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ABSTRACT:

In the present work, the effect of applying negative electric (DC) current on the friction and
wear of carbon steel in presence of calcium-based grease dispersed by polymeric materials
such as polyethylene (PE), polytetrafluoroethylene (PTFE) and polymethyl methacrylate
(PMMA) is discussed. The experiments were carried out on cross pin wear tester under
external negative DC electric current, -1.5, -3.0, -4.5 and -6.0 volts.

Based on the experimental results, it can be concluded that, the effect of polymeric particles
dispersed in grease depends on the ability of polymeric particles to adhere into the contact
surfaces. Friction coefficient with applied external negative current increase with increasing
polymer content at the polymer have negative polarity. PMMA shows the significant effect
on reduction friction coefficient and wear at negative current. It can be recommended that
selection of polymeric materials based on the polarity and location in tribo-electric series,
for dispersing greases.
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INTRODUCTION

Presence of electric current and magnetic field around the tribocontact modified the
mechanical properties of the surface and subsurface, [1]. The mean friction coefficient
changed from 0.16 without electric current and magnetic field to 0.26 with them, and its
variation reduces considerably. The worn surfaces were smoother with magnetic field
application than that without it, and the modification of subsurface structure was
observed. The magnetic field and the electric current modified the mechanical and
chemical properties of this ferromagnetic material in the sliding contact by interaction
with cyclic contact stresses and increasing the temperature on the contact surface. This
interaction was characterized by an increase of the micro hardness, the activation of
oxidation on the surfaces, the difference of contact noise level and the changes induced in
subsurface structure.

The apparent friction coefficient was changed by reversing the polarity of the external
electric field due to the change in real normal pressure. An extraordinary change in
friction coefficient of graphite/graphite rubbing couples was discovered, [2], under a
large DC current at a critical sliding speed, jumping from a high value (about 0.7) to a
low value (about 0.07) as rubbing slows down or from the low value to the high value as
rubbing speeds up. It was found that for intentionally insulated metallic contacts
lubricated with liquid crystals the relative friction coefficient under boundary lubrication
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conditions can be reduced by up to 35% by applying an external DC electric field, [3]. DC
voltages were found to be able to promote the generation of chemisorbed and chemical
reaction films of ZDTP additives in mineral lubricating oils on metal surfaces, leading to
areduction in friction, [4 - 6]. It was reported that an AC voltage has effects on lubricating
ability of synovia constituents, [7- 8]. It was observed that for Al2Os/brass couple
lubricated with emulsion of zinc stearate the change in friction coefficient due to an
external DC voltage is not only remarkable, reaching 200 %, but also quick and
reversible, [9]. Besides, friction coefficient of Al2Os/brass couple increased monotonously
with increasing external electric field intensity in the range of 0 - 30 DCV, [10], and that
the fastest increase of friction coefficient occurs within the range of 0 - 20 DCV.

The effect of an applied electric field on the running-in operation of a roller bearing was
investigated, [11 - 13]. In the mixed lubrication regime, when the bearing was the anode,
the friction coefficient increased and also the bearing temperature increased and showed
signs of seizure. The bearing surface was oxidized as would be expected, because of an
anodic reaction. However, when the bearing was cathode, the friction coefficient rapidly
decreased and so did the bearing temperature. The effect of additives in highly refined
paraffinic base stocks on wear under the influence of an electric current was also
investigated, [14, 15]. The addition of sulfur compound decreased wear on the cathodic
surface, while wear was increased on the anodic surface. It was found that an externally
applied voltage may modify the wear behaviour of the lubricant and also, without friction,
its decomposition and its reactivity on the surface, [16]. Because of triboelectrification, the
charged surfaces can interact with each other due to the direct electrostatic forces, [17,
18]. Since these forces are strong and effective, they contribute a major part of the
adhesion force.

Friction of polymers is accompanied by electrification. The basic mechanism of solid
triboelectrification implies processes, which can be described in terms of surface
conditions. During frictional interaction chemical and physichemical transformations in
polymers promote increases in the surface and bulk states density, [19, 20]. lonization
and relaxation of those states lead to electric fields of the surface and bulk charges.
Electrification in friction is a common feature, it can be observed with any mode of
friction, and with any combination of contacting surfaces.

