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Abstract

The effect of Re addition and solidification rate on the directional solidification behavior of Ni-Al model alloy has been inves-
tigated. Directional solidification (DS) were carried out using the modified Bridgman furnace with various solidification rates. The
solid/liquid interface during directional solidification was preserved by quenching the specimen after the desired volume fraction of
original liquid was solidified. The equilibrium partition coefficients of Al and Re were estimated by measuring the compositions at
the quenched solid/liquid interface. Then, the effect of Re addition on the elemental segregation behavior was carefully analyzed.
The differential scanning calorimetry results showed that the Re addition results in increased y' solvus and freezing range of the
alloy. It was also shown that the primary dendrite arm spacing gradually decreases with increasing the Re content, while the sec-
ondary dendrite arm spacing appears to be independent on the Re content. The compositional analyses clearly revealed that the seg-
regation of Al increased with increasing the Re content and solidification rate, while that of Re was found to be independent on the
solidification rate in the range of 10~100 pm/s due to its sluggish diffusion rate in the Ni solid solution.

Key words : Directional solidification, Segregation, Dendrite arm spacing, Re, Superalloy

1.M B

" NAD AEF YA 2UE =L 194080 A 23
FA 7EEENL ARl AMSE) 918 2R AR "
HiEo 2 Hx AvE oAz 34 2 s 249
B 597K AEHA FF Ade] o)Fojx| 1L ).
A 1950 2F 838 71 =9loz o $Ee
29 A7} AHrEe U WOl vF 94 xdx Ay
AN, 27] GEE ol vls) B L&A AT S
e F2E FEEC] TE HU. =3 Uk ¢, &
2 Y FAo] /Mg wel zZzte) I FHge
MZ-L A3 3 N, ©EA TS0l /s ¢
2 AL 7ReENRle] Aess 2Ud §59 A &
Ae Fridoz et ©ad 29 ML 1960dTH
Versnyder ¥ Guard[1]9] 213 20 59 dwa 33 7)
=o] /HEORE FEsiRA, AAA) kel e BE A
ZE A% 9 $3 7]1$S Bridgman HHo] ARRE T 9l
ok 53 924 gHl Egol=r Bot $53 3] 98y

=2
-2

O ™ oox
Lot tlo

o

S

*E-mail : yys@kims.re.kr

(19)

(Received November 1, 2007 ; Accepted November 19, 2007)

(2

Ll

s

i)
>
it
=
oo

Al o2 Fugd me) E
2717t W8 He FA Av2).
dutHow @Ay FFS YAZF EAlSA @7 w'el 7]

£ BAA 2@ 49UE S gl FtH= C, B, Zr B
Hf 5 9A7Zs 940t A7kER gdev. 2 23 9438 &
F9] @98 £ IA W] Eo & =04 #3
3 A7 BolsiA L, o2 I8 HAL yy wuHEAE 2
= w34 {2 A=Tt rFssidich A2ele ¢E% ¥ &
Aol g7 N (refractory) 942! Re A7IE 53 =9

<
o

I TY BEXE FIATIIA Sk ko] ofFoA|AL gL
), Re F7}) wlg} Reol H7IEIR &2 A 140 ©2A
32, 3wt%2 Reo] H7ME A 24t) ©2A ¥F, 2932 &
6wt%2] Reol H7tE Al A ©4A4 2 5 ¢dA IF
o Re H713o] A&H o2 Z718la vtk dEA FFolA
Re 949 H7le F2 71X y Aol ZE&5Ho T2 A9
Al UAA 201G T2 F AP vy 39 2iEE oA



—244 —

Ni-Al ) 9k $3 A%l viAlt Re ¥ SRS A - o)W - HAS - 2HE - oA

3t Thae] Y 54 PO ¢ 2 =28 F= o
LA gt wbdol, Re UAA 2UHE 329 27 A u)
G HMo] AE Wk oh)E} Re ©]9)9] £33 YASe] HWY
= S FE A= A ou, o}A7X] Re H
7kl mE &3 i B Agl he ZLAA Azl )
§ B Ao

o|9} ZFo] Re2 AW BEA 2UE 39 AUE 2
A s T3 42 UBA 29 27 A 2 43
920 Y AFel ojud JFL WA e FHo)
a3t} Ni-Al 2887 T2 tEA Va4 209 32
S w37 By Ala"lo g SR o HgRoz 294
2 7Rt B A7) B3e AA 2lE Tl g
S 7AF Al Re A7l & 3 EAS Yolry] 913 A
22, Ni-Al 2484 28T dAZ] ReS Arlsle] Uut
S o WE S 24 ¢ WY AYS B4, ndst
L3

o

R o

2

2. alfd 3 J

21 2EE AEH M= .

