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Abstract. The present study is part of a wide research project conducted by the authors. The overarching
purpose of this project is to explore the reuse of aluminum machining chips for the development of design
recommendations for epoxy floor materials, specifically focusing on safety requirements and slip resistance
based on friction measurements. The aim is to address the potential danger of electrostatic charge generation
during walking.

Epoxy floor coatings are commonly used in commercial and industrial settings. They are typically applied
over concrete floors to create a smooth, durable surface that can withstand heavy loads and provide a high-
performance flooring solution. Many industrial sites, warehouses, and commercial buildings rely on epoxy
floors to maintain clean and safe conditions for workers, equipment, and inventory.

In this study, we propose the reuse of aluminum machining chips as filling material for epoxy flooring. The
goal is to increase the friction coefficient and reduce the electrostatic charge generated by the friction
between shoes and epoxy flooring materials.

The test results demonstrate that the safety of shoes increases with a decrease in the hardness of the shoe
sole. Additionally, the friction coefficient increases with the increasing aluminum powder content in the
epoxy flooring material. Based on these findings, we recommend the use of aluminum machining chips to
improve the safety of epoxy flooring materials. The incorporation of aluminum powder in epoxy flooring
helps water to escape from the contact surface during walking, thereby enhancing floor safety, especially
in rainy weather conditions. We also advise the safe disposal of machining chips to produce new products.
Keywords. Safety, Epoxy, friction coefficient, electrostatic charge, Shore hardness, aluminum powder.

INTRODUCTION

areas as well as schools. The effect of sand

The selection of materials with higher
coefficient of friction leads in decreasing slip
and fall accidents. In order to increase strength,
it is common for floors in different workplaces
to be made from hard and smooth materials. To
achieve an increased comfortable in working
areas, rubber mat has become common floor
material, [1 - 7].

The usage of recycled rubber can be found in
many workplaces as, in floors in health clubs,
gyms, community centers, fitness centers,
universities, fire, and police stations and play

43

particles, on the friction coefficient done by
rubber sliding versus ceramic tiles at various
situation, was studied, [8].

Tests were carried out at water, dry, soap,
detergent, oil, and water oil emulsion. It was
noticed that, at dry sliding, dust particles
caused excessive reduction in friction
coefficient. In this state, it is recommended to
utilize rounded protrusion in the rubber
surface. In the presence of sand, dust particles
instill in rubber surface this action related to
increased friction coefficient. The results
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show, wet square protrusions are bespoken to
have comparatively higher friction coefficient
values. At surfaces lubricated by soap diluted
by water, smooth rubber embedded by sand
particles accord higher friction compared with
protruded rubber surface; however, sand
particles embedded in rubber surface
lubricated by oil display higher coefficient of
friction values. Many studies have been
investigated for improving the tribological and
triboelectrification  properties of  epoxy
flooring materials, [9 -12].

It was observed that, from tests were carried
out at water, dry, soap, detergent, oil, and water
oil emulsion, at dry sliding, dust particles
caused overreduction in friction coefficient. To
took advantage of this situation, it is
recommended to use rounded protrusion in the
rubber surface. Smooth rubber embedded with
sand particles gives higher friction compared
to the protruded rubber surface when handling
surfaces lubricated with soap diluted with
water; Note that sand particles embedded in the
oil-lubricated rubber surface display a higher
coefficient of friction. Many studies have been
investigated for improving the tribological and
triboelectrification  properties of  epoxy
flooring materials, [9 -12].

Coefficient of friction noticeably is increased
as result of using rubber particles from
experimental results. This attitude concerning
to the deformation of rubber through
scratching. The lowest value of coefficient of
friction noticed for pure epoxy specimens was
1.5at 4 N applied load, however the maximum
value was 2.5 displayed by epoxy filing by 10
wt. % rubber of 0.5 — 1.0 mm particle size,
[13]. The examined material is polyester filled
by various contents of recycled rubber 5, 10,
15, 20 and 25 % with various particle sizes.
Experiment shows that, increases rubber
content shows important increasing in
coefficient of friction for polyester composite.
The maximum value of coefficient of friction
was (1.75) for polyester composite spotted at

polyester specimens contain 25 % rubber.
However: the minimum friction value (0.18)
noticed at 100% polyester specimens.
Increasing particle size of rubber displays
remarkable increase in wear of polyester
composite, [14].

