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Table 1 Chemical composition of CMSX-4 superalloy (/%)

Al Cr Co Ta Ti Mo W Hf Re Ni
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Fig.1 Macroscopic morphologies of crucible bottom (a-c) and alloy bottom (d-f) of interfacial reaction layer with different holding time:

(a, d) 10 min, (b, €) 20 min, and (c, f) 30 min
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Fig.2 Bottom morphologies of alumina crucible with holding time of 10 min (a), 20 min (b) and 30 min (c)
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Table 2 EDS analysis of different reaction points in Fig.2 (at%)

Point Al 0} Y Ni Cr Si

1 36.45 63.55

2 22.69 60.52 16.68

3 46.88 53.12

4 29.04 54.45 13.68 2.84
5 24.55 4993  6.69 3.49
6 44.65 55.35

7 25.63 60.29 11.11 - 2.45
8 12.30 58.72  6.43  8.37
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Fig.3 Microstructures, EDS element mapping of Y and line scanning of the reaction layer at the cross section of alumina crucible bottom

with holding for 10 min (a), 20 min (b) and 30 min (c)
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Fig.4 Relationship between the thickness of interfacial reaction

layer and holding time
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Fig.5 Microstructures of alumina crucible bottom and EDS element mapping of Y, Al and O with holding time of 10 min (a), 20 min (b)

and 30 min (c)
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Table 3 EDS analysis of different reaction points in Fig.5 (at%)

Point Al (6] Y Ni Cr Co Si
1 36.40 63.60

2249 5582 17.14 194 - -
59.71 35.67 191 - - - 2.71
2299 6328 9.85 - - - 3.76

23.59 56.67 19.74 - - -
33.83 65.68 0.48 - - -
3426 62.78 3.57 - - -
11.98 13.58 47.47 7.04 798 834
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Fig.6 XRD patterns of alumina crucible with holding time of 10 min,

20 min and 30 min
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Fig.7 XPS narrow sweep results of Y, Al and O elements at the bottom of alumina crucible when holding time is 10 min (a-c), 20 min (d-f),

30 min (g-1)
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Table 5 Parameters of Ni, Y, Al, Ti, Ta, Cr and other elements

in Miedema model*?"

Element A% n\lw/f /(d.u.)”3 V3 /cm? u rip

Ni 5.26 1.75 3.52 0.04 1

Y 3.20 1,21 7.3 0.04 0.7
Al 4.20 1.39 4.64 1.9 0.07
Ti 3.80 1.52 4.82 1 0.04
Ta 4.05 1.63 4.89 1 0.04
Cr 4.65 1.73 3.74 1 0.04
Co 5.10 1.75 3.55 1 0.04
Cr 4.65 1.73 3.74 1 0.04
Hf 3.60 1.45 5.65 1 0.04
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Table 6 Activity coefficients a of some elements in superalloy

melted at 1823 K

Al Ti Y Ta Co Cr Hf
0.9978 0.9930 0.9875 0.9874 0.9974 0.9953 0.9844
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Fig.10  Relationship of Gibbs free energy change of oxide

A:G(T) with the temperature
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Table 7 Generate energy A,.G(T) of reaction product at 1550 'C

Reaction Equation AGr=AG0/kJ -mol™!

2Y (1) +ALOs=Y,05+2Al (1) -265.904
3/2Hf (1) +Al,05 =3/2Hf0,+2Al (1) 126.546
2Y (1) +3/2HfO, =Y,05+3/2Hf() -573.104
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Effect of Melting Time on Crucible Interfacial Reaction of Rare Earth
Single Crystal Alloy

Wang Yang'?, Yu Jianbo'?, Wang Haoxuan'?, Ren Zhongming'
(1. State Key Laboratory of Advanced Special Steel, Shanghai University, Shanghai 200444, China)
(2. School of Materials Science and Engineering, Shanghai University, Shanghai 200444, China)

Abstract: In order to realize the stable control of rare earth content in rare earth single crystal superalloy, clarify the crucible interface
reaction mechanism that rare earth elements participate in the melting process, the effect of melting time on the interfacial reaction of
Y-containing superalloy CMSX-4 and Al,O; ceramic crucible during vacuum induction melting and the residual amount of rare earth Y
were studied. The results show that with the extension of melting time, the degree of interfacial reaction intensifies. During the melting
process, Y first reacts with the Al,Os; matrix to form Y,0s, and the generated Y,Os3 will continue to react with Al,O3 to form yttrium
aluminate reaction layer with different atomic ratios of Y and Al. The final interface reaction product formed on the crucible surface is
composed of YAIO; in the outer layer, Y3Als0,2(Y3Al2(AlOy4)3) in the inner layer and the attached superalloy. Adding 500 pg/g, of rare
earth Y to the superalloy, the residual amount of Y in the alloy after smelting for 10-30 min is 41.023, 4.566 and 5.368 pg/g, respectively.

Key words: melting time; interfacial reaction; residual amount of Y; thermodynamic model
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