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Abstract: DZ125 superalloys are widely used in aeroengine turbine blades because of their excellent performance and low
cost. Aeroengine turbine blades are usually prepared by investment casting, of which ceramic shells are the basis. The
wetting angle and interfacial reactions between the ceramic shell and superalloy are key factors affecting the quality and
dimensional accuracy of superalloy turbine blades. In this paper, using white fused corundum powder, EC95 powder, and
white corundum sand as raw materials and silica sol as a binder, the slurry composition of ceramic shell was designed for
the directional solidification molding of turbine blades, and the ceramic shell was then prepared. The microstructure and
surface roughness of the Al,Os-based ceramic shell were studied, and the wetting behavior and interfacial reaction between
the AlL,Os-based ceramic shell and DZ125 superalloy were analysed. The results show that the prepared Al,O;-based shell
has a smooth surface and that the surface roughness is 1.973 pm. The Al,O;-based shell shows excellent inertia to the

DZ125 superalloy, and the wetting angle reaches 119.54°. The DZ125 superalloy shows slight chemical sand adhesion, and
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the thickness of the sand layer is only approximately 0.5 wm. The chemical reaction products are mainly oxides of Ta, Cr,

W and Ti. The slight chemical sand adhesion of the DZ125 superalloy is attributed to not only the smooth surface of the

Al,O;-based shell but also the excellent nonwetting performance of the Al,Os-based shell to DZ125 superalloy.

Key words: Al,Os;-based ceramic shell; DZ125 superalloy; wetting behavior; interfacial reaction
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Tab.1 Chemical composition of the DZ125 alloy
(mass fraction/%)

Element C Cr Co \Y Mo Ta Al Ti
Content 0.10 8.95 10.05 7.10 1.95 3.85 5.15 0.95
Element Hf B Ni Si Mn Fe Zr P
Content 1.50 0.015 Residual <0.15 <0.15 <0.30 <0.08 <0.010
Element S Pb Sn Sb Bi As Ag

Content <0.010 <0.000 5 =<0.001 =<0.001 =<0.000 05 <0.001 <0.000 5
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Tab.2 Face—coat and strengthening—coat materials and properties of the ceramic shell

Slurry

Sand

Item Silica ALO;powder  EC95 powder Wetting agent Defoamer Solid-to-liquid Viscosity
Al,Os(mesh) No.(coat)
s0l(1030C)/kg /kg /kg /kg /kg ratio /s
Face-coat 50 210 0.3 0.3 4.2 38 90 1
54 2
24 3
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. 50 125 0.2 2.5 20 24 4
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Fig.1 XRD patterns, SEM images, and particle size distributions of corundum powder, EC95 powder, and corundum sand: (a) XRD
patterns of corundum powder, EC95 powder, and corundum sand; (b~f) SEM images of corundum powder, EC95 powder, and
corundum sand; (g~i) particle size distributions of corundum powder, EC95 powder, and corundum sand with a mesh of 80
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Fig.3 Morphology of the Al,O;-based ceramic shell (1 150 C sintered): (al, a2) surface; (b1, b2) cross section
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Fig.4 Surface roughness and wetting behaviors of the Al,O;-based ceramic shell (1 150 “C sintered): (a) face-coat surface roughness of
the AL,Os-based ceramic shell; (b) model of the sessile drop method used to test the wettability of the alloy/shell; (c) geometric
parameters and wetting angle of the alloy/shell; (d) diagram of the spheroid and wetting angle formed after solidification of the
DZ125 alloy
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Fig.5 Interfacial reaction between the Al,Os-based ceramic shell and the DZ125 superalloy: (a) bonded sand formed on the surface of
the DZ125 superalloy cast, and SEM image of the interface between the DZ125 superalloy and the Al,0s-based ceramic shell;
(b~1) EDS elemental mappings of the interface between the DZ125 superalloy and the Al,Os-based ceramic shell
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Fig.6 Contents of the interfacial reaction products of the Al,O;-based ceramic shell and DZ125 superalloy
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