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Phase-Field Simulation of Crystal Growth of Al — Cu Alloy

Mitsuyoshi SHIMAOKA and Mitsuyoshi IWAKAWA *

Phase-filed method is useful to predict the dendritic solidfication process of alloys. Fundamental theory of
phase-filed method for a crystal growth of metal alloy has been explained. Al - 4.5mass% Cu alloy is used as a
sample alloy. The computer simulation has been performed and the effects of the undercooling of the melt, the
partition coefficient and the liquidus slope in the concentration region of 85 - 100at% Al on the equilibrium
phase diagram of Al - Cu alloy on the crystal growth have been examined. The results are summarized as fol-
lows : (1) Secondary dendrite arm grew fat with increasing undercooling of the melt, and also these arms grew
in the 45° direction of growth of the primary dendrite arms. (2) Tertiary dendrite arms grew with increasing

the partition coefficient. (3) The secondary dendrite arms did not occur at the low liquidus slope.

E-ﬁ%ﬁmﬂ%Aékmﬁaﬁﬁﬁﬁwﬁﬁ%vsl
L—2 3 YA 1990 M DI ZEIC 2 TE TR YO0
71~x74~wb&®ﬁmﬁ#%%# HAHIZOoN

1 FU&HIC

NEDFERIZ BN THME. 8% OB EOff
RIBRGIEE <L [7272 588k ), THRRSFRIL & & Fads
EIZ BT 2 BEHAM L HFEHM b HWEL 2 H-> Tw
5o HEEF A LA%E SREMFOMFH R I REIZHER
L. SEHECHE L 72RO SEHE SN TE
Twb, Lol fFIEHEREROREOB AN, 72
LRI EOFEELREEEMEH L B WAE O
HEDHONTED ., BREROAHFHADOI2DD ) H 14 7 IV
MO EELGEE LCEshTwd, 2he
bICEFEAARE B L L ERERREEE LD LT AT
THHEDLNT VD,

[ NI RERERDOEH WEELETH ) 035, $hiET
O 2B 5N OGHRIVRENT. 5ITRERLET % &
DEFEREO T EVRHEICHHETE S L9 12%
STDIEODVIREDZ ETHEHV O T, =V F )L
V¥ a—y OMEERN L BEEMEOBTFET— X
—ADEMIZLY . FEHEFIBVWTRLZEDTER
WREERRRER O ET D W HEIC e 5 TE TV B,

—h. BEOEREEBREZOODE Y I AL — L
EIEVIMEDHEATHY, 72— 7 14—V FEI
£5, #Mi&EOM, 2TkH LI 3 AL, HE -

* ARCE YRR T eg . (BUE, ¥ v — 7RENE)

TZOMEF O 2 T 50,

RPETE, 72— X714 =V LR T 2oL D
12, AKEZ W TAL—4.5mass% CuAj%O)Za"(TEE’Jf‘
FE R REAE 2 BT R L 724 RIC DWW T, FRICRIE O &
FEORB T OICHET 5,

2 71—X7 14—V RNEOZEHRER 1©

PP CUIEEA LRICOMPE D 22K B % R
E L TOEMBEEOBTFLE B L7, LarLl, 20
&9 HEEFTECRERIIORT L) BT F74 b D
R TFHMEIATRETH %, 2%%&! EEORE R
BREOY I 2= 3 rolaid, BEO(FER Fmic

BT BBER &M ((mﬁ’?ﬁﬂ%(}ﬁﬁ”jﬁﬂ&&) DFELE
ST L AL B OENEFTERICE ) Bk S
LHbHELWHEICR 5T b, 72—X 74—V ik
21789 & 912, AR & O BN ARAR A1 S 1E 8
W2 2 mE L, ZOHEBICOS 1OMTELT 5 X

7—B ¢ (= ¢(x, 0 2) ZHEALTWS, BH2T
%Ltha—ﬁﬁuEﬁ(?>F74b>tﬁﬁﬁﬂ
G LTS ), EAHEHHIEHEICR S E s (1



36 RRITEHBEMFR L E

Secondary |
dendrite

arm

Fig. 1 Dendrite of Ni-Al-Be alloy.
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Fig. 2 Distribution of phase field, ¢, near the solid-lig-

uid interface.
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Fig. 3 Equilibrium phase diagram of Al - Cu alloy.
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Fig. 4 Flow chart diagram of calculation.
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Table 1 Physical properties of Al-4.5mass% Cu alloy,

conditions on numerical calculation, specifica-

tions of computer and programming language.
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Fig.5 Comparison of the view of crystal growth by the

phase-field with that by the concentration-field.
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Fig.6 Effects of the anisotropy and the noise added to
the concentration at the solid-liquid interface

on the crystal growth.
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Fig. 7 Effects of the undercoolig of the melt of Al-Cu
alloy on the crystal growth.
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Fig. 8 Relation between the position of the tip of pri-

mary dendrite arm and time.
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Fig. 9 Distribution of Phase-Field, ¢, in the region of

the solid-liquid interface.
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Fig. 10 Distribution of the concentration of solute, c,

in the region of the solid-liquid interface.
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Fig. 11 Modified equilibrium phase diagrams of Al - Cu
alloy .
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Fig. 12 Effects of the equilibrium partition coefficient
and the liquidus slope of the melt of Al-Cu alloy

on the crystal growth.

