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ABSTRACT

The present study investigates the influence of the thickness of the friction surfaces of the
triboelectric nanogenerator (TENG) on the electrostatic charge (ESC). Five types of TENGs
were tested where the thickness of the friction materials was variable. Permanent magnets
were inserted under one of the contact surfaces.

It was found that ESC drastically decreased with increasing the thickness of contact surface.
It may be attributed to the material transfer from one surface to the second one. After
contact-separation, it seems that changes in the contact area of the two surfaces can change
the magnitude of charging. At sliding, severe rubbing of materials introduces strains that
disturb the electrons and reverse their transfer direction. As the thickness of the rubbed
surfaces increases, the deformation increases. In addition to that, internal strains in the
matrix of the material may alter the charge transfer direction. In presence of magnetic field,
voltage increased with increasing the field intensity.
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INTRODUCTION

The influence of the magnetic field lines and their direction on ESC of the proposed TENG
were studied, [1 - 8]. It was revealed that the highest ESC was observed when the moving
electrode cut perpendicularly the highest number of the magnetic field lines. Besides, it was
found that the direction of sliding displayed significant effect on the generated ESC. It was
known that the performance of the TENG based on triboelectrification and magnetic field
depends on the position of the permanent magnets relative to the contact area. It was
observed that ESC is generated when the lines of a magnetic field are cut by the electrode. It
was recommended to select the optimal position of the magnet to harvest the highest voltage.
In addition to that, steel sheets were inserted between the permanent magnets and the contact
area to distribute the lines of magnetic field, where the steel sheets of different thickness can
redirect the magnetic field lines of the magnet and provided extra magnetic field.
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The disadvantages of triboelectrification are fires and destruction of electronics, [9 - 13]. It
was observed that, blending of two materials of different charges can reduce ESC, [14 - 16].
In medical field, it can be used to repel viruses, [17 - 21], and enhance the performance of
TENG, [22 - 24]. Triboelectrification strengthened by electrostatic induction could develop
the performance of TENG in energy harvesters, [25 - 28], self-powered sensors, [29 - 31], as
well as hybrid electromagnetic-TENG, [32 - 36].

The present work investigates the effect of the thickness of the friction surfaces of the TENG
on the ESC. Besides, permanent magnets were inserted under the friction surface.

EXPERIMENTAL

The tested TENG in the present work consisted of the first surface made of silicon rubber of
different thickness ranging between 0.1 and 5.0 mm adhered to Al sheet of 0.05 mm thickness
representing the first electrode. The second surface was polyamide (PA) of 0.08 mm thickness
adhered to Al sheet (second electrode) installed in one surface of wooden cube, Fig. 1.
Permanent magnets of 120 and 240 mG field intensity were inserted under the Al sheet, Fig.
2. In the second and third TENG PA was replaced by Al film of 0.05 mm thickness as well
as PMMA sheet of 2.0 mm thickness respectively. The dimensions of PMMA were 40 mm
long and 22.5 mm width. The fourth TENG contained Al film of different thickness sliding
on PMMA sheet of 2.0 mm thickness adhered to 2.0 mm thickness of sponge polyurethane,
(PU), where the magnet was inserted, Fig. 3. The fifth TENG included PA of different
thickness (the first dielectric) adhered to Al film (the first electrode) sliding on
polytetrafluoroethylene (PTFE) film (the second dielectric) of 0.025 mm thickness adhered
to the PU sheet, Fig. 4. PA was adhered to wooden cube of 45 x 45 x 45 mm? through Al film.
A digital voltmeter was used to measure electrostatic charge ((ESC) in volts after contact-
separation as well as sliding on the two sliding surfaces. The load value was 10.5 N. In
contact-separation, the two surfaces were loaded to each other for five second and separated,
then ESC was measured. While at sliding, the distance was 100 mm.

Load

[Silicon Rubber

Fig. 1 Arrangement of the test procedure.
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Fig. 2 Arrangement of the tested TENG provided by permanent magnet.
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Fig. 3 Arrangement of the fourth tested TENG.
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Fig. 4 Fig. 3 Arrangement of the fifth tested TENG.

RESULTS AND DISCUSSION

The relationship between ESC measured by voltage after contact-separation of PA and SR
under the effect of the permanent magnets is shown in Fig. 5. Voltage significantly increased
up to maximum at 0.2 mm then drastically decreased with increasing SR thickness. Besides,
voltage increased with increasing the magnetic field. The values of voltage were 3670, 3400
and 3040 mV at 0, 120 and 240 mG magnetic field respectively. Based on that observation, it
can be indicated that the increase of the generated voltage depends on the number of lines of
the magnetic field cut by the moving surface (PA).

The voltage difference between the two contact surfaces after sliding is shown in Fig. 6, where
their values showed relatively higher values than that measured for contact-separation. The
highest voltage values were 5100, 4300 and 3500 mV at 0, 120 and 240 mG magnetic field
strength respectively. The arrangement of the magnets displayed insignificant effect on
voltage values. The same trend shown for contact-separation was observed in sliding
condition, where the highest voltage was at 0.2 mm SR thickness. Based on this observation,
it seems that voltage values were much influenced by the SR thickness.
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Fig. 5 Voltage difference between PA and SR after contact-separation as function of SR
thickness.