It was found that a correlation between friction coefficient and voltage generated was
found for polymers sliding against polyethylene terephthalate and against steel in water
and salt water lubricated conditions, [21]. Wear of the tested polymers decreased with
increase of sand particle size down to minimum because of the sand embedment in the
polymeric surface. It was found that, application of magnetic field decreased friction
coefficient at dry sliding due to its influence to decrease the adherence of polyethylene
worn particles into the steel counterface, [22]. Besides, the magnetic field favored the
formation of oxide film on the contact surface, where it played a protective role in dry
friction, modified the friction and changed wear from severe wear to mild.

In the present work, the effect of the negative electric current on the friction and wear of
carbon steel in presence of calcium-based grease dispersing by polymeric materials such as
polyethylene (PE), polytetraflouroethylene (PTFE) and polymethylmethacrylate (PMMA) is
discussed.

EXPERIMENTAL WORK

Experiments were carried out using a cross pin wear tester, Fig. 1. It consists, mainly, of
rotating and stationary pins of 15 mm diameter and 160 mm long. The rotating pin was
attached to a chuck mounted on the main shaft of the test rig. The stationary pin was fixed
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to the loading block where the load is applied. The main shaft of the test machine is driven
by DC motor (300 watt, 250 volt) through reduction unit. Moreover, the motor speed is
adjustable and can be controlled by varying the input voltage using an autotransformer.
The test rig is fitted by a load cell to measure the frictional torque generated in the contact
zone between the rotating and stationary pins. Normal load was applied by means of
weights attached to a loading lever. A counter weight is used to balance the weights of the
loading lever, the loading block and the stationary specimen. A digital screen was attached
to the load cell to detect the friction forces. Friction coefficient is determined by the ratio
between the friction force and the normal load and wear is determined by measuring the
scar diameter on the optical microscope.

tor

. Load Cell
Bearing

ovable plate

Fig. 1 Arrangement of the cross pin wear tester.

The Specimens were in the form of cylindrical with 15mm diameter and 160mm Length.
The test specimens prepared from carbon steel with, Ultimate Stress, 746 MPa, yield
stress, 547.1 MPa, modulus of elasticity, 9.5x10% MPa, surface roughness 0.8 pm. The tests
were carried out at sliding velocity of 0.5 m/s and load of 10 N. The rotating specimens
were greased before the test and further greasing was carried out every 30 second during
the test. The test time was 5 minutes. The wear scar diameter was measured for the upper
stationary pin using an optical microscope, Fig. 2, within an accuracy of £ 1 um.

Fig. 2 Optical microscope.
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Experiments were carried out at 25 °C using calcium based grease, the polymeric
additives were polytetrafluoroethylene (PTFE), polymethyl methacrylate (PMMA) and
polyethylene (PE). They were used as thickener for calcium-based grease at concentration
of 5, 10 and 15 wt. %.

RESULTS AND DISCUSSION

Figure 3 show the relation between friction coefficient and percent of polymer content. It
can be noticed that, the Friction coefficient decrease with increasing polymer content, For
PMMA, friction coefficient show the lower values of friction coefficient because of PMMA
particles is height strength then this particles rolling in the contact area. The PTFE, help
for decreasing friction coefficient with increasing additive content. This behavior closed
on the fact of lower friction value for PTFE particles. Add PE particles to calcium grease
show significant reduction in friction coefficient.

Figure 4 shows the relation between friction coefficient and polymer content when
negative electric current was applied. It can be noticed that, the friction coefficient
increase with increasing PE and PTFE content. This behavior related to the polarity of
PE and PTFE is negative and apply by external source of negative electric current shows
significant increase of negative polarity, when sliding against positive steel surface the
attractive action was show hence the friction coefficient increase. On other side the
polarity of PMMA is positive, at sliding between steel surfaces the dissonance was come.
The friction coefficient decrease with increasing polymer content up to 10% then increase
at 15% polymer content.

Effect of negative electric current on friction coefficient for calcium based grease filled by
polymeric particles, was shown in Fig. 5. It can be noticed that, the friction coefficient
increase with increase additive content. Increasing electric current to -3.0 volt show more
effect on increasing the negative polarity of polymeric compared to -1.5 volt. The polarity
of polymers increased the adhesion force between steel surfaces. Then the friction
coefficient increase.
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Fig. 3 Effect of polymers content filling calcium grease on friction coefficient.
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Fig. 4 Effect of polymers content filling calcium grease on friction coefficient
under - 1.5 volts DC current.
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Fig. 5 Effect of polymers content filling calcium grease on
friction coefficient under - 3 volts DC current.
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Fig. 6 Effect of polymers content filling calcium grease on
friction coefficient under — 4.5 volts DC current.

