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Abstract—The tribological test with Pin-On-Disc configuration
measures friction and wear properties in dry or lubricated sliding
surfaces of a variety of materials and coatings. Polymeric matrix
composites loaded with mineral filler were used, 1%, 3%, 10%, 30%,
and 50% mass percentage of filler, to reduce the material cost by
using mineral tailings. Using a pin-on-disc tribometer to quantify
coefficient of friction and wear resistance of the specimens. The
parameters known to performing the test were 300 rpm rotation,
normal load of 16N and duration of 33.5 minutes. The composite
with 10% mineral filler performed better, considering that the wear
resistance was good when compared to the other compositions and an
average low coefficient of friction, in the order of p < 0.15.
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I. INTRODUCTION

HE polytetrafluoroethylene (PTFE) is a polymer with a

great versatility in the usual segments of industry. Offers
an excellent combination of chemical properties, electrical,
mechanical, and thermal and non-stick; has a low coefficient
of friction (0.01 < p < 0.1) and is chemically inert. No other
material adheres to its surface, in this way, chemical treatment
is necessary to perform bonding. With an excellent electrical
insulator, this does not suffer aging phenomena even in
contact with air and other products. For these reasons, it is
commonly used in tribological applications such as bearings,
seals, and tapes. However, it presents poor resistance to
sliding wear, which limits their use as solid lubricants.
Tanaka, Briscoe, Bahadur, e Lancaster are some of the
pioneers in the study of friction and wear behavior of PTFE
[1]-[5]. Great deal of research has focused on reducing the
high wear rate of PTFE by incorporation of various fillers. In
1982, Tanaka published an article on the non-effectiveness of
nanoparticles loads in reducing wear of the PTFE [4].
However, in recent years, much progress has been found with
the use of nanoparticles. In more recent works, such as carbon
fillers [6], alumina [7], and zinc oxide [8], the nanoparticles
have been used to improve the durability of PTFE. The test
using setting of pin-on-disk do the measures of friction and
properties of wear in slip of dry surfaces or lubricated a
variety of materials and coatings. It aimed to develop
polymeric composites with PTFE matrix using it tailings of
scheelite as filler, also enabling environmental remediation
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processes.

The tailings of scheelite proposed as filler for composite
chosen for this work fits in the development of environmental
polymeric structural materials and functionally suitable for
mechanical components with effective systemic tribological
responses. In Brazil, the last four decades, the northeastern has
been the largest producer of calcium tungstate, having
excelled mining of scheelite, as Brejui and Boddé mines in Rio
Grande do Norte, bequeathing in the sky open piles of tailings,
Fig. 1.

Fig. 1 Photo (by the author) panoramic Mine Brejui, Currais Novos-
RN and his pile of tailings in the sky open

A pin-on-disc tribometer operates on the following
principle: a plan, pin, or ball it is loaded in a test sample with a
precisely known weight load. The highly rigid elastic arm
ensures an almost fixed contact point, therefore, a stable
position on the friction track. Dynamic friction during the test
is determined by measuring the bending of the elastic arm by
direct measurement of the change in torque. The normal load,
rotational speed, and the diameter of the wear track all
parameters are normally controlled

II. EXPERIMENTAL

The tribometer with setting of pin-on-disk, it was used to
characterize the dynamic friction coefficient and wear
resistance of the composites used in this work, Fig. 2. An AISI
52100 steel ball with a diameter of 10 mm was used as pin.
The disc rotation speed used was 300 rpm and the wear track
radius was 10 mm. The pin is loaded against the sample load
of 16 N. The tests lasted 33.5 min. The dynamic coefficient of
friction and wear resistance were monitored through electronic
sensors, and this data is received, displayed and stored on your
computer using tribometer software.
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Fig. 2 Schematic of pin-on-disk

III. RESULTS AND DISCUSSION

According to the results of Fig. 3, which represents the
variation of the values of coefficient of friction (COF) during
the pin-on-disc tests for the evaluated composites, you can see
that, as expected, the composition with 1% mineral filler had
the lowest COF, due to a higher percentage of PTFE, with an
average to below 0,125. With the addition of mineral filler,
you can see the increase in COF already from 3%, with higher
values for compositions with 30% and 50% of filler. It is also
observed that the results for the composites of 3% and 10%
remained in the same friction coefficient range, marking a
possible transition in the behavior of these composites.

