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ABSTRACT In situ observation on eutectic morphological evolution was carried out during di-
rectional solidification of transparent organic alloy CBry—11.7%C,Clg (mole fraction). The influences
of sample thickness on the anisotropy effect of interface energy and the adjustment mechanism of
lamellar spacing in the initial transient of eutectic solidification were investigated. It is found that
the anisotropy effect and the adjustment mechanism depend on the sample thickness remarkably. The
anisotropy effect can be ignored when the thickness is larger than 48 pm. When the thickness is less
than 48 pm, the anisotropy effect became distinct, which makes the growth direction of some eutectic
lamellae deviated away from the direction of temperature gradient due to the orientation difference
of prior grains. When the thickness reaches 16 pm, the adjustment mechanism changed from initial
multi-lamella mechanism to quasi-two dimensional one.

KEY WORDS eutectic alloy CBry—11.7%C;Clg, lamellar spacing, anisotropy of interface energy,

sample thickness

I8 4 e R H R TP e AR, R R
B K TREL. THEEHARNELEES, 1
Rl E g bR EE ik O [, TR
B R R SO TR, T R R AR A A
O SRR T 5 (5 360

AR 5 B A K A B0 B Jackson A
Hunt 2] 4 EAMIESE 60 4EAE A, fEMBIRIES R
BRI RIRTE TR T 07, 36 ELE A i T3 e

* HFHRBEEETE 50201012 f1 50471065 $Hh
HCE A H A 0 2006-08-23, W EiEHAT H R : 2006-12-12
R BN B, 1971 %, g

BR8N, T L T F A J-H AR
DR ALK S A 6 G R (B Y 2 ] B 00 SR RO R S

HRFER KRR, FOR, A E AT, BERE

SHEBBLET TR EMER P00 1 Trivedi % (7] ot
T Jackson # Hunt fMRI%, WHZHIS 87 5 i dE—4 4
PRI A et R E AR, @ T 20 T-M-K
WAL T T J-H BUEE MR J-H B0
A HEFE P

H §iA =35 R S BFs TR &, HhiRear
ok A AT BT R A T J-H BRI T-M-K
B, EAEENE Sdpmmsn © g B %
W, SRR SR A S U B B RE . R E
KT TR SE R0 S A A B RS R 2



460 £ &

% %43 %

A LAELLE A £ 4 & CBry—11.7%CyCls (FE/R7%0)
AT S, ST IR, AR AR A 3L TR
RSTAL T BT T end WSS, TR T AR B X 3 it
RS R 2 a9V ML 0 s m R .

1 LRFZE

B A & kAR A IR AL Sy, B X CBry-
11.7%C,Clg  (BE/R4M %, FR).  CBrsCuClg &
EAMMEME 1 PR, AEEmEs T 1O
HERE Te=357.6 K; HGmln (BERa%, %)
rp=11.6; BEE PR, %) 2.=8.8, x5=18.5;
Wi #E (K/mole fraction, %) m,=0.81£0.05,
mp=1.6540.1; SR ka=0.75+0.1, ks=1.540.3;
Befili i 0,=70°%4°, Op=67°£5° FHERKE
d,=(10.5£0.8) nm, dg=(35+0.5) nm; FHAEK
D = (5.04+1.0) x 102 pm?/s.

A AR HIRTE o iy CBry (SRR 99%) A
CzCls(ﬂU‘*fﬂi 99%) bR K A Se Ry i aR e

<UL e, CBry SRJHIJE THESRSE:, THERE A
%OK,&ﬁElAﬂWPa,%W%%&EEZRK
CoClg A T tigdy:, FHEREN 320 K, <4
B 290 K. R FHR4AS A Y0 R BLH) S5 50 Hl 5 4

TRE LR R S B A, R SR 2 IRlRy g A
JERE R 16 pm B3R BRI R RS B 16, 32,
48, 64, 80 1 100 pm(H 0.1 mm BHFERR L) 1
73 (6], WS RIS AE N b % b, B & s b
=8 9531@%6}9’]%%1“7’71& OB A AR F
i a0l 15 (]

FEIAT AR R G T T L B I T 5 b A 1) R [ 5
5. ARERERR R S A, SRR T Y
TRRFN 1 R BT NGRS 1, OB E S H Y WiEEIR
ARBIMSITEFRK. IEFOKIBIE B PID Fdaites), KA

3731

Liquid

363

Temperature, K
!