14.4% of all reportable work accidents in
Germany in 2020 originated from Tripping,
falling and slipping on floors [15]. Flooring in
work areas must be designed in such a way as
to avoid this, a reality enforced by law in many
countries. In Austria and Germany, for
example, this is specified in the relevant
workplace regulations [16]. Slip resistance can
be defined as property of the surface of a floor
intended to stop the foot from slipping when a
foot or shoe sole is covered with slip-
enhancing substances such as water or oil. The
biomechanical principles for slipping are
described in Ref. [17], for example. The slip
resistance is influenced by more than one
factor, including human factors, but three
dominate: the shoe sole, the floor covering
material and the slip- promoting intermediate
medium, such as spilled oil or water. If an
intermediate medium is present, the influence
of the floor covering and especially of the shoe
is reduced. Further investigations can be
found, for example, in Ref. [18], where various
shoes and coatings were examined with regard
to their slip resistance. It necessary also to
mention that roughness parameters can be used
for the evaluation of the slip resistance as
described in Refs. [19 - 20], where [21]
specifically deal with those in food industry
buildings. The topic represents a subsection of
the hygiene and health requirements in
buildings.

Measurements of the static coefficient of
friction between rubber specimens and ceramic
surfaces were performed in dry, water
lubricated, oil diluted by water, oil and sand
that contaminates lubricating fluids [22-24]. It
is recorded that; dry sliding of the rubber test
samples revealed the higher value of
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coefficient of friction. In case of wet lubricated
ceramics in comparison with dry sliding, the
value of the friction coefficient is reduced. For
oil lubricated ceramic, friction coefficient
reduced with increasing length of the grooves
comes in the rubber specimens. Besides,
diluting oil by water showed values of friction
coefficient much lower than that spotted for oil
lubricated condition. As for ceramic covered
by water and soap and impure by sand,
coefficient of friction shows remarkable
increases compared to the sliding case, of
water and soap only. In the existence of oil and
sand on the sliding surface, the friction
coefficient lightly increased. This attitude may
be occasion by sand embedment in rubber
surface and consequently the contact became
amidst sand and ceramic. At lubricated sliding
surface by water and oil dirty by sand, the
friction coefficient showed higher value than
that of sand and oil sliding conditions.

The amount of industrial waste around the
world is increased proportionally with
continuing increase in production volumes, in
recent years, the general trend is to reduce the
amount of industrial waste by promoting the
reuse of waste and the use of recyclable
materials, as well as developing and improving

2. EXPERIMENTAL WORK

The Ultra Stable Surface Voltmeter (USSV)
was utilized to measure the electrostatic charge
generated during contact and separation of the
specimens against rubber, as shown in Figure
1. The USSV is capable of measuring charges
as low as 1/10 volt on a surface and up to 20
kV. Readings in volts are typically taken with
the sensor positioned 25 mm away from the
surface being tested.

manufacturing technology. [25]. In the last few
years, non-conventional machining methods
have greatly evolved in order to cut materials
without generating chips or generating
microscopic  chips. In  spite of the
characteristics of non-conventional machining
methods such as high precision, high surface
finish, ability to produce complex shapes, and
reduced waste due to low or no wear, non-
conventional machining methods are not
economical for low mass production due to the
high cost and low demineralization rate [26].
Therefore, traditional manufacturing processes
are needed by industrial market, which
increases the waste volume, [27]. If waste
materials are eliminated from a product's life
cycle during manufacturing without being
reused, they have a detrimental impact on the
environment. Aside from contamination, a new
product may be manufactured cost-effectively
throughout a chain by reusing manufactured
waste or worthless materials.

The present work aims to reuse the machining
aluminum chip for improve the safety of
epoxy as flooring materials in rainy weather.

¥

Fig. 1 Electric static charge (voltage)
measuring device.
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Friction tests were conducted using a specially
designed and manufactured test rig to measure
the friction coefficient between the rubber test
specimens and the flooring tiles being tested.
The test rig was equipped with sensors to
measure both the frictional and normal forces
involved in the testing process.

The tested flooring tiles were positioned on a
base supported by two load cells. The first load
cell measured the horizontal force (friction
force), while the second load cell measured the

vertical force (normal load). By calculating the
ratio between the friction and normal forces,
the friction coefficient was determined.

The setup and arrangement of the test rig are
depicted in Figure 2.

Firstly, the machining aluminum chips were
milled using a ball mill to obtain aluminum
powder, as shown in Figure 3. Test specimens
were then prepared by mixing the aluminum
chip powder with epoxy resin and molding it
onto a wooden block, forming a tile with

Water coverage
epoxy surface

Digital Screen
Friction Force

dimensions of 150 x 150 mm2. The preparation
process of the test specimens is depicted in
Figure 4.

