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Friction & Wear Analysis of PTFE material & its
composites
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Abstract— PTFE (Polytetrafluroethylene) has low coefficient of friction and high thermal stability. Low coefficient of friction concludes from
the ability of PTFE’s extended chain, linear to form film layer upon its surfaces and counter faces during sliding and increasing the pressure
to PTFE enhances to easily form the film layer and improve tribological behaviour. However, PTFE exhibits poor wear behavior and
abrasion resistance. To overcome inferior low mechanical properties, the addition of filler materials (glass, carbon, graphite fiber) to PTFE
can advance its wear resistance. All of above findings suggest PTFE fillers provide the wear resistance, lower coefficient of friction. The
aspect ratio of PTFE seems to be very critical parameter to determine the best working conditions for providing wear resistance and low
coefficient of friction of polymer journal bearings. The tribological behavior of PTFE bearings which were run in the experiments under the
sliding distance, load and velocities will be investigated. The experimental work is performed on Pin-on-disc Test Rig apparatus and
analyzed with the help of minitab software. The results of experiment will be presented in terms of graphs, tables and will be analyzed.

Index Terms—. PTFE (Polytetrafluroethylene), Friction & wear, load, sliding velocity, sliding distance, bearing materials.

1 INTRODUCTION

Polytetraﬂuoroethylene (PTFE) is a useful bearing material
since it registers a low coefficient of friction when rubbed
against metallic engineering surfaces. This coefficient of
friction is an order lower than that recorded for other engi-
neering polymers such as high density polyethylene (HDPE),
low density polyethylene (LDPE), nylon and polyetherether-
ketone (PEEK). The wear resistance of PTFE is, however, ra-
ther low, which somewhat impairs its usefulness as an engi-
neering material. Early attention to the complex tribology of
PTFE was drawn by Professor David Tabor and his coworkers
at the Cavendish Laboratory in the early 1960s. They rubbed
PTFE against glass plates and observed that in the steady state
the rubbing interaction is confined to the transfer film and a
very thin slice of the pin surface. They also noted that this in-
teraction is highly sensitive to sliding speed and inferred that
the participation of the amorphous phase in the shear process
activates a viscoelastic response which dominates the speed
effect. It is interesting to note that this model remained sub-
stantially valid even 20 years after it was proposed and after
scores of subsequent research investigations. The latter tended
to tackle a number of important questions which arose from
the early observations. Some of these questions have been
answered and recent work tends to use this model to design
new PIT%-based composites for essentially enhancing wear
resistance without sacrificing the low friction performance.
Polytetrafluoroethylene (PTFE) is an important polymer based
engineering material. When rubbed against a hard surface,
PTFE exhibits a low coefficient of friction but a high rate of
wear. It is white or gray in color. It is an ideal bearing material
for heavy and light load pressures with medium and low sur-
face speeds. PTFE has all qualities of bearing alloy like compa-
tibility, conformability; embed ability, load capacity, fatigue
strength, corrosion resistance and hardness. The low-friction
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characteristics of PTFE are largely responsible for the incep-
tion. PTFE is a popular polymer solid lubricant because of its
resistance to chemical attack in a wide variety of solvents and
solutions, high melting point, low coefficient of friction, and
biocompatibility. It is commonly used in bearing and seals
applications. Unfortunately, PTFE suffers from poor wear re-
sistance. Because of the relative softness of PTFE, it is logical to
expect that its load carrying ability and its wear resistance
might be improved by the addition of suitable fillers. Accor-
dingly, several fillers are tried by researchers in combination
with this plastic, including graphite, molybdenum disulfide,
fiber glass, carbon, bronze, dental silicate, silicon, titanium
dioxide, silver, copper, tungsten and molybdenum.

There are different opinions in literature about the reducing
wear of polymer by incorporating the different types of filler.
Study and analyze the influence of test pressure, sliding veloc-
ity and time values on the friction and wear behavior of pure-
polytetrafluoroethylene (PTFE), glass fiber reinforced (GFR)
and Molybdenum disulfide (MoS,) filled PTFE polymers.
Adding glass fiber and Molybdenum disulfide fillers to PTFE
were found effective in reducing the wear rate of the PTFE
composite. The present filler additions found to increase
hardness and wear resistance in all composites studied. The
influence of wear parameters like applied load, sliding speed,
sliding distance and percentage of reinforcement on the dry
sliding wear of the metal matrix composites.

3. OBJECTIVE

Following are the main objectives of the study.
1. To find the effect of carbon filler, graphite filler, and
glass filler in PTFE on wear and coefficient of friction.
2. To study the friction and wear behavior of the se-
lected materials and the effect of various parameters
like load, sliding velocity and sliding distance on
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wear and coefficient of friction.

