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ABSTRACT

The article presents the results of research on the influence of polytetrafluoroethylene additive on the tribologi-
cal and rheological properties of selected lubricant compositions.

Based on the obtained test results, it was found that the introduction of a modifying additive to the lubricant
structure allows a significant reduction of the coefficient of friction, thus increasing the efficiency of tribological
protection of the tribosystem.

All lubricating compositions modified with at least 1% polytetrafluoroethylene guarantee effective anti-wear
protection under load conditions of the tribosystem. Modification of the tested lubricating compositions with the
applied additive affects the increase of indicators characterizing the fatigue life of the examined lubricating greases
based on sunflower oil. The introduction of the polytetrafluoroethylene into the structure of the tested lubricants
changed the values of the MSD correlation function and the G” and G” modules, which significantly influenced the
internal structure of the tested lubricant compositions.

Keywords: lubricating grease, modified additive, tribological properties, rolling contact fatigue, rheological pro-

perties, the correlation function MSD, the storage modulus G’, the loss modulus G”

Introduction

The properties of plastic greases depend on its composi-
tion and production technology and are shaped, among
others, by appropriately selected refining additives [1-3].

Typical packages of additives improving plastic greases
include, among others, antioxidants (increasing resistance
to oxidation), anti-wear and anti-friction additives
(improving tribological properties of the product) and anti-
corrosion (reducing the aggressiveness of lubricants against
metals), adhesives (improving adhesion of grease to ma-
chine components) and rheological (improving viscosity).
Not only the presence of the additive decides about the
usable properties of the lubricant, but also the way it is in-
corporated into the lubricating grease structure. Introduc-
tion of additives to lubricating greases causes many techno-
logical difficulties, because additive molecules adsorb on
the surface of the thickener, which in consequence may
lead to a reduction in the efficiency of such a component,
and even to a decrease in the stability of the grease [2,4-5].
For lubricating greases, appropriate specially selected addi-
tives should be used in an amount that determines their
improvement in performance. Lubricating greases mix very
well with solid lubricating additives, which reduce the fric-
tion force and increase the resistance of the tribosystem to
load and blurring. In difficult operating conditions, these
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additives increase the efficiency of the lubricant due to re-
sistance to chemical agents and better resistance to high
temperatures. The most common thing among this type of
additives are graphite, molybdenum disulphate, polytetra-
fluoroethylene, copper and chloroparaffins [5-7]. Nowa-
days, however, the aim is to make lubricants more and
more environmentally friendly and at the same time not
impair their lubricating properties. In connection with the
increasing role of environmental protection, it is necessary
to use means that do not contain heavy metals, halogens,
sulphur or phosphorus [2,3,5]. Therefore, it was decided to
use a polymer additive (PTFE), which is designed to im-
prove the tribological and rheological properties of the lu-
bricating compositions tested. The physicochemical proper-
ties of the applied additive allow to draw the thesis that the
tribological and rheological properties of the tested compo-
sitions will improve after introducing the above-mentioned
additive into the lubricant structure.

As a modifier of tribological and rheological properties
of the lubricants tested, polytetrafluoroethylenewas used
(Fig.1.) [8,9]. Tarflen is a name used by the Nitrogen Plants
in Tarnéw-Moscice for polytetrafluoroethylene (PTFE), a
fluorinated plastic with unique properties. It is used as an
anti-corrosive and anti-adhesive material. It has a wide
range of operating temperatures, is resistant to environ-
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Fig.1. The chemical structure of modified additive: a) the chemical composition of polytetrafluoroethylene, b) SEM image of

structure of polytetrafluoroethylene (magnification 10000x)

mental aging, physiologically inert, it has a low coefficient
of friction and wear, therefore it is used in bearings and
sliding coatings of machines used in the food industry
[10,11]. Teflon is characterized by high heat resistance, low
coefficient of friction, low mechanical strength and hard-
ness, good dielectric and anti-adhesive properties, high
resistance to chemical agents, is physiologically inert. PTFE
is one of the most thermally resistant plastics (can work
from -200 to +260°C). It is resistant to almost all elements
and chemical compounds, it is not only resistant to alkali
metals in the pure state, chlorine trifluoride and fluorine, it
is not soluble in any solvent up to 300°C. Fluorine hydro-
carbon compounds cause it to swell, and some fluorine oils
above 300°C can dissolve PTFE to a certain extent. High-
energy radiation can cause cracking of teflon’s molecular
chains, which is why its resistance to radiation is quite low.
It is characterized by a low coefficient of friction (0,05-0,09)
[8,11-13]. The static and kinetic friction coefficients are al-
most equal, therefore does not occur the stick-slip phenom-
enon, with increasing load. This parameters increases with
increasing speed and don't depend on temperature.