0 5 10 15 20
Mole fraction of C2Clg, %

B 1 CBry-CzCls &@fyaE (10

Fig.1 A part of phase diagram of the alloy CBrsy—
C2Clg (10) (€oo— initial composition (mole frac-
tion, %), zg=11.6%)
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of a single phase; v=0 pm/s, G=3.6 K/mm)
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Fig.3 Interface morphology of the B phase in eutec-

tic pattern progressing along the interface (v=0.5
um/s, G=3.6 K/mm), upper—left area showing the
transient morphology of eutectic formation and

starting progression
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Fig.4 Orientations of eutectic lamellae along the growth direction in the initial transient of solidification for the sample
thicknesses of 100 um (a), 80 um (b), 64 um (c) and 48 pm (d) at v=0.5 um/s, obvious morphology change happened
for 48 um samnple, when it was rested for some times the normal morphology obtained (e) and then pulling again
at v=0.5 pm/s and 2.0 pm/s, separated by broken line where G=3.6 K/mm (f)
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Fig.6 Transient morphology of lamellar eutectic for the
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boundary; v=0.5 pm/s, G=3.6 K/mm)
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Fig.7 Steady-state eutectic microstructures for the sam-
ple with thickness of 16 pum solidified at v=0.8
pm/s (a), v=0.4 pm/s (b) and v=0.2 pm/s (c) (ti-
tled angle of the eutectic lamella is approximately
3°, G=3.6 K/mm)
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Table 1 Lamellar spacing for the sample with thickness of
16 pm at different solidified velocities v (Aj_pg—
minimum lamellar spacing calculated by J-H
model [2]; A\;— lamellar spacing selected by “ op-
i.e. Aa = PAy_u, and ¢=1.2 for
CBrs—C2Clg alloy [11; e —average lamellar spac-

erator point ”

ing in experiments)

~ (pm)
v, pm/s AJ_H As Xe
0.8 15.2 18.2 18.9+1.5
0.4 21.5 25.8 28.6+1.5
0.2 30.4 36.5 34.6£1.5

(1) 1 RE & ) xR FER SR B 0 B R, 4R
FEEE (3L 2 R IR RO R N, D SR 2 40
T B £ ) RAERY RN £ B k.

(2) MR F R R B KT 2 B 1R BE Ay 35 £ 76 Fl B,

F R R K BCS R AT, ﬁi)%)#lﬁ]ﬁéﬁwrﬁiw*)ﬁﬁm
R, LRAMNERES J-H #AIW 5 /50 B R Bl
AT (REBEZE R RIREES) 8F, 2 H EE
PETTHL] v Y

(3) TRFEE T S S A GRS L v T A B
TEA B AR IR R T, RA SRR A
BARBRAIBEYLIE.

B30

[1] Trivedi R, Kurz W. In: Stefanescu M A, Abbaschian G J
J, eds., Solidification Processing of Futectic Alloys, War-
rendale, PA: AIME, 1988: 3

[2] Jackson K A, Hunt J D. Trans AIME, 1966; 236: 1129

(3] Sato T, Sayama Y. J Cryst Growth, 1974; 22: 259

[4] Magnin P, Trivedi R. Acta Metall Mater, 1991; 39: 453

[5] Zheng L: L, Larson D J, Zhang J H. J Cryst Growth, 2000;
209: 110

[6] Catalina A V, Sen S, Stefanescu D M. Metall Mater Trans,
2003; 34A: 383

[7] Trivedi R, Magnin P, Kurz W. Acta Metall, 1987; 35: 974

(8] Flolch R, Plapp M. Phys Rev, 2003; 681: 010602(R)

[9] Akamatsu S, Bottin-Rousseau S, Faivre G. Phys Rev Lett,
2004; 93: 175701

[10] Mergy J, Faivre G, Guthmann C,
Growth, 1993; 134: 353
[11] Seetharaman V, Trivedi R. Metall Trans, 1988; 19A: 2955

Mellet R. J Cryst

[12] Jordan R M, Hunt J D. Metall Trans, 1972; 3: 1385

[13] Juarez-Hernandez A, Jones H. Metall Mater Trans, 2000;
31A: 327

[14] Dunning W J. J Phys Chem Solids, 1961; 18: 21

[(15] Tiller W A, Jackson K A, Rutter J W, Chalmers B. Acta
Metall, 1953; 1: 428

[16] Caroli B, Caroli C, Faivre G, Mergy J. J Cryst Growth,
1992; 118: 135

[17] Faivre G. Phys Rev, 1992; 45A: 7320

[18] Seetharaman V, Fabietti L M, Trivedi R. Metall Trans,
1989; 20A: 2567

[19] Kassner K, Misbah C. Phys Rev, 1991; 44A: 6533