Figure 6 shows the relation between friction coefficient and polymer content; under apply
negative volt electric current was - 4.5 volt. It can be noticed that friction coefficient
increase with increasing additive content up to 10% the decrease at 15 % polymer content.
Increasing negative electric current to - 4.5 volt shows slightly increase in friction values
compared to -3.0 volt. Friction coefficient increases to maximum values at 10 %o, this
behavior related to interaction between polymer particles and steel surface.
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Fig. 7 Effect of polymers content filling calcium grease on friction
coefficient under -4.5 volts DC current.
16



The relation between friction coefficient and polymer content under apply negative
electric current -6 volt, shows in Fig. 8. It can be noticed that, friction coefficient increase
with increase additive content. The maximum friction coefficient value observed at 15 %
polymer content for PTFE and PMMA, while the values of friction coefficient decrease
for PE. Increasing in friction coefficient values related to the location of each polymer in
triboelectric series and the ability of each polymer to change the polarity.

Figure 9 shows the relation between wear diameter and polymer content. It can be noticed
that, the wear diameter decreased with increasing additives content. Wear diameter show
the lowest value for PMMA particles, this behavior related to the rolling action of PMMA
particles, this action separated the contact surface and smooth contact between surfaces.
The maximum wear diameter was 1.1 mm observed at pure condition, while the minimum
value was 0.92 mm at 15 % PMMA.
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Fig. 8 Effect of polymers content filling calcium grease on friction coefficient under -6
volts DC current.
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Fig. 9 Effect of polymers content filling calcium grease on wear diameter.
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Fig. 10 Effect of polymers content filling calcium grease on
Wear diameter under - 1.5 volts DC current.
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Fig. 11 Effect of polymers content filling calcium grease on
Wear diameter under - 3 volts DC current.

Figure 10 shows the relation between wear diameter and polymer content, under negative
volt DC current was - 1.5. It can be noticed that, the wear diameter slightly decreased with
increasing additives content. The PE particles show the lowest wear value; it seems that
to the adhesion force of PE into steel surfaces is high to stick on the steel surface so protect
it from abrasion action. The minimum value of wear diameter was 1.0 mm noticed at 10
% PE.
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Fig. 12 Effect of polymers content filling calcium grease on
Wear diameter under - 4.5 volt DC current.
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Figure 14. Microscopic images of the worn surfaces of steel surface lubricated
by grease dispersing by polymeric additives PE, PTFE and PMMA.
Under negative DC current.

The relation between wear diameter and polymer content with negative volt DC current
- 3.0 was shown in Fig. 11. Generally, it can be noticed that, the wear diameter decreased
with increasing additives content. PMMA show the lower wear diameter. It seems that the
rolling action between PMMA and steel surface. Apply external current on steel surface
increase the negative polarity of PTFE particles then the attractive force between particles
and steel was increasing.

Increasing negative external current to - 4.5 volt DC current was shown in Fig. 12 show.
It can be noticed that, the wear diameter increases with increasing polymer content. This
behavior related to more attractive between two surfaces under the effect of polymer
additives. The wear diameter decrease at grease filled by 5% PMMA, this behavior
related to the rolling action between contact surfaces.

Figure 13 show the relation between wear diameter and polymer content. It can be noticed
that, the wear diameter decreased with increasing additives content. The PTFE show the
lowest values of wear diameter, this behavior related to stick particles on both surface and
covered it between the contact surfaces. The contact between PTFE particles show
relatively low shear strength and increase wear resistance. The negative electric current
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show remarkable effect on reduction the wear diameter, the polarity of PTFE is negative
with apply external negative current the adhesion between steel surface and PTFE
particles was increase.

CONCLUSIONS

1. The effect of polymeric particles dispersed in grease depends on the ability of polymeric
particles to adhere into the contact surfaces.

2. Friction coefficient with apply external negative current increase with increasing
polymer content at the polymer have negative polarity.

3. PMMA shows the significant effect on reduction friction coefficient and wear at
negative current.

4. It can be recommended that selection of polymeric materials based on the polarity and
location in tribo-electric series, for dispersing greases.

REFERENCES

1. Zaidi H., Chin K.J., Frene J., “Electrical contact steel/steel in magnetic field: Analysis
of surface and subsurface of sliding”, Surface and Coatings Technology 148, pp. 241 - 250,
(2001).

2. Samy, A. M. Ali, W. Y., “Developing the tribological properties of lithium greases to
withstand abrasion of machine elements in dusty environment”, International Journal of
Scientific & Engineering Research, 4 (10), pp. 1176-1181, 2013.