Molecular structure of PTFE makes its surface charac-
terized by high anti-adhesiveness, it is also characterized
by high wettability [9,11,14]. In order to improve the PTFE
properties, fillers such as: glass fibre, carbon, bronze,
graphite, molybdenum disulphate, metal powders, ceram-
ics or metal oxides are added to it. Through the use of fill-
ers, a significant increase in wear resistance, a reduction in
thermal expansion coefficient, an increase in thermal and
electrical conductivity, or a reduction in strain under load
and an increase in creep resistance can be achieved. Teflon
can be used in sealing elements, anti-corrosion and anti-
adhesive coatings, elements of medical and chemical devic-
es or in machine parts, e.g. in bearings [15-17].

The aim of the work was to examine the influence of
different amounts of polytetrafluoroethylene on the change
of tribological and rheological properties of lubricants
based on plants and applicable in the food industry devel-
oped at the Research Network Lukasiewicz - Institute of
Sustainable Technologies in Radom.

Materials and methodology of studies

A group of model lubricating compositions was devel-

oped using non-toxic ingredients that are a dispersing and
dispersed phase [18-20]. As a dispersing phase, vegetable
oil (sunflower) with very good physicochemical properties
was used. Lithium stearate was used as the dispersed
phase. The lubricating compositions thus obtained were
modified with 1%,3% and 5% polytetrafluoroethylene. The
following compositions were made of lubricants based on
vegetable oil (sunflower): unmodified (A), modified 1%
PTFE (B), 3% PTFE (C) and 5% PTFE (D). In the early phase

holder

ball

binding of balls plate

Fig. 2. The compact rotation rheometer MCR 102 (a) and the
model of tribosystem (b,c,d)
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of the experiment, research was carried out on the amount
of the modifying additive that should be incorporated into
the lubricating composition. Tests were carried out with
compositions containing from 1 to 7% of a modifying addi-
tive. The lubricating compositions prepared in this way
were subjected to tribological and rheological tests.

To determine the tribological (anti-wear) properties of
the tested lubricating compositions, we used a compact
MCR 102 rotational rheometer of the Anton Paar company
with tribological seating T-PTD 200 (Fig.2.) with a concen-
tric plate-ball contact point, in which three fixed cuboid
steel plates were pressed with adequate force through a
ball fixed in the spindle, rotating at the appropriate speed.
The tribological device enables the execution of tests in the
temperature range of -40+200°C [21-26]. The balls with a
diameter of 12.7 mm and plates with dimensions of 15 x 5
x 2 mm were made of bearing steel LH 15 (Ra = 0,3 pum;
hardness 60-63 HRC). During the tests, immersion lubrica-
tion was used [21-23]. Tribological tests (measurement of
wear limit - Go,) were carried out at the tribosystem at
39.24 N, rotational speed of 500 rpm, during 3600 s and
temperature of 20°C. Before starting the tribological attach-
ment, the plates were placed in the holder, pressed with
springs, lubricant was introduced (approx.5 cm?) and stabi-
lized for 60 s at a set temperature. During the test, the fric-
tion force was recorded, which was automatically convert-
ed into a coefficient of friction at 36-second intervals. Three
test runs were performed, and the final test results were
averaged. The final result of the run was the value of 100
measurements registered during the test. The averaged
results obtained during the tests were also given. For statis-
tical processing of the results, the Q-Dixon test was used
with a confidence level of 95%. After testing, the compo-
nents of the tribosystem were dismantled, washed with n-
hexane and dried.

The limiting pressure (load) of wear is a measure of the
anti-wear properties of the lubricating compositions. The
determination of this parameter consisted in calculating its
value in accordance with the formula: Go,=0,52*P,/doz?,
where Pr-load assigned of the tribosystem equal to 39.24
N, and d,,-the diameter of the diathesis formed on the steel

a)

plates used for the test.

