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Characterization of Pelletized
MoS2 Powder Particle
Detachment Process
A recently postulated concept of friction between solids states that the process ex
elements of quasi-hydrodynamic lubrication in which the wear particles shed from on
both surfaces form an interface layer acting as a lubricant. Pellets were formed
compacting MoS2 powder. A series of pellet-on disk tests were conducted to intention
deposit wear particles on to a disk. The purpose of the tests are to aid in character
the particle detachment process of the pellet. This process consists of analyzin
transfer film, wear and frictional behavior of the pellet. This work also seeks to show
a MoS2 pellet can transfer a film capable of exhibiting tribological characteristics simi
to those of liquid lubricants. For example, some tests were correlated with a dimen
less grouping of variables known as the Sommerfeld Number, to suggest the prese
quasi-hydrodynamic behavior in powder films. The pellet parameters that were ana
were the particle size, compaction pressure and the effects of external loading d
testing. Some of the conclusions arrived at were that smaller compaction pressures
smaller friction coefficients and greater normal loads placed on pellets help to ensur
proper performance of the lubricating powder films. Data from the wear rate of the p
and friction coefficient, in addition to the appearance of the wear particles were stud
An interesting feature of the pellet friction is that the longer the rest period in between
runs, the greater the friction values are at the resumption of testing. The present wo
part of a continuing series to demonstrate that the process of so-called ‘‘dry’’ frictio
not confined to the morphology of the interacting surfaces but that it is also a functio
the shear and flow occurring at the interface.@DOI: 10.1115/1.1310158#
a

i

ir
o
o
i

b

h
r
e

c

,
cter-

, a
gral

o-
d
at-

ree-
the
oth
the
with
ces.
ch
r-
an
-
the

of
the
arent
ral
tes
dy,
at in
i-

y
of

o-
ze

o

e
2

1 Introduction

Over the last two decades, a number of investigations h
shown that simple notions of friction and wear, encountered in
‘‘dry’’ contact of materials, are both qualitatively and quantit
tively at odds with experimental evidence. These important en
neering phenomena had always been considered intrinsic to
materials employed, that is to be functions of the morpholog
nature of the interacting surfaces only. Thus much effort w
spent on investigating the effects of surface roughness, env
mental conditions, the formation of chemical layers, specimen
entation relative to motion and other surface-related factors. H
ever, in a fairly large number of works of which one may c
Heshmat, Pinkus, and Godet@1# and Heshmat@2#, a different ap-
proach has been taken to the subject. In what has usually
considered a process proscribed strictly by the nature of the
interacting surfaces, is actually a process more akin to a lubr
tion mechanism.

The essential postulate of this alternative approach is that t
are two operative elements in the process of tribological inte
tion, though of variable relative intensity in particular cas
These are the hydrodynamic and the morphological compone
defined as follows:

• Hydrodynamic Element—effects produced at the interfac
due to the presence of a lubricant sheared by the adja
surfaces
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• Morphological Element—effects due to the elastic, plastic
chemical, molecular, and other surface phenomena chara
istic of the mating materials

• Lubricant —any substance be it a gas, liquid, wear debris
powder, etc present in the clearance space that is not inte
with either of the mating surfaces.

Visualization experiments, Heshmat and Brewe@3,4# have pro-
vided insight into what is occurring at an interface during s
called ‘‘dry’’ friction. The rubbing materials—first and secon
bodies—are separated by a powder bed originating from the m
ing surfaces. Thus, a two-body contact rapidly becomes a th
body interaction with the intervening wear debris constituting
‘‘third-body’’ @5#. This process has been observed under b
steady and cycling conditions. The relative velocity between
two surfaces is accommodated across the intermediate layer
a sort of boundary layer formed adjacent to each of the surfa
Interface tribology is thus an interdisciplinary subject in whi
friction and wear are not simply functions of the two mating su
faces, but also involve a flow problem due the presence of
intermediate ‘‘lubricating’’ layer. In the case of so-called dry fric
tion, the lubricant consists of the wear debris accumulating at
interface.

In view of the above conceptual approach to the subject
friction and wear, the present work is aimed at characterizing
wear process whereby wear particles are detached from the p
surface~i.e., a pellet!, transferred to the interface, and are integ
in understanding frictional behavior. The minute triboparticula
shed in this wear process form a thin compact layer, a third-bo
between the surfaces and it is their shear and flow patterns th
turn determine the levels of friction and wear in this ‘‘quas
hydrodynamic’’ process@6#. The quasi-hydrodynamic theor
states that if the triboparticulates that form third-body are
proper size~1–10mm!, it has shear characteristics akin to hydr
dynamic fluid films. Consequently, it was of interest to analy
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