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ABSTRACT: The work aims to reveal the influence laws and mechanism of pulsed bias on structure, wear resistance and
oxidation resistance of TiAISiN films. TiAISiN films were deposited on the surface of M2 high speed steel by cathodic arc ion

plating technology with different pulsed bias parameters. Microstructures and properties of the films were characterized by
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SEM, XRD, 3D profilometer, metallographic microscope, scratch tester, friction and wear tester and high temperature oxidation

test. The main phase structure of TiAISiIN films was AIN when pulsed bias was 50 V. When pulsed bias exceeded 75 V, the films

were mainly composed of (Ti,AI)N phase and the preferred orientation of films on (200) was obvious. With the pulsed bias

increasing to 150 V from 50 V, the films became more compact, surface roughness firstly decreased and then increased, but the

adhesion of films firstly increased and then decreased. The main wear mode of TiAlSiN films was abrasive wear and the wear

resistance was mainly affected by phase structure and film compactness. When pulsed bias was 100~150 V, the wear resistance

was excellent. After oxidation for 4 h at 1000 °C, the surface was oxidized to different extent, which was mainly affected by

phase structure, compactness and surface porosity. Compared with (Ti,AI)N phase, the films with hcp-AIN phase was easier to

be oxidized. The films were more compact and depth of the oxidized layer became shallower with the increase of bias. At the

same time, as the number of pores increased, more Al,O; clusters were formed on the surface. Under the pulsed bias of 100 V,

TiAlSIN films have the most comprehensive properties, the adhesion is 46.7 V, the hardness is 3276HV, s, the surface

roughness is the lowest, the wear resistance is better and the oxidation resistance is the strongest at high temperature.

KEY WORDS: TiAlSiN; ion plating; bias; adhesion; wear resistance; high temperature oxidation
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Tab.1 Deposition parameters of the TiAISiN films
. . transition layer Cr/CrN TiAISIN
Bias duty cycle Bias voltage/V
Current/A  Pressure/Pa  Time/min Current/A  Pressure/Pa  Time/min
70% 50, 75, 100, 125, 150 70 1.4 30 100 4.0 195
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Fig.2 Surface morphologies of TiAlISiN films deposited at different bias
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Tab.2 Wear test data of TiAISIN films deposited at different bias

Bias voltage/V 50 75 100 125 150
Coefficient of friction 0.6758 0.7302 0.6884 0.6876 0.6707
Wear depth/nm 2834 1663.5 1574 1438.7 1349
Wear width/um 359.3 511.3 497.7 510 5345

Grinding cross-
sectional area/um’

396 353.5 288.67 261.71 282.67

Wear rate/

(x10" m* N"-m ™) 1.76 1.57 128 1.16 1.26
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Fig.7 Average wear cross section of TiAlSiN films deposited
at different bias
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Fig.8 Wear morphologies of TiAISiN films deposited at different bias
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Tab.3 Surface energy spectra of TiAlSiN films deposited at different bias before and after oxidized at 1000 ‘C for 4 h

Wt%
Bias voltage/V
Element
50 75 100 125 150
N 32.43 32.55 32.30 31.62 31.48
Al 31.38 32.58 33.14 33.47 33.44
Room temperature

Si 4.39 4.54 4.47 4.46 4.64
Ti 30.29 30.33 30.08 30.45 30.44

N — 1.26 — 0.95 —
(e] 44.26 47.05 48.12 46.83 41.88
Area B-Flattened after Al 34.69 27.82 25.65 26.41 29.31
oxidation Si 2.93 3.35 3.96 3.60 4.00
Ti 17.20 20.51 22.28 22.21 24.81

Base elements 0.91 — — — —

N R N R _ N
(e] 47.42 42.53 49.81 51.22 41.41
Al 42.55 39.33 32.38 35.81 40.03

Area A-Oxidized cluster

Si 0.25 2.94 1.18 0.65 1.01
Ti 2.70 15.20 12.30 9.45 13.32
Base elements 7.09 — 433 2.88 4.23
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Fig.12 Cross section morphology of TiAISiN films deposited at different bias before and after oxidation
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