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ABSTRACT

The present work discusses the effect of the magnetic field on the friction and wear of brass
sheets scratched by a steel insert at dry and lubricated by vegetable oils and dispersed by
polymeric particles such as polyethylene (PE), polyamide (PA6) and polymethylmethacrylate
(PMMA).

Experimental results showed that, friction coefficient at dry and oil lubricated brass surface
displayed higher values than that observed for steel. As the magnetic field is applied, friction
coefficient drastically decreased. Polymeric particles caused significant reduction in friction
coefficient. Application of the magnetic field showed further friction decrease. Under the
action of the magnetic field, friction coefficient slightly decreased for dry and oil lubricated
sliding. Castor, almonds, camomile, jasmine, maize, and olive oils displayed lower friction.

Wear displayed relatively higher values than that observed for steel. Camomile and almonds
oils showed the lowest wear values. Application of the magnetic field slightly decreased wear.
Olive, jasmine and maize oils displayed the lowest wear values. Presence of polymeric
particles on the sliding surfaces slightly decreased wear. Magnetic field showed wear
decrease. Dry sliding displayed relatively lower values of wear. Castor and maize oils showed
good wear resistance.
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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
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and increasing the temperature on the contact surface. This interaction was characterized by
an increase of the microhardness, the activation of oxidation on the surfaces, the difference of
contact noise level and the changes induced in subsurface structure.

Magnetostriction or deformation of material took place during the application of the magnetic
field, [2]. An electric current crossing a sliding couple affects the surface temperature, the
oxidation and the contact behavior. The magneto—tribological interaction of materials was
investigated particularly for braking and cutting tools to increase their lifetime and to improve
the surface quality after machining, [3]. It has been observed that the friction behavior of
ferromagnetic and non-ferromagnetic metals was modified in the presence of a DC magnetic
field. The effects induced by a simultaneous application of a DC electric current and an AC
magnetic field on the surface and subsurface modifications of the ferromagnetic contact
couple steel/steel were presented.

The effects of external electric fields on frictional behaviors of Al>Os/brass, Al.Os/stainless
steel and Al>Os/carbon steel couples under boundary lubricating conditions were studied on a
self-made plate/plate type tribotester, [4]. Results acquired from experiments carried out in a
wide range of external voltage, from 0 to 110 V, indicating that friction coefficient of
Al>O3/brass couple increases monotonously with the intensity of the external electric field,
although no linear relationship was found between them. It was found that friction and wear
were attributed to the migration of electrons across the interfaces of metals with different
work functions. It was found that the difference in the orientations of function groups of
polymers under different electric fields influences the intensity and the direction of interfacial
forces between polymer and metal surfaces, [5]. 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, [6], 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 conditions can be reduced by up to 35% by applying an external DC
electric field, [7]. 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 a reduction in friction, [8, 9]. It was reported that an AC voltage has
effects on lubricating ability of synovia constituents, [10]. It was observed that for
Al>Oz/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, [11]. Besides, friction coefficient of Al>Os/brass couple increased monotonously
with increasing external electric field intensity in the range of 0 - 30 DCV, [12], 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, [13, 14]. 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
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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, [15, 16]. 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, [17].
Because of triboelectrification, the charged surfaces can interact with each other due to the
direct electrostatic forces, [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]. 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.

The potential difference generated by the friction of polymeric coatings against steel
counterface has been measured. The effect of sliding velocity and load on the generation of
electric charge on the friction surface has been investigated, [20]. The results indicate that, at
dry sliding condition the potential generated from friction increases rapidly with increasing
both of sliding velocity and load at certain values then decreases due to the rise of temperature
which causes molecular motion and reorientation of the dipole groups in the friction direction
and leads to the relaxation of space changes injected during friction. Presence of water or oil
on the friction surface, oil impregnation of polyamide coating and filling polyamide by
molybdenum disulphide reduce the potential difference while filling the coatings by graphite
increases that potential. The electrification of polymer surface can be controlled by using
composites of different polymers.

The triboemission characteristics of both negatively and positively charged particles from
various materials such as metals, ceramics and glass were studied, [21]. The results obtained
during scratching the tested materials showed increasing emission intensity with increasing
electrical resistance of the materials. Friction and dielectric measurements performed on
sapphire and alumina samples were correlated, [22]. Mechanisms of polarization and
relaxation of dielectrics were used to provide explanation of the friction and wear behaviour
of insulators.

