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Wear characteristics of boron nitride thin film for durability improvement of
ultra- precision component
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Abstract

Boron nitride (BN) is a highly attractive material for wear resistant applications of mechanical
components. BN is super hard and it is the second hardest of all known materials. It also has a high
thermal stability, high abrasive wear resistance, and in contrast to diamond, BN does not react with
ferrous materials. The motivation of this work is to investigate the tribological properties of BN for
potential applications in ultra-precision components for data storage, printing, and other precision devices.
In this work, the wear characteristics of BN thin films deposited on DLC or Ti buffer layer with silicon
substrate using RF-magnetron sputtering technique were analyzed. Wear tests were conducted by using a
pin-on-disk type tester and the wear tracks were measured with a surface profiler. Experimental results
showed that wear characteristics were dependent on the sputtering conditions and buffer layer. Particularly,
BN coated on DLC layer showed better wear resistant behavior. The range of the wear rates for the BN
films tested in this work was about 20 to 100;m’/cycle
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Fig. 1 Delamination of BN thin film

Table 1 Deposition conditions of BN thin film

N Temp. RF Bias Working
0.
(C) | Power(W) | (V) | Pressure(mTorr)
BN1| RT 250 0 5
BN2 | 100 250 100 5
BN3| 300 250 50 5
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22 Ag 2y

BNEf2S| Ot2 Sd= =AMdf 27[RsH Fig
2(a)t 0| g4 2™ op& Al 7|(Pin-on-disk-type
micro-tribotester)& At X & SIICH ESH =2
550 CHal M= Fig. 2(b)2F Z0| dead weightS
AtEst= OtE A”E7IE ARSI

1
o
b Ao 2 g
g £ UL E npEHE MME
bt MAM S99 Joad cell2 0.01
mNe| Ot& Folls2 7HX= &85 load cellS
SIAICH XBZSHOZE Labview ZZE]HE =
|

&
ofo t=& & & NF ot== ofch d

[m]
=g



Table 2 Test conditions of BN thin film

Type Pin-on-disk
Ball WC (Tungsten Carbide) Ball
(R: 0.75 mm)
Specimen BN
Load 0.5, 1, 5, 20 ¢f
Sliding Cycle 1200, 2400, 4800
Velocity 40 rpm
Lubrication No
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Fig. 3 Hardness of BN specimen with a) DLC
layer b) Ti layer

Table 3 Average hardness of BN thin film

No. Hardness with Hardness with DLC
Ti layer (GPa) layer (GPa)

BN1 7.84 8.44

BN2 13.84 13.51

BN3 6.54 8.28
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Fig. 4 Profile of BN1 specimen with a) DLC layer
b) Ti layer
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Table 4 Test condition of BN3 specimen
1 2 3 4

Cycle 1200 1200 2400 2400

Load(gf) 0.5 1 0.5 1
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Fig. 6 Profile of BN3 specimen with a) DLC layer
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Fig. 7 Optical microscope image of BN2 specimen
wear track with a) DLC layer b )Ti layer
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