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The Lubricating
Qualities of PTFE

Abstract

PTFE has for many years been used as a friction and wear-reducing additive, initially in greases
but more recently in gearbox and engine lubricants. During the 1970s little was known about
PTFE’s performance characteristics. This paper discusses tribological and field testing results
that have led to the development of a diverse range of products. Test results relate to effects on
wear, lubrication realms (i.e. hydrodynamic to boundary), cylinder pressures and the effects on
harmful exhaust emissions.

Introduction

In the 1970s PTFE started to gain a reputation as a lubricant. Lack of knowledge and suitable
grades of PTFE powder did not contribute to a positive reputation. Many additive manufacturers
with extremely limited technical expertise created products of questionable quality, particularly
when the performance of the products was measured against the claimed benefits.

During those early days and, in fact, even today, many PTFE additive manufacturers have been
unable to establish a satisfactory colloidal dispersion of PTFE in the host fluid. Now, as a result
of extensive research into the behavioural aspects of PTFE, plus the availability of more suitable
grades of PTFE, it is possible to produce the desired colloidal dispersions required for inclusion
as additives to conventional lubricants.

PTFE has the lowest co-efficient of friction of any solid material, 0.016 – 0.02. It is this very feature
that has encouraged continued research into other possible benefits that can be derived from its
use. Compared to other common solid lubricants PTFE has desirable characteristics such as it is
inert, non-toxic and non-staining. It has a vast operating temperature range (-250°C to 260°C).
Consequently, it has a myriad of applications ranging from simple gland packings to the
processing of food. As a lubricant it is an excellent dry lube and is widely used in greases, gear
oils, gun oils and more recently in engine oils. Globally accepted tribological test methods have
been adopted to evaluate and measure reduced wear and friction exhibited by PTFE lubricants.

Four Ball EP Test

One such test used for comparative load-carrying evaluation is the Four Ball Extreme Pressure
Test. The purpose of the test is to assess the load-carrying ability of a lubricant which is
measured in kilograms. An illustration of the test apparatus is shown in Appendix Figure 1.

Three-eighth-inch carbon steel ball bearings are used in the Four Ball test to determine the Load
Wear Index (LWI) that provides a relative measurement of a particular lubricant to prevent wear.
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In this instance Four Ball wear tests were conducted on three different greases, all of which meet
the performance requirements of USA military specification MIL-G-10924. The first sample that
contained no PTFE (in accordance with the specification requirements) was computed to have
an LWI of 26.

The two remaining samples were both dosed with PTFE and showed an average LWI of 57.9.
These materials also demonstrated an improvement of about 100% in oxidation stability.

Pin and Disc Test

The Pin and Disc machine clearly demonstrates a dramatic reduction in wear (Appendix Figure
2). In the base test the lubricant used was Shell Vitrea 100 and in the second stage of the test a
small proportion of finely dispersed colloidal PTFE was added.

The test rig consists of a bronze pin pressing against a rotating steel disc, both of which are
submerged in the lubricant being tested.

During the initial 60 minutes of the test the pressure on the pin is gradually increased from 0 to
100N. For the remaining 21 hours of the test pin pressure is maintained at a constant 100N.
Sliding speed is a constant 0.008 metres per second. Wear is calculated by measuring the length
of the pin. As can be seen, a significant reduction in wear was monitored.

PTFE and Boundary Lubrication

Perhaps the most interesting research conducted to date is monitoring the effect PTFE dosed
lubricants have on boundary lubrication.

Appendix Figure 3 exhibits the “Lubrication Zone Transition” which shows friction and wear as
a function of load and speed. The diagram shows three regions, A, B and C, which are separated
by two transition curves. The regions are identified and distinguished by the friction co-efficient
and the wear.

A. Hydrodynamic Lubrication is the lowest region and takes place when a film of oil
separates the metal surfaces. The friction co-efficient is low (f = 0.05 – 0.1) and wear is
virtually non-existent.

B. Boundary Lubrication occurs due to metal-to-metal contact and friction and wear are
increased. After an initial period of high friction (f = 0.25 – 0.45) the friction co-efficient
drops to (f = 0.10 – 0.15).  Wear is three to ten times greater than in region A.

C. Scuffing results as the oil film no longer exists between the two surfaces due to high
load. Friction is high (f = 0.35 – 0.45) and wear becomes heavy.

Tests conducted confirmed that small quantities of PTFE added to the lube oil dramatically
increased the maximum allowable load for the transition from A to B and had no influence on
the transition from B to C (Appendix Figure 4). The possibility of boundary lubrication occurring
is drastically reduced by the addition of small quantities of PTFE to lubrication oils.

