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Abstract: Since the wear problems play a crucial role in the relatively moving systems, in this paper, the effect of counter-face
roughness on the wear of extruded PTFE (polytetrafluoroethylene) which is a very common material for sliding bearing applications
has been investigated to contribute related literature. PTFE is well-known for its exceptional tribological properties, and good
toughness, and high thermal stability. It can also be used in dry sliding applications. PTFE is commonly used to reduce friction
between relatively moving surfaces. Its wear rate can be reduced by adding micro or nano-sized fillers such as Al,O3, TiO,, SiO,,
MoS,, Al, Pb, ZnO, Cu, ZrO,, Ni, CNF (carbon nano fiber), carbon fiber, glass fiber, bronze, and graphite powder into the PTFE. In
this study, an experimental research was carried out for filled and unfilled PTFE to compare their behaviors under different speeds
and loads. Test materials were unfilled PTFE, PTFE + wt. 5% Al,O3;, PTFE + wt. 15% AI203. Formation of transfer film was
examined in dry sliding condition against stainless steel counter faces. All tribological tests were carried out in a commercially
available tribo-tester sliding against AISI-416 C stainless steel. As a result of a series of systematic experiments, remarkable results
have been obtained to make a distinctive comparison between unfilled and filled PTFE. The variation of friction coefficient with
sliding distance during the tests has also been recorded. At the end of the tests, wear rate of related PTFE specimen was calculated
based on measured data. Wear rate is found very high for unfilled PTFE, however, the lowest wear rate is recorded for PTFE + wt.
15% Al O; as expected. The coefficient of friction remained approximately stable during the wear tests. Transfer films were
inspected by observing the discs’ surface with optical microscope.
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1. Introduction two or four orders of value by adding any micro or
nano sized fillers such as Al,O; [4], ZnO, MoS,, SiC,
Si0,, ZrO, , Al, TiO, , Cu, Pb, Ni, CNF (carbon nano
fiber), PEEK (polyetheretherketone), carbon fiber ,
glass fiber, bronze , and graphite powder into the PTFE

In some applications, applying a third matter
between relatively moving surfaces as lubricant cannot
be possible due to operational or functional reasons.

In such cases, a special material having favorable . )
) ) : . . [1]. The decrease in wear rate depends on various
tribological properties under dry running conditions . )
. . factors such as aspect ratio, type, size, shape, and
can be used. One of these materials is PTFE . i
crystal structure of the fillers, degree of dispersion of
(polytetrafluoroethylene). PTFE polymer has a good . ..
o ] L ) filler, and operating conditions [5, 6].
toughness, low friction, and high thermal stability. This . .
) ) o e Some researchers have carried out experimental
popular material can work in dry sliding applications i . . i
) ) ) work on different additives of PTFE composite material,
and generally used in contacting surfaces and bearing . o .
T ) o different surface roughness and sliding distance by
applications [1, 2]. Its low coefficient of friction is due . ) )
. changing the parameters. Sawyer et al. [4] investigated
to the high tendency of PTFE macromolecules to form .
) o ) that the wear rate of PTFE nanocomposites decreases
a transfer film [3]. Despite the low friction coefficient, L . .
with increasing Al,O; amount. The lowest wear rate is

for 20% wt. ALO3 polymer and it is about 1.2 x 107
mm’/N.m. However, it found that higher wear rate for

the wear characteristic of unfilled PTFE is very poor.
PTFE’s unfavorable wear rate can be reduced about

- -6 3 Iy
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al. [9] noticed that coefficient of friction generally
remains in the range of 0.1 to 0.3. When PTFE
composites are compared with unfilled PTFE, the
coefficient of friction decreases slightly in their
composites used in experiments. However, they found
that filler materials are of quite significant importance
on the wear of filled PTFE. Their experiments showed
that the best result about wear resistance obtained for
PTFE + bronze filler composite which have been
worked about 2,500 meter under 60 N load and speed
of 1.5 m/s showing no remarkable weight loss.

Filler material investigated in this paper is Al,O;
(Alumina). Tribological characteristics studied in this
work are coefficient of friction and wear. In an
investigation carried out by Mr. Dinghanxiang et al [10],
unfilled PTFE had the highest wear loss when compared
to PTFE + 15% alumina and PTFE + 20% alumina as
expected. Same materials have been investigated as
journal bearing by Parlar and Temiz [11].

There are many factors that affect polymer
material’s tribological properties. For polymer
composites the most critical factors are [8]:

Normal load: A polymer composite functions as a
solid lubricant if it is able to support the load, as well as
the tangential stresses due to sliding. At light loads,
typically low wear occurs, resulting from the local
plastic flow of the thin transfer film and surface layers.
However, at heavy loads severe wear occurs, caused by
brittle fracture or plastic deformation.

