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Friction and Wear Behavior of Ceramics under
Various Sliding Environments

Sun-Tae Jang and Young-Ze Lee*

Graduate School, Honglk University
*Department of Mechanical Engineering, Sung Kyun Kwan University

Abstract—The friction and wear behavior of ALO,, SiC, and Si;N, under the different sliding con-
ditions were investigated. The cylinder-on-disc wear tester was used for a wear test method. Using
the servo-motor, the sliding speed did not alternate due to the frictional forces. Three kinds of loads
were selected to watch the variation of the wear rates and the frictional forces under a constant speed.
Three kinds of sliding conditions were used to see the effects of the oxidation and the abrasion. The
dominant wear mechanisms of Al,O, were the abrasion and the formation of transfer layers. The a-
brasion has a great effect on the wear of SiC. The wear of Si;N, was due to the asperity-failure and
the oxidation. Also, the wear rate of each ceramic is shown to be related to the frictional power pro-

vided to the tribological system.
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Fig. 1. Friction and Wear Tester.
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Table 1. Material properties and surface roughness of ceramics

Material Density Elastic modulus  Hardness Toughness Thermal Expansion Roughness(pum)
(g/cm’) (10°kg/mm’)  (kg/mm®)  (MN/m?) (10°/°C) flat cylinder
AlLO, 3.94 38 1800 30 9.5 0.252 0.254
SiC 3.20 4.0 2800 25 42 0.130 0.238
Si:N, 3.24 3.0 1500 5.0 2.8 0.221 0.311
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Table 2. Wear rates (Ks, 10" g/N - m) and friction coefficients of ceramics at various environments (sliding speed :
0.2 m/s, step loading)

Ceramic Load 4 kg _ 8 kg _ 12 kg _
Couples . Wear Friction Wear Friction Wear Friction
Environment rate cocfficient” rate coefficient rate coefficient

Air* 0.71 2.181 0.35 1.054 7.08 0.937

Al O, Clean** 0.18 1.371 0.71 1.181 472 0.926

N*** 0.71 1.548 6.37 1.576 4.25 1.152

Air 11.33 0.904 7.08 1.296 7.79 1.359

SiC Clean 1.42 0.750 1.06 1.194 2.60 0.815

N, 8.50 1.603 6.37 1.006 8.50 1.183

Air 4.72 1.719 3.54 1.257 4.25 0.982

Si;N, Clean 425 1.577 2.83 1.027 3.07 0.886

N, 4.25 1.250 2.12 0.996 1.42 0.857

*under atmosphere, **cleaning wear particles, ***under N,
“averaged values during last 1 minute

12
0 180 (sec)
Load 2
kq] & Ny
0 ———
0 180 (sec)
4
L | | |
Air Clean N,
Environments
Fig. 2. Friction coefficients map of ceramic couples (—— ALQO,, ------ SiC, - - ---- Si;Ny).

Journal of the KSTLE



Aeke) Azel vlma B Bl B wha W shy A% 15

100 -
Wear g o— Air
rate —0~Clean
(107 g/NmJ ¢ | —A—N2
0.1 + } 4
0 4 8 12
Load [kg]
(a) Al,0, Couples
100 1
Wear 4, & : pye
rate —O— Clean
(10.7 @/Nm] l D\D/u e
0.1 + + 1
0 4 8 12
Load [kg}
(b) SiC Couples
100 -"
Wear 10 ¢+ ~O-— Air
rate w ~O—Clean
(107 g/Nm| 1 —A— N2
0.1 + + 3
0 4 8 12
Load [kg]

(c) Si;N, Couples

Fig. 3. Wear of ceramic couples for various loads.
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Table 3. Dominant wear mechanisms of ceramics due to step loading

\\ Load

4k,
Ceramics & 8ke 12ke
AlO, Mild abrasion Formation of transfer layer Failure of transfer layer
0.71%, 2.1817) (0.35, 1.054) (7.08, 0.937)
SiC Abrasion Abrasion Abrasion and asperity failure
(11.33, 0.904) (7.08 ,1.296) (7.79, 1.359)

Si;N, Asperity failure

(4.72, 1.719)

Asperity failure and oxidation
(3.54, 1.027)

Formation and loss of oxide
(4.25, 0.982)

"wear rate, " friction coefficient
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Table 4. Slopes of the wear rate and the wear weight
per time of ceramics based on the frictional power at
various environments

. Slopes Slope Slope
Ceramics (Wear weight
. (wear rate)
Environment per time)

Al O Air 9.936 12.421
Clean 4.100 5.587
N, 2.551 3.769
SiC Air -0.284 0.432
Clean 0.145 0.920
N, 0.098 1.351
Si;N, Air -0.297 1.693
Clean -0.628 1.486

N, -1.518 0
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