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Table 1 Chemical composition of fused silica and zircon (/%)

Si0, ALO, Fe,0, TiO, MgO Na,0O K,O
Fused silica
99.87 0.017 0.004 0.002 0.001 0.015 0.004

ZrSi0, Fe,0, TiO, - - - _
Zircon
98.82 0.07 0.11 - - - -
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Fig.1 Surface morphology of silicon-based ceramic core coated with
Cr,0,
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Fig.2 Surface roughness of silicon-based ceramic core coated with
Cr,0,
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Table 2 Chemical composition of the superalloy («/%)

Cr Co Mo Ta W Al C B Re Hf Ni

70 75 15 65 50 63 0.08 0.004 3.0 0.14 Bal
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Fig.3 Measurement method of wetting angle after reaction between

superalloy and silicon-based ceramic core
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Table 3 Measurements of wetting angle between the superalloy

and silicon-based ceramic core coated with Cr,O,

Parameter d/mm h/mm 0/(°)

Value 5.50 3.18

98.29

20 pm

20 pm
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Fig.5 Microscopic morphologies (a—b) and element distribution mappings of Al (c), O (d), Si (e), Zr (f), Hf (g), and Cr (h) at the bottom of the

superalloy after interface reaction
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Table 4 Element point analysis results of typical areas in Fig.5b

(at%)

Area Al (0] Zr Si Cr Ni Hf
1 12.13  28.49 - 52.80 6.58 - -
2 198 6727 28.59 - - 1.28  0.88
3 3833 58.74 - 2.14 038 041 -
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Fig.6 Schematic diagram of XRD detection positions of the

superalloy and ceramic system after reaction
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Fig.7 XRD pattern at the bottom of the superalloy after interface reaction
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Fig.8 Microscopic morphology (a) and element distribution mappings of Al (b), O (c), Cr (d), Si (e), Mo (f), W(g) and Re (h) of the longitudinal

section of the superalloy after interface reaction
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Fig.9 Microscopic morphology (a) and element distribution mappings of Al (b), O (c), Si (d), Zr (e) and Cr (f) of the ceramic core surface after

interface reaction
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Table 5 Element content analysis results in Fig.9a (w/%) 16+ Z:Si(3)4
Al 0 Zr Cr Si 45 si0;
2 12+
12.50 39.83 18.72 2.24 20.94 o
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Fig.10 XRD pattern of the ceramic core surface after interface reaction
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Table 6 Thermodynamic parameters used for the calculation'

Element C(T)=a+bx10°T+c¢x 10°T? + d x 10°T%J-mol"K’!
AHS/KImol!  ASS/I-mol’ 2 TIK
(compound) a b c d

Hf 0 43.56 23.460 7.623 0 0 298-2013
Sio, -908.35 43.40 71.626 1.891 -39.058 0 298-2000
HfO, ~1113.20 59.36 72111 9.050 ~12.941 0 298-1973
Si 0 18.82 22.824 8.238 -2.063 0 1685-1973
Al 0 28.32 31.748 0 0 0 933-2767
ALO, ~1675.27 50.94 120.516 9.192 —48.367 0 8002327
Cr 0 23.64 18.067 15.531 ~16.698 0 1000-2130
Cr,0, ~1129.68 81.17 119.370 9.205 ~15.648 0 2981800

Note: Cp*molar heat capacity; a, b, ¢, and d—empirical constants; 7—temperature
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Table 7 Standard Gibbs free energy change AG®(T)of related
reactions at 1823 K

Reaction equation AG®/ kI'mol
(D HEFSIO,—~HfO +Si 213500
@ AI+3/4Si0,—1/2AL,0 +3/4Si ~116.060
® HF2/3AL0,—~HFO +4/3A1 ~58.758
@ HF+2/3Cr,0,—HFO +4/3Cr 391536
(5 Al+1/2Cr,0,~1/2AL0,+Cr 249,058
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Fig. 11 Schematic diagrams of interface reaction between the superalloy and the silicon-based ceramic core coated with Cr,O,: (a) reaction

between superalloy and Cr,O;; (b) reaction between superalloy and silicon-based ceramic core; (c) stage of silicide formation
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Ceramic Core and Nickel-Based Single Crystal Superalloy
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Abstract: This research applied Cr,O, coating on the surface of silicon-based ceramic core through multi-arc ion plating method. The effect of
Cr,0, coating on wetting behavior and interface reaction behavior of silicon-based ceramic core and nickel-based single crystal superalloy after
contact at 1550 °C were studied using high-temperature in-situ droplet method. The interface morphology, element distribution, and reaction
products after the interface reaction were analyzed using SEM, EDS, and XRD. The results show that the wetting angle between nickel-based
single crystal superalloy and silicon-based ceramic core coated with Cr,0, is 98.29°. Hf and Al in superalloy melt react with Cr,O, coating,
generating HfO,, AL,O,, and free Cr at the bottom of superalloy. The generated Al,O, forms a protective layer to prevent the diffusion of active
elements in superalloy to the interface. However, a small amount of superalloy melt still reacts with the silicon-based ceramic substrate without
coating protection, generating Al,O, and free Si at the interface. The generated Cr and Si are enriched at the interface and form CrSi, on the
superalloy surface. Part of Si diffuses from the surface of the superalloy to the interior, forming (Mo, W,Re),Si, with refractory elements such as W
near the surface of superalloy. The results indicate that the wetting angle of nickel-based single crystal superalloy on silicon-based ceramic core
coated with Cr,0O, is smaller than that on unmodified silicon-based ceramic cores, and its wettability is better. Based on the above analyses, the
Cr,0, coating on the surface of silicon-based cores is beneficial to improve the filling of alloy at local positions of castings, but its control effect
on interface reactions is limited.
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