Journal of the KSTLE Vol. 16, No. 4, August 2000, pp. 282~288

The Korean Society of Tribologists & Lubrication Engineers

DEsIN MaHia

Uk - HPE -

BEuge 7IAFgH Ekd

o Eajo|EEX|Y =y

YA

| ARoekw S AR

Tribological Characteristics of Silicon Nitride

on Elevated

Dae-Jung Kim, Young-Hun

Temperature

Chae and Seock-Sam Kim*

Graduate School, Department of Mechanical Engineering,
Kyungpook National University, Taegu, Korea
*Department of Mechanical Engineering, Kyungpook National University, Taegu, Korea

Abstract —A sliding friction and wear test for silicon nitride (Si;N,) was conducted using a ball-on-disk
specimen configuration. The material used in this study was HIPed silicon nitride. The tests were carried out
from room temperature to 1000°C using self-mated silicon nitride couples in laboratory air. The worn sur-
faces were observed by SEM and the debris particles from the worn surfaces were analyzed for oxidation by
XPS. The normal load was found to have a more significant influence on the friction coefficient of the sili-
con nitride than an elevated temperature. The specific wear rate was found to decrease along with the slid-
ing distance. The specific wear rate at 29.4N and 1000°C was 292 times larger than that at room

temperature. The main wear mechanism from room

temperature to 750°C was caused by brittle fracture

whereas from 750°C to 1000°C the wear mechanism was mainly influenced by the oxidation of silicon
nitride due to the increased temperature. The oxidation of silicon nitride at a high temperature was a signifi-

cant factor in the wear increase.

Key words —wear, friction, silicon nitride, elevated temperature, protective oxide layer, tribochemical

reaction.
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Table 1. Composition of specimen and conditions for
sintering and HIP

Si;N4(86) + ALO3(2.8) + AIN(4.7)

Composition(wt%) +Y,05(6.5)
o N,
Sintering
1 hr, 1800°C
HIP Ar+N,, 1800°C
1 hr, 147 MPa

Table 2. Mechanical and thermal properties of spe-
cimen

Density (g/cm’) 32
Hardness (GPa) 20.8
Young's modulus (GPa) 360
Poisson's ratio 0.17
Fracture toughness, KIC (MPa - m"?) 4.66
Coefficient of thermal expansion (rm 10%°C)  4.0~5.0
Surface roughness (WMR,,.,) 0.1
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Table 3. Ball-on-disk test condition
Sliding speed (mm/sec) 100

Normal load(N) 294, 58.9, 88.3
Sliding distance(m) 500, 1000, 1500
Temperature(°C) 26.5, 250, 500, 750, 1000
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Fig. 1. Variation of friction coefficient vs. sliding di-
stance.
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(c) 1000°C, 58.9N

Fig. 5. SEM photograph of worn surfaces at various
temperatures.
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(d) 1000°C
Fig. 6. SEM photograph of debris particles from worn
surfaces at various temperatures.
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