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ABSTRACT

This paper examines the addition of solid particles to the lubricants to explore and
evaluate their influence on the friction coefficient. Silica sand with different particle
sizes and iron (Fe) powder of five concentrations were dispersed in lithium grease. The
effect of sliding velocity and normal load on friction and wear properties of stainless
steel pin sliding against an aluminum disc was investigated. It was found that, Fe
particles have shown good friction and wear reduction even at low concentration such
as 2 wt. % and 4 wt. %.
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INTRODUCTION

The variation of friction and wear rate depends on interfacial conditions such as
normal load, geometry, relative surface motion, sliding speed, surface roughness of the
rubbing surfaces, type of material, system rigidity, temperature, stick slip, relative
humidity, lubrication and vibration. Among these factors sliding speed and normal load
are the two major factors whose play significant role for the variation of friction and
wear rate. There were some investigations on the tribological properties of lubricants
with different micro particles added, and it was reported that the addition of micro
particles to lubricant grease is effective in wear and -friction performances.

The effect of main components of white cement such as sand, kaolin and limestone
contaminating lithium grease on friction coefficient and wear of steel test specimens was
discussed, [1, 2]. Based on the experimental results it was found that tin proved to be
effective as solid lubricant dispersed in lithium grease to decrease abrasion wear of the
sliding surfaces. Several contaminants were collected from different areas in the cement
factory including the air cooled slag with low ferric particles, fatty clay, sandy clay,
water cooled slag with medium ferric particles, lime stone, iron ore and air cooled slag
with high ferric particles. HDPE, LDPE, MoS2, Al powder, PTFE, and PMMA were

31


https://www.researchgate.net/researcher/2108119612_GT_Abd_El-Jaber
mailto:emy_ahmed2228@yahoo.com

used as lubricant additives in paraffin oil to reduce the effect of the solid contaminants,
[3, 4].

The abrasive particles entering the machines cause serious wear of the sliding
components, [5, 6]. Abrasive wear of composite materials is a complicated surface
damage process, affected by a number of factors, such as microstructure, mechanical
properties of the target material and the abrasive, loading condition, environmental
influence. However, its effect on the wear mechanism is difficult to investigate
experimentally, [7, 8], due to the possible synergism with other influences. Lubrication
is critical for minimizing wear in mechanical systems, [9], that operate for extended
time periods. Developing lubricants that can be used in engineering systems without
replenishment is very important for increasing the functional lifetime of mechanical
components. White Portland cement or white ordinary Portland cement (WOPC) is
similar to ordinary, gray Portland cement in all respects except for its high degree of
whiteness, [10].

Antifriction bearings are the most critical parts in rotating machinery. Solid
contaminants are denting of the bearing raceways and roller elements. Solid
contaminants may be the cause of bearing failure. Therefore, the dynamic behavior of
antifriction bearing may be monitored using vibration measurements and wear debris
analysis, [11, 12]. Influence of contaminants in the grease of the rolling bearing was
investigated using the acoustic emission, [13 - 16]. It was found that, small size
contaminant particles generated a higher acoustic emission pulse count level than large
size particles. The behavior of lubricant contamination by solid Particles on the
vibration signals of roller bearings was investigated.

The objectives of this work are to investigate tribological behavior of lithium grease
dispersed by silica sand and Fe particles with different particles size. The contaminants
concentration is varied to be 2, 4, 6, 8, and 10 wt. % of the grease. Their effect on
friction and wear of moving surfaces was discussed.

EXPERIMENTAL

The Experiments were carried out using vertical universal friction and wear testing
machine model MM-W1A as shown in Fig. 1. The MM-W1A machine consists of
mainframe, grips, oil boxes, heater and measuring system, spring load system under
close-loop control, indicator board and cabinet. The tribological properties of Different
lubricant systems are tested. Lithium grease without additive is used as a basic
lubricant. Generally different materials such as silica sand of (0 - 150 pm) “A”, and
(600 - 1400 pm) “B”, and Fe micro particles at five concentration levels have been used
to disperse the grease. The lubricant Li-base grease is used as a delivery grease to
protect hot and cold rolled steel during transportation and storage. The amount of Li
based grease was 1.0 g. The contaminants concentration is varied as 2, 4, 6, and 8 wt. %
of the lithium grease.

