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Abstract: High-speed friction and wear behaviors of bulk Ti3SiC» sliding drily against low carbon steel were inves-

tigated. Tests were carried out using a block-orrdisk type tester with normal pressures ranging from 0.1 to 0. 8 MPa

and several sliding speeds from 20 to 60 m/s. The results show that, in the case of sliding speeds of 20 40 m/s, the

friction coefficient exhibits a decreasing tendency with increasing the normal pressure after an increment in the smal-

ler pressure range, and the worn quantity of Ti3SiC> exhibits a nearly linear increase with increasing the normal

pressure. However, when the sliding speed is up to 60 m/s, the friction coefficient exhibits a monotonous increase

and the worn quantity exhibits a quadric increase with increasing the normal pressure. These speed-dependent and

pressure-dependent behaviors are attributed to the antifriction effects of a frictionally generated oxide film covering

the friction surface of Ti3SiC2, and a balance between the generating rate and the removing ( wearing) rate of the

film.
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1 INTRODUCTION

The ternary carbide Ti3SiCs exhibits a combi
nation of properties, which has been characterized

™1 such as the unusual

in the last several years
damage tolerance and thermal shock resistance in
ceramics, good oxidation resistance, high elastic
modulus and low Vickers hardness, and excellent
electrical and thermal conductivities. Such unusual
combination suggests that Ti:SiC2 may be a good
material for some tribological applications. We
have investigated the friction coefficient and wear
behaviors of the bulk Ti3SiCz in limited test condr
U9 The result showed that the friction co-
efficient and the wear rate of a nearly pure Ti3SiC

bulk material are 0. 25 = 0. 35 and (1.5~ 3.0) %

100 °mm’/ (N * m), respectively, when sliding

tions

dryly against low carbon steel. However, it is re-
marked that these results are considerably different
from the results measured by EFRaghy et al' ' ',
The friction coefficient is only 1/3 = 2/5 of the re-
sult (0. 83) measured by EFRaghy et al, and par-
ticularly the wear rate is less by three orders of
magnitude than the result measured by them. This
remarkable difference may limit the appreciation
for availability of Ti3SiCz as tribological material
because the material that has a friction coefficient
of 0. 83 and a wear rate with order of x 10" *mm?*/

(N * m), as reported by EFRaghy et al'”, may
not be used as tribological material. However, the
friction coefficient of 0.25 ~0. 35 and the wear rate
of (1.573.0) x 10 *mm*/(N * m) may be very
good in tribological performance.

T his paper exhibits more details of the friction
coefficient and wear rate of Ti3SiC. bulk material,
and discusses the probable mechanism that causes
the low friction coefficient and wear rate.

2 EXPERIMENTAL

The Ti3SiC2 samples used in this investigation
were prepared by hot-pressing process which is

11 The composition

discussed in detail elsewhere
of the resultant products was analyzed by X-ray
diffractometry ( XRD) with Cu Ka radiation. The
content of Ti3SiC2 was estimated to be greater than
or equal to 98% ( volume fraction). The density
measured by the Archimedes method was 4.31
g/ em’.

Ti3SiC2 sample was machined into several
blocks of 10 mm X 10 mm X 12 mm. A low carbon
steel disc with diameter of 300 mm and thickness of
10 mm was used as the friction counterpart. Tests
were carried out using a block-on-disk type tester
with load-controlling mode, which was shown in
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the previous paper' . Tests were conducted unlu-
bricatedly under ambient temperature of (20 £2)
‘C and relative humidity of 25%~28%. T he exper-
imental parameters were determined as normal
pressures from 0. 1 to 0. 8 MPa, and several sliding
speed ranging from 20 to 60 m/s. Each test process
continuously underwent the same sliding distance
of 24 000 m. Tests were repeated three times for
each given test condition. Whenever the normal
pressure was changed, a pre-abrasion was made for
reducing the influence of load history on friction
surface. The friction coefficient was automatically
measured and recorded in real-time by a computer.
At the end of each test, the mass loss of Ti3SiCo
block was measured using an electronic balance
with £10™ *g accuracy. After wear tests, the worn
surface of the Ti3SiC2 block was analyzed with a
scanning electron microscope ( SEM, Hitachi, S