Experiments were carried out to investigate the influence of the applied voltage on the friction
and wear of polymeric coatings sliding against steel. Unfilled and filled PA 6 coatings by
metal powders as well as high density PE, PA 6, polypropylene coatings, reinforced by copper
wire, were tested. Increasing the concentration of metal powder can reduce the effect of the
applied voltage on friction and wear. Reinforcing PA 6 and polypropylene coatings by copper
wires increased the wear resistance and reduced the friction, [23]. This improvement may be
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attributed to the strengthening effect of the copper wire and its ability to leak some of the
electric charge formed on the friction surface.

By applying an electric field between the rubbing surfaces, the oxidation of the rubbing
surface at anode side is enhanced, and suppressed on the cathode side surface. The oxide film
formed on the anode surface being harder than the bulk steel, the rubbing surface at the anode
side was little worn, but it at cathode side was abrasively worn considerably. The application
of an electric field, however, is considered to promote the breakdown of EHL film formed.
Therefore, the effect of the application of an electric condition tested, [24, 25]. The influence
of applying electric field on the tribological behaviour of steel in a vertical magnetic field
produced by an AC or DC electric current was investigated.

The rubbing process breaks up the polymer surface and liberates free radicals and ion radicals,
[26]. These are highly reactive and react with oxygen dissolved in the lubricant. They are
immediately transformed to peroxide and these react with the metal surface to form oxide
films. These are disrupted by the sliding process and continuous oxidation and removal of
oxide takes place. This leads to increased oxidative wear of the metal surface. Voltage
generated as a result of the friction caused by the sliding of polymers against each other as
well as steel surface was measured, [27]. The test results showed that friction coefficient
displayed by the sliding in salt water represented maximum values due to the relatively high
value of voltage generated as a result of friction.

Triboelectrification of metallic and polymeric surfaces was investigated at dry and lubricated
sliding conditions, [28]. The maximum value of both friction and voltage were displayed by
sliding of aluminum on bearing steel surface. Contaminating motor oil by ethylene glycol
displayed the highest voltage followed by diesel fuel and gasoline for steel sliding on bearing
steel. It was found that a correlation between friction coefficient and voltage generated was
found for polymers sliding against PET and against steel in water and salt water lubricated
conditions, [29]. Wear of the tested polymers decreased with increase of sand particle size
down to minimum because of the sand embedment in the polymeric surface. Further increase
in sand particle size increased wear due to the removal of sand from the polymeric surface.

The development and application of environmentally friendly lubricants is therefore a task for
tribologists and lubrication engineers, [30, 31]. Most of the big petroleum companies have
begun to search and develop environment friendly products. Vegetable oils are potential
replacements of mineral oil base stocks because they usually have high biodegradability and
low toxicity and their resources can be recycled, although the industrial applications of
vegetable oils as green lubricating base stocks are still at an early stage.

In the present work, the effect of the magnetic field on the friction and wear of brass sheets
scratched by steel insert at dry, lubricated by vegetable oils and dispersed by polymeric
particles such as polyethylene (PE), polyamide (PA6) and polymethylmethacrylate (PMMA)
is discussed.
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EXPERIMENTAL

Weights Square insert (12 x 12 mm) of
Loading link TiC of 0.1 mm tip radius and
2800 kp/mm? hardness

Load cell l /

Fig. 1 The arrangement of the test rig.

The test rig, used in the experiments was top scratching tester equipped with an insert to
produce a scratch on a flat surface with a single pass. The details of the test rig are shown in
Fig. 1. The insert, used in experiments, was a square insert (12 x 12 mm) of TiC of tip radius
of 0.1 mm and hardness of 2800 kp/mm?. The scratch force was measured by the deflection of
load cell. The ratio of the scratch force to the normal force was considered as friction
coefficient. Wear was considered as the wear scar width of the scratched wear track. The
width was measured by optical microscope with an accuracy of + 1.0 um. The tested surface
was ground by an emery paper (500 grade) before testing. The load was applied by weights.
The test speed was nearly controlled by turning the power screw feeding the insert into the
scratch direction that was adjusted to be 2 mm/s. The applied load values were 2, 4, 6, 8 and
10 N. All measurements were performed at 28 + 2 ° C and 50 £ 10 % humidity. The vegetable
oils used in the experiments were castor, maize, olive, almonds, jasmine and camomile oils.
The polymers used in the experiments were polyethylene (PE), polyamide (PA6) and
polymethylmethacrylate (PMMA). Brass sheets of 100 mm long, 30 mm width and 1 mm
thickness of 720 MPa Hardness were used as counterface.

The S i t
//' s shecmen The Bose

L A\

The Mognet
Fig. 2 The test specimen fixation.
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The test specimens were fixed on the base and the magnet of 0.1 Mg (flux intensity) was
assembled back to the test specimens, Fig 2. The tested materials were brass sheets of 100
mm long, 30 mm wide and 1.0 mm thickness. The mechanical properties are shown in Table
1.

