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Tribological Properties of TiAIN and TiAlISiN Coatings Deposited by Arc Ion Plating

at High Temperature and Varying Temperature

FENG Chang-jie, CHEN En
(School of Materials Science and Engineering, Nanchang Hangkong University, Nanchang 330063)

Abstract: TiAIN and TiAlSiN coatings were deposited on the AISI304 stainless steel by arc ion plating. The tribological
properties of coatings were investigated by ball-on-disc tribometer against Al,O5 balls at RT, 300 °C, 600 °C, RT—600 °C and
600—300 °C. The surface and cross section morphology, microstructure, hardness and tribological properties of the coatings
were investigated by scanning electron microscope (SEM), X-ray diffraction (XRD), micro-hardness tester. The results show
that the TiAIN and TiAISiN coatings were mainly consisted of TIAIN phases. Their hardness were 1 631 HV o5 and 2 044
HV o5, respectively. When at 300 °C and RT-600 °C, all coatings were worn out. The wear mechanisms are mainly adhesive
wear and fatigue fracture. At 600 °C, the " pitting” on the suface of the wear track caused by oxidation is the mainly wear
mechanism, and the oxides act as the lubrication, the friction coefficient is 0.5. The oxidation resistance of TiAISiN coatings is
improved with addition of Si. The wear resistance of coatings is improved due to that the protective oxidation layer generated
on the surface of wear track at 600 °C and 600—300 °C.
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Table 1 Chemical composition of AISI304 stainless steel (w/%)

Element C Mn P S
Content <0.08 <2.00 <0.045 <0.030
Eelment Si Cr Ni

Content <1.00 18.0-20.0 8.0-10.5
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Table 2 EDS analysis of TiAIN and TiAISiN coatings  (a/%)

Coatings Ti Al Si N (6]
TiAIN 24.45 23.77 47.54 4.24
TiAISIN 14.58 32.81 3.17 46.82 2.61
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Fig.1 Surface and cross section morphologies of TiAIN and TiAlSiN coatings
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Fig.2 XRD patterns of TiAIN and TiAISiN coating
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Fig.4 Friction coefficient of TiAIN coatings at RT, 300 “C and
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(e) 600 C, low magnification (f) 600 ‘C, high magnification
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Fig.5 Wear track morphologies of TiAIN coatings at RT, 300 “C and 600 °C
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Table 3 EDS analysis inside and outside the wear tracks for TiAIN coatings at RT, 300 ‘C and 600 ‘C

Position Ti Al N Fe Cr
Inside 20.12 18.69 34.29 0.19 0.06

Outside 25.83 21.87 48.33 0.4 0.17
Inside 17.54 16.79 29.79 2.08 0.65
Outside 23.0 21.41 50.84 0.4 0.12
Inside 21.69 20.81 42.9 0.07
Outside 23.36 21.59 48.45
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Fig.7 Wear track morphologies of TiAIN coatings at RT—600 °C and 600—300 C
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Table 4 EDS analysis inside and outside the wear tracks for TiAIN coatings at RT—600 ‘Cand 600—300 C (a/%)
7/°C Position Ti Al N Fe Cr 6]
Inside 19.41 18.15 29.12 0.77 0.3 32.25
RT-600
Outside 24.43 21.81 49.76 0.38 0.16 3.46
Inside 17.57 16.48 25.74 0.32 0.11 39.79
600—300
Outside 22.95 21.31 50.41 0.31 0.1 4.93
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Fig.8 Wear rate of TiAIN coatings at different temperatures
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Fig.10 Wear track morphologies of TiAISiN coatings at RT, 300 °C and 600 °C
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Table 5 EDS analysis inside and outside the wear tracks for TiAISiN coatings at RT, 300 C and 600 C (al%)
T/°C Position Ti Al Si N Fe Cr (6]
Inside 14.46 35.77 3.96 10.02 0.62 0.15 35.01
T Outside 13.98 32.63 3.17 46.82 0.59 0.19 2.61
300 Inside 16.49 32.75 3.48 26.69 2.6 0.64 17.33
Outside 16.03 32.76 3.00 44.37 0.37 0.15 3.31
600 Inside 16.37 37.00 4.32 1.3 0.3 0.16 40.55
Outside 14.61 33.02 3.80 44.59 0.32 0.14 3.52
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Fig.12 Wear track morphologies of TiAISiN coatings at RT-600 “C and 600—300 °C
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Fig.11 Friction coefficient of TiAISiN coatings at RT—600 °C and
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Table 6 EDS analysis inside and outside the wear tracks for TiAISiN coatings at RT-600 ‘C and 600—300 ‘C (al%)

7/°C Position Ti Si N Fe Cr 0
Inside 9.62 19.84 2.07 30.3 10.12 2.71 25.33
RT-600
Outside 15.7 344 3.01 43.14 0.34 0.28 3.14
Inside 17.4 37.13 421 32 0.75 0.5 36.81
600—300
Outside 15.84 32.6 3.33 43.67 0.53 0.09 3.94
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