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Three sets of tests were conducted using a pin-on-disk tribometer to determine the tribological behavior of ceramics at high

sliding speeds in steam. In the first set, the speed was increased from 4000 rpm to 10,000 rpm in 1000 rpm increments. Constant

rotational speeds of 4000 rpm, 6000 rpm, 8000 rpm and 10,000 rpm were used in the second test series. In the third series of

tests, the rotational speed was slowly increased to 10,000 rpm and allowed to coast down to zero. While the coefficient of fric-

tion for silicon nitride/YTZP pair varied between 0.2 and 0.4 without a clear pattern as the speed was increased in the first two

test series, it decreased from about 0.6 to 0.2 when the speed was raised to 10,000 rpm in the third test series. This behavior is

attributed to the general phenomena of powder lubrication as the wear debris provides an interfacial layer leading to reduced

friction at high speeds. The coefficient of friction for silicon nitride/silicon carbide pair was substantially reduced to about 0.02

as the speed was raised. The low coefficient of friction, however, increased to a high level as the speed was further increased.

The drop in friction is explained based on analysis of elasto-hydrodynamic lubrication assuming that a water film containing

solid particles exists at the interface. Several possible mechanisms are suggested for the transition to a higher friction as the

speed is raised: thermal effects at high flash temperatures, low residence times (for water adsorption on surface), collapse of the

lubricant film and starvation effects.
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1. Introduction

Steam technology dating back to the 19th century
has been effective in both propulsion and power gener-
ating systems. They are relatively safe, reliable, and
robust, and water is readily available and ecologically
sound. As effective as these systems were in early
industrialization, they were characterized by low effi-
ciency and large size. New materials and designs may
permit the development of high performance machines
that break current molds and open up new applica-
tions, such as, terrestrial based portable power gener-
ating systems, or even energy harvesting systems which
take advantage of exhaust steam in fuel cell systems.

Consequently, as smaller machines are developed,
new materials introduced, and higher operating speeds
and temperatures are employed to achieve the desired
higher efficiencies, an in-depth understanding of tribo-
logical properties of these new materials will be
required. Besides friction characteristics, improved
understanding of wear life of these new tribo-material
systems is also needed. Under the expected high sliding
velocities and potentially high contact stresses, whether
for piston engines or steam turbines, wear life and an
understanding of the mechanisms present in the wear
process will be needed.

There has been a large body of work investigating
the tribological characteristics of ceramic/metal and

ceramic/ceramic pairs over the years with a variety of
lubricants, such as, solid bonded films and even dry
powders [1]. Within this body of research, there have
been a substantial number of investigations where
water is used as a lubricant. These previous studies
have provided a solid foundation upon which to build
and have identified important surface interactions and
mechanisms influencing the friction and wear life of
advanced tribo-material systems.

It is a well established that the tribological behavior
of material pairs is influenced and to some degree con-
trolled by the nature of surfaces and the films or layers
that may form at the interface between the two sliding
materials [2]. The types of interfacial films and the
properties of these films depend on the chemical nature
of the surfaces and the environment present at the
interface. Studies of Fisher et al. [3–5], Sugita et al. [6],
Kato et al. [7–9] and Jahanmir et al. [10–12] have
established the role of tribochemical reactions of sili-
con nitride and silicon carbide ceramics with water.
These studies revealed that, for silicon-based ceramics,
wear occurs in water (or in presence of environmental
water vapor) as a result of tribochemical reaction of
the material via the formation of SiO, and its subse-
quent dissolution in the form of SiO2�xH2O in water
or mechanical removal of the hydrated layer in air.

Fischer and Mullins [13] have shown that an amor-
phous SiO2 or hydrated SiO2, film is formed on the
wearing surfaces when covalently bonded ceramics
(e.g., Si3N4 and SiC) slide against each other. As a
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