It is known that when two dissimilar materials are rubbed together, the two surfaces are
electrically charged, where the first becomes positively charged, while the other becomes
negatively charged. The intensity of the generated ESC depends on the gap between the
surfaces in the triboelectric series. The double layer of ESC on the two sliding surfaces
generates electric field. SR as insulator contains ESC that are conserved. ESC would
generate an electric field inside the matrix of SR. Presence of the permanent magnet inside
SR matrix would help generate extra ESC on the two surfaces. As the permanent magnets
are close to the surface the electric field intensity increases.

The influence of the thickness of the SR on the value of ESC can be explained on the bases
that sliding of materials as well contact-separation cause the ESC transfer to build up on the
two surfaces. In some conditions, ESC may continue to increase, and sometimes it may
decrease. ESC variations versus sliding distance propose that ESC does not always build up
continuously as sliding proceeds. These variations could be due to random contamination
caused by the material transfer of the second surface. Besides, material transfer and surface
distortion significantly affect ESC transfer. The surface deformation that occurs during
contact-separation and sliding disturbs the electron transfer. It is well known that as the
thickness of the SR increased, the deformation increased.
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Fig. 6 Voltage difference between PA and SR after sliding as function of SR thickness.
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Fig. 7 Voltage difference between Al and SR after contact-separation as function of SR
thickness.

Replacing the dielectric surface (PA) by Al film showed the same trend observed for PA after
contact-separation and sliding, Figs. 7 and 8 respectively. The maximum voltage values were
observed at SR of 0.2 mm thickness. As the magnetic field increased, the voltage increased.
In condition of using PMMA instead of Al, voltage values significantly increased after both
contact-separation and sliding, Figs. 9 and 10. The increase of the voltage values can be
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attributed to the fact that SR is ranked as negative charged material, while PMMA is positive
charged one. The gap between SR and PMMA in the triboelectric series is relatively long,
therefore, the voltage difference remarkably increases. The long gap between the two sliding
surfaces gives higher chance to exchange more electrons between the two contact surfaces.
The increase of the mobility of the free electrons to one of the contact surfaces increases ESC.
Inserting the magnet under SR matrix would generate extra ESC on the sliding surface.

The fourth TENG investigates the effect of the thickness of Al film of different thickness
sliding on PMMA sheet, Fig. 3. At contact-separation, as the thickness of Al increased,
voltage decreased, Fig. 11. Besides, the voltage increased with increasing magnetic field
intensity. At sliding, the same trend was observed with slight increase in the generated
voltage, Fig. 12. The voltage decrease accompanied to the increase of the thickness of contact
surfaces may be attributed to the surface straining, where strain can influence charge
transfer and can also reverse the direction of charge transfer in some conditions, [37]. It
seems the internal strains inside the material may alter the charge transfer direction. Besides,
severe rubbing of materials can introduce strains, and consequently affect the charge signal.
In addition, strain may alter the type of species transferred during triboelectrification. In
contact-separation, it seems that change in the contact area of the two surfaces can alter the
magnitude of charging. The material transfer from one surface to the other should not be
ignored in explaining the variation of the generated voltage after contact-separation and
sliding of the two contact surfaces.
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Fig. 8 Voltage difference between Al and SR after sliding as function of SR thickness.
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Fig. 9 Voltage difference between PMMA and SR after contact-separation as function of
SR thickness.
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Fig. 10 Voltage difference between PMMA and SR after sliding as function of SR thickness.
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Fig. 11 Voltage difference between Al and PMMA after contact-separation as function of

Al thickness.
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Fig. 12 Voltage difference between Al and PMMA after sliding as function of Al thickness.
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Fig. 13 Voltage difference between PA and PTFE after contact-separation as function of
PA thickness.

10000
-@=()
a=P=240 MG
>
z 6000
g,
8
S 4000
>
2000
0
0 0.1 0.2 0.3 0.4 0.5

PA Thickness, mm

Fig. 14 Voltage difference between PA and PTFE after sliding as function of PA thickness.

In the fifth TENG, Al film was replaced by PA of different thickness sliding on PTFE sheet.
The results ESC generated after contact-separation and sliding are shown in Figs. 13 and 14
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respectively. The voltage values were relatively higher than displayed by Al film at sliding,
Fig. 14, where the highest values were 7500, 8100 and 9400 mV at 0, 120 and 240 mG magnetic
strength respectively. The significant voltage increase displayed by PA may be from its rank
in the triboelectric series that predict the polarity of the charge transferred from one surface
to the other, where the gap between PA and PTFE is quite long. It is obvious that when two
dissimilar materials rub each other, the upper material in the triboelectric series gets
positively charged and the lower one gets negatively charged.

CONCLUSIONS

1. ESC drastically decreased with increasing silicon rubber thickness. That behavior may be
attributed to the material transfer from one surface to the second one.

2. After contact-separation, the changes in the topography of the contact area of the two
surfaces can change the magnitude of charging.

3. At sliding, rubbing of the materials causes strains that limits the electron transfer and
reverse their direction.

4. As the thickness of the contact surfaces increased, deformation increased and consequently
the internal strains, in the matrix of the material that alter the charge transfer direction,
increased.

5. ESV increased with increasing the magnetic field.

6. Replacing PA by Al film showed the same trend after contact-separation and sliding,
where the generated ESC decreased with increasing their thickness.
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