3. Csapo E, Zaidi H, Paulmier D. Friction behavior of a graphite— graphite dynamic
electric contact in the present of argon. Wear 192, pp. 151-6, (1996).

4. Kimura Y, Nakano K, Kato T, Morishita S. Control of friction coefficient by applying
electric fields across liquid crystal boundary films. Wear 175, pp. 143 -9, (1994).

5. Tung SC, Wang SS. In-situ electro-charging for friction reduction and wear resistant
film formation. Tribology Transaction,34(4) pp.479-88, (1991).

6. Tung SC, Wang SS. Friction reduction from electrochemically deposited films.
Tribology Transaction,34(1), pp. 23-34. (1991).

7. Samy A. M. and Ali W. Y., “The Effect of Tin as Solid Lubricant Dispersing
Lithium Grease in Reducing Friction Coefficient and Wear in Dusty Environments”, 1-
2/2013, 65.Jahrgang, METALL, pp. 568 — 573, (2013).

8. Nakanishi Y, Murakami T, Higaki H. Effects of electric field on lubricating ability of
sodium hyaluronate solution. Nippon Kikai Gakai Ronbunshu (C Hen), 62(598), pp. 2359—
66, (1996).

9. Hongjun J, Yonggang M, Shizhu W, Effects of External DC. Electric fields on friction
and wear behavior of alumina/brass sliding pairs. Science in China (series E), 41(6), pp.
617-25, (1998).

10. Samy A. M., "Effect of Talc as Solid Lubricant Dispersing Lithium Grease in
Reducing Friction Coefficient and Wear in Dusty Enviroment™, Journal of the Egyptian
Society of Tribology, Vol. 9, No. 4, October 2012, pp. 1 - 11, (2012).

11. Hongjun J, Yonggang M, Shizhu W, Wong PL. Active control of friction by applying
electric fields across boundary films of stearate, Proceedings of ASIATRIB’98. Beijing,
China, pp. 755-60, (1998).

12. Y. Yamamoto, B. Ono, A. Ura, “Effect of applied voltage on friction and wear
characteristics in mixed lubrication”, Lubr. Sci. 8 pp. 199-207, (1996).

13. A. Takeuchi, Various tribological phenomena in current flow (Part 3): control of
running-in by application of electric field, Jpn. J. Tribol. 41 pp. 735-744, (1996).

14. T. Katafuchi, Effects of electric current on wear under lubricated conditions, JSLE 30
pp. 887-893, (1985).

15. Hasouna A. T., Samy A. M., Ali W. Y., "Influence of Solid Lubricants on Reducing
Friction and Wear Caused by Sand Contaminating Greases™, Tribologie +
Schmierungstechnik, Jahrgang 50, 2/2012, pp. 42 —47, (2012).

21



16. H. Wistuba, The effect of an external electric field on the operation of an aluminum
oxide-cast iron sliding contact joint, Wear 208, pp. 113 - 117, (1997).

17. Morizur, M. F. and Briant, J., “Modifications of Electron Properties of Friction
Surfaces in Boundary Lubrication”, C2/4/87, IMechE, (1987).

18. Taylor, C. M., “Engine Tribology”, Tribology Series, 26, Elsevier, Amsterdam, p. 76,
(1993).

19. Bely, V. A., Pinchuk, L. S., Klimovich, A. F. and Guzenkov, S. L., “Tribological Aspects
of Electret State Generation in Polymers”, Proceedings of The 5th Int. Congress on
Tribology, EUROTRIB 89, Vol. 2, June 13 - 16, Espo, Finland, pp. 276 - 281, (1989).
20. Bely V. A., Pinchuk L. S., Klimovich A. F. and Guzenkov S. L., “Tribological Aspects
of Electret State Generation in Polymers”, Proceedings of The 5th Int. Congress on
Tribology, EUROTRIB 89, Vol. 2, June 13 - 16, Espo, Finland, pp. 276 - 281, (1989).
21. Youssef, M. M., Mahmoud, M. M. and Ali, W. Y., “Friction and Wear of Polymeric
Materials Sliding Against Steel”, Journal of the Egyptian Society of Tribology, Vol. 2, No.
1, April, pp. 18 — 31, 45. Tribologie-Fachtagung, 25th — 27th, September 2004 in
Gottingen, pp. 9/1 — 9/14, (2004).

22. Mohamed M. K., “Effect of Magnetic Field on the Friction and Wear of Polyethylene
Sliding Against Steel” Journal of the Egyptian Society of Tribology, Vol. 5, No. 1, April
2009, pp. 13 — 24, (2009).

22