3500N).
3 RESULTS AND DISCUSSION

Fig. 1 shows the change of friction coefficient
as a function of normal pressure at different sliding
speeds. Obviously, the friction coefficient is pres-
sure-dependent and speed-dependent. For sliding
speeds of 20 = 40 m/s, the friction coefficient ex-
hibits a decreasing tendency with increase in nor-
mal pressure after an increase in the smaller pres-
sure range. It decreases from about 0. 35 to 0. 27
with the normal pressure increasing from 0.2 M Pa
to 0. 8 MPa at the sliding speed of 20 m/s. For
sliding speeds of 30 m/s and 40 m/s, it decreases
from about 0. 24 to 0. 18 and about 0. 21 to 0. 17
with the pressure increasing from 0.3 MPa to 0. 8
MPa and 0.4 MPa to 0. 8 MPa, respectively. How-
ever, when the sliding speed is up to 60 m/s, in-
stead of exhibiting a descending tendency, the fric-
tion coefficient increases monotonously from 0. 12
to 0. 22 with increase in the pressure from 0. 1 MPa
to 0. 7 MPa. The transition of friction coefficient
from increase to decrease could be related with the
friction power, which is determined by a product
of the sliding speed and the frictional force being
proportional directly to the normal pressure. T his
is reasonable that, because the state of friction sur-
face is always affected by the frictional heat, it has
a proportional relationship with the friction pow-
er',

The mass loss of Ti3SiCz2 blocks which under-
go the same sliding distance of 24 000 m under dif-
ferent sliding speeds is shown in Fig. 2 as a func
tion of normal pressure. Irrespective of the sliding
speed, the mass loss increases with the normal
pressure increasing. For sliding speeds of 20 m/s
to 40 m/s, it exhibits a nearly linear relationship
with the normal pressure over the entire loading
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Fig. 1 Variation of friction coefficient with
normal pressure at different sliding speeds
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Fig.2 Mass loss of Ti3SiC2 block as

function of normal pressure for
different sliding speeds

range. While at the sliding speed of 60 m/s, the
mass loss follows a quadratic curve law when the
normal pressure is less than 0. 5 MPa, and it in-
creases abruptly as the normal pressure increases
from 0.5 MPato 0.7 MPa. That is, the mass loss
is increased with increase of the friction power for
any sliding speed, especially at the case of the slid-
ing speed of 60 m/s; and the pressure is greater
than 0.5 M Pa, the mass loss increases faster.
Figs. 3(a) and (b) show the typical SEM pho-
tographs exhibiting the worn surfaces of Ti3SiC:
blocks which undergo a sliding distance of
24 000 m under the sliding speed of 20 m/s and the
pressures of 0. 2 MPa and 0. 8 MPa, respectively.
It can be seen that both surfaces are covered by a
frictionally generated film, though the apparent
shapes are different. The film formed at the nor-
mal pressure of 0. 2 MPa is partially compact so
that its surface looks to be relatively rough; while
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in the case of 0. 8 MPa, the film is completely com-
pact and the surface looks to be quite smooth. It is
conceivable that the film becomes compacter with
increasing the pressure. The previous investiga
"9 has shown that the film is composed of a
soft and flowable mixture of oxides of titanium,

tion

silicon and ferric, which have considerable antifric-
tion effect. As the film becomes compact, the antr
friction effect is enhanced, so that the friction coef-
ficient decreases with increase of the pressure. The
similar phenomena are also observed in the cases of

the sliding speeds of 30 m/s and 40 m/s.
R |

Fig.3 SEM photographs exhibiting worn surfaces
of Ti3SiCz block at sliding speed of 20 m/ s
(a) —Normal pressure of 0.2 M Pa;
(b) —Normal pressure of 0. 8 MPa

Fig. 4 shows SEM photographs of the friction
surfaces of Ti3SiC2 blocks for the sliding speed of
60 m/ s and the pressures of 0. 2MPa and 0. 7 M Pa,
respectively. The friction surfaces are also covered
with a frictionally generated film. However, the
morphology of the film is quite contrary to that in
the case of the sliding speed of 20 m/s. The film
formed at the normal pressure of 0.2 MPa is thor-
oughly compact, while in the case of the pressure
of 0. 7 MPa there is only a partial surface being
covered with the oxide film, and the surface be-
comes considerably rough. It is conceivable that
with increasing the pressure, the film changes
from compact to uncompacted, and consequently
the antifriction effect decreases, so that the friction
coefficient increases.

