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Abstract: The high-temperature chemical stability and wettability of EC95 powder surface layer, corundum powder surface layer,
and zirconium powder surface layer of ceramic shell to DZ125 directional solidification superalloy are comparatively studied by the
sessile-drop experiment. The morphology of ceramic surfaces as well as the morphologies and compositions of the interfacial
reaction zones between the ceramics and the alloy melt are observed and analysed. The contact angles between the alloy melt and the
ceramics are calculated, and the influence of interfacial reactions and wettability on the mechanical penetration defect of the casting
surface are discussed. The results show that the surface roughness values of EC95 powder surface layer, corundum powder surface

layer, and zirconia powder surface layer ceramics are 3.987, 3.391 um, and 2.085 um, respectively. The interfacial reaction products
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between the alloy and the three types of ceramics are mainly composed of Hf oxides, accompanied by a small amount of alloying

components. For the corundum powder surface layer ceramics, the alloy surface is almost completely covered by a layer of Hf oxide

after the experiment. This oxide layer effectively inhibits the further interfacial reaction between the alloy and the ceramic surface

layer, making it more suitable for the investment casting of DZ125 superalloy. The contact angles between DZ125 superalloy and

EC95 powder surface layer, corundum powder surface layer, and zirconia powder surface layer are 84.95°, 75.71°, and 132.96°,

respectively. Due to the influence of interface reactions and ceramic surface roughness, the wettability between corundum surface

layer shell and DZ125 alloy is better than other surface layers.

Key words: investment casting; DZ125 directional solidification superalloy; EC95 powder surface layer; alumina powder surface

layer; zircon powder surface layer; interfacial reaction; wettability
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Table 1 Composition of DZ125 superalloy (mass fraction/%)
Co Cr w Mo Al Ta Ti Hf B C Ni
9.5-10.5 8.4-9.4 6.5-7.5 1.5-2.5 4.8-54 3.5-4.1 0.7-1.2 1.2-1.8 0.01-0.02 0.07-0.12 Bal.
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Fig. 3 Schematic diagram of wetting angle related parameters
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Fig. 4 Microstructures of different ceramic surfaces

(a) E ceramic; (b) local magnification in Fig. (a) ; (c) G ceramic;

(d) local magnification in Fig. (c) ; (¢) GY ceramic; (f) local magnification in Fig. (e)
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Table 3 Elemental species and concentration of characteristic points in Fig. 7 (mass fraction/%)
Characteristic point Al (0] Ti Cr Co Ni Zr Hf Ta w
1 — 14.31 — — — 1.35 — 84.33 — —
2 — 11.93 — — 0.48 2.84 — 84.75 — —
3 — 13.43 — — 0.49 3.07 — 83.01 — —
4 0.12 15.24 — — — 1.06 — 83.58 — —
5 — 14.98 — — 0.45 4.47 — 75.53 — —
6 — 14.57 — — — 2.03 — 83.40 — —
7 5.07 — 1.45 3.45 9.23 66.67 — 2.68 5.75 5.83
8 3.79 — 1.34 3.59 9.32 65.36 1.56 3.68 5.16 5.02
9 — 8.99 — — — 0.56 — 90.45 — —
10 — 9.09 — — — 0.49 — 90.42 — —
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Table 4 Test result of wetting angle between DZ125 alloy and
ceramics

Ceramic surface layer Wetting angle/(°)
EC95 powder 84.95
Corundum powder 75.71
Zirconium powder 132.96
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