Contact area: The contact area determines the
magnitude of contact stresses. If the load cannot be
reduced in order to reduce corresponding stress, the
projected contact area should be increased.

Sliding speed: The high sliding speeds can generate
high temperatures due to frictional heat. This may
cause the polymer or the polymer composite fillers to
deteriorate. On the other hand, in some cases higher
temperature could be useful for Iubricating process.

Surface roughness: One of the most important
factors which affect tribological characteristic, is the

surface roughness of counter faces. It could be

generally accepted that, the counterpart with smoother
surface have the lower wear rate [9]. In order to explain
surface roughness, many roughness parameters are
available for characterization. Further, the most
common surface roughness parameter to characterize a
surface is Ra (average surface roughness) [9, 12]. The
coefficient of friction does not change more with
surface roughness (as given by Ra) in the P. L.
Menezes et al.’s work’s test range. However, it is
demonstrated that it depends on surface texture [12].

Temperature: At lower temperatures, the friction
and wear properties of most polymers are not as
exceptional as they are at or above the ambient
temperature [9].

In this work, the effect of surface roughness on the
friction and wear characteristics of unfilled and filled
PTFE has been investigated experimentally. The
variation of friction coefficient with sliding speed has
been determined for PTFE specimens sliding against
two different counter-faces having different surface
roughness values. The wear rate has been determined
based on results obtained from the frictional experiments.

2. Experimental Study
2.1 Materials

AISI 416 C stainless steel was used as a disc (counter
face) material having hardness of 52 HRC. The disc has
a thickness of 16 mm and a diameter of 60 mm. The
surface roughness of the disc was measured using
Perthometer S2 (Mahr Federal Inc., Providence, RI,
USA), which gives the average deviation of the mean
height of the entire surface within the sampling length.
The cut-off length and the traversing length were set at
0.8 mm and 10 mm, respectively. The mean surface
roughness (Ra) is the arithmetic mean of the absolute
values of the heights between the actual and mean
profiles. The calculation process for Ra value was
achieved automatically by the processor of the
Perthometer S2 regarding the surface profiles and was
given numerically in micron meters. For accuracy, the

mean surface roughness (Ra) values of each disc were
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measured in axial and circumferential direction as
shown in Fig. 1. The measurements were repeated five
times at a different location for both directions in order
to obtain the general surface characteristics of discs.
The result of measurements is shown in Tablel.

Polymer specimens are cylindrical pins with 10 mm
diameter and 12 mm length. Sliding surface of the pins
were formed in the same radius of the discs (R = 30
mm). Unfilled PTFE and PTFE with filled 5% wt and
15% wt, AL,O5 were used in this study.

2.2 Test Setup

A commercially available block-on-ring apparatus
was used to determine the friction and wear properties
of test specimens. The principle of experimental setup is
given schematically in Fig. 2. As shown in Fig. 2,
normal load acting on the stationary test specimen was
applied through the load holder by using dead-weights.
The friction force occurred between the test specimen
and the disc during sliding motion was measured by a
force transducer placed on the pin holder. The force

Roughness

measurement | |

area ﬁ
=

BE0

0

A

Fig. 1 Surface roughness measurement area of discs.

Table 1 Average of surfaces Ra.

Ra (um)
Disc 1 0.12
Disc 2 0.71
Disc 3 1.14
Disc 4 1.53
Disc 5 2.17
Disc 6 2.97

Teest Specimen

Diead Weights

Force
Transducer

Counterface

Fig. 2 The schematic view of experimental setup.

transducer has a load range of +200 N with a sensitivity
of +2 mV, which is equivalent to a maximum +0.1 N
error in the measurements. The counter-face (disc) was
driven by a D.C. Motor in 30-800 rpm (0.1-2.5 m/s)
variable speed range. The wear experiments were
carried out on the basis of loss of mass measured with a
scale having 0.0001 gr in accuracy.

2.3 Test Procedure

The experiments were carried out in 18-20 °C
environment and 40-50% relative humidity. Before
each test, both disc and pin specimen surfaces were
cleaned with carbon tetrachloride to eliminate the
detrimental effect of residual debris from earlier
experiments. During the tests, a control panel was used
to control the sliding speed (rpm) and the number of
revolutions is counted for specified sliding distance.
The friction tests were performed at ten different sliding
speeds between 0.2 and 2 m/s and three different normal
loads 50, 100 and 150 N. For wear tests, the constant
normal load and sliding speed were selected as 100 N
and 0.6 m/s, respectively. The sliding distance was set
at 200 m. During the wear tests, the coefficient of
friction with respect to sliding distance was also
recorded. After the wear tests, the disc surfaces were
investigated by optical microscope.

The specific wear rate (k) of the filled and unfilled
PTFE pins was calculated by Eq. (1):

_am.

CF-L
where, Am is the loss of mass (g), F is the normal load
(N), and L is the sliding distance (m).

