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Material design for the ceramics coating with high mold releasability
by using molecular orbital calculations

Tokuro NANBA", Jiro FUJIHARA, Shinichi SAKIDA™ and Yasuhiko BENINO”

To explore the ceramic materials appropriate for the coatings with high mold releasability, molecular
orbital (MO) calculations have been applied to the ceramics with NaCl structure, such as TiN, TiC, CrN,
etc. Chemical bonding characters were evaluated based on the MO calculations, which were correlated to
the experimental surface free energy. The dispersion and polar components of surface free energy
indicated high correlation with the bond overlap population of the surface bonds and the net charge of
inside atoms of the cluster models, respectively. Among the ceramic materials investigated, MoN had the
lowest surface free energy, being expected to be most suitable as the ceramic coating material with high

releasability.
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Fig. 1 Example of the cluster models used in MO calculation.
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Fig. 2 Net charge (a) and bond overlap population, BOP (b)

TiN VN CrN ZrN NbN MoN TiC

obtained from MO calculations.
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Fig. 3 Overlap population diagram of TiN bonds (a) and

density of states of TiNg unit (b) in TiN bulk model
obtained from MO calculation.
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Fig. 4 Relations between MO calculation and surface free energy. (a) dispersion and (b) polar components.
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Table 1 Surface free energy (md/m?)

dispersion polar total
TiN 37.7% 50.2° 50° 13.0° 42.7% 63.2°
CrN 38.6° 39.1° 21% 54° 40.7° 445°
ZrN 48.1° 4.1° 52.2°
TiC 40.42 2.5° 42.9°
(a: Kunitsugu et al., 2002; b: Sun et al., 2006)
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Fig. 5 Estimated surface free energy based on the results of
MO calculations.
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