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Table 1  Nominal composition of DD6 superalloys (ω/%) 

C Cr Co W Mo Al Ti Fe Nb Ta Re Hf B Ni 

0.001~0.04 3.8~4.8 8.5~9.5 7.0~9.0 1.5~2.5 5.2~6.2 t0.10 t0.30 0~1.2 6.0~8.5 1.6~2.4 0.05~0.15 t0.02 Bal. 
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Table 2  Chemical composition of the white fused alumina 

powders (ω/%) 
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Fig.1  Macro-morphology of interface reaction (a) and normal 

metal interface (b) between DD6 alloy and ceramic mold 

(surface) 
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Fig.2  SEM images of black surface: (a) low magnification; (b) high magnification; (c) region 1 in Fig.2b; (d) region 2 in Fig.2b 
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ω/% 

Regions 

O C Al Si Cr Fe Co Ni 

1 - 5.31 1.01 15.91 5.62 38 7.19 26.96 

2 32.40 16.14 48.92 - - - - 2.55 
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Fig.3  EDS analysis of spectrum 1 (a) and spectrum 2 (b) in Fig.2 
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Fig.4  SEM image of interface reaction (cross-section) 
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Fig.5  XRD pattern of black surface 
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Fig.6  SEM images of  interface reaction surface (a) and  

cross-section (b) 
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Fig.7  SEM image and EDS analysis of ceramic mould surface after reactions (different regions) 
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Fig.8  XRD pattern of ceramic mould after reactions 
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Fig.9  Spectral dispersion morphology of surface roughness 
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Fig.10  Reaction surface between superalloy and ceramic mould 
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Table 4  Chemical composition of the mineralizers (ω/%) 
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1 45.95 50.98 0.05 1.42 0.09 - 

2 46.82 51.82 0.10 0.73 0.06 - 

 

3  �  � 

1) DD6 FG<no	
�ç®M
./N�(

α-Al

2

O

3

��é� FeCr

2

O

4

�(Fe, Ni)Üëq8»¼ #��

ç®./ä��( 5~6 µmØrìíGÚ®M
��./

N�( α-Al

2

O

3

� 

2) M
./�no	
��
�iá TaO�NiO�

HfO

2

8»¼./N�� 

3) �
¤¥��ú?û$ Fe

2

O

3

HI¨M
./

Y�«¬�&��ö�
¤¥������ú?û��

�HI4;���öM
./Y�� 

 

����    References 

[1] Virieux X Y, Desmaion J, Labbe J C et al. Materials Science 

[J], 1997: 925  

[2] Yao J S, Tang D Z, Liu X G et al. Materials Science Forum[J], 

2012, 747-748: 765 

[3] Valenza F, Muolo M L, Passerone A. Journal of Materials 

Science[J], 2010, 45: 2071  

[4] Zheng Liang(& '), Xiao Chengbo((
)), Zhang Guoqing 

(*+,) et al. Journal of Aeronautical Materials(-.��

/0)[J], 2012, 32(3): 10  

[5] Taarea D R, William F et al. Proceedings from Joining of 

Advanced and Specialty Materials[J], 2003(10): 13  

[6] Wang E H. Metal-Mold Reactions in CMSX-4 Single Crystal 

Superalloy Castings[D]. Reno: University of Nevada, 2009  

[7] Li Q, Song J X, Wang D G et al. Rare Metals[J], 2011, 30(6): 

405  

[8] Chen Xiaoyan(123), Zhou Yizhong(456), Zhang Chao- 

wei(*78) et al. Acta Metallurgica Sinica(��/0)[J], 

2014, 50(8): 1019  

[9] Li J R, Jin H P, Liu S Z. Rare Metal Materials and 

Engineering[J], 2007, 36(10): 1784  

[10] Li J R, Zhong Z G, Tang D Z et al. Superalloys 2000[C]. 

Warrendale, Pennsylvania: TMS, 2000  

[11] Shi Zhenxue(9:/), Li Jiarong(;<=), Liu Shizhong(>

?@) et al. Rare Metal Materials and Engineering(����

���	
)[J], 2011, 40(12): 2117  

[12] Shi Zhenxue(9:/), Li Jiarong(;<=), Liu Shizhong(>

Gaseous phase 

Rough 

surface 

Ceramic 

mould 

Molten 

alloy 



� 3A                                   BCDEFAl

2

O

3

��� DD6GH��I%�JK                           �845� 

?@) et al. Rare Metal Materials and Engineering(����

���	
)[J], 2010, 39(3): 490  

[13] Xiong J C, Li J R, Liu S Z et al. Materials Characterization[J], 

2010, 61: 749  

[14] Fang Y W, Li Y H. Journal of Materials Engineering and 

Performance[J], 2013, 22(6): 1565  

[15] Shi Z X, Li J R, Liu S Z et al. Rare Metal Materials and 

Engineering[J], 2010, 39(8): 1334  

[16] The Editorial Board of China Aeronautical Materials Handbook 

(LM+-.��NOPQRSTU). China Aeronautical 

Materials Handbook(M+-.��NO , � 2 V )[M]. 

Beijing: Standards Press of China, 2002: 812  

[17] Ihsan B. Thermochemical Data of Pure Substances[M].  

Weinheim: Wiley-VCH Verlag GmbH, 1995

 

 

Interface Reactions Between DD6 Single Crystal Superalloy and Al

2

O

3

 Molds 
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(Science and Technology on Advanced High Temperature Structural Materials Laboratory,  

Beijing Institute of Aeronautical Materials, Beijing 100095, China) 

 

Abstract: The interface reactions between DD6 single crystal superalloy and ceramic shells were investigated by scanning electron 

microscopy (SEM), energy dispersive spectroscopy (EDS) and X-ray diffraction analysis (XRD). The results show that the black reaction 

products are α-Al

2

O

3

, accompanied by FeCr

2

O

4

 and taenite-(Fe, Ni) at the same time. The thickness of the interface reaction layer is about 

5~6 µm. The reaction products TaO, NiO, and HfO

2

 appear on the prime coat of the ceramic shell. The interface reactions can be inhibited 

by reducing the surface roughness and controlling the content of Fe

2

O

3

 in the mineralizer. 

Key words: DD6 single crystal superalloy; Al
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O

3

 ceramic mold; interface reaction 
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