lz, v 7 @045 1IZ, 7 874 MREBROS
SICERL AT EAL U 7206 A5, BAcVR . BN
YA & R A R8I35 2 L1 X b 9, WS
WG 2 D2 L LT, TV F 4 MEREABEIC
L. 7V F 74 VORI % & 2 HEAAED £
T TV F T4 b EBEICT 35k U TR S g
B ENELLNETH, WIDCRICKE TV F 74 MEE
Tl RS EAN L FEEEDIE T, LrLars, 7V
N7 A4 MEREIZE KIS TRNIIDTRORE A TR TIBRIZKD
AT 5 Z L, B & T X Ol TARE A AME L DD
T, 72— 7 4= FEICK) PSRk EELE L
7z, Fig.41ZFe-0.35mass % C&4:120.40mass% D5 — &5
%55 % Il A 72 Fe-0.35mass % C-0.40mass % - (Cr, Mn, Mo, P,
Si, V, W) D7 2O0OAE0EHERY 2R L 4. IRIDEHD
EOMIEKS>TT Y FI4 bOFRRIENBR T T,

BEDREBREDOET /ML BB EOEERM

D> IEEFREDE I

3.1 MEBREOEEHETE

HIFiCTT v F 74 MEREABIHMEIC T 2WIIEEE 7 = —
AT 4 =)L FIETPHIT 286% L E Ls, 2O
TTY K4 MNERBOBEM X 28 BRI /85 X —
APRBENZEDE Lz, $EET Y K94 MNEREERET S 72
WIZ2KT Y F T4 b7 — L[ (Secondary Dendrite Arm
Spacing. SDAS ) 2 VST E 3, LA L, SDASITEE
RESDBCEFIANZHY - 72 Wi T L2 ERE S5 Z &3
Hed, FhlFEH O EITHE LTS, KR L35 X —
ANLBENE LTz, T2 CTHRIZT 52 ZILVRICE BERTTE
HED=DD/37 2 =2 EWTAZ LT,

77 7 ANVEEE 1970 ARy vy T e T e =i ko
THOMBIMEAET 2,38 = &5llb§ 5 20 IciiE X h 7z
PERTY, 77 2 2 VB A H T 52X & aHli§ % 72012
EHRINZON [T 52 2VKIE] T 7TV FI4 MEER
750 S E RO Z L s S hTng Y

IEJOTHHREOERIZROMY T, T Iab—v 3
YiZkhfBehiT Y F 4 FOEMOEE AL, TV RS
A MEFHOmRE S, & LE T, S, & Rl—OmEEA$ 2D
Mz L & Ukd, BIOURMRLIZL/L TEFKENET,
770 ZNPRIC. MIOTRMR L & Z DA RENEE T v
FIA4 MEENEMTHDEEAET,

Fig5i27 ¥ F 74 b ORISR 351 5 =080
IZ&BEAEDTVEI4 FDT T2 ZNRIEDDE(LE
AU T, EHEORM & ICEAED T 7 7 4 ILRICITH
MU, 7v F 74 MEEPHEMEIZ L > T, [A—oRH
KIS 5 EPIRMOAED 7 52 ZILRIEH I b KX
<. MniROAED 7 7 2 A NKTTH R E /NS WMl AR L.

Mo

Fig.4 Simulated dendrite morphology of Fe-C-X (X=Cr, Mn, Mo, P, Si, V, W) ternary alloys by phase-field method.
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Fig.5 Change in the fractal dimensions of dendrites in Fe-C-X (X=Cr,
Mn, Mo, P, Si, V, W) ternary alloys along with change in solid
fraction.
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Fig.6 Schematic illustration of the Hagen-Poiseuille model for estimating
the permeability of the  mushy zone of a solidifying alloy.
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Fig.7 Changes in the fractal dimension (a) and dimensionless perimeter (b) of dendrites along with local
solidification time in Al-5mass% Si alloy. Photographs (c) show the dendrite structures of longitudinal,
transverse and oblique sections at the local solidification time of about 55s (positions enclosed by a circle

in upper figures (a) and (b)) .
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