The optical microscope was used to determine the size
of the trace of wear of the surface of rectangular test plates.
The obtained results were used to determine the value of
Goy, i.e. the evaluation of anti-wear properties of lubricat-
ing compositions subjected to tribological tests [27,28].

Fatigue wear test was carried out on the tribological T-
03 tester (Fig.3) according to the IP 300/82 standard and
consisted in determining the fatigue life of a rolling of tri-
bosystem based on 24 test runs carried out at a constant
friction load of 5886 N and a constant speed of 1450 rpm.
The test elements were bearing balls made of 100Cr6 steel
with a diameter of 12", surface roughness equal to 0.032
mm and hardness 60-65 HRC [29-32]. During the test, the
measurement of vibrations of the tribosystem was carried
out continuously, and the test was automatically interrupt-
ed after the node exceeded the permissible level of vibra-
tion caused by crushing the material on the upper ball. If
the chipping occurred on one of the bottom balls, the run
was discarded. The result of a single test run was the time
expressed in minutes. The results obtained in individual
runs have been ranked from the shortest to the longest.
Each result was assigned a value that is a percentage prob-
ability of damage to balls [33-35].

In the Weibull coordinate system, in accordance with
the procedure specified in the IP 300-82 standard, the de-
pendence of the duration of the test run on the probability
of damage was determined. The value of Lypand Lsowas
determined from the diagram, determining the durability
of the tribosystem at 10% and 50% probability of tribosys-
tem failure [29-30,36-37]. On the basis of obtained values of
time to occurrence of pitting, the cumulative percentage of
damage was calculated, expressed as:

probability of damage =i/(n+1)*100 [%]

where:

i - number of the run,

n - number of runs ended with pitting (n=24).

The rheological properties study of the tested lubricat-
ing compositions was performed by means of the DWS

b)
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Fig. 3. The tribosystem of four-ball tester for the investigation of rolling contact fatigue of lubricants: a) the schematic view,

b) the image
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a)

Fig. 4. The optical rheometer DWS (a) and rule of measure-
ments of rheological properties (b)

RheoLab optical rheometer of the Swiss company LS In-
struments AG (Fig.4). This device uses Diffusing Wave Spec-
troscopy (DWS) for rheological characteristics of media,
both solid and liquid, such as suspensions, emulsions,
foams, lubricants, etc.[38-42]. The principle of operation of
the DWS rheometer is based on the assumption that light
transport can be treated as a diffusion process in optically
turbid samples. The apparatus enables micro-rheological
measurements of materials under static inter-molecular
displacements in a wide range of frequencies and viscoe-
lasticity. The optical rheometer enables testing in two dif-
ferent geometries, i.e. transmission and backscattering. In
the transmission mode, scattered light is detected after
passing through the sample, and intensity fluctuations are
correlated using the correlation intensity function (ICF). In
contrast, in the backscattering mode, the light that dispers-
es back towards the incident beam is collected and its fluc-
tuations are measured [43-45].

Before the measurements were commenced, the appa-
ratus was calibrated using a model, i.e. emulsion of poly-
styrene with a particle size of 222 nm in water. Then, the
refractive indices for the oil bases of the individual lubri-
cating compositions, the duration of the measurement, the
temperature and the size of the spectrometric cuvette in
which the sample was placed were determined. The tested
lubricating greases were prepared by adding a titanium
dioxide marker with a particle size of 360 nm to their struc-
ture. The test sample was then homogenized and placed in
a measuring cuvette. Rheological tests were carried out
using a measuring cuvette with an optical path equal to 1
mm [46-48]. The duration of the measurement was 90 s.

During the rheological tests, the correlation function of
the MSD (mean square displacement) from the time of de-
lay, the storage module G’, the loss module G” in static
conditions were determined, depending on the frequency.
Rheological measurements were carried out at the temper-
ature of 20°C. Based on the analysis of the determined rhe-
ological parameters, the change in viscoelastic properties of
the investigated lubricating compositions was determined
[38-40,48,50].

