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Abstract An ultra-high temperature ceramic, tantalum carbide, has received much attention for its favorable characteristics:
a superior melting point and chemical compatibility with carbon and other carbides. One drawback is the high temperature
erosion of carbon/carbon (C/C) composites. To address this drawback, we deposited TaC on C/C with silicon carbide as an
intermediate layer. Prior to the TaC deposition, the TaCls-CsHg-H, system was thermodynamically analyzed with FactSage 6.2
and compared with the TaCls-CH4-H, system. The results confirmed that the TaCls-CsHg-H, system had a more realistic cost
and deposition efficiency than TaCls-CH4-H,. A dense and uniform TaC layer was successfully deposited under conditions of
Ta/C=0.5, 1200 °C and 100 torr. This study verified that the thermodynamic analysis is appropriate as a guide and prerequisite
for carbide deposition.
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Table 1. Chemical species to calculate thermodynamic equilibrium including 45 gas species and 9 solid species.

45 gas-phase species

H CH, C;Hs C,HsCl CH,CCl, CHCl;

H, CH; Cl C,Hg CH,CHCI CHCICCI,

C CH,4 Cl, C,HCl CH,Cl, Ta

C, C,H HC1 CsClg CH;CHCl, TaCly

GC; C,H, C,Cl, CCl CH;Cl TaCls

Cy CH; C,Cly CCl, CHCI

Cs C,H, C,CIsH CCl; CHCIL,CH,CI

CH C,Hg C,Clg CCly CHCIL,CHCI,

9 solid phase species

C (graphite) C (diamond) TaC Ta,C Ta TaCls

TaCl, TaCls Ta,Cls
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Fig. 1. Schematic of the deposition system used for SiC and TaC deposition.
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Fig. 2. Isothermal sections at (a) 1100 °C, (b) 1200 °C, (c) 1300 °C and (d) 1400 °C of phase diagram of TaCls-CsHg-H, system where H/C = 8.
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Fig. 3. Isothermal sections at (a) 1100 °C, (b) 1200 °C, (c) 1300 °C and (d) 1400 °C of phase diagram of TaCls-CH4-H, system where H/C = 42.
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Fig. 4. Effect of hydrogen addition on TaC formation where 3
moles of TaCls and 1 mole of C;H, exist in a closed system.
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Fig. 5. Effect of hydrogen fraction on TaC formation where 3
moles of TaCls exist in a closed system.
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