With lower values identified in the first quartile of each
composition register the effect of the PTFE with the wear by
delamination, supported by evidence from the SEM image in
Fig. 4, the composite with 10% filler, while in the fourth
quartile records the influence of the mineral filler with
abrasive wear by two and / or three bodies.
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Fig. 3 COF based on the percentage of mineral filler

For a better view of the effect of the mineral filler in the
composite due to the sliding distance, the graphs of Figs. 5 and
7 have been developed.

The composite with 50% filler has a growing behavior after
sliding 400m, probably due to the influence of the third body
(debris) promoting streaks on the wearing course, as can be
seen in Fig. 6 (a), unlike the composite with 1% filler, which
for the same sliding distance tends to decrease by occurrence
of delamination wear (active lubrication mechanism) shown in
Fig. 6 (b).

Considering that one of the objectives of these materials is
to keep the COF as low as the pure PTFE, the composition of
50% would not satisfy this requirement. This is because this
composite has an excessive amount of mineral filler, the load
operation being a strong influence on the results of COF.
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T

Fig. 4 SEM of the surface of the wear track of composite with 10% mineral filler exhibiting delamination and debris
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Fig. 5 Composites with 1 and 50% mineral filler
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The exhibition of a high COF for the composite with 30%
mineral filler in comparison with the composite 3 and 10%,
which does not satisfy the conditions of low coefficient of
friction can be identified, Fig. 7. During the sliding path up to
30%, it appears in the graph marked variation in the curve
with similar periods, which can be the stick-slip phenomenon.

The results for the wear resistance (sinking of the track) can
be seen in Fig. 8. It is noted that first of all studied the
compositions 30 and 50% mineral filler are those with the
lowest track sinking obtained, with the 1, 3 and 10% of the
greatest sinking found.

——————— S0um

Fig. 6 SEM of the surface (a) composite wear track 50% mineral filler exhibiting debris and streaks, (b) composite wear track 1% mineral filler
exhibiting delamination
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Fig. 7 Composites with 3, 10 and 30% mineral filler
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Fig. 8 Track sinking based on the percentage of mineral filler
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Fig. 9 Track sinking rate as a function of the sliding distance for

composites 1 and 50% mineral filler

In Fig. 9, it is shown that the sink rate curves for the
composites 1 and 50% filler. At the beginning of the test, it is
noticed that most sink rate occurred for the composition with
50% load due to the high contact pressure due to the amount
of mineral filler of this composition. While for the composite
with 1% filler, the sink rate is lower. However, after 300 m the

influence of the third sliding body ceases to operate in the
collapse decreasing contact for the composite of 50% and
increasing to 1%, which was expected due to the filler content.

In the sink rate curves of the composite 3, 10 and 30%
filler, shown in Fig. 10, is also observed immediately after the
settling time (7 - 13 m), the range of intersection between the
curves; it turns the inversion behavior in the sink rate.
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Fig. 10 Track sinking rate as a function of the sliding distance for
composites with 3, 10 and 30% mineral filler

When analyzing the costs of materials used in this research
for develop composites, it was found that 1 kg of pure PTFE
in powder form costs about US $ 20. The tailings of scheelite
to the present day is not marketed and to see how much it
would cost his kg was taken as the base price WO;3 1 ton of
concentrate, this amount being worth $§ 320,000 as the site
king Island scheelite [9]. In this way, we came to the
approximate value of US $ 0.0325, considering that exists in
the tailings scheelite a minimal amount of WO;3; (ppb ~ 0.1%).
Given these values was developed Fig. 11, the cost of each
percentage of composites, suggesting its value to a possible
sale, excluding the amounts involved in the processing, how to
choose the optimal particle size, the mixture of powders, hot
forming, among others.

21
20 -
el "
17
14 =

13 1
12
g ]

COST US$

1"% JL& 1 0‘% 30‘% 50‘%
PERCENTAGE OF MINERAL FILLER

Fig. 11 Material costs involved in the production of composites
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IV.CONCLUSION

It concludes that the composite with 10% mineral filler is
ideal for applications where you need low coefficient of
friction and a good resistance to slip because this composition
keeps the COF as low as the pure PTFE and a lower sink rate
that the 1% load and at 1% 400 pm/km and 10% 300 pm/km.
The composite of 50% mineral filler had the lowest sink rate,
which was expected due to the excessive amount of mineral,
however, for applications where you need low COF it is not
indicated. Although the composite of 3% and 10% show a
possible transition band, not very differentiating their
behavior, is indicated that the used composition with increased
amount of waste, 10%, will reduce the cost of the material.
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