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Residual Stress of TiC-SiC Composite Film Coated
by Chemical Vapor Deposition

Kenji SUZUKI, Keisuke TANAKA and Chihiro KAWAI

X-Ray stress measurement was applied to TiC and SiC monolithic films and TiC/SiC composite
films coated by CVD process on graphite substrates. Textures of films were examined by the X-ray
diffraction method. TiC coating had preferential growth of the (2 2 0) plane. SiC coating had
preferential growth of the (1 1 1) plane. TiC/SiC composite coating showed a strong texture of the
(2 2 0) plane perpendicular to the substrate surface. The diffractions from TiC (3 3 1) and SiC (3
3 1) planes by Fe-K« characteristic X-rays are suited for X -ray residual stress measurement in thin
films. In TiC/SiC composite coating, X-ray diffraction profiles from the TiC phase and SiC phase
overlap. These line profiles were separated into TiC and SiC line profiles by the modified DFP
method. Phase stresses in the TiC phase and SiC phase in TiC/SiC composite coating showed a tri
-axial stress state. The measured residual stress of the TiC phase is tensile and that of the SiC phase
is compressive. Although the surface residual stress in SiC monolithic coating with thicknesses below
30 pm was compressive, the residual stress was tensile for thick coating, and increased with increas-
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ing film thickness.

Key Words: Experimental Stress Analysis, Residual Stress, Ceramics, Thermal Stress, CVD
Coating, X-Ray Stress Measurement, Phase Stress
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Coating Ty, Pressure Gas flow rate Coating
material ({/min) thickness
(°C)  (torr) |SiCl, TiCl, CH, H, (pm)
SiC 1350 60 2.8 0 04 3.0 153
TiC 1300 60 0 40 025 3.0 54
TiC/SiC 1350 60 0.10 484 025 0 36
£ 2 HBHOBBYMNE
Young’s  Poisson’s Kréner Coefficient of
Material modulus ratio model thermal expansion
E (GPa) v E(GPa) v 10-¢/°C
Graphite (monolith) 12.5 0.169 — — 4.5
TiC (TiC coating) 230 0.069 437 0.199 7.6
SiC (SiC coating) 416 0.183 402 0.182 4.5
SiC+TiC (TiC+SiC coating) | 338 0.180 — - 6.1
£ 1T, %8, TIC/SIC a—7 4 > VHEOHEKIL # 3 XARICSIHIE D&M
{AFEL 40.8% TiC (51.4 wt% TiC) ThH -1z, FhiZ Method Parallel beam method
RTa—F 4 > BRI, EBICHGEEBR OUI Characteristic X-ray Fe-Ka
[Ejﬁ‘ Vt) ?ﬁqﬁ L/ f: %) 0)«(.@ E) . ’I\Jbe vo]tage 40 kV
. . _ Tube current 30 mA
D=7 4 Y IEEB L UEMOBBIIME 2 K 2R Filter Mn
T, BHEAEEORES, MBI OTA Y -V b Scanning speed 0.02 deg/step
ST, 4 SFRBIZL DT, &Y OB, S Preset time 20 sec
EHERARD LD THD, R BEROBME Divergent angle 0.64 deg
Irradiated area 8 x 4 mm
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£4 a2—FT 4> HMOXKERT -5
Material Crystal  Lattice Diffraction Diffraction  Penetration
structure constant angle plane depth, vy =0
(nm) 265 (deg) (um)
TiC (TiC coating) Cubic 0.43296  154.10 (Fe-Koy) (331) 3.3
B—SiC (SiC coating) Cubic 0.43692  150.20 (Fe-Ka) 331) 17.8
TiC phase (TiC/SiC coating) Cubic 0.43393  153.01 (Fe-Ka;) (331) 4.6
B-SiC phase (TiC/SiC coating) | Cubic 0.43459  152.29 (Fe-Kay) (33 1) 4.5
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