Fig. 4 SEM photographs exhibiting worn surfaces
of Ti3SiCz2 block at sliding speed of 60 m/ s
(a) —Normal pressure of 0.2 M Pa;
(b) —Normal pressure of 0.7 MPa

Barsoum et al'® have shown that Ti;SiC. can
be oxidized at high temperature in air, forming a
dense, adhesive and layered scale consisting of
Si02 and Ti02 on the surface of Ti3SiC2 and the
thickness of oxidation layers increases with the
temperature rising. It is conceivable that, in the
present cases, when the pressure is large and/or
the sliding speed is high, the frictional heat will be
enough to cause oxidizing behavior to occur on the
friction surface of Ti3SiC2, and generate the same
oxides as that formed in air. However, the normal
pressure and the sliding speed may have two differ-
ent and reversal effects. On one hand, with the in-
crease of the normal pressure and/or the sliding
speed, the frictional heat increases, and it acceler
ates the generation of the oxide film. On the other
hand, the increase of the normal pressure and/or
the sliding speed leads to the increase of the worn
quantity, as shown in Fig. 2, that is, the con-
sumption of the oxide film formed is accelerated
(the oxide film is removed from the friction sur
face). When the generating rate of the oxide film is
larger than or equal to the consumption rate, the
oxide film will become compacter, hence the fric-
tion coefficient reduces. Reversely, the oxide film
will be uncompacted or even disappear, and conse-
quently the friction coefficient increases. There
could be a balance point for the existence of the ox-
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ide film, where the generation rate and the con- ~ 208.

sumption rate of the oxide film keep a dynamic bal- [2] Barsoum M W, EFRaghy T. Synthesis and character-
ization of a remarkable ceramic: Ti3SiC2[J]. J Amer

ance. In that case, the compactness or the thick-
ness of the oxide film will hold a constant, and cor-
respondingly the friction coefficient and the wear
rate will not change. It is conceivable that, in the
sliding speeds ranging from 20 m/s to 40 m/s, the
generation rate of the oxide film is faster than the
consumption rate, with increasing the pressure, so
that the friction coefficient exhibits a decreasing
tendency. When the sliding speed is up to 60 m/s,
the worn quantity exhibits an abrupt increment
when the pressure is larger than 0. 5 MPa, as
shown in Fig. 2, which means that the consump-
tion rate is larger than the generation rate. In such
case, as shown in Fig. 4(b), the compactness of
the oxide film descends significantly, and corre-
spondingly the friction coefficient increases.

4 CONCLUSIONS

The tribological behaviors of bulk TisSiC:
sliding dryly against low carbon steel were investi-
gated by varying normal pressures and sliding
speeds. In terms of the present work, the follow-
ing conclusions can be drawn.

1) In the sliding speed range of 20 = 40 m/s,
the friction coefficient exhibits a decreasing tenden-
cy with increasing the normal pressure, and the
worn quantity of Ti3SiCa exhibits a nearly linear
relationship with the normal pressure. The decrea-
sing behavior in friction coefficient is attributed to
the antifriction effect of a frictionally generated ox-
ide film covering the friction surface of Ti3SiCa.

2) In the case of the sliding speed of 60 m/s,
the film becomes uncompacted with increasing the
normal pressure. Correspondingly, the friction co-
efficient increases monotonously, and the worn
quantity of Ti3SiCs exhibits an abruptly increasing
tendency when the normal pressure is larger than

0.5 MPa.
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