Results of testing the tribological properties

The results of the tribological properties of lubricating
greases formed on vegetable base oil and modified with
different amounts of polytetrafluoroethylene are presented
below.
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Fig.5. The dependence of the coefficient of friction on the time
of test run for tested lubricating greases: unmodified vegeta-
blegrease (A) and vegetable lubricants modified respectively
1% (B), 3% (C) and 5% (D) polytetrafluoroethylene
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Fig.6. The average value of the coefficient of friction for tested
lubricating greases: unmodified vegetable grease (A) and veg-
etable lubricants modified respectively 1% (B), 3% (C) and 5%
(D) polytetrafluoroethylene
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Fig.7. The value of limiting load of wear for tested lubricat-
ing greases : unmodified vegetable grease (A) and vegetable
lubricants modified respectivelyl% (B), 3% (C) and 5%

(D) polytetrafluoroethylene

Tests of tribological properties of lubricating composi-
tions produced showed that the used modifying additive
has a positive effect on changes in the coefficient of friction
and the ability of obtained lubricants to anti-wear protec-
tion of the tribosystem in relation to compositions made on
other plant bases and modified with other additives [51-
52]. For the additive-free composition A, stable friction
coefficient values were observed after the initial increase.
No rapid changes in this parameter were observed over
time. During the measurement, the coefficient of friction
ranged between 0.14-0.15 [-]. The composition labelled B,
which has been modified by introducing 1% polytetrafluo-
roethylene is characterized by less stable friction coefficient
values. Lower values of this parameter were observed in
the case of composition A, which confirms the belief in the
effectiveness of the additive used. Changes in the coeffi-
cient of friction over time range from 0.08-0.16 [-] suggest
that polytetrafluoroethylene was insufficiently homoge-
nized in the lubricant structure. Only after more than half
of the test, the value of the discussed parameter is stabi-
lized at the level of 0.10-0.11 [-]. The graph of changes in
the coefficient of friction for composition C, which has
been modified with 3% of the additive, looks different. In
this case, after the initial increase over time, the value of

TRIBOLOGIA - Finnish Journal of Tribology 1-2 vol 37/2020

the friction coefficient stabilizes at the level of 0.10-0.11 [-].
For the composition being discussed, similar results were
obtained as for composition B, clearly better than for com-
position A without a modifier. For this composition very
good homogenization of the additive was achieved in the
structure of the grease, which is evidenced by stable fric-
tion coefficient values during the test. However, composi-
tion D, which has been modified with 5% polytetrafluoro-
ethylene is characterized by very unstable friction coeffi-
cient values. In the initial phase, the value of the discussed
parameter was quite high and was at the level of 0.18 [-],
later it dropped to 0.06 [-] to increase again to 0.1-0.14 [-].
In the further phase of the test, the value of the friction co-
efficient ranged from 0.06-0.10 [-]. Such unstable values of
this parameter for this composition may be caused by une-
ven distribution of the modifying additive in the structure
of the examined lubricant. However, the average friction
coefficient for this composition is the lowest of all the lubri-
cating compositions tested. The introduction of this
amount (5%) of the grease additive works effectively, but
variations in the coefficient of friction between 0.06 and
0.18 [-] are unacceptable. Therefore, lubricating composi-
tions containing 1-3% of a modifying additive character-
ized by a lower value of coefficient of friction lower than
the initial composition and stable changes of this parame-
ter over time determine effective tribological protection.

The anti-wear properties of the lubricating composi-
tions tested were verified by determining the limiting load
of wear Gy, of the tribosystem. The results obtained are
presented in Fig. 7. The tests of tribological properties of
the lubricating compositions produced have shown that
the modifying additive used has changed the ability of the
tested lubricants to anti-wear protection of the tribosystem.
The introduction of polytetrafluoroethylene to the lubri-
cant structure has beneficial effects on their anti-wear
properties. The limit value of the boundary layer is con-
firmed by the limit value of wear G, the higher the index,
the greater the durability of the boundary layer and the
reduction of wear. The highest value of the ultimate wear
load is characterized by composition D modified with 5%
polytetrafluoroethylene, while the lowest value of this pa-
rameter is characterized by lubricant A without a modify-
ing additive. The lubricant composition modified with 1%
polytetrafluoroethylene (B) has more than twice the value
of the G, parameter than composition A. While composi-
tion C modified with 3% of the additive is characterized by
a lower limit value of wear on composition B and D, but
higher by 65% from the composition to which no modifiers
were introduced. It has been found that the use of polytet-
rafluoroethylene as a modifying additive in the tested lub-
ricant compositions has a positive effect on their anti-wear
properties. All modified polytetrafluoroethylene composi-
tions guarantee effective anti-wear protection of the tri-
bosystem under constant load conditions, which cannot be
said of a composition without an additive. The content of
the additive in the lubricant structure affects the level of
their anti-wear properties, as evidenced by the results ob-
tained during the tribological tests presented in this article.
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bosystem lubricated unmodified vegetable grease and vege-
table lubricants modified respectively 1% (B), 3% (C) and 5%
(D) polytetrafluoroethylene from time of pitting
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Fig.9. The comparison of fatigue live bearing - Lio - probabil-
ity of failure of bearing for tested lubricating greases: unmod-
ified vegetable grease (A) and vegetable lubricants modified
respectively 1% (B), 3% (C) and 5%