3. To find the optimization of process parameters.

4. To study the mathematical model of bearing mate-
rials.

5. To study the brief comparison of bearing materials.

4. Scope

The present study will be aimed at developing a new bearing
material, which is cost effective. Bearing materials are special
type of materials, which carry a rotating or moving part with
least friction and wear. One of the principal difficulties in de-
veloping a good bearing material is that the two practically
conflicting requirements are to be satisfied by a good bearing
material. . The work is done by evaluation of tribological
properties by changing the process parameters, such as load,
sliding velocity, sliding distance etc.

5 METHODOLGY

Regression Analysis
Analysis and Interpretation of Result
Citations

1. Problem Definition
2. Taguchi Method

3. Experimentation

4. ANOVA

5.

6.

6 FRICTION OF MATERIAL

Friction is the resistance to relative motion, which is expe-
rienced whenever one solid body slides over another. The re-
sistive force, which is parallel to the direction of motion, is
called the friction force. If the solid bodies are loaded together
and a tangential force is applied, then the value of the tangen-
tial force, which is required to initiate sliding, is the static fric-
tion force. The tangential force required to maintain sliding is
the kinetic friction force. Kinetic friction is generally lower
than static friction.
6.1 Laws of Frictions
1. First law states that the friction is independent of the
apparent area of contact between the contacting bodies.
2. Second law states that the friction force is proportion-
al to the normal load between the contacting bodies.
3. Third law states that the kinetic friction is nearly in-
dependent of the speed of sliding.
First two laws are often referred to as Amontons laws and
Coulomb introduced third law.
6.2 Coefficient of Friction
The second law states that the friction force F is proportional
to the normal load L.
ie,FalL
Therefore, F=p L
Where, p is a constant known as the coefficient of friction and
is a constant only for a given pair of sliding materials under a
given set of ambient conditions and varies for different mate-
rials and conditions. We know that nearly all surfaces are
rough on a microscopic scale and real contact is obtained over
a small fraction of the apparent contact area. Thus the real area
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of contact is independent of the apparent area of contact so
thefirst law of friction is explained that friction is related to the
real area of contact and independent of the apparent area of
contact.

6.3 Friction Measuring Devices

Any apparatus for measuring friction must be capable of sup-
plying relative motion between two specimens, of applying a
measurable normal load and of measuring the tangential resis-
tance to motion. Commonly used devices are pin on cylinder
or disk and disc on disc. In these cases, one specimen, usually
a disc or a cylinder is driven continuously while a second spe-
cimen nominally stationary is loaded against it.

6.4.Materials

From literature survey, it was noted that friction gets affected
by the material properties and PTFE is mostly used for tribol-
ogy applications. Due to poor wear rate and coefficient of fric-
tion this material is weak in performance. From the addition of
fillers wear rate and coefficient of friction can be reduced,
therefore author decided to do experimental study of friction
with some composites materials of PTFE.

Pure PTFE and three PTFE based composite materials were
studied in the present work. The compositional details of each
material are:

Table 3.1.Composition (vol. %) of PTFE composites

Materials

Pure PTFE

75.0% PTFE + 25% E glass fibers

75.0% PTFE + 25% carbon

75.0% PTFE + 25% graphite

legible. We suggest at least 1 point.

7. Experimatal details

From literature survey it was noted friction gets affected by ma-
terial properties, process parameters, constructional parameters
and geometrical parameters. Therefore, experimental study of
friction with process parameters is carried out. Friction and wear
test rig is used to carry out the experimental analysis because the
test rig gives a detailed idea about all the process parameters and
the corresponding output results to study the effect of friction on
the materials. The experimental test rig is as shown
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7.1 Specifications of friction & wear test rig
1. Pin Diameter: 10 mm
2. Disc Size: 140*30*8mm (OD, ID, H)
3. Disc Rotation Seed: 60 to 100 rpm, continuously variable
with tachometer
4. Sliding Speed: 0to 15 m/s
Normal load: 20 kgf maximum

7.2 Observations

Distance of loading point from pivot (L;) = 830mm

Distance of pin center from lever pivot (Lz) = 445mm

Distance of load cell link connected on lever from pivot (Ls) =
250mm

7.3 Calculations

Coeffjcient of friction (p):
B=een
Where, F, = frictional force = load indicator reading * Ls/ L,
W =load on pin = dead weight * L;/L,
L1 =830mm, L, = variable, L; = 250mm
Here, L, will vary as per the pin travel radius,
Assuming, track radius 45mm
L, = 500-45= 455mm
L1/1,=1.824 and L3/, =0.5494
Sliding distance (D):
Sliding distance (D) =V * t
Where, V = sliding velocity,
t = time of test in sec.
And
Sliding velocity (V) =m*r* N.... (m/s)
Where, r = track radius of pin in m
N = speed of disc in rps.
Sample Calculations
For Wear,
For material no. 1 & reading no. (1),
We have, N=138 rpm, L=1 Kg, d=45 mm, T=30min
Sliding velocity (V) =m*r*N....(m/s)

