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Rolling Wear Mechanism of Ceramics by SEM Observation
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Abstract— Scanning electron microscopic observations were carried out on the worn surface and the wear debris
of ceramic materials to investigate the wear mechanism of those in dry rolling contact.

It was found from the scanning electron microscopic observations that the wear in ceramic materials is related to
brittle fracture and has two types of wear mechanisms, small scale wear and large scale wear. Plate-like wear debris were
created from the initial surface cracks and defects. The small scale wear was related to real contact area and large scale
wear was related to Hertzian contact area.

A wear model was proposed on the basis of scanning electron microscopic observations.
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Fig. 1. Surface profiles of silicon nitride (SigNy) and titania (TiO,) in line contact wear process
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Fig. 2. As-received surfaces in ceramic specimens
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Fig. 3. Typical scanning electron micrographs of the worn surfaces
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(@) SigNy  Bum (b) SiC (H00um (©) TiO, ~_200um

(line contact, L=980N. N =1 x 109 (line contact, L= 960N, N=2x10% (line contact L = 1960N, N = 7 x 103)

(1) ALO, (200um | () Cermet Bum (f) Cermet _Tum |
(line contact, L=980N, N=2x 104 (line contact, I. = 1960N, N =1 x 109) (point contact, L=392N, N=5x10%)

Fig. 4. Tynical scanning electron micrographs of the wear debris
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Fig. 5. Wear process of silicon nitride in point contact under the load of 980N.
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Table 1. Rolling wear types of ceramics by SEM observation

Material Contact Load Specific wear rate Roughness Wear
condition L, N Ws, mm¥m-N Rz, #m type
Line 980 2.5x%108 2.5 S
. 1960 5.8x108 4.2 S
SISN4 8 - -
Point 392 4.0x 10-8 4.5 S
980 4.7x108 53 S
Line 980 3.6x10-8 2.1 S
c ¢ 1960 7.9x10-8 3.5 S
erme
Point 392 3.1x10-7 3.3 S
980 5.9x10-7 5.8 S
Line 980 4.9%10-8 2.0 S
Sic 1960 2.1x10°5 22.8 L
i
Point 392 2.9x1086 8.5 L
980 4.0x10-6 9.9 L
Line 980 4.6x10-8 4.7 S
. 1960 3.1x10°% 18.4 L
Tio Point 392 4.1x10°6 72 L
980 1.3x10° 18.6 L
Line 980 2.2x10°5 25.0 L
Point 392 7.6x10°6 19.1 L
ALO, oin x
980 8.9x10-5 34.0 L
*S: small scale wear, plate-like wear debris
L: large scale wear, plate-like wear debris
V V v

(a-1) Initial crack

(b-1) Initial crack

\a-2) Crack propagation

e

(b-2) Crack propagation

777——\\_&—\‘/ 7T

(a-3) Worn surface

Fig. 6. Wear model of ceramics in the rolling friction
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