The tests have been conducted using pin specimens with flat surfaces in the contact
region with applied normal load in the range of 10 to 100 N. Rotating speed of the disk
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was between 200 to 800 rpm, with 200 rpm step, at room temperature. Tests were
conducted using 1.0 g of Li based grease. Prior to each test, the disk, Pin, disk holder
and ball holder were cleaned for getting rid of unwanted material such as metal chips
or lubricant adhering to the holders. The pin-on-disk test is generally used as a
comparative test in which controlled wear is performed on the specimens. The volume
loss allows calculating the wear rate of the material. Since the action performed on all

specimens is identical, wear rate can be used as quantitative comparative value for wear
resistance.
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Fig. 2 Pin on-Disc Friction Pair.

RESULTS AND DISCUSSIONS

Effect of different contaminant particles content dispersed in grease on friction
coefficient of the test specimens is shown in Fig. 3. The tests are conducted using pin
specimens with flat surfaces in the contact region with the applied normal load in the
range of 25 N, 200 rpm speed at room temperature. It is shown that, when the silica
sand content increased, friction coefficient values increase. The increase of sand content
increases the friction and wear between the contact surfaces. This phenomena may be
related to the higher abrasive action of sand due to its hardness. Values of friction
coefficient of sand (A) dispersed in the grease were relatively higher than that observed
for sand (B). This may be attributed to the fact that the smallest particles may come in
direct contact with rotating elements, break the grease film separating the contacting
elements of the pin on disc friction pair. Moreover, the variation of friction coefficient
values may be due to the interaction of silica particles on the contact area between the
pin and the disc, as shown in Fig. 4. Furthermore, friction coefficient values decreased
when the content of Fe particles increased.
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Fig. 3 Effect of additives content on the friction coefficient.
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Fig. 4 A sketch of contaminants deformation in contact area.

The coefficient of friction as a function of sliding velocity generally has a negative slope.
Changes in the sliding velocity result in a change in the shear rate which can influence
the mechanical properties of the mating materials. The strength of many metals and
nonmetals is greater at higher shear strain rates. Figure 5 illustrates the friction
coefficient of the sand (A) for different concentration versus the rotating speed. The
friction coefficient of sand (A) with 8 wt. % displays highest values. Also, the value of
the friction coefficient increases with the increase of the rotating speed. The friction
coefficient of sand (B) for different concentration versus the rotating speed is shown in
Fig. 6. It is noticed that, friction coefficient have a random values. The variation of the
friction coefficient may be due to random distribution of sand particles of relative
bigger particles size. Figure 5 illustrates friction coefficient of Fe particles for different
concentration versus the rotating speed. It is found that, the friction coefficient values
decreased when the rotating speed increased at different concentration of the Fe
particles.

The effect of rotating speed on the friction coefficient displayed by lithium grease
dispersed by solid particles is presented as comparison in Fig. 8. It is seen that values of
friction coefficient for dry, Li based grease only, Fe particles-grease and different size
of sand decrease with the increase of sliding speed. The decrease of friction coefficient
with the increase of sliding speed may be due to the change in the shear rate which can
influence the mechanical properties of the mating materials. The strength of these
materials is greater at higher shear strain rates. But in the dry test with increasing
speeds the friction coefficient also increased.

35



0.7
||
= 0.6
2
= 05
I3
O 04 /
c
203 /
=
LT 0.2 ®2wt. % ||
A4 wt. %
0.1 e6wWt. %
W3 wt. %
0 !
0 1 2 3 4 5

Friction Coefficient

Speed, m/s

Fig. 5 Friction coefficient curves with speed measured of Sand (A).
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Fig. 6 Friction coefficient curves with speed measured of Sand (B).
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Fig. 8Friction coefficient curves with speed measured with pin on disk test.
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Fig. 9Friction coefficient curves with load measured with pin on disk test.

Friction coefficient versus the variation of normal load presented in Fig. 9, indicates
that friction coefficient increases with the increase of normal load within the observed
range. Decreased surface roughness and wear debris are believed to be responsible for
the increase of friction with the increase of normal load. The friction force between the
surfaces increases their temperature. This effect results in adhesion and increases the
deformation at the surface layers, leading to further loss of the metal.

CONCLUSIONS

The tribological behavior of the contact by pin on disk and ring on ring tests in the dry
and Li based grease with micro particles of Fe and sand is investigated. The applied
normal load was in the range of 25 to 100 N. Speeds used were between 50 to 800 rpm.
It is observed that micro particles of Fe have shown good friction and wear reduction
characteristics even at concentrations of 2 wt. % and 4 wt. %. It was found that, the
use of micro particles in lubricating greases such as Fe powder, different size of sand
particles enhanced the tribological properties which reduced vibrations compared to Li
based grease free of solid particles. Tests under dry conditions also increased wear and
friction coefficient more than that observed for grease dispersed by micro particles.
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