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Structure and Tribological Behavior of WSiN Coatings with Low Content of Si

LI Ke'?, SHAO Tao? GE Fangfang?, HUANG Feng?, FENG Qing'

(1. College of Physics and Electronic Engineering, Chongqing Normal University, Chongqing 401331, China; 2. Key Laborat-
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Abstract: W2N coating and WSIN coating (with 2.4% Si) were prepared by magnetron sputtering. Microstructure of the
coatings was investigated by XRD, SEM, and AFM. Mechanical properties of the coatings were measured by nanoindentation.
The tribological behavior of the coatings was evaluated by pin-on-disk tribo-tests. The results show that the two coatings have
similar phase structures and mechanical properties, however, the WSiN coating have a smoother surface, with the average
surface roughness of about 8.35 nm, lower than that of the W2N coating (about 10.56 nm). During the tribo-tests against the
ALO3 counterpart, the friction coefficients of the stainless steel substrate, the W2N coating, and the WSIN coating are 0.62,
0.42, and 0.35, respectively. The corresponding wear rates are 4.2x107"* m*/N-m, 3.8x107'* m*/N-m, and 3x107'® m*/N-m,
respectively. During the tribo-tests against the GCr15 counterpart, the friction coefficients of the stainless steel substrate, the
W>N, and the WSIN coating are 0.56, 0.47, and 0.49, respectively. The corresponding wear rates are 5.9x10™"° m*/N-m,
2.8x107"* m*/N-m, and 3.2x107'° m*/N-m, respectively. The friction coefficients of the substrate decrease by 10%—40%, and
the wear rates of the substrate decrease by 1-2 orders of magnitude. With the lubrication effect and the high wear resistance,
the W2N coating and the WSIiN coating can provide the protection for the stainless steel substrate. Furthermore, the protective
capability of the WSIN coating is relatively higher than that of the W2N coating.
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Table I Deposition conditions of the WSIiN and the W2N coatings

Parameters WaN WSIN
0 300V
Si targe power (MF) 0 100 kHz
0 0% duty
W target power (MF) 400 W, 100 kHz, 20% duty
Auxiliary magnetron (RF) / W 300
Substrate bias voltage (DC) / V -30
Deposition temperature / K 773
Substrate holder rotation/(r-min™") 12
Base pressure / Pa 3.7x10°°
Prcoess pressure/ Pa 1.0
N2 partial pressure/ Pa 0.3
No/Ar gas flow rate / (mL-min™) 24/32

1.2 REFRIE

FIFH X H£Ai7 8% (XRD, Bruker D8 Advance),
Y $HAHE B (SEM, Hitachi S4800) FlJR 11
8 (AFM, AIST-NT SmartSPMTM) X4 )2 i
s SR RAE . FIH Axis ULTRA DLD XPS £
TR 2 RSy, IR A Al Ka, TAESEAR
T 6.7x107 Pa, IRIHTH 2 keV Ar'Z ik 2 K 1H
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Fig.1 XPS spectra of different elements in the WSIN coating
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Fig.2 XRD patterns of the W2N coating and the WSiN coating
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(b) Cross section morphology of the WSIN coating
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Fig.3 Cross section and surface morphologies of the W2N coating and the WSiN coating
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Table 2 Three parameters calculated from Fig. 4

Paremeters W2N WSIN
RMS roughness, ¢ / mm 10.56+0.01 8.35+0.01
Correlation length, £/ nm 102.5842.33 76.75+1.84
Roughness exponent, a 0.78+0.04 0.97+0.06

ZLABRREAN WoN WRJZ IR MRRE R, (iR m it
TR, KPR G R g LA B O A 2 2T
Jiang®™ & B, TiIN IRJZW 0. &M a fH30E 42.3 |
82.5 A1 0.89 nm, 4 Si FEIEINE| 14% B, o, &
YW 1.1 M 61.3 nm, a 091, o, &rHIFEAR
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Fig.6 Friction coefficient of 304SS substrate, W2N coating, and WSIN coating against Al2O3 counterpart and GCrl5 counterpart
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Fig.8 Profiles and SEM images of the wear tracks on the W2N and the WSiN coatings after the tribo-tests against GCr15 counterpart and

AlO3 counterpart
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