€ Aol A A|HL Ni-8wi%AIL 7]E0 2 Ree] 3§
FE 0wt%, 3wt%, 1L 6wt%Z W3S & FFEL 28
E o] olZF st B9 &F RFolZ L3 (VAR:
Vacuum Arc Melting)ZolX 2328 Az}, 7+ mikzo
et L oduA] B4+ 29 EJ(EDS: Energy Dispersive
Spectroscopy)e F3l SO, T2 AJHe] 6 IAE
g ZA3l 1 Hago 2 AR Table 1S VARS &
Azg 2= 38 24 i Aol

2 o

2.2 DSC g&4

Ni-Al 359 A4, I 2 ¢y A 74 259 7|
A= Re F719) 93-S #3317] 93] Netzsch AF2) DSC
404C 7HE AHE-3l9 DSC EEAS $383ch g8 2
2 500~150°CY] &= HHlA 10°C/mine) 718 2 Bz}t
SER JIFE of2F 7k B9V Ao, DSC #F
Hlo] QAME FYT /HEETM IEE Au E NiE AN
3o exg mAsg ‘

23 UEr 1 MY ¥ OM=E 2

Az ZFFo2NE A7 46mm, 2] 100 mm 242
AL AFHS F o) AHE WA 5.0mm, 2°] 800mm &
ot FHo| Fdste] LMC(Liquid Metal Cooling) ¥4 )
Bridgman “g¥]ollX] dWgF SIAIZTE AHkaF o] Al-g

Table 1. Chemical composition of the alloys used for the present
- work. (wt.%)

Alloy Ni Al Re
Ni-8Al-0Re 92.33 7.67 0
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Fig. 1. Schematic illustration of the directional solidification and
quenching (DSQ) furnace used for the present work.
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Fig. 2. Schematic of the DSQ specimen and the location where
microstructural observations were carried out.
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Fig. 3. Schematic representation that shows the measurement of the
(a) primary dendrite arm spacing and (b) secondary dendrite
arm spacing in DSQ specimens.

Fig. 4. Longitudinal micrographs showing the measurement position
of the dendrite tip composition.
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Fig. 5. DSC heating curves of Ni-8Al-xRe alloys. (x =0, 3, and 6)

Table 2. Effect of Re addition on the solidus, liquidus, and freezing
range of Ni-8Al-xRe alloy.

Alloy Solidus (°C)  Liquidus (°C) Freez(‘g‘%r ange
Ni-8AI-0Re 1405 1433 28
Ni-8AL-3Re 1406 1439 33
Ni-8AI-6Re 1407 1441 34
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Fig. 6. DSC heating curves showing the effect of Re addition on the
y' solvus of the Ni-8Al alloy.
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Fig. 7. Effect of Re addition and solidification rate on the microstructure of the Ni-8Al alloy. (a) Quenched solid/liquid interface morphologies
and (b) transverse micrographs of fully directionally solidified Ni-8Al-xRe alloys.

Table 3. Calculated critical solidification rate for the stability of the
planar solid/liquid interface.

Alloy V. (um/s)
Ni-8Al-ORe 25
Ni-8Al-3Re 2.12
Ni-8Al-6Re 2.06
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Fig. 8. Effect of solidification rate and Re content on the (a) primary
and (b) secondary dendrite arm spacing of Ni-8Al alloy.
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. Effect of Re content and solidification rate on the equilibrium
partition coefficient of (a) Al and (b) Re in Ni-8Al-xRe alloy.
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Table 4. Chemical composition of dendritic core and interdendritic region of dendritically solidified Ni-8Al-xRe alloy.
Solidification rate Ni-8Al Ni-8Al-3Re Ni-8Al-6Re
(um’s) Al Re  Ni Al Re Ni Al Re Ni
10 D.C.: - - - 7.0 4.8 88.2 6.3 10.7 83.0
1D. - - - 7.5 2.1 90.4 6.9 6.3 86.8
50 D.C’ 6.9 - 93.1 6.6 4.5 88.9 6.5 10.0 83.5
LD 7.7 - 923 7.2 23 90.5 7.1 64 86.5
160 D.C’ 6.7 - 93.3 7.3 54 873 6.0 12.5 81.5
ID." 7.3 - 927 7.4 2.8 89.8 7.0 6.8 86.2
* D.C.: Dendrite core, L.D.: Interdendritic region
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