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It was long supposed that the ability of hard particle fillers
to reduce the wear rate of unfilled PTFE (typically ~1073
mm3/Nm) by an order of magnitude or more was limited to
fillers of microscale or greater, as nano-fillers would likely be
encapsulated within the large microscale PTFE wear debris
rather than disrupting the wear mechanism. Recent studies have
demonstrated that nano-fillers can be more effective than mi-
croscale fillers in reducing wear rate while maintaining a low
coefficient of friction. This study attempts to further elucidate the
mechanisms leading to improved wear resistance via a thorough
study of the effects of particle size. When filled to a 5% mass frac-
tion, 40- and 80-nm alumina particles reduced the PTFE wear
rate to a ~10~7 mm3/Nm level, two orders of magnitude better
than the ~10~5 mm’/Nm level with alumina micro-fillers at sizes
ranging from 0.5 to 20 um. Composites with alumina filler in
the form of nanoparticles were less abrasive to the mating steel
(stainless 304) countersurfaces than those with microparticles,
despite the filler being of the same material. In PTFE contain-
ing a mixture of both nano- and micro-fillers, the higher wear
rate microcomposite behavior predominated, likely the result
of the continued presence of micro-fillers and their abrasion
of the countersurface as well as any overlying beneficial trans-
fer films. Despite demonstrating such a large effect on the wear
rate, the variation of alumina filler size did not demonstrate any
significant effect on the friction coefficient, with values for all
composites tested additionally falling near the = 0.18 mea-
sured for unfilled PTFE at this study’s 0.01 m/s sliding speed.
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INTRODUCTION

Polytetrafluoroethylene (PTFE) polymer is well known for the
low friction it can provide in dry sliding. The hypothesis for the
low friction coefficient is the presence of a thin, highly oriented
transfer film as well as orientation in the wearing body. Unfortu-
nately, if not reinforced, PTFE can additionally form very large
lump- or plate-like wear debris (Makinson and Tabor (1); Bahadur
and Tabor (2)), via a delamination process with thicknesses on the
order of 10 um and dimensions in the plane of the plate of sev-
eral hundreds of micrometers (Blanchet and Kennedy (3)). The
resulting wear rates for unfilled PTFE are severe, approaching
1073 mm?*/Nm. A broad variety of hard particulate fillers have
been shown capable of reducing the wear rate of PTFE greatly, in
some cases by three orders of magnitude down to 10~® mm?3/Nm
or lower (Lancaster (4)), and thus PTFE composites have become
commonly employed in many dry sliding bearing surfaces.

In an investigation by Tanaka and Kawakami (5) of various
filler particles including chopped glass fiber, bronze, ZrO,, and
TiO,, among others, the TiO; filler was found to be least effective
atreducing PTFE wear. In that study the particle size was not held
constant from one filler type to another and the TiO, was also the
smallest filler at less than 0.3 wm, while the other fillers had larger
particle sizes of several micrometers or more. It was thus hypothe-
sized that such smaller filler particles were transported within the
wearing PTFE in its process of transferring to the countersurface,
incapable of preventing large-scale reorganization of the PTFE
structure at its frictional surface and limiting this transfer wear
process, and would thus provide only a weaker wear-reducing ac-
tion. As such, it has been concluded that the effectiveness of fillers
in providing PTFE wear resistance depends on having a reason-
able particle size in the range of several micrometers up to 30 pum.

This conclusion, that filler particles of insufficient size would
lack effectiveness in providing PTFE with wear resistance, appears
to have been countered by the study of 50-nm ZnO filler particles
by Li, et al. (6), who reported that the wear experienced by un-
filled PTFE could in some cases be reduced nearly 100-fold by such
nanoparticles. However, in this study, larger ZnO particles were
not simultaneously tested, thus it cannot be assessed whether the
nano-fillers were as effective, or possibly even more effective, than
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Fig. 9—Secondary electron image of the worn surface of a PTFE compos-
ite with a mixture (5% each) of 40-nm and 20-xm alumina fillers,
displaying the incomplete and flaky surface layer characteristic
of the microcomposite wear mechanism as predominant.

microparticles (20 um). As shown in Fig. 8, these mixed-filler com-
posites were produced either with 5 wt% of each filler or with
2.5% of each so that the total filler content would be the same as
the control composites filled with either only nanoparticles or mi-
croparticles. In either case, the mixed-filler composites displayed
wear rates more near to the 1073 mm?3/Nm microcomposite value
than the 1077 mm?3/Nm wear rates of nanocomposites. As shown
in Fig. 9, the wear surface of these mixed-filler composites also
more nearly resembles that of the microcomposites in Fig. 6 than
the nanocomposites. Material flows into an incomplete surface
layer that appears to be flaky and breaking up into fine debris. So,
though the microparticles in these mixed-filler composites still in-
terfere with the wear mechanisms that create the large plate-like
debris and result in the rapid wear of unfilled PTFE, they supplant
the wear resistance otherwise offered by the nanoparticles by ap-
parently making available a wear pathway not otherwise available
in the nanocomposite.

In summary, while duplicating ~10~7 mm?/Nm levels of wear
rate for nanocomposites as reported by Burris and Sawyer (8)
using 80-nm alumina at 5%, it is additionally demonstrated that
such wear rates are greatly reduced from the intermediate ~10~3
mm?>/Nm level observed utilizing the same filler material but at
larger, conventional microscales. Both studies also indicated sim-
ilarly high levels of wear rate of unfilled PTFE at 0.6-0.7x1073
mm?3/Nm. Burris and Sawyer (8) were furthermore able to main-
tain the ~10~7 mm3/Nm level of composite wear rate while re-
ducing the mass fraction of 80-nm alumina from 5 to 1%. Our
continued studies will include investigating the relative ability of
nano-fillers to continue providing PTFE composites with reduced
wear rate even at reduced mass fraction loadings, compared to
that of micro-fillers, and the possible effects of different powder
blending techniques and their resultant filler particle dispersions.

CONCLUSIONS

1. Ascompared to unfilled PTFE’s high wear rate (approximately
0.7%10~3 mm?/Nm), the addition of 40- or 80-nm alumina par-

ticles at 5% mass fraction drastically reduced the wear rate to
~10~7 mm?/Nm. Composites utilizing more conventional mi-
croparticles at the same mass fraction of alumina filler with size
ranging from 0.5 to 20 um only reduced the PTFE wear rate
to ~10~> mm?3/Nm.

2. PTFE composites with alumina filler in the form of nanoparti-
cles were less abrasive to the mating steel (304 stainless) coun-
tersurfaces than those with microparticles, despite the filler be-
ing of the same material.

3. The results suggest that the nano-filled PTFE deposits a thin-
ner, well-adhered transfer film that is stable because the nano-
fillers do not abrade it. Composites with both nano- and mi-
croparticles at equal amounts behaved as a microcomposite
with a higher ~10~> mm?/Nm wear rate probably due to the
removal of the transfer film by the more abrasive microscale
filler particles.

4. The friction coefficient of these PTFE composites was
unaffected by alumina filler particle size and did not dif-
fer significantly from the 0.18 value measured for un-
filled PTFE at the 0.01 m/s sliding speed employed in this
study.
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