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Friction and wear properties of TiAlSiN coatings

by cathode arc ion plating at high temperatures
TANG Chengian' ~ KONG De-jun'

(1. College of Mechanical Engineering Changzhou University Changzhou 213164 China; 2. Jiangsu Key
Laboratory of Materials Surface Science and Technology Changzhou University Changzhou 213164  China)
Abstract: A TiAISIN coating was deposited on the H13 steel by cathodic arc ion plating ( CAIP) the surface and interface morphology
phase composition 3D morphology of the coating were analyzed by scanning electron microscopy ( SEM)  X-ray diffraction ( XRD) and
atomic force microscopy ( AFM)  respectively. The chemical element distributions of the worn trace were analyzed with EDS analysis. The
effects of elevated temperature on friction and wear of the coating were discussed. The results show that the coating is mainly composed of
Ti Al Siand N elements with the main phase of (Ti Al) N the phase of Si;N, was not found. The high temperature oxidation
resistance of the coating is improved by the dense oxidation film of Al,0; the SiO, reduces the coating friction coefficient and the loose
structure of TiO, leads to cracking and spalling of the coating. The surface roughness of the coating is higher than that of the substrate.
The Ti and Al poor concentration zones are observed on the worn trace indicating that the coating is worn out. The average friction
coefficient of the coating is about 0.3 at 700 800 and 900°C  the main wear mechanism is mainly oxidation wear and adhesive wear at

700 °C  while that is mainly oxidation wear with a small amount of adhesive wear and abrasive wear at 800 and 900 °C.
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Fig. 1 Surface-interface morphology and EDS analysis of TiAISiN coating ( a) surface; (b) interface; (¢) EDS spectrum
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Fig. 3 Friction coefficient vs. wear time
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Fig.2 AFM images of substrate and TiAlSiN coating
(‘a) substrate; (b) TiAlSiN coating
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Table 1 Surface roughness of TiAISiN coating and substrate

Roughness/nm Substrate TiAlSiN coating
Average roughness S, 0. 00744 42.1
Root mean square S 0.0153 79.7
Ten point height S, 0.984 1.52 x10°
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Fig.4 Morphology and EDS element mapping of worn trace at 700 C (' a) morphology of worn trace; (b) EDS spectrum; (¢) to
(i) EDS element mapping: (c¢) Ti map; (d) Al map; (e) Si map; (f) Fe map; (g) Cr map; (h) Na map; (i) Ca map

5 800 C (a) ; (b) ; (c) Ti ; (d) Al ;
(e) Si ; (f) Fe ; () Cr ; (h) W (i) Ni
Fig.5 Morphology and EDS element mapping of worn trace at 800 °C  ('a) morphology of worn trace; (b) EDS spectrum;
(¢) to (i) EDS element mapping: (c¢) Ti map; (d) Al map; (e) Si map; (f) Fe map; (g) Cr map; (h) W map; (i) Ni map
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Fig. 6  Morphology and EDS element mapping of worn trace at 900 C

(a) morphology of worn trace; ('b) EDS spectrum;

(¢) to (i) EDS element mapping: (¢) Ti map; (d) Al map; (e) Simap; (f) Fe map; (g) Cr map; (h) W map; (i) Ni map
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7 TiAISiN XRD (a) ; (b) 700 C; () 800 C; (d) 900 C
Fig.7 XRD spectra of TiASiIN coating at different temperatures
(‘a) room temperature; (b) 700 C; (c) 800 °C; (d) 900 C
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