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Thermal oxidation resistance of TiN/TiCN/Al,O3/TiN multilayer
coatings on cemented carbide by chemical vapor deposition
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Abstract: The oxidation mass gain test at the temperature range of 650—950 °C in different times were carried out on the
cemented carbide coated by multilayer TiN/TiCN/ALO;/TiN coating prepared by chemical vapor deposition (CVD)
method. The phase component and microstructure of coating samples were investigated by X-ray diffraction (XRD) and
scanning electron microscopy (SEM). The results show that, when the outset layer is a-Al,O;, the sample exhibits
excellent oxidation resistance. The oxidation resistance of TiN/TiCN/x-Al,O3/TiN multilayer coating sample is improved
with the increase of the thickness of TiCN and x-Al,O;. The oxidation product of TiN and TiCN layer is rutile TiO, when
the temperature is higher than 600 “C, and the interface of TiN/TiCN disappears. The x-Al,O; transforms to a-Al,O3; when
the oxidation temperature is above 900 C.
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Table 1 Composite of specimen used

Thickness/pm
Sample
Layer 1  Layer 2 Layer 3  Outside layer
A TiNO0.5 TiCN6.0  TiN 1.0
B TiNO0.5 TiCN4.0 x-ALO;2.0 TiN 1.0
C TiNO0.5 TiCN 7.0 x-ALO;4.0 TiN 1.0
D TiNO0.5 TiCN 7.0 a-Al,054.0
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Fig.1 Oxidation kinetics of coating samples
(a 600 °C;
(b) 700 °C; (c) 800 C; (d) 900 C; (e) 950 'C

at different temperatures:
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Fig.2 XRD patterns of coating samples under different oxidation conditions: (a) Sample A after oxidation for 60 min; (b) Sample B

after oxidation for 120 min at 900 ‘C; (c¢) Sample C after oxidation for 120 min at 950 C; (d) Sample D after oxidation for 120 min

at 950 C
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Fig.3 Microstructures of sample A: (a) Before oxidation; (b) After oxidation at 800 ‘C for 30 min; (c) Cross-section after oxidation

at 800 ‘C for 30 min; (d) Cross-section after oxidation at 800 ‘C for 120 min
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Fig.4 SEM images of sample B under different oxidation conditions: (a) 800 C, 30 min; (b) 900°C, 30 min; (¢) 900 ‘C, 120 min; (d)
950 °C, 30 min; (e) Cross-section morphology after oxidation at 800 ‘C for 30 min; (f) Cross-section morphology after oxidation at

900 ‘C for 120 min
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Fig.15 Cross-section morphologies of sample C oxidated at 950 ‘C for 120 min: (a) Without oxidation in inner; (b) Part oxidation

at crack in inner
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Fig.6 SEM images of sample D under different oxidation conditions: (a) 800 C, 30 min; (b) 800 ‘C, 120 min; (¢) 900 ‘C, 120 min;

(d) 950 °C, 120 min
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