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Abstract Cubic boron nitride (c-BN) is a promising material for use in many potential applications because of its outstanding
physical properties such as high thermal stability, high abrasive wear resistance, and super hardness. Even though 316L
austenitic stainless steel (STS) has poor wear resistance causing it to be toxic in the body due to wear and material chips, 316L
STS has been used for implant biomaterials in orthopedics due to its good corrosion resistance and mechanical properties.
Therefore, in the present study, c-BN films with a B,C layer were applied to a 316L STS specimen in order to improve its
wear resistance. The deposition of the ¢-BN films was performed using an r.f. (13.56 MHz) magnetron sputtering system with
a B,C target. The coating layers were characterized using XPS and SEM, and the mechanical properties were investigated using
a nanoindenter. The friction coefficient of the c-BN coated 316L STS steel was obtained using a pin-on-disk according to the
ASTM G163-99. The thickness of the obtained c-BN and B4C were about 220 nm and 630 nm, respectively. The high resolution
XPS spectra analysis of Bls and N1s revealed that the ¢-BN film was mainly composed of sp’ BN bonds. The hardness and
elastic modulus of the ¢c-BN measured by the nanoindenter were 46.8 GPa and 345.7 GPa, respectively. The friction coefficient
of the c-BN coated 316L STS was decreased from 3.5 to 1.6. The wear property of the c-BN coated 316L STS was enhanced
by a factor of two.
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Fig. 1. Schematic diagram of RF sputtering system.
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Table 1. The conditions for the B4C and c-BN layer deposition processes.

Precoating Ar etching B4C c-BN

Working gas (sccm) Ar: 50 Ar: 50 Ar: 50 Ny: 50
Target Power (W) 300 300 300 400
Sub Bias (V) -300 -172
Sub Temperature (°C) 100 400 420 470
Pressure (Pa) 2.67 2.67 0.33 0.28
Time (min) 10 20 60 30
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Fig. 2. Model of B,C and c-BN deposition layer on 316L STS.
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Fig. 3. SEM cross sectional image of the B,C and ¢-BN film on
316L STS.
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Fig. 4. (a) XPS spectra of the BN film coated at a target power of 400
(b) B 1s and (¢) N 1s.

Table 2. The detailed XPS results for atomic percent and binding
energy of ¢-BN film.

Binding Energy

Element at. % (V)

Cls 17.23 284.6

Ols 7.61 531.89

Bls 37.64 190.86
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Fig. 5. Hardness and elastic modulus of 316L STS'®*”, B,C and
¢-BN measured using nanoindenter.
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Fig. 6. Friction coefficients of (a) 316L STS, (b) B4C and (c) c-
BN measured using pin-on-disc.
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