()
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3. Results and Discussion

The variations of friction coefficient with respect to
sliding speed for unfilled, 5% Al,O; filled, and 15%
Al,Os5 filled PTFE sliding against six discs having
different surface roughness values are shown in Figs.
3-5, respectively. In general, it can be concluded that

friction coefficients increase with increasing sliding
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Fig. 3 Variation of coefficient friction with sliding speed for
unfilled PTFE.
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Fig. 4 Variation of coefficient friction with sliding speed
for filled with 5% wt Al,O; PTFE.

speed. As seen from Figs. 3-5, friction coefficients
increase as the average surface roughness decrease.
Measured friction coefficient values vary between 0.15
and 0.3 depending on surface roughness.

In Fig. 6, effect of normal load on friction coefficient
is given. Generally, variation in the magnitude of load
does not have significant effect on the coefficient of
friction.
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Fig. 5 Variation of coefficient friction with sliding speed

for filled with 15% wt Al,O; PTFE.

Variation of friction coefficient during sliding
distance for 100 N of normal load and 0.6 m/s of
sliding speed is presented in Fig. 7. In general, values
of friction coefficients of filled and unfilled PTFE
sliding against counter faces with lower surface
roughness remain nearly constant. In the case of higher

counter face roughness, slight fluctuations on the

PTFEA15% wt Al (), Ra=2.17 um
—a—-30N ——100N 150 N

0,1

Coefficient of friction

0.2 04 0.6 0.8 1 1z L4 Lo L& 2

sliding speed (m/s)
Fig. 6 Variation of coefficient friction with sliding speed for
different normal loads.
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Fig. 7 Variation of coefficient friction with sliding distance.
friction coefficient values become more remarkable.
As seen from the Figs., the lowest friction coefficient

value was measured for PTFE filled with 5% Al,Os.
In Fig. 8, wear rates of test specimens are given.
Unfilled PTFE shows the highest wear rate as expected.
Although 5% Al,0; filled PTFE has the lowest
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Fig. 8 Wear rates of test specimens.

coefficient of friction, it gives remarkably high wear
rate values. The lowest wear rate value was obtained
for 15% Al,Os filled PTFE having higher filling ratio.

In Figs. 9 and 10, the optical micrographs of the

filled PTFE specimens after wear tests are given for Fig. 10 Micrographs of (a) unfilled, (b) 5% wt Al,O; and (c)
15% wt Al,Os filled PTFE for Ra = 1.14 um (x100).

two different surface roughness. As seen from the
figures, the wear marks are clearly visible on the
direction of motion.

In Fig. 11, the disc surfaces of counter faces are
shown for unfilled PTFE (a), filled with 5% Al,O; (b)
and 15% Al,O3 (¢). The discs have been examined to
compare the amount of worn particles of polymers on

Fig. 11 Counter-faces after wear tests (Ra = 0.12 pm). (a)
Unfilled PTFE, (b) 5% filled with Al,O; and (c) 15% filled

the sliding surfaces. Under these testing conditions, the

Fig.9 Micrographs of (a) unfilled, (b) 5% wt Al,O; and (c) unfilled samples show thin, millimeter sized, flaky
15% wt Al,O3filled PTFE for Ra = 0.12 um (x100). wear debris, which is the indicator of delamination.
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5. Conclusions

Regarding all these explanations, the following
conclusions can be drawn from the present study:

(1) The lowest coefficient of friction observed for
unfilled PTFE at low speeds;

(2) Alumina filled PTFE exhibits a coefficient of
friction higher than that of unfilled PTFE. This may be
caused by alumina filler has a higher coefficient of
friction sliding against steel. As expected, increasing
the percentage of the alumina in PTFE increases the
hardness and strength of composites, resulting in a
decrease of the real contact area of tribo-pairs. Based
on adhesion theory of Bowden and Tabor, friction
force is proportional to the product of real contact area
and effective shear strength. Accordingly, friction
force can be found as a multiplication of real contact
PTFE

composites exhibit lower coefficient of friction due to

area and effective shear strength. Thus,
the decrease in the real area of contact;

(3) For all specimens, friction coefficient increases
with increasing sliding speeds. This result is supported
by other works in this topic;

(4) Normal load does not have remarkable effect on
coefficient of friction;

(5) Generally, counter-face roughness affects the
friction coefficient under constant normal load and
sliding speed conditions. Discs with the lower surface
roughness have higher coefficient of friction. This can
be explained by increase of actual contact area in the
case of lower surface roughness;

(6) As expected, adding any filler or reinforcement
into PTFE increases its wear resistance considerably.
As seen from Fig. 8, increasing filling ratio also has a
positive effect on wear resistance;

(7) Increasing surface roughness also increases the
wear rate in all polymers. The lowest wear rate is
obtained for PTFE + %15 Al,O; and the highest is
obtained for unfilled PTFE.
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