(D) polytetrafluoroethylene
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Fig. 10. The comparison of fatigue live bearing - Lso - proba-
bility of failure of bearing for tested lubricating greases: un-
modified vegetable grease (A) and vegetable lubricants mod-
ified respectively 1% (B), 3% (C) and 5%

(D) polytetrafluoroethylene

Lubricating compositions based on sunflower oil and
modified with 1-5% of polytetrafluoroethylene exhibited a
much more favourable level of anti-wear properties com-
pared to the unmodified additive composition. The highest
resistance to wear was noted for lubricants containing
more than 1% of the modifying additive, which was reflect-
ed in the results of the Go, parameter test. The best results
were obtained with grease modified with 5% polytetrafluo-
roethylene.

The Fig. 8 presents the Weibull distributions obtained
for lubricant compositions prepared on a vegetable oil base
thickened with lithium stearate and modified with a dif-
ferent amount of polytetrafluoroethylene. The equation of
curves and correlation coefficients R2 were also given.

On the basis of the obtained relationships, the time was
determined, after which 10% and 50% of the tested tri-
bosystem lubricated with lubricating compositions partici-
pating in the experiment would be damaged - Lioand Lso.
The results obtained are shown in Fig. 9-10.

Analysing the graphs presented above, it should be
noted that the surface fatigue life of the tribosystem lubri-
cated with the tested lubricating compositions underwent
significant changes depending on the amount of the modi-
fying additive used. With a failure probability of 10% (Lxo),
the time of the occurrence of pitting for the lubricant com-
positions to which the modifying additive was introduced,
was, respectively: 11.02 min. for compositions without a
modifier, 13.25 min. for grease modified with 1% polytetra-
fluoroethylene, 14.62 min. for grease modified with 3%
polytetrafluoroethylene and 19.68 min. for a composition
modified with a 5% of the additive. An increase of tribosys-
tem durability was observed within 10% probability of
damage occurring for modified lubricating compositions:
1% of a modifier (by 20.23%), 3% of a modifier (by 32.7%)
and 5% of a modifier (by 78%) in relation to composition
devoid of a modifying additive.

However, at 50% probability of damage (Lso) the time
after which the pitting occurred was: 19.45 min. for a com-
position devoid of a modifying additive, 23.63 min. of
grease modified with 1% polytetrafluoroethylene, 31.30
min. for a composition modified with 3% of a modifier and
38.63 min. for a composition modified with 5% of an addi-
tive. The level of fatigue life expressed by the Lipand Lso
coefficients for the tested lubricating compositions varies
and depends on the amount of modifying additive intro-
duced into the lubricating grease structure. The analysis of
the graphs indicates that the increase in the surface fatigue
life of the tribosystem at 50% damage probability for lubri-
cating compositions modified with the additive used is,
respectively: 21.5% in the case of grease modified with 1%
polytetrafluoroethylene, 60.9% in the case of a composition
modified with 3% of a modifier and 98.6% in the case of a
composition modified with 5% of the additive in relation to
the grease composition, which was not modified with poly-
tetrafluoroethylene.

