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Abstract: The friction and wear properties of ZrO2 and Al: O3 cooperatively toughened mullite composites-mullite/

ZrO2/ AlbO3(MZA) were studied. The tribological tests were performed in a linereciprocating tribometer using a

GCrl5 steel ball on a MZA disk under different dry reciprocating sliding conditions at room temperature. A wide

range of normal loads and sliding speeds were chosen to investigate the relationship between the wear mechanisms of

MZA and the testing conditions. The wear mechanism diagram of MZA is constructed, it contains two typical re-

gions. It suggests that the wear mechanisms of MZA in each of the region change from one to another depending on

the wear conditions. In the mild wear region, the wear rate of MZA is 10° ® mm?*/m, and the wear mechanism of

MZA is plastic deformation accompanied by a little micro-cracking. In the severe wear region, the wear rate of MZA

is 100’ mm’/ m and the dominant wear mechanism in this region is brittle fracture.
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1 INTRODUCTION

Mullite-based composites have been regarded
as one of the most important structural ceramics
and widely used as heat-resistant and antrwear
U1 The effective
application of mullite-based composites as antr
wear components requires detail information on

materials in engineering fields

friction coefficient and wear rate under various con-
ditions so as to ensure their efficient and reliable

9711
performance'”""!

. Furthermore, the understanding
of the wear mechanisms of these materials is
needed to develop new materials with improved
performance. Unfortunately, the study on the tri-
bological characteristics of these materials is insuf-
ficient for their applications. Therefore, zirconia
and alumina cooperatively toughened mullite com-
posites (MZA) were prepared, and the friction and
wear behavior of the composites reciprocally slid-
ing against steels under a wide range of loads and
speeds was examined. In this paper, the friction
and wear test results of the MZA in a wearmap
form were dealt with, which can be used to guide

the engineering application of these composites.
2 EXPERIMENTAL

2.1 Materials and properties

The MZA composites were sintered at the
normal pressure state. The nominal composition of
MZA is 68% mullite, 12% ZrO: and 20% Al.0O;
(volume fraction). The main physical and mechan-
ical properties of the MZA are listed in Table 1.
The counterpart materials are GCrl5 steel balls
with diameter of 9. 53 mm, surface roughness R. of
0.03 Hm, hardness HRC of 62 =~ 63, Poison s ratio
Vof 0. 25 and elastic modulus E of 206 M Pa.

Table 1 Physical and mechanical
properties of MZA

(ﬁi\lfr)d/n;f;a (g° Zm”) (MP[?'C/m”z) e
8.5 3.8 5.5 382
v E/GPa R./Hm
0.2 206 0.03-0.05

2.2 Friction and wear test

The friction and wear behavior of the MZA
composites against GCrl5 steels was examined on
an OptimoFSRV tribometer. The size of the MZA
specimen is 19 mm X 19 mm X 3 mm. The tests

were performed at an ambient temperature of 25 C
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and a relative humidity of 30% ~ 50% .
3 RESULTS AND DISCUSSION

3.1 Tribological properties

Fig. 1 shows the friction coefficient vs load
curve for the MZA/GCrl5 couple. It can be seen
that the friction coefficient increases with increas-
ing load and it is in the range of 0. 48 ~0. 58. Fig. 2
shows the variations of the wear rate of MZA with
load and speed. The wear rates of MZA change
from 10"° mm’/m to 10> mm’/m depending on
speed and load. Two typical wear regions, i.e. a
mild wear region corresponding to a wear rate level
of 100° mm’/m and a severe wear region corre-
sponding to a wear rate level of 107> mm’/ m can be
identified in Fig. 3. Fig. 4 shows the wear rates of
the counterpart GCrl5 steel balls. It shows that
the wear rates of the GCrl15 steel balls also depend
on both the load and speed and are at a level of
100 * mm’/m in the whole tests.
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Fig. 1 Curve of friction coefficient vs load
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Fig.2 Wear rate of MZA vs load and speed

3.2 Surface analysis

Fig. 5 shows the SEM image of the worn sur-
face of MZA in the mild wear region in which the
wear rate is in the level of 10" ° mm®/m. It is found
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Fig.3 Wear map of MZA
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Fig. 4 Wear rate of GCr15 vs load and speed

that the worn surface in this region is relatively flat
and characterized by slight ploughing, which indi-
cates that MZA suffers mild plastic deformation
under a small load. In the reciprocal friction
process, plastic deformation was gradually devel-
oped to an extent and then caused the distortion of
the crystal lattice on MZA surface. When the ma-
terial could not be further deformed to absorb en-
ergy, it would experience the destruction of the
crystal lattices and result in wear-away of the sur-
face material. Subsequently, brittle fracture could
be caused at some locations on MZA surface owing
to the stress concentration.