Fig. 13 SEM View of microstructure of slowly solidified
Al-4.5mass%Cu alloy.

WERE #39% (2003)

BT A2 L2, MI2A56 bR TH S, KF
HINM =T > FIAL M DEDRT — LDk
L, ZR7—20ED RSN, BE LM
2o TW0h, T2, WAHMO ZH % 1L5MFIC L 72
A3, MABRESKT T 2 720, EEN R BEEL
20K %25 15K ARFE IR T 5 DT, M7ICbRL72ED
TV FIA4 PRT7T— 2D EIIRON G-z, %
B, HHBOZIBEIINT A =5 MIZEENLEDT,
HICBGEEZ/RNSS LA L RALEROBREDOHT
EARTEERS v, F o, X 1312 FEH o B ML
(R X [ O 3 HEEE IS B K - s T BESATAL
Uy%ﬁf@é)%%?ﬁ\:hifmﬁbtibtﬁ

ERL > TWD, FEHICW S D) LIwHEE TO
ﬁlfﬁb‘nﬁﬁimmfméw:k b S AR
WSR2 RISk SO E AP AREETHSL Z LI L
STT Y 74 MR E S D & 03, BV REHEOR
HEELTWAD,

4 BBHYIC

AT, AEOHRREAEDY I 2L - a3y
FHEELTEAEEEHESRTWAS 72— X7 4 — )L NiE
@m%% R~ Al-4.5mass%Cu A4 Al 2 S TR IR EE DA

—RRIEE SN FREEICOW T, R RER

k;f? %F TR B & A D 2 5 i
DEBIIDOVTHNTz, FORE, MWGEEOHRICHEY

TRTVRTANT =L OWEN KT — LEIT#E <
0 BHHEBEANTIE AR WE LMY 2 Lo, P
DEARBHORE WIHEITRIC L 2B L. kT
—ADRELTCERT—L2OEEDRONE LS 1Tk
o7 WARMD ZHEE LY 2R bDICT 5 L, BEE
PN S VA EFRIZTRT — A OEEFR S N4
o7z,

Ky Ial—varld7z—RX74—)V FHRERR
MR E GRASE TRV TWED, TV FIA4
MR LERERTEOFRAEWN LIS L ATy T
ERELINBZCHED Y, 77T L8N L% T
N A THTHEETRERLDOTH Y 2h 6, £z,
VEPH ORI EIIMIIEWT 22 L0 LREMZ 2>
b, M6, 7% EORMHEED T TICHEERD LW
FZENU OB EEL TV 5, sHEEOMERED B
HEHRLTVWBEIIER, YIaLb— 1 TEL0IFTHES
DIRETH S L LT R Do KD EEEBIR O BIRAS
JEBROBBOMIFIZ A, T BAERATII T
LEEAFFIC R NIETENTH b,



Al— Cu DR ERED 72— X 74—V F¥Ial—Tgr 41

RIFFE % > 512D 72 o THEKFKF I TR
Fre B Ly $aARMRREAZIE O R H KR F B A
RIBERTIC AL, () HARER RS E)
IZBBY) T s R THOR, CHIE M o0, T ISR
HaET b,

SEX

(1) KLl . 7>z — 5 E8 - BEEFITAPT, LE
(1985) .

@) FrNEe  FERBRLF, 77 ARy —
(2001) .

(3) T. Suzuki, M. Ode, S. G. Kim and W. T. Kim : J.
Crystal Growth, 237 - 239 (2002). pp. 125 - 131.

(4) B. Nestler and A. A. Wheeler : Computer Physics
Communications. 147 (2002). pp. 230 - 233.

(5) W. J. Boettinger. J. A. Warren, C. Beckermann

and A. Karma : Annu. Rev. Mater. Res., 32 (2002).
pp. 163 - 194.

(6) M. Ode. S.G.Kim, W.T.Kim and T. Suzuki : Int.
J. Cast Metals Research, 15— 3 (2002). pp. 247
- 250.

(7) C. W. Lan and Y. C. Chang : J. Crystal Growth,
250 — 3-4 (2003). pp. 525 - 537.

®) bk 5t BARKE SR ERRE 18 —2 (1991),
pp. 209 - 216.

9) #AR®EI: FTYH, 38—8 (1999). pp. 620 - 623.

10) gaARtRR, & WY, & TR SH2H8, 54
(2000). pp. 237 - 241.

(A1) /NS - FTY &, 425 (2003). pp. 397 - 404.

(12) B i =58 | RRLEMEEM PRI AL E, 39
(2003). & T .

(13) B. Chalmers : &/ D& (A4 F. ok =ik
F. AE (1985). p. 100.





