i
P
i

Vol.36 No.6
June 2000

Fi6H Bl
2000 4 6 H

Ak %
ACTA METALLURGICA SINICA

(&) cdrc2
114 DD3 B S BeeRELALEEL *
X LR #HY IEEWPR gdRe

1) ATk AEEEEAEFRALRE, E 710072
2) FEFEEEIM IR YR, FHE 710049

M B AEASRERESEFLREE ST WIRT DD3 AEHE S ME SR E S RIENER, 8T RIGHE
B 210K, i@ EEEN, REREAANESRENEY S -HEETREY 30 K i, HiEa&#Hlt. E15 B
HAHWHEAET SE—RERE: FoWEETANES TS K o, ASS 0B, Hunsirmiil: S FERFST
180 K B, 440 F il 25 R B R T At

%@l e, DD3 smmies msme mue 53 (8] 22

hEE4 R TG113.12, TG132.3 SORARIREE A SCHESE  0412-1961(2000)06-0567-06 /\Ex\
B

MICROSTRUCTURE EVOLUTION OF UNDERCOOLED ,((‘5}

DD3 SINGLE CRYSTAL SUPERALLOY

LIU Feng'), CAI Y4'), GUO Xuefeng'®, YANG Gencang'’
1) State Key Laboratory of Solidification Processing, Northwestern Folytechnical University, Xi'an 710072
2} School of Mechanical Engineering, Xi'an Jiactong University, Xi'an 710049

Correspondent: LIU Feng, Tel: (029)84958942, Fax: (02928491000
Manuecript received 1999-11-15, in revised form 2000-03-06

ABSTRACT The structure evolution of DI)3 single crystal superalloy was systematically investi-
gated using the method of molten salt denucleating combined with thermal cycle, by which a substantial
degree of undercooling up to 210 K was produced. Within the achieved range of undercooling 0-210
K, two grain refinements occur. At the lower range of undercooling 030 K, the dendrite growth is
dominantly controlled by solute diffusion, and the solidified dendritic morphologies are similar to those
of the conventional as— cast structure. The first grain refinement occurs in a certain range of under-
cooling 30—78 K, because of the dendrite break—up or ripening owing to remelting. At the higher
range of undercooling 78—150 K, however, solute trapping that results from high dendrite growth wve-
locity weakens the effect of solute diffusion on the dendrite growth. In this case, highly developed fine
dendrite is formed as a result of the restrained ripening process. The decrease of the grain size above
the critical undercooling (AT*=180 K) is attributed to the stress that originates from the extremely
rapid sohidification process, which results in the dendrite distortion, disintegration and recrystallization
finally.
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Fig.1 Microstructure evolution of DI}3 single crystal superallov in the undercooling range lower than 30 K
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Table 1 Physical parameters of the v—Ni alloyl1®]

Parameter Unit Value
Latent heat of fusion AH, ki/mol 16
Specific heat of liquid Cp, JJK 40
Thermal diffusivity a, m?/s 6x107°F
Solute diffusivity D, m?/s 6x10"
Interficial tension o, J/m? 0.43
Solute partition coefficient Ke 0.81
Liguidus slope m, K/% —4.1
Diffusion length ag, m 3.5x10" 10
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Fig.8 Undercooling contribution »s initial underccoling at
the dendrite tip
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