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Initial-sintering stage properties of calcium oxide ceramic
cores during titanium alloy precision casting

GAO Peng, ZHOU Tie-tao

(School of Material Science and Technology, Beihang University, Beijing 100091, China)

Abstract: In precision casting, the ceramic cores can directly influence the casting’s properties and internal precision.
The calcium oxide has an excellent chemical inertness to the melting titanium and the cores can be easily removed after
casting. The CaO ceramic cores’ thermodynamic model was established to analyze its initial-sintering stage. Casting
experiment was also designed to prove the cores’ low activity and contaminate. The model was established through the
sintering shrink between 900 ‘C to 1 600 ‘C, using formula AG® = AH® —TAS® =—RTIn K, calculating the enthalpy
and entropy of the sintering progress (AH ©=240 998 J/mol, AS® =150.7 J/(K-mol)). The theory sintering temperature
fully agrees with the real sintering temperature. The experiment also verifies that strength is enough for titanium casting
and its low activity satisfies the surface requirement of titanium alloy without any contamination.
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Table 1 Linear shrinkage, experimental equilibrium constant, experimental change in Gibbs energy, real change in Gibbs energy

and real equilibrium constant for initial-stage sintering of CaO compacts (AG =—-RT InK = AH —TAS)

T/K (1/TY10* K ! D/mm K, AG® /(kJ -mol™") K AG® /(kJ ‘mol ")
1173 8.525 D=35.00 - — — —
1273 7.855 34.92 0.017 42.883 0.010 49.157
1373 7.283 34.52 0.114 24.760 0.050 34.087
1473 6.789 33.70 0.385 11.702 0.212 19.017
1573 6.357 32.89 0.821 2.579 0.739 3.947
1673 5.977 31.87 2.019 -9.775 2.225 -11.123
1773 5.640 30.61 15.138 —40.054 5.912 —26.193
1873 5.339 D=30.32 - — — —
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Fig. 2 Van’t Hoff function of sintering/real equilibrium
constant (K,, K)(a) and function of experimental/model Gibbs
free energy(b)
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Fig. 3 Variation of K, and KX at different temperatures
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Fig. 4 Morphologies of compact at different sintering temperatures: (a) 1 100 C; (b) 1 200 ‘C; (¢) 1 300 ‘C; (d) 1 500 'C
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Fig. 5 Internal structure of casting
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Fig. 6 Element distribution of titanium alloy near interface
with CaO: (a) SEM image; (b) EDS
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