For the experiments, aluminum chip powder
with a particle size of 5 microns was added to
the epoxy resin at different weight
percentages: 1%, 2%, 3%, 4%, and 5%.
Friction tests were conducted under various
normal load conditions to cover both light and
heavy loads.

To measure the sliding modes, rubber shoes
with different hardness values of 63, 65, and 67
Shore "A™ were used. The rubber shoes used in
the experiments are shown in Figure 5. The
Shore "A"™ Hardness meter wused for
measurement is depicted in Figure 6.

In order to evaluate the effect of water on the
epoxy surface, 5 ml of water was applied. The
presence of water on the epoxy surface filled
with aluminum chip powder is illustrated in
Figure 7.

Epoxy Flooring
/ Materials

Digital Screen
Normal Load

v

-

CAS (-5 R

Fig. 2 Friction test rig
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Aluminum Chip

Ball Mill

Aluminum chip powder produced from ball mill

Fig. 3. Aluminum machining chip milling by Ball mill to produce the aluminum powder.
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Powder of aluminum chip

Epoxy Mixing the mixture

<
<P

Final shape of test specimens

Pouring the mixture in the die

Fig. 4 Epoxy test specimens filled by powder of aluminum chip.
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Fig. 6. Shore “A” Hardness meter.

Load

Water

Sliding Direction
EES) | Rubber Shoes

Epoxy filled by aluminum powder

Fig.7 Hlustration of the tested rubber shoes sliding against epoxy surface filled by copper
powder in water sliding conditions.

4. RESULTS AND DISCUSSION with increasing Al. powder content. Increase
Friction coefficient of epoxy flooring material hardness of shoes decrease the deformation,
filled by powder of aluminum chip is shown in this behavior results reduction in friction

Fig. 8. Friction coefficient slightly increases coefficient. In presence of water on sliding
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surface easy to slip shoes on flooring surface.
The minimum values of friction coefficient
were observed for 100% epoxy specimens.
Increasing aluminum powder content up to 2%
show more effect in increasing friction
coefficient.

Figure 9 show the relation between friction
coefficient and normal load, for water sliding
epoxy test specimens filled by powder of

aluminum powder. It can be noticed that the
friction coefficient decreases with increasing
normal load. This behavior related to difficult
to escape water from contact area. The friction
coefficient  increases  with  increasing
aluminum powder content. The minimum
values of friction coefficient displayed by pure
epoxy test specimens.
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Fig. 8 Friction coefficient of rubber shoes with Hardness 63 shore A
sliding against wet epoxy floor filled by aluminum powder.
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Fig. 9 Friction coefficient of rubber shoes with Hardness 63 shore A
sliding against wet epoxy floor filled by aluminum powder.
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Fig. 10 Friction coefficient of rubber shoes with Hardness 65 shore A
sliding against wet epoxy floor filled by aluminum powder.
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Fig. 11 Friction coefficient of rubber shoes with Hardness 65 shore A

Figure 10 shows the relation between friction
coefficient and normal load, for water epoxy
filled by powder of aluminum chip. It can be
noticed that the friction coefficient increases
with increasing Al. content. This behavior may
be related to the aluminum powder help for
leakage water from contact area. Aluminum
powder show significant effect on increasing
friction  coefficient. Maximum friction
coefficient was observed at 2 % aluminum
powder.

Increase powder of aluminum chip content in
epoxy flooring is shown in Fig. 11. Friction
coefficient shows slightly increase with
increasing aluminum powder content. Friction
coefficient slightly decreased with increasing
normal load. This behavior related to retention
the water in contact area. Minimum values of
friction coefficient were observed for 100%
epoxy flooring. Adding aluminum powder by

4 % show significant effect on increasing
friction coefficient.

Friction coefficient of rubber shoes sliding
against epoxy test specimens filled by powder
of aluminum chip is shown in Fig. 12. Friction
coefficient increase with increasing powder of
aluminum chip content. This behavior may be
related to increase resistance of flooring for
sliding. Decrease hardness of shoes play
important role in increasing deformation of
shoes sole that help water to escape from
contact area. The maximum value of friction
coefficient was observed at specimens of
epoxy filled by 3% powder of steel chip. The
minimum value of friction coefficient was
observed at 100% epoxy flooring material.