V= -
V=0325m/s
V=03m/s
Sliding distance (D) =V * t
D =0.3*1800
D =540m

For Friction,
For material no. 1 and reading no. 1
We have, N=150rpm, L=2kg, T=10min.
F= frictional force = load indicator reading * Ls/ L
Fi=1.1%0.5494
F:=0.60434
W =load on pin = dead weight * L1/ L,
W=2"1.824
W=3.648
B=aas

p=0.1656
7.4 Effect of process parameters on friction
There are several parameters which change the properties of ma-
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terial during experimentation i.e. sliding velocity, sliding distance
and applied load. All these parameters affect the tribological
properties of materials. Table depicts the process parameters.
Table Process parameters and levels for friction

Level | Sliding Velocity | Load (kg) | Sliding Dis-
(m/s) (V) L) tance (m) (D)
1 0.3 2 210
2 0.7 3 426
3 0.9 4 528

7.5 Effect of process parameters on friction

By considering the various combinations of process parameters
experimentation was carried out which gave the output values of
coefficient friction. From this various relations between the out-
put and the input parameters were obtained and were eventually
compared with each other.
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7.6. Effect of process parameters on wear
There are several parameters which change the properties of
material during experimentation i.e. sliding velocity, sliding
distance and applied load. All these parameters affect the tri-
bological properties of materials. Table 4.1 depicts the process

parameters.
Level Speed (m/s) Load Sliding Distance
V) (kg) (L) (m) (D)
1 0.3 1 540
2 0.6 2 1080
3 0.8 3 1440

Table - Process parameters and levels for wear

By considering the various combinations of process parame-
ters experimentation was carried out which gave the output
values of wear. From this various relations between the output
and the input parameters were obtained and were eventually
compared with each other.
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8. CONCLUSION

o Sliding distance (64.09%) has the highest influence on
weight loss followed by sliding velocity (20%) and ap-
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plied load (7.71%) also Applied load (88.65%) has high-
est influence on coefficient of friction followed by slid-
ing velocity (9.08%) and sliding distance(0.57%) for
pure PTFE.

¢ Sliding distance (61.75%) has the highest influence on
weight loss followed by sliding velocity (16.46%) and
applied load (20.92%) also Applied load (81.51%) has
highest influence on coefficient of friction followed by
sliding velocity (14.97%) and sliding distance(2.50%) for
25% glass.

o Sliding distance (70.20%) has the highest influence on
weight loss followed by sliding velocity (16.64%) and
applied load (12.21%) also Applied load (83.56%) has
highest influence on coefficient of friction followed by
sliding velocity (13.31%) and sliding distance(2.22%) for
25% carbon.

¢ Sliding distance (69.01%) has the highest influence on
weight loss followed by sliding velocity (19.08%) and
applied load (10.90%) also Applied load (85.24%) has
highest influence on coefficient of friction followed by
sliding velocity (11.94%) and sliding distance(1.99%) for
25% graphite.

o Coefficient of friction of Pure PTFE is less than 25%
glass, 25% graphite and 40% carbon.

o Coefficient of friction slightly increases or remains
same by adding fillers.

e From confirmation test it is observed that coefficient
of friction is in the range of 0.2 to 0.3 which interprets
that all the three materials are significant.

¢ Depending upon load, sliding velocity and sliding
distance, material used in this study can be ranked as
75% PTFE + 25% Graphite> 75% PTFE + 25% carbon>
75% PTFE + 25% Glass> Pure PTFE for their wear per-
formance.

¢ Depending upon load, sliding velocity and

ACKNOWLEDGMENT

It gives me a great pleasure to present a dissertation on ‘Fric-
tion & Wear Analysis of PTFE material & its composites

‘In partial fulfillment of requirement of Master of Engineer-
ing.

I t%ake the opportunity to express my deep sense of gratitude
and whole hearted thanks to my respected guide .Mr. R. ].
Gawande, Coordinator Design Engineering Dr. P. P. Hujare
for their invaluable guidance, inspiration and encouragement
throughout the work. I am greatly indebted to him in piloting
me whenever I face difficulties in my work.

I am also thankful to Prof.S5.5.Kore, Head of Department for
his overwhelming support and invaluable guidance. I am also
thankful to all my respected teachers and my colleagues for
their support.