Based on the obtained results, it was found that the ap-
plied modifying additive affects the increase of indicators
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characterizing the fatigue life of the examined lubricating
greases based on sunflower oil. The size of surface changes
of fatigue life of the lubricating compositions tested de-
pends on the chemical structure of the dispersing, dis-
persed phase and a modifying phase used, as well as inter-
actions between the individual phases that by combining
create lubricating compositions. The chemical structure of
the used modifying additive allows to state that in the case
of the lubricating compositions tested, the effectiveness of
counteracting pitting is derived from the parameters char-
acterizing the physicochemical properties of the modifying
additive, the dispersed phase and the dispersing phase.
Based on this assumption, the relationship between the
intermolecular interaction of the dispersing phase (oil base)
with the dispersed phase and the modifying additive, and
the tribological efficiency of lubricating compositions, in-
cluding the protection against surface fatigue, the so-called
pitting. As an additive, an electrically neutral polytetraflu-
oroethylene has been used, which has the ability to form
films with high durability on cooperating surfaces and ad-
sorbs well to metal surfaces. He friction occurs in the metal
-teflon-metal combination. This relation protects the lubri-
cation with the teflon layer of the micro-areas of the coop-
erating surfaces of the film-free lubricating film. High effi-
ciency of polytetrafluoroethylene results from the low tem-
perature of its decomposition, and the easier the distribu-
tion, the greater the improvement of fatigue life. The intro-
duction of this additive to the structure of the tested lubri-
cating compositions results in a significant plasticity of the
surface, which is associated with a large reduction in
stresses resulting from the interactions of surface uneven-
ness and increases the fatigue life. The use of polytetrafluo-
roethylene ensures the creation of boundary layers capable
of regeneration and a high degree of protection against
wear.

A more detailed explanation of the mechanism of action
of polytetrafluoroethylene in vegetable lubricating compo-
sitions on surface fatigue requires the study of the condi-
tion of the surface layer and changes occurring after tribo-
logical tests in the deeper layers of the test lubricating com-
positions on the XPS photoelectron spectrometer.

Results of rheological research

The selected lubricating compositions were examined
for rheological properties on the optical rheometer DWS
RheoLab. The influence of various amounts of the modifier
on the rheological properties of lubricating greases were
presented on Fig.11-12.

The MSD correlation function characterizing the dis-
placement of particles in the tested sample and the mod-
ules of elasticity and viscosity depending on the frequency,
which characterize changes in viscoelastic properties, were
determined for all lubricating compositions subjected to
the tests. The determination of these rheological parame-
ters made it possible to assess the structural changes of the
lubricating grease tested, depending on their chemical
composition.

The experimentally measured values of the MSD corre-
lation function and the G" and G” modules of the tested
lubricating compositions confirmed the different nature of
each of the samples. It was found that the introduction of a
modifying additive to the lubricating grease structure sig-
nificantly changes the course of both the MSD correlation
function, as well as the frequency-dependent G" and G”
modules.

Analysing the shape of the MSD function for the tested
lubricating compositions at 20°C, it should be stated that
the function is characterized by two phases, i.e. the plateau
phase, where the value of the MSD function is constant and
the growth phase. For the composition to which no modifi-
er additive (A) was added, only the growth phase was ob-
served. The growing nature of the MSD curve may indicate
the predominance of diffusion features with the predomi-
nance of elastic properties over a wide frequency range.
These assumptions are confirmed by the graph of G" and
G” modules from the frequency for this composition. The
presence of only a spring module indicating the elastic
properties of this lubricant was noted. The introduction of
a 1% modifying additive to the structure of the vegetable
lubricant (B) has changed the nature of the test composi-
tion. The presence of a plateau phase and growth phase
was observed. The existence of a plateau phase at low time
values indicates the predominance of elastic properties at
low frequency values. At higher times, the value of the
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Fig. 11. The dependence of correlation function MSD from
lag time for tested lubricating compositions: unmodified
vegetable grease (blue) and vegetable lubricants modified
respectively 1% (red), 3% (violet) and 5% (black)
polytetrafluoroethylene