Table 1 Mechanical properties of the brass test specimens.

Ultimate tensile strength 290 — 350 MPa
Hardness B. H. N 600 — 800 MPa
Surface roughness, Ra 3.8 um

RESULTS AND DISCUSSION

Friction coefficient at dry and oil lubricated brass surface displayed higher values than that
observed for steel, Figs. 2. 1 and 2. 2. This trend could be interpreted on the basis that the
hardness of brass (72 MPa) is lower that the hardness of the steel (100 MPa). In this
condition, the depth of the insert in the brass was relatively higher than the depth of the wear
scar of the steel surface. Consequently, the volume of the material removed from the brass
surface was relatively higher than that removed from the steel surface and the area of the
insert exposed to the friction of the removed brass was relatively higher.
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Fig. 2. 1 Friction coefficient at dry and oil Fig. 2. 2 Friction coefficient at oil
lubricated brass surface. lubricated brass surface.

As the magnetic field was applied, friction coefficient drastically decreased, Figs. 2. 3 and 2.
4. This effect might be from the reorientation of the oil molecules on the surfaces of the insert
as well as the brass. Generally, values of the friction coefficient displayed by the abrasion of
brass were relatively higher than that observed for steel. Material transfer from the brass into
the insert surface might be responsible for the friction increase. The ability of the adherence
of brass in the insert edges was higher than that observed for steel steel. This could be
explained on the basis of the electric static charge formed on the brass (negative charge)
which strengthened the adhesion between brass and insert surface.

Contaminating the sliding surfaces by PE caused significant reduction in friction coefficient,

Figs. 2. 5 and 2. 6. Adherence of the PE particles of negative electric charge into the sliding
surfaces of positive charge decreased the abrasion action of insert into the brass surface.

21



16 16
E 12 ‘GC; 12 /l
- / - 7
: wod
8 /] ,./ 8 0
O 08 o v
: 77 5 % V
= —+Dry 3 1 —+—iasmine
L% 04 // —e—camanile [ L|:. 04 [ 4 _._Jma‘ze
=+—almonds ’
[ =x=olive
—&-castor 0 T
0 L j
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Load . N Load N
Fig. 2. 3 Friction coefficient at dry and oil Fig. 2. 4 Friction coefficient at oil
lubricated brass surface under magnetic field.  lubricated brass surface under magnetic
field.
2 2 /l
-y 216
5 16 é ,
o = A
£ 2 4 5 12 —
o] o]
2 /‘/ LC) 03
c 08 :
% "//V/ —=Dry }S / =+=jasmine
LE 0 / —8—camonile IC 04 —wmaize H
Y —*almonds f —alive
—-castor 0 |
) : | ]
0 2 4 6 8 10 12
0 2 4 6 8 10 12
Load . N Load ,N
Fig. 2. 5 Friction coefficient at dry, oil Fig. 2. 6 Friction coefficient at oil lubricated
lubricated and PE contaminated brass and PE contaminated brass surface.
surface.
16 16
IRE T |
S /"2’/ g
= =
[ [0}
8 s / 3 0s z
5 5 I/
= =+Dry =] y ——
2 04 // —e—camonile E 0.4 / -.-Ias.mme
v 1 =+—almonds +m?1|ze
—&—castor —aolive
0 I 0 !
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Load , N Load ,N
Fig. 2. 7 Friction coefficient at dry, oil Fig. 2. 8 Friction coefficient at oil lubricated
lubricated and PE contaminated brass and PE contaminated brass surface under
surface under application of magnetic field. application of magnetic field.

22



Application of the magnetic field showed further friction decrease, Figs. 2. 7 and 2. 8. This
trend might be attributed to the effect of the magnetic field to increase the adhesion of PE
particles into the sliding surfaces and to enhance the reorientation of the oil molecules to form

thick film protecting the sliding surfaces.

PA 6 particles caused an increase in friction coefficient compared to PE, Figs. 2. 9 and 2. 10.
This behaviour can be explained on the basis that PA 6 particles of positive charge adhered
into the scratched brass surface not the insert so that the insert edges as well as brass free of
PA 6 interacted with each other. It can be concluded that no change was observed for the

addition of PA 6 particles.
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Fig. 2. 10 Friction coefficient at dry, oil
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As the magnetic field was applied, friction coefficient significantly decreased, Figs. 2. 11 and
2. 12. It seems that magnetic field enhanced the reorientation of the oil molecules on the

sliding surfaces.
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Fig. 2. 11 Friction coefficient at dry, oil
lubricated and PA 6 contaminated brass
surface under application of magnetic field.
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brass surface.