IJSER © 2017



International Journal of Scientific & Engineering Research, Volume 8, Issue 4, April-2017
ISSN 2229-5518
374

REFERENCES

[1] ]S Bridle, Jaydeep Khedkar, Ioan Negulescu, Efstathios I. Meletis, “Sliding
wear behavior of PTFE composites”, Wear, 252 (2002), pp- 361-369.

[2] Talat Tevruz, “Tribological behaviours of carbon filled polytetrafluoroethylene
(PTFE) dry journal bearings”, Wear 221 (1998), pp- 61-68.

[3] S. Basavarajappa, G. Chandramohan, J. Paulo Davim, “Application of Taguchi
techniques to study dry sliding wear behaviour of metal matrix composites”, Mate-
rials and design, 28 (2007), pp-1393-1398.

[4] V. C Uvaraja, N. Natarajan, “Optimization of Friction and Wear Behaviour in
Hybrid Metal Matrix Composites Using Taguchi Technique”, Journal of Minerals
and Materials Characterization and Engineering, 2012, 11, pp-757-768.

[5] Alireza Khoddamzadeha, Rong Liua, XijiaWu, “Novel polytetrafluoroethylene
(PTFE) composites with newly developed Tribaloy alloy additive for sliding bearings”,
Wear, 266(2009), pp. 646-657.

[6] W. Gregory Sawyer, Kevin D. Freudenberg, Praveen Bhimaraj, Linda S.
Schadler, “A study on the friction and wear behavior of PTFE filled with alumina na-
noparticles”, Wear, 254 (2003), pp- 573-580.

[7] J. K Lancaster, “Accelerated wear testing of PTFE composite bearing mate-
rials”, Tribology International, April 1979.

[8] S.K. Biswas and Kalyani Vijayan, “Friction and wear of PTFE - a review”, Wear,
158 (1992), pp- 193-211.

[9] Harald Hunke, Navneet Soin, Tahir Shah, Erich Kramer, Kurt Witan, Elias
Siores, “Influence of plasma pre-treatment of Polytetrafluoroethylene (PTFE) micro-
powders on the mechanical and tribological performance of Polyethersulfone (PESU)-
PTFE composites”, Wear,004(2015), pp-1-28.

[10] Brian Menzel, Thierry A. Blanchet, “Enhanced wear resistance of gamma-
irradiated PTFE and FEP polymers and the effect of post-irradiation envi-
ronmental handling”, Wear, 258 (2005), pp- 935-941.

[11] Pushkar Venkatesh Kulkarni, N. K. Chapkhhane. “Development and testing of
PTFE based Composite Bearing Material for Turbine Pump”, International Journal
of Engineering and Advanced Technology (IJEAT), ISSN: 2249 - 8958, Vo-
lume-1, Issue-6, August 2012.

[12] Deepak Bagale , Sanjay Shekhawat , Jitendra Chaudhari, “Wear analysis of
polytetrafluroethylene and its composites under dry conditions using design-expert”,
International Journal of Scientific and Research Publications, Volume 3, Issue
1, January 2013 1 ISSN 2250-3153.

[13] M. Hillon, S. B. Glavatskih, “ PTFE-faced Centre pivot thrust pad bearings: Factors
affecting TEHD performance”, Tribology International, 2008, Volume 41, pp.
1219-1225.

[14] M. Turan Demirci and H. Duzcukoglu, “Wear Behaviors of PTFE Reinforced
PAG66 Journal Bearings”, International Scientific Conference, 19-20 November
2010, GABROVO.

[15] C. Georgescu, L. Deleanu and C. Pirvu, “Normal Force Influence on 3D Texture
Parameters Characterizing the Friction Couple Steel - PBT + 10 % PTFE”, Tribolo-
gy in Industry, Vol. 36, No. 1 (2014) 17-21.

[16] Ashok Kr. Mishra, Rakesh Sheokand, Dr. R K Srivastava, “Tribological Beha-
viour of Al-6061 / SiC Metal Matrix Composite by Taguchi’s Techniques”, Interna-
tional Journal of Scientific and Research Publications, Volume 2, Issue 10, Oc-
tober 20121 ISSN 2250-3153.

[17] Prof. Mahesh C. Swami, Ms. Aarti A. Dyade , “Comparative Wear Studies of
Three Polytetrafluroethylene (PTFE) Composites: A Taguchi Approach” , Interna-
tional Journal Of Advanced Research in Engineering & Management (IJA-
REM), Vol. 01 ,Issue 07, October 2015.

[18] Sandip B. Chaudhari, Prof. SP. Shekhawat, “Wear Analysis of Polytetra-
Aluoroethylene (PTFE) and it's Composites under Wet Conditions”, Volume 8, Issue
2 (Jul. - Aug. 2013), PP 07-18.

IJSER © 2017





