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Fig. 1 Microstructures of CusoNiso melts solidified at different undercoolings
(a) —15K; (b) —66K; (¢) —154K; (d) —258K
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Fig. 2 Directional solidification macrostructures of CusoNiso alloys solidified for 154 K undercooling
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Fig. 3 Dendrite tip radius and contribution
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Fig. 4 Compositions of melt and crystal at
dendritic tip and recalescence superheating during

solidification at different undercoolings
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Table 1 Physical properties of CusoNisg alloy

Parameter Value Parameter Value
A/ (kJem™ %) 2.211%x 10° || ¢,/ (Jom™ *K™ 1)  5.234x 10°
al/(m?s™ ') 3.0x107 ¢ D/(m*s™ Y 6.0x10™°

o(Jem 3 0.374 ko 0.791

m - 3.151 ap/ m 3.0x 107 1°

Vo/ (mes™ ") 2 000 T1/K 1585

K, AT R ] ek R PR et A i v B . TR
R Tk VA AR A, P I S R RIS it 2 i A (A
RATTE RN, WE 4 FR, B EE S BRI,
W 5 P, AR BEHTET A . 75 T0K< AT
< 120K ARG N, A0 AE B a1k AN B B
Sea i, e H 205 R A RDIR S . 2 AT > 120
K, ¢ 2k B v FE AR, T R HE A 55 1 R A A
21, Uk nT 0L, B FEYE AT < 120K ¥4 BEIX [A]
GRZAEAE, ok R A2 AN AR kAR, ANl RE
SCHRL 91 A28 19 S FE 1t s A% I ¥4 FE T i Rk £k Fg1
LiSURCY

L4852 1)t [ R AR IE R B LR T, m
| R RN 1 2 2 W A (e 8 N S URE S A LI =
W] 70 SO BE RGBT, AL B B AR K R
HARMEIRIMSE R, Wil 2 Fros, B kR o 1)
AT L N AL NG U R 2 N EIPS I 7
BICHM T LI GAT T W RE ) e, 5 S ARk v
JE N FRAUGE B3 wds dil oy Emsc s A K, bk
BRZGUVN T2 2 Ridb s A B, B AT, < AT
< ATS .

A
ul]

1) CusoNisofE AT < 120 K ¥4 i [X [6] #h & 47

TERG i3k, ARCRLAL & — AN TR R, AN AT REAf
SEARIL ¥ FE T SRR AL I A VA .

2) CusoNiso fF 15~ 260 K I ¥4 5 v il A ¢ [
I, HEUFEAE 3 AR, 5L 78 R i L 5 1
FEROIR A A BRI ER 2 R0IR § 4 AR
AL .

3) CusoNiso & <& A7 E — Nl S el ¥ & X 1]
120K( AT> )< AT < 192K( AT ), ikt A
T %A X TRV, 56 [ 41 2R3 9 It v f f, HLT
PASEZEILZE [f) ok ]

[ REFERENCES]

[1] Kattamis T Z and Flemings M C. Dendrite structure and
grain size of undercooled melts [ J]. Trans Met Soc
AIME, 1966, 236: 1523- 1532.
[2] Powell G L F and Hogan L M. The influence of oxygen
content on the grain size of undercooled silver [ J]. Trans
Met Soc AIME, 1969, 245: 407- 412.
[3] Willnecker R, Herlach D M and Feuerbacher B. Grain
refinement produced by a critical crystal growth velocity
in undercooled melts [ J]. Appl Phys Lett, 1990, 56:
324- 326.
[4] Herlach D M. Normrequilibrium solidification of under
cooled metallic melts [ J]. Mater Sci Eng, 1994, R12:
177- 272.
[5] Schwarz M, Karma A, Eckler K, et al. Physical mecha-
nism of grain refinement in solidification of undercooled
melts [ J]. Phys Rev Lett, 1994, 73: 1380- 1383.
[6] Horvay G J. The tension field created by a spherical nu-
cleus freezing into its less dense undercooled melt [ J].
Heat Mass Transfer, 1965, 8: 195- 243.
[7] Glicksman M E. Dynamic effects arising from high-speed
solidification [ J]. Acta Metall, 1965, 13: 1231- 1246.
[8] Jackson K A, Seward IIIT P, et al. On the origin of the
equiaxed zone in castings [ J]. Trans TMS-AIME, 1966,
236: 149- 158.
[9] Gartner F, Ramous E, et al. Texture analysis of the de-
velopment of microstructure in Cu-30at% Ni alloy droplets
solidified at selected undercoolings [ J]. Acta Mater,
1997, 45: 51- 66.
[10] GUO Xuefeng( #8%-%), YANG Genrcang( ¥ i &),
XING Jian-dong (J# ). The effect of glass compo-
sition on the undercooling stability of Cu- Ni melts( o
M5 CoNiJE A& AF ) [J]. Foundry Tech-
nology( #IEHA), 1999, 114: 47.

[11] Boettinger W J, Coriell S R and Trivedi R. M ehrabian

R and Parrish P A, eds. Rapid Solidification Process-



* 634 ¢ o EAT 4R A ) 2000 4E 10 H

ing: Principle and Technologies V[ M]. Baton Rouge, - 970.
LA: 1988. 13. [14] Wu Y, Flemings M C, et al. Dendritic growth of un-
[12] Aziz M J. Model for solute redistribution during rapid dercooled nickektin: Part 3 [J]. Metall Trans A,
solidification [ J]. J Appl Phys, 1982, 53: 1158. 1988, 19A: 1109- 11109.
[13] Trivedi R, Lipton J and Kurz W. Effect of growth rate [15] LiJF, Yang G C and Zhou Y H. Mode of dendrite
dependent partition coefficient on the dendritic growth growth in undercooled alloy melts [ J]. Mater Res Bull,
in undercooled melts [ J]. Acta Metall, 1987, 35: 965 1998, 33(1): 141- 148.

Directional dendritic microstructures solidified from

undercooled CusoNis) melts
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[ Abstract] The evolution of solidification microstructures in undercooled CusoNisy melts was systematically investigated, by using
glass fluxing technique combined with cycle superheating in high vacuum. Within the achieved wide range of undercoolings, three
consecutive microstructural transitions with the increase of undercooling are revealed. When the melt undercooled into the range of
120 K( AT )< AT < 192K( AT} ), the second transition of microstructure from the first refined granular grain to coarse grained den-
dritic microstructure takes place. And in this undercooling range, directional dendritic solidification can be realized. Based on the mr
crostructure observation as well as calculations of the solid/liquid composition and undercooling using BCT model of the dendritic

growth, it is found that the ripping and remelting processes of dendrites are restrained, which causes the formation of directional den-

drites.

[Key words] superundercooling; CusgNisg alloys; dendritic ripping; directional solidification
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