Addition of PMMA particles into the sliding surfaces caused significant reduction in friction
coefficient for dry and oil lubricated conditions, Figs. 2. 13 and 2. 14. It seems that the ability
of PMMA particles to roll more than to adhere into the sliding surafecs was suitable to protect
the surface from the abrasion action of the insert. Besides, the spherical shape of PMMA
particels enhanced the rolling tendency.
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Fig. 2. 15 Friction coefficient at dry, oil Fig. 2. 16 Friction coefficient at oil

lubricated and PMMA contaminated brass  lubricated and PMMA contaminated brass
surface under application of magnetic field. ~ surface under application of magnetic field.

Under the action of magnetic field, friction coefficient slightly decreased for dry and oil
lubricated sliding. Castor, almonds, chamomile, jasmine, maize, and olive oils displayed
lower friction, Figs. 2. 15 and 2. 16. It can be concluded that the addition of PMMA particles
had more influence than the magnetic field.
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Wear displayed by dry and oil lubricated brass surface after the scratch by the steel insert is
shown in Figs. 2. 17 and 2. 18. Generally, wear displayed relatively higher values than that
observed for steel. Camomile and almonds oil showed the lowest wear values.
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Fig. 2. 19 Wear displayed by dry and oil Fig. 2. 20 Wear displayed by oil
lubricated brass surface under application of lubricated brass surface under
magnetic field. application of magnetic field.

Application of the magnetic field slightly decreased wear. Olive, jasmine and maize oils
displayed the lowest wear values, Figs. 2. 19 and 2. 20. Wear reduction might be attributed to
the formation of thick oil film on the sliding surfaces.
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lubricated and PE contaminated brass and PE contaminated brass surface.

surface.

Presence of PE particles on the sliding surfaces slightly decreased wear, Figs. 2. 21 and 2. 22.
PE particles of negative charge were adhered into the insert and decreased the cutting action
of the insert.
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Fig. 1. 23 Wear displayed by dry and oil Fig. 1. 24 Wear displayed by oil lubricated
lubricated and PE contaminated brass surface and PE contaminated brass surface under
under application of magnetic field. application of magnetic field.

Magnetic field slightly decreased the wear for lubricated brass, Figs. 2. 23 and 2. 24. Dry
sliding displayed relatively lower values of wear. Castor and maize oils showed good wear
resistance. It can be seen that the effect of PE particles were more pronounced than the
magnetic field.

Presence of PA 6 particles on the brass surface slightly decreased wear, Figs. 2. 25 and 2. 26.
This behaviour could be attributed to the adhesion of PA 6 particles into the insert surface.
Further wear decrease was observed as the magnetic field applied on the sliding surfaces,
Figs. 2. 27 and 2. 28. It can be seen that values of wear represented lower values than that
observed for PE.
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Presence of PMMA decreased wear, Figs. 2. 29 and 2. 30. The tendency of the PMMA
particles to roll decreased the action of the insert tip to penetrate the brass sheet. The action of
the PMMA particles was more pronounced for the oil lubricated surfaces, where jasmine,
maize and olive oils displayed the lowest wear.

05 0.5

04

< 03

02
¥,
=+jasmine
0.1 H

Wear Scar Width, mm
o o ¢
M W
N
'
3
Wear Scar Width ,mm

0.1 ::T;ﬂ: i -B-maize
—B-castor =x—qlive
0 ' 0 !
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Load , N Load ,N
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magnetic field. magnetic field.

Application of magnetic field caused significant wear reduction, Figs. 2. 31 and 2. 32. The
wear decrease may be attributed to the ability of magnetic field to superimpose an extra
attractive force to the PMMA particles to be bonded to the brass and steel surfaces.

CONCLUSIONS

1. Friction coefficient at dry and oil lubricated brass surface displayed higher values than that
observed for steel. As the magnetic field was applied, friction coefficient drastically
decreased.

2. Polymeric particles caused significant reduction in friction coefficient. Application of the
magnetic field showed further friction decrease. Under the action of the magnetic field,
friction coefficient slightly decreased for dry and oil lubricated sliding. Castor, almonds,
camomile, jasmine, maize, and olive oils displayed lower friction.

3. Wear displayed relatively higher values than that observed for steel. Camomile and
almonds oil showed the lowest wear values. Application of the magnetic field slightly
decreased wear. Olive, jasmine and maize oils displayed the lowest wear values.

4. Presence of polymeric particles on the sliding surfaces slightly decreased wear. Magnetic
field slightly decreased wear. Dry sliding displayed relatively lower values of wear. Castor
and maize oils showed good wear resistance.
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