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Table 1 Nominal composition of DD6 superalloys (/%)
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 <0.10 <030 0~1.2 6.0~8.5 1.6~2.4 0.05~0.15 <0.02 Bal.

x2 BNEMHLERS

Table 2 Chemical composition of the white fused alumina

powders (w/%)
A1203 NaZO F6203 SIOZ
=98.5 <0.5 <0.1 ~0.2
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Macro-morphology of interface reaction (a) and normal

Fig.1
metal interface (b) between DD6 alloy and ceramic mold

(surface)
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Spectrum 2
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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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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.6 SEM images of interface reaction surface (a) and

Intensity/a.u.

cross-section (b)
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/%
Regions
(0} C Al Cr Ni Nb Hf Ta Fe
1 16.64 5.93 8.03 1.12 537 20.56 4.13 36.92 -
2 39.22 34.62 096 5.44 16.12 3.12 0.52
3 35 32.79 - - - 3221 - -
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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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Table 3 Gibbs free energy (AGy) of related interface

Reactions

Reactions AGyat 1800 K/kJ-mol™
Al +3/4Si0,—1/2A1,05+3/4Si —-105.8
Al +1/2Fe;,05—1/2A1,05+Fe -355.1
Hf+SiO,—HfO,+Si -234.6
Hf+2/3 Al,O;—HfO,+4/3Al1 -92.8
Ni+1/2 0,—NiO -80.9
Cr+ C— Cn3Cs -109.9
Cr+ 1/2 Fe;03—1/2 Cr,05+Fe —143.8
Cr+3/2 Na,0—1/2 Cr,03+3Na -193.8
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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 (w/%)

Sample Al,O3 SiO,  Na,O Fe,O; MgO Others
1 45.95 50.98 0.05 1.42 0.09 -
2 46.82 51.82  0.10 0.73 0.06 -
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Interface Reactions Between DD6 Single Crystal Superalloy and Al,O3; Molds

Yao Jiansheng, Li Xin, Wang Lili, Niu Shuxin, Liu Xiaoguang, Tang Dingzhong, Cao Chunxiao
(Science and Technology on Advanced High Temperature Structural Materials Laboratory,

Beijing Institute of Aeronautical Materials, Beijing 100095, China)

Abstract: The interface reactions between DDG6 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 a-Al,O3, accompanied by FeCr,O4 and taenite-(Fe, Ni) at the same time. The thickness of the interface reaction layer is about
5~6 pm. The reaction products TaO, NiO, and HfO, 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;Oj3 in the mineralizer.
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