Figure 13 show the relation between friction
coefficient and normal load, for epoxy test
specimens at 4% and 5% Al. powder content.
It can be noticed that the friction coefficient
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increased with increasing Al. powder content.
Increase Al. powder content to 5% show
enhancing in friction value. This behavior
related to the easy escape of water from contact
area. The minimum value of friction
coefficient was observed at 100% epoxy
specimens. Maximum value of friction
coefficient observed at 5% steel powder.

Electrostatic charge of epoxy flooring material
filled by powder of aluminum chip is shown in

Fig. 14. Electrostatic charge decreases with
increasing aluminum powder content. Increase
Al. powder help to conduct surface of epoxy
floor to ground and disposal from electrostatic
charge generated from friction. The minimum
values of electrostatic charge were observed
for 100% epoxy specimens. Increasing Al.
powder content up to 3% show more effect in
reduction of this charge.
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Fig. 12 Friction coefficient of rubber shoes with Hardness 67 shore A sliding against wet epoxy
test specimens filled by Aluminum powder
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Fig. 13 Friction coefficient of rubber shoes with Hardness 67 shore A sliding against wet
epoxy test specimens filled by Aluminum powder
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Fig. 14 Electrostatic charge of rubber shoes with Hardness 63 shore A sliding against wet epoxy
test specimens filled by aluminum powder.
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Figure 15 show the relation between
electrostatic charge and friction coefficient, for
epoxy test specimens filled by powder of
aluminum chip. It can be noticed that the
electrostatic charge decreases to minimum
values at 5% Al. powder content. This
behavior related to more effect of aluminum
for disposal charge in presence of water. The
minimum values of electrostatic charge
displayed by epoxy floor filled by 5%
aluminum powder.

Figure 16 show the relation between
electrostatic charge and friction coefficient, for
epoxy filled by powder of aluminum chip. It
can be noticed that the electrostatic charge
decreases with increasing steel powder
content. This behavior may be related to
increase the ability of aluminum to conduct
and disposal this charge to ground. The water
helped to distribution this charge on contact

surface and easy for disposal through
aluminum powder found in epoxy floor. The
maximum value of electrostatic charge was
observed at 100 % epoxy flooring. The
minimum charge was observed at 3 %
aluminum powder.

Increase powder of aluminum chip content in
epoxy flooring is shown in Fig. 17.
Electrostatic charge shows other decrease with
increasing Al. powder content. Charge
increases with increasing friction coefficient,
this behavior enclosed on the fact of
electrostatic charge generated from friction
between two surfaces. The maximum values of
electrostatic charge were observed at pure
epoxy flooring material. Increase Al. powder
content up to 5% show slightly increase in
electrostatic charge. This behavior related to
the converged of Al. particles and collect the
charge without disposal from this charge.
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Fig. 15 Electrostatic charge of rubber shoes with Hardness 63 shore A sliding against wet epoxy
test specimens filled by aluminum powder.
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Fig. 16 Electrostatic charge of rubber shoes with Hardness 65 shore A sliding against wet epoxy
test specimens filled by aluminum powder.
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Fig. 17 Electrostatic charge of rubber shoes with Hardness 65 shore A sliding against wet epoxy
test specimens filled by aluminum powder.
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Electrostatic charge of rubber shoes sliding
against water epoxy test specimens filled by
powder of aluminum chip is shown in Fig. 18.
Electrostatic charge decreases with increasing
content of aluminum chip powder. This
behavior may be related to decrease slipping of
shoes on floor surface, as a result to decrease
the electrostatic charge generated. The
minimum value of electrostatic charge was
observed at epoxy floor filling by 3% Al.
powder.

Figure 19 show the relation between
electrostatic charge and friction coefficient, for

epoxy test specimens at 4% and 5% aluminum
powder content. It can be noticed that the
electrostatic charge decreased with increasing
Al. powder content. Increase Al. powder
content to 4% show significant reduction in
charge. This behavior related to the good
distribution of aluminum particles in epoxy
floor and water distribute the charge on
surface, this action help to easily disposal from
electrostatic charge to ground. The maximum
value of electrostatic charge was observed at
100% epoxy specimens.
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Fig. 18 Electrostatic charge of rubber shoes with Hardness 67 shore A sliding against wet epoxy
test specimens filled by aluminum powder
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Fig. 19 Electrostatic charge of rubber shoes with Hardness 67 shore A sliding against wet epoxy
test specimens filled by aluminum powder.

5 CONCLUSIONS

The safety of shoes increases with a decrease
in the hardness of the shoe sole.

The friction coefficient increases with an
increase in the aluminum powder content in the
epoxy flooring material.

We recommend using aluminum machining
chips to improve the safety of epoxy flooring
materials.
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