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Microstructure and micro-mechanical properties of zirconia coating by
atmospheric pressure chemical vapor deposition
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(State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: Zirconia coatings were deposited on C/C-SiC and C/C-ZrC substrates by atmospheric pressure chemical vapor
deposition (APCVD) with ZrCl;-CO,-H,-Ar system at 900—1 500 ‘C, respectively. The phase composition and surface
morphologies of the ZrO, coatings were investigated by X-ray diffractometry (XRD) and scanning electron microscopy
(SEM), respectively. The micro-mechanical properties of the coatings and the bonding strength between the coatings and
substrates were tested by the micro/nano comprehensive mechanical property test instrument. The results show that the
ZrO, coatings prepared at four different temperatures of 900, 1 150, 1 300 and 1 500 ‘C are monoclinic phase ZiO,. The
surface morphology of the coating changes from accumulation of small grains to polycrystal with large size as the
temperature increases, at the same time the thickness of the coatings increases. The microhardness of the coating is
1 026.712HYV, which is a little lower than that of ZrO, coating prepared by electron beam physical vapor deposition and
the ZrO, coating combines better with C/C-SiC substrate than that with C/C-ZrC substrate. The results of SEM show that
the surface scratch of ZrO, coatings on C/C-SiC substrate is smooth while that is rough on C/C-ZrC substrate.
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Fig. 1 Schematic diagram of CVD system
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Fig. 2 XRD patterns of ZrO, coatings prepared at different
temperatures on different substrates: (a) C/C-SiC-ZrO,;
(b) C/C-ZrC-ZrO,
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Fig. 3 SEM images of ZrO, coating surface prepared on C/C-SiC substrate at different temperatures: (a) 900 C; (b) 1 150 C;

(¢) 1300 °C; (d) 1 500 ‘C
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Fig. 4 SEM images of fracture of ZrO, coatings prepared at different temperatures on different substrates and line energy spectrum

analysis of polished C/C-SiC-ZrO, sample: (a) 1 150 'C, C/C-SiC-ZrO,; (b) 1 150 ‘C, C/C-ZrC-ZrOy; (c) 1 300 C, C/C-SiC-ZrOy;

(d) 1300 C, C/C-SiC-ZrO, line energy spectrum
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Fig. 6 Relationship among normal force (F,) or transverse
force (F}) and scratching distance of ZrO, coatings prepared at
1 300 ‘C with scratching experiment: (a) C/C-SiC-ZrO,; (b)
C/C-ZrC-ZrO,
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Table 1 Normal force (F,) and transverse force (F}) of

different interfaces of ZrO, coatings

Interface F,/N F/N
Al 5.8 9.5
B1 2.5 5.4
A2 5.6 9.3
B2 7.8 12.3

B 7 RYRIMASE Zro, iRk 2R KR SEM 4

Fig. 7 SEM images of scratches of ZrO, coatings prepared at
1 300 C on different substrates after scratching experiment:
(a) C/C-SiC-ZrOy; (b) C/C-ZrC-ZrO,
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