Fig. 6 shows the SEM images of the worn sur-
face of MZA in the severe wear region where the
wear rate is at the level of 107> mm®/ m(load 50 N,
speed 0. 1 m/s). It can be seen that the worn sur
face in this region is relatively rough and character
ized by brittle fracture with many micro-cracks and
pits( Fig. 6(b)). Therefore, it is supposed that
MZA is dominated by micro-crack and brittle frac
ture in the severe wear region.

In the whole testing range, the worn surface
of the counterpart GCrl5 steel balls shows the
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SEM image in mild wear region

Fig. 6 SEM images in severe wear region

same features and are dominated by micro-cutting
and plastic deformation.

3.3 Effect of normal load on wear behavior of
MZA

According to the theory of elastic mechanics,

the tensile stress( @) between the frictional pair in

a ballFon-disc contact configuration can be ex-

pressed as
L
_ 2P| 3PR| 1=V 1- M|
= oml 4 El R (D
where P is normal load; R is radius of the ball;

M and ¥ are the Poisson s ratios of the ball and the
disc respectively; Ei and E» are the elastic moduli
of the ball and the disc.

The maximum tensile stress ( Gux) in the con-
tacting area can be calculated as

Onax = 8 (2)

In the presence of sliding in the side direction,
the G in the contacting area will be changed be-

cause of the existence of friction''”,

. 4 1—32\4+ T4+ mfl (3)

where f is friction coeffICIent.
So the Gux on the MZA surface can be ob-
tained by introducing Eqn. (1) into Eqn. (3),

_ap|apr|[ 1= 1- \%“‘”3.
o= ol 4 R T
1- 29 nr4+v*

2, f| (4

The values of G on the MZA surface at a
fixed sliding speed of 0. 1 m/s and loads of 2760 N
are calculated and listed in Table 2. It shows that
at a light load of 2 N, the G is 383. 6 MPa. The
fracture of the MZA can not to be initiated at such
a small On., therefore the MZA is dominated by
plastic deformation, the worn surface is relatively
flat (Fig.5),
mm®/ m. When the normal load reaches a certain
value (50 N),
1327.4 M Pa.
MZA surface, the material is worn away owing to
brittle fracture ( Fig. 6),
wear rate in this region is as large as 10" mm®/ m.

and the wear rate is as small as 10” ¢

the Ou. increases to as large as
Micro-cracking is initiated on the

and the corresponding

Table 2 Maximum tensile stress ( Gna)
on surface of MZA

Load/ N Onae/ MPa Load/ N Onax/ M Pa
2 383.6 30 1103.5
10 699.7 50 1327.4
20 936.5 60 1370.5

3.4 Effect of sliding speed on wear behavior of
MZA

When the speed increases, the friction-induced
heat is increased and so is the surface temperature,
which in turn leads to change in the surface struc
ture, hardness and the wear mode of MZA as well.
ZrO2 in MZA composite has three phases, i.e. m-
Zr02, t-7Zr0; and ¢ ZrO:.

tion among them can be expressed as

_1170 C
7102 R 710, - 7402 (5)

Under a certain critical speed at which the

The phase transforma-
[13]

friction-induced temperature is high enough, the
phase transformation from ZrOz to cZrO2 may be
initiated, which causes the volume decrease of the
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1451 and re

sults in the tensile stress among the grains. There-

Zr0: grains by 9% ( volume fraction)

fore, the surface fracture inclination on the worn
surface of MZA will be greatly improved and the
wear rate of MZA increases. For example, at a
fixed load of 10N, the wear rate of MZA is at 10™°
mm’/m level as the speed is 0. 05 m/s, but it in-
creases to the level of 107 mm’/ m when the speed
rises to 0. 1 m/s.

4 CONCLUSIONS

The friction and wear behavior of MZA com-
posites sliding against GCrl5 steels in a ballon-
disc contact under dry reciprocal sliding mode was
studied as a function of normal load and sliding
speed. The wear modes of MZA can be summa-
rized with a wearmap (Fig.3). In region , MZA
experiences mild wear and the corresponding wear
rate is in the range of 10°° mm’/m, the wear
mechanism is plastic deformation with slight micro-
cracking. In region [, MZA experiences relatively
severe wear with the wear rate as high as 1077
mm’/m and the wear mechanism is dominated by
brittle fracture. In the whole tests, the counter-
part GCrl5 steels have a wear rate level of 107*
mm’/m and the wear mechanism is characterized
by micro-cutting and plastic deformation.
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