Similar tests where a small quantity of PTFE was added to EP oils produced similar results in the
transition from A to B.  Greater than 50% reduction in wear was recorded.

The results shown in the “Lubrication Zone Transition” diagram are in agreement with the “Pin
and Disc” test results which are carried out under boundary lubrication conditions (region B) and
the addition of a small quantity of PTFE may cause a transition to hydrodynamic lubrication
(region A) which leads to a drastic reduction in wear and friction.

Cylinder Pressures

Numerous tests conclude that the addition of small quantities of PTFE to conventional engine
lubricants significantly increases cylinder pressures, particularly in instances where the test
engines are moderately worn. The theory to support these findings is that leakage is reduced due
to piston rings being able to more readily follow cylinder wall irregularities. High piston ring
temperatures and limited oil supply to the ring grooves promotes boundary lubrication. Signs
of “stick-slip” occur in the ring grooves as a result of vibration of the piston rings. Small
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quantities of PTFE reduce both boundary lubrication and “stick-slip”, consequently allowing the
piston rings to conform with cylinder wall irregularities more readily during piston travel.
Appendix Table 1 shows the test results taken from a six-cylinder Ford engine.

PTFE and Exhaust Emissions

By increasing cylinder pressures, particularly in a moderately worn engine, harmful exhaust
emissions have been consistently reduced.  Hydrocarbon (HC) emission levels from a four-
wheel-drive truck have been plotted in Appendix Figures 5 and 6.  The HC emissions were
observed to be higher in the control curves under both high and low load operations.  HC
emissions were considerably lower after the addition of a lubricant containing PTFE.  Similar
results have been observed in the reduction of carbon monoxide (CO) levels.

PTFE Residual Lubrication in Engines

Manufacturers of oil additives containing PTFE in many instances claim a residual coating of
PTFE becomes impregnated in the metal pores of all engine friction surfaces.  Some claim to
provide a residual coating that will last the life of the engine.  Others claim the coating to last
anywhere from 80,000 to 160,000 kilometres.

While no formal test procedure has substantiated the longevity of the claimed residual PTFE
coating, there is sufficient evidence to conclude there most certainly is a residual effect.

Nulon Products Australia Pty Ltd has on numerous occasions driven motor cars long distances
without the benefit of engine lubrication oil.  In all instances such events have been scrutineered
by reputable and highly respected organisations.  On all occasions the engines have had a PTFE
dosed lubricant operating for 5,000 kilometres prior to having the oil drained.  The vehicles have
then been driven distances ranging from 500 kilometres to in excess of 1,000 kilometres.

In 1983 a Holden Commodore was driven 1,031 kilometres from Sydney to Melbourne without
oil in the crankcase.  At all times the oil light and/or gauge registered nil oil pressure.  Nulon has
conducted such demonstrations on no fewer than six occasions.  To substantiate the claim of a
residual coating of PTFE on the friction surfaces of an engine, Nulon has adopted precisely the
same procedure without the inclusion of PTFE. In all instances the engine concerned seized the
main bearings within five kilometres.

Conclusion

While this paper is brief, it shows there has been considerable testing done which clearly
indicates significant advantages are to be gained by incorporating small quantities of colloidal
PTFE in conventional lubricating oils and it is obviously suited to a vast array of applications.
Currently extensive research is being conducted by a major vehicle manufacturer in Europe and
preliminary results confirm many of the above-mentioned findings with regard to the potential
of PTFE as an aid to a vast range of lubricating applications.
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Holden Commodore

Lubrication system

Cylinder

Baseline Tests PTFE Tests Improvementwith PTFE

Mean
PSI

Tolerance for
95% confidence

Mean
PSI

Tolerance for
95% confidence

Mean
%

Range (%) for
95% confidence

1 145.6 ±3.62 158 ±2.94 +8.52 +3.91 to +13.35

2 149.8 ±4.95 164.4 ±2.17 +9.75 +4.48 to +15.37

3 146.8 ±3.01 161.0 ±4.16 +9.67 +4.69 to +14.86

4 154.0 ±4.60 165.4 ±5.52 +7.40 +0.81 to +14.40

5 153.2 ±2.67 163.6 ±2.11 +6.79 +3.61 to +10.08

6 142.4 ±4.00 155.4 ±4.45 +9.131 +3.11 to +15.50

Table 1: Compression Test Statistics
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Fig 1.: Detailed Four-Ball Apparatus Illustration
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Fig 2.: Wear reduction

Fig 3.: Lubrication zone transition
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Fig 4.: Influence of PTFE on transition levels

Fig 5.: Hydrocarbon (HC) emission results for a four-wheel-drive truck
under load (high power) operation

Fig 6.: HC emission levels for a truck under low load (low power or idle) levels
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