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Filler accumulation at the sliding interface should result in a
wear rate that decreases with increasing sliding distance. The wear
volume of this particular nanocomposite is a linear function of
the product of normal load and sliding distance, which suggests
that filler accumulation at the interface is not the wear-reduction
mechanism. The linear trend of this material suggests that the
surface composition is near steady state at the onset of sliding.

Varying Filler Size and Surface Finish at Constant
Filler Loading

The average friction coefficient data with error bars calculated
as discussed previously are plotted versus counterface R, in Fig. 6
and are given in Table 2. No conclusive trends in the friction co-
efficients of the 44-, 80-, and 500-nm composites were observed.
Unlike the previous study, steady-state wear rates were calculated

mm3/(Nm)
a)  K=661x10° pu=0.173
b)  K=294x10* p=0.145
o  K=835x107 u=0.158
d)  K=875x10° p=0.141
€)  K=474x10" p=0.174
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from interrupted mass measurements because the 80-nm compos-
ites exhibited a transient region of substantially higher wear rate.
This method of calculating wear rate and uncertainty is described
in detail by Schmitz, et al. (12).

The results of these wear tests are plotted in Fig. 7 versus the
counterface R,.In all cases, wear rate was the lowest on the lapped
counterface. This is encouraging because lapping is a common and
inexpensive finishing technique. The wear of unfilled PTFE is rel-
atively insensitive to counterface roughness, shown by the scatter
to vary in the repeat experiments. The most prominent feature in
this graph is the 100x reduction in wear rate for the 80-nm com-
posite over the other composites. This may be the result of filler
accumulation at the sliding interface by preferential removal of
PTFE because this was also the only composite to have transient
wear characteristics (Blanchet (13)). However, wear rate for this
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Fig. 8—Scanning white-light interferometry of representative transfer films: (a) 5 wt% 44-nm composite on the lapped counterface, (b) 5 wt% 44-nm
composite on the dry-sanded counterface, (c) 5 wt% 80-nm composite on the lapped counterface, (d) 5 wt% 80-nm composite on the wet-sanded
counterface, (e) 5 wt% 500-nm composite on the lapped counterface, (f) 5 wt% 500-nm composite on the dry-sanded counterface.
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Fig. 9—Wear rate and coefficient of friction plotted versus transfer film
thickness. There is a correlation between wear and transfer film
thickness. The friction coefficient shows no correlation.

composite increased by an order of magnitude on the wet-sanded
counterface. The 44- and 500-nm composites had increased wear
rates on the dry-sanded counterface.

Transfer Film Examination

Various surface parameters have been shown to significantly
affect tribological interactions (Franklin and de Kraker (8);
Wieleba (9); Bahadur and Tabor (10)). Surfaces with negatively
skewed histograms generally have good tribological properties.
These surfaces are thought to perform well because the asper-
ity peaks are broad and less abrasive while the valleys are deep
and sharp, providing sites for transfer film engagement. Perhaps
the most important result is that the composites did not show as
strong a sensitivity to the counterface roughness as was postu-
lated. In fact, these nanocomposites can be used quite effectively
on engineering surfaces and their ability to provide reduced wear
rates is not limited to operation on the traditionally highly finished
surfaces used in most laboratory testing.

One constant in filled PTFE composites research is that low
wear rates are accompanied by small wear debris. The nature of the
transfer films, specifically the thickness and coverage, was quanti-
tatively analyzed by using a scanning white-light interferometer.
The worst- and best-performing transfer films for each composite
are shown in Fig. 8. It is evident from these scans that there is a
direct relationship between the thickness of the transfer film and
the wear rate. Additionally, the thin transfer films appear more
uniformly distributed across the counterface, whereas the thicker
films are more banded in the direction of sliding for a given com-
posite. Figure 9 shows wear rate and friction coefficient plotted
versus maximum transfer film thickness. The wear rate data fol-
low a power-law curve fit. The friction coefficient appears to be
independent of transfer film thickness and morphology.

CONCLUSIONS

1. The addition of alumina particles into a PTFE matrix resulted
in smaller wear debris, thinner transfer films, and lower wear
rates.

2. The wear rates of the 44-nm composites, albeit a strong func-
tion of filler concentration, were a weaker function of surface
roughness and correlated well with transfer film thickness.

3. The friction coefficient of the PTFE composites ranged from
u ~0.12 to 0.19 and tended to increase with increasing filler
concentration and decreasing surface roughness but was not
influenced by the thickness of the transfer film.

4. Minimum wear rates were observed for every composite on
the lapped surface, and no correlation was observed between
wear rate and R,/Dy.
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