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A Study on friction and wear mecahnism

of ceramics in water

Hee Deuk Chot

Department of Mechanical Design
Graduate School of Industry

Pukvong National University

Abstract

Friction characteristics and wear mechanism of ceramic materials in
water has been studied by using ball-on-disk type wear tester for four
pairs of ceramics: ball-AlQO; vs. disk-Al:O3 ball-ALO: vs. disk-5isNy,
ball-SixNs vs. disk-AlQOs; and ball-SizNs vs. disk-Si3Ng -

The results of the experiment with various normal loads and sliding

speeds are summarized as follows.

(1) The pair of the lowest friction coefficient was ball-SizsNa vs. disk-SisNs

and the one of the highest was ball-AlOx vs. disk-AlLOs

(?) Friction coefficient of ALQy and SisNs ceramics are quite dependent on



(3

(4

&

et

the normal load as well as sliding speed. There was critical sliding
distance. transition point from severe wear to mild wear, between 150m

and 250m.

Friction coefficient of sell-mated SizNs ceramics was lower than that of

AlQO; in water.

Wear mechanism in this studv can be classified into three:

=)

(T Mild wear type under the normal load of 2N, sliding speed of 0.1m/s

below. and friction coefficient of 0.03 below.

Abrasive wear type indicating high friction coefficient due to
increased contact area with increasing speed and high normal load
for SizNs ceramic specimens.

- Adhesive wear tvpe for Al:Os ceramic specimens.
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relations between friction -measuring the surface
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Table 1 Specifications of the wear tester

Rotational speeg, N [rpm] 35 ~ 1800
‘ Meé:s]a;;speed‘ v [m/s] 0.1 ~ 17 77777
ﬁﬁl;krr;al load, W IN] 2, 5,“10,' 720
.——-.._F-:I—(J-\)\mrm._rate, Q, [ml/min] 450

Fig. 7 (el wt= Alg7]e] d3 2HE, Fig. 7 (e AdA Za5o np
el Z2ARE xAlsgn 7 2EEe Ho rfaz Aol HxHo A
S rlaa gy Zo] H¥gor HELy FxE o Juh

TA3F2 A (pivot)ol AR Fo] 2= EA vitorque barie] ¥ FH Fo
2 AHS 3AATIR 2 e gyl F(weight)®] FAC st B A
Hol Hzzl AlHe| JEHFo g 7R EE o] . 2¥Eo] A
23 vl=ze d&9W Atoloje mpEg el ¥ AEtn viEHEE A uhe) 3

S TEse 2= Alload cellell odtod AR TR WAL o] dzw 4l

|

A slel o zoa/oAd WAE AAAN Had FRH ASHoR A

o

Feth B AgAME rhEve B8 332 Bar v W FE 29

B2 o] 88 600mle] = £7]1E A A skgot.
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Speed change gear box

Vertical feed handle

N

Vertical spindle

Cross feed handle

Colum
[

Disk specimen

—

Base

Right and left feed handle

(a) Cutline of experimental apparatus

Hotating shal
Rotating direction

waler gut

Signat i
Conditioper —w . A0 ¢ pcl water in
Indic ater Teanster ‘
Disk s ecimen_“’“
Torque bar Pivat i ) A
. | \ Ball specimen’ 55
fl- )
iw b
o=
I Load cell
—  weight
Base

(b} Detail of A

Fig. 7 Schematic of ball-on-disk type wear tester
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Table 2 Physical and mechanical properties of specimens

Properties of specimens
Material i
SisNa Al2QO3
Prodution ) .
0rocess Pressureless  sintering
' \
Elastic modulus [GPa]l 270 400
Density [gfom] ‘ 32 37
‘W'Thermal expansion
| coefficient [x10°/K] 38 7o
Thermal conductivity
282 29.2
| [W/m-K] .
Kic [MPa cm] 4 35 1.92
Hv [GPa] 13.4 147
' Specifib heat
710 1040
[Jkg-K]
Roughness
0.05 0.05
: Rma}_x [,um]

3.3 Nﬁét‘l}ﬂé‘ 1 Nz‘é}_ﬂ

t)~=2/% AgH A ALOYALO;  AbOs/SiaNs,  SiaNg/ALO:,

SiNa/SENg @ 47h7) =3g A83tds 43 dd AFEHE opAELR 208
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Table 3 Qualities of natural water used for the test

Temperature |  Specific Oxygen Chrome Silicon
. ) P H
rel Gravity Imé£/£] [PPM] [PPM]
20 1.0231 5 7.2 10—~20 5~35
Table 4 Combination of test conditions
Material . Sliding speed Normal load
Ball Disk [m/s] (NI
AlzO3 AlO3
0.1
AlLCs SiaNg 0.25
SialNz AlOs 0.5 10
, ‘ ’ 1 ! 20
SiaNs SisNas i
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Fig. 18  Optical micrographs of worn surface on disk specimens
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norma) Joad =2N, sliding speed=0.1m/s sliding distance=1000m
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Fig. 19 Optical micrographs of worn surface on disk specimens
and ball specimens in water:
normal load =10N, sliding speed=0.25m/s ,sliding distance=1000m
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Fig. 20 Optical micrographs of worn surface on disk specimens
and ball specimens in water.
normal load =20N, sliding speed={(.om/s sliding distance=1000m
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Fig. 21 Surface roughness of worn surface on disk specimens: sliding
distance = 1000m
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