TRIBOLOGIA - Finnish Journal of Tribology 1-2 vol 37/2020

Fig. 12. The dependence of modulus G" and G” from fre-
quency for tested lubricating compositions: unmodified
vegetable grease (blue) and vegetable lubricants modified
respectively 1% (red), 3% (purple) and 5% (black)
polytetrafluoroethylene
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MSD correlation function increases, which indicates the
prevalence of viscous features at higher frequency values.
These considerations seem to confirm the graph depicting
the dependence of the G" and G”” module on the frequency.
Above 0.5 [rad/s], the viscous character of the test sample
is observed, while below 0.5 [rad/s], the tested sample is
characterized by a predominance of elastic properties.
However, the introduction of 3% polytetrafluoroethylene
to the grease structure (C) gave similar results. From the
graph of correlation function between MSD and time, the
existence of plateau phase and growth phase was found,
but with higher values than for composition B. The pres-
ence of the plateau phase at lower times indicates the pre-
dominance of elastic properties at lower frequency values.
With increasing time, the values of the MSD function in-
crease for the tested sample, which proves the prevalence
of viscous features at higher frequency values. These con-
siderations are confirmed by the graph of elastic and vis-
cous modulus on the frequency for composition C. The G’
and G”” modules intersect at the frequency of 0.45 [rad/s].
Above this frequency value, the test sample is character-
ized by viscous features, while below this value the elastic
features dominate. The lubricating composition modified
with 5% polytetrafluoroethylene (D) is characterized by the
presence of a short plateau phase and the growth phase of
the MSD correlation function. Below 1[s], the MSD func-
tion assumes constant values, which proves the advantage
of elastic features at low frequency values, whereas at
higher values of the delay time the value of the MSD func-
tion increases, which results in viscous features dominat-
ing at higher frequency values. These considerations are
confirmed by the graph of the dependencies of the G" and
G” modules on the frequency of this lubricating composi-
tion. An advantage of elastic features was observed at low
frequency values (to 1.2 rad/s), then along with the in-
crease in frequency, the viscous module begins to prevail.
Above 1.2 rad/s, the nature of the sample is changed and
viscous features begin to dominate.

The tests conducted have shown that the introduction
of a modifying additive to the lubricating compositions
significantly changes the internal structure of the tested
lubricants. The reason for this is the chemical structure of
the additive used. The interaction between the individual
phases forming the lubricant compositions affects changes
in the rheological stability of the produced lubricants. It
was found that the introduction of polytetrafluoroethylene
to the structure of the tested lubricants changed the value
of the MSD correlation function and the G" and G” mod-
ules, which indicates the movement of the particles and
their location in time, which significantly affected the inter-
nal structure of the lubricating compositions tested.

Based on the test results, it can be concluded that the
applied modifier significantly influences the microstruc-
ture of the lubricating compositions, and thus the viscoe-
lastic characteristics of the lubricants tested are changing.

11

Conclusion

The conducted research showed different influence of
applied modifying additive on changes of coefficient of
friction, limiting load of wear as well as fatigue durability,
and rheological properties of tested lubricating composi-
tions.

The analysis of friction coefficient values during the test
for the tested lubricating compositions indicates a significant
change in this parameter for lubricants modified with various
amounts of additive. The values of the coefficient of friction
have a significant scattering and abrupt changes during the
test. The introduction of a modifying additive to the lubricant
structure allows for a significant reduction of the coefficient of
friction, thus increasing the efficiency of tribological protec-
tion of the tribosystem.

The determined limiting load of wear values (G.) for the
tested lubricating compositions showed that the greases mod-
ified with polytetrafluoroethylene are characterized by ef-
fective anti-wear protection of the tribosystem under con-
stant load conditions, which cannot be said of a composi-
tion without an additive. The content of the additive in the
lubricant structure affects the level of the anti-wear proper-
ties, as evidenced by the results obtained during the tribo-
logical tests presented in this article.

The applied modifying additive affects the increase of
indicators characterizing the fatigue life of the lubricating
greases tested on the basis of sunflower oil. The chemical
structure of the used modifying additive allows to state
that in the case of the lubricating compositions tested, the
effectiveness of counteracting pitting is derived from the
parameters characterizing the physicochemical properties
of the modifying additive, the dispersed phase and the
dispersing phase. On the basis of this assumption, the rela-
tionship between the intermolecular interaction of the dis-
persing phase with the dispersed phase and the modifying
additive and the tribological efficiency of lubricating com-
positions, including protection against surface fatigue, can
be assumed. The introduction of this additive to the struc-
ture of the tested lubricating compositions results in a sig-
nificant plasticity of the surface, which is associated with a
large reduction in stresses resulting from the interactions of
surface unevenness and increases the fatigue life.

The interaction between the individual phases forming
the lubricating compositions affects changes in the rheolog-
ical stability of the produced lubricants. It was found that
the introduction of polytetrafluoroethylene to the structure
of the tested lubricants changed the value of the MSD cor-
relation function and the G’ and G”” modules, which indi-
cates the movement of the particles and their location in
time, which significantly affected the internal structure of
the lubricating compositions tested. Based on the test re-
sults, it can be concluded that the applied modifier signifi-
cantly influences the microstructure of the lubricating com-
positions, and thus the viscoelastic characteristics of the
lubricants tested are changing.
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