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Abstract: Triboelectric generators (TEGs) are classified as a novel approach for harvesting energy from small-scale mechanical
motions. This work is concerned with improving the performance and output energy from contact separation triboelectric generator
(CS-TEG) by using different electrodes under variable contact-separation frequencies. Aluminum or Copper layers were proposed as
electrodes for PTFE/PVC, PTFE/Kapton, and Kapton/PVC CS — TEGs. Three contact frequencies were applied for the proposed TEGs
for each electrode type under the constant contact load and separating distance of 2N and 0.5mm respectively. Aluminum electrodes
that were used for Kapton/PVC CS — TEGs under high contact frequency show significantly improved performance of TEG.

Keywords: Triboelectric generators (TEG), friction energy, contact separation mode, PTFE, PVC, and Kapton TEGs.
1658-7022© INBAS. (1446 H/2024). Published by Northern Border University (NBU). All Rights Reserved.

(*) Corresponding Author:
Ibrahem R. A., College of Engineering, Jazan University, Jazan, KSA.

E-mail: ribrahem@jazanu.edu.sa

DOI: 10.12816/0062031

15



15-10 (2) 2320l - (9) alaall (21446 Jsl San / 22024 s 55) ((JNBAS ) Ashdail) g Lol 2 lall Jladid) Aaa
303 gl Ay all ASLaall
(NBU) el 3gand) daaly
(JNBAS ) Aiudatl g Aadlaly) a glall Jladll Adaa
1658-7014 1303, - 3558 / 1658-7022 1303, deliha

www.nbu.edu.sa O.IJLOJ.I.IJ'MM P
e http://jnbas.nbu.edu.sa NORTHERN BgRDER UN|°\/§|§|W

O Juad) g Jualy) Jara IS g Abia gall iUady) Aclia B daddinual) 3 gal) il
SIS Al gall 21 Ao A lad) ciliyal

as) ) daal eld ) o
30 sandl Ayl ASLaal) - L el - il S
(2023/12/6 & 43l 85 ¢2023/9/16 & ,iill o38)

s Aaalall L1 g A a8l oo atia g A aidal jalcan (pe Cuanlls AW A 0Y) 8 Al Y glad) g Adiall 3 g gall 2 3 1 aldt il
SIS Ay je St chlad gall yvied A aliall il o)l sall g A mpdall jaladll ‘;Jr_ 2 atel Lay g o LSl A addia g Lot 4 Sal 4 Ly 4 8l
s ) Lae 2aliaal) o) gall Aal O Al Al w g 5l lis Bl J et e aatad Al (Triboelectric Generators “TEGs”)
o L2l (S S A 5o a8 sant s sl ) Ay al) S ) (e BN W i iy Al Aannig) il il (e Ay jeS
Jeaii¥) s Jeai¥) Al e ey (s SISl 5 g€ 2T gall 1ol cpanint ) Al ) yall oo Alall e licall il (ya poal
poia sl 5 pulaill 3 (Electrodes) Alia sall Llad¥) A clia 8 4864k o ga pladdul JUA (4w &3 5 (Contact-Separation TEG)
Ao amalad SLIAL 2T gall ol 3ol o JladiVWl g Joai¥) 4 leal 4 alise VA 2 Kapton PTFE PVC Jie At jlall il adall Licayl g
Cilad gall ;\J\‘FQL}QAW@L\J\ O yedal Lot IS e AUl Ay joSI A8UT) ChlpeS uladl Ay 5eS 3 0l el g A SIS 5y S lal e 6
s(_g‘).ii)l\ Cilad gl 40 Hlaa (3Hz) Aadi o Jadi) g Jlai) ¥ ama cuas Kapton/PVC clada & e_,,_\.'\.«jh!\ | Pt (e oS3 Lfﬂ‘
kb Jie Jeaii¥) s Joai¥) il o Lelae 8 1 aiad il ASISSAT 5 5 ¢SU bl pall e lin 8 3 pal) 038 aladiuly dpa gl 5 5oa Las

Aday ) 3 SlSaal) S 5 all e La e g cilE hall e A sl (alA SV AS ja )  adll

UL 3 sall )y 5l C-S mode Jeadi¥l s Juai¥) o 3l (ISEaY) 2Lk ¢« TEGs GSISa Y] oSl ol gall - Lalidal) cilaldl)

Al gine G giall man Alail 3 ganll daals Al 50 35 (2024/21446) JNBAS ©1658-7022
sadul yall (%)
gl A pal) ALl — ) Sl rels Aighl K cam) jul deal el

E-mail: ribrahem@)jazanu.edu.sa

DOI: 10.12816/0062031

14



Journal of the North for Basic and Applied Sciences (JNBAS), Vol. (9) - Issue (2), November 2024 - Jumada I 1446H

10-15

1. INTRODUCTION

In recent years, looking for clean and renewable
energies has remarkably increased and occupied scientists’
minds and attention. Energy harvesting techniques from
small-scale mechanical actions such as human daily
motion, raindrops, and low-vibration movements were
introduced as a novel energy solution (Nguyen, et al.
2023). With the increasing popularity of portable and
efficient electronic devices, like those utilized on the
Internet of Things (IoT), the demand for consistent,
reliable, and mobile power sources has become a pressing
concern (Raj & Steingart 2018; Xu, Song & Han 2021).
This has led to the exploration of energy harvesting
methods as a feasible solution for powering these types
of devices (Zhang et al. 2021). Triboelectric generators
(TEGs) are energy harvesting devices (Chu & Majumdar
2012; Maria et al. 2018; Ibrahem 2022) that can convert
mechanical energy from various sources into electrical
energy using the triboelectric effect. TEGs operate based
on the coupling of triboelectric charges and electrostatic
induction, which allows them to generate an output
voltage and current (Zhou, Wang, Liu & Zhong 2020).
TEGs can operate in several fundamental modes (Niu
2013; Niu & Wang 2015); vertical contact-separation
mode - in this mode- the two materials in the TEG move
vertically relative to each other, creating a contact and
separation cycle (Luo, Jianjun, Wang & Zhong. 2020).
This mode is typically used in applications where the two
materials are fixed to a substrate and experience a periodic
mechanical force, such as in footwear or ocean wave
energy harvesting (Luo, Gao & Wang, 2021; Wu 2018).
The resulting triboelectric charges generated during the
contact and separation cycle are collected by electrodes
and used to generate electrical power. The present work
is based on the contact-separation mode.

Lateral sliding mode- in this mode; two materials
in the TEG slide laterally relative to each other,
generating triboelectric charges through friction. This
mode is typically used in applications where the two
materials experience a sliding or rubbing motion, such
as touchscreens or self-powered sensors. The triboelectric
charges are collected by electrodes and used to generate
electrical power (Wang et al. 2016).

Single-electrode mode: In this mode, a single
electrode is used to collect the triboelectric charges
generated by the contact and separation of two materials
(Fan et al. 2012). The single-electrode mode is used in
applications where only one electrode is accessible, such
as in wearable electronics. This mode can also be used to
reduce the complexity and cost of TEGs by eliminating
the need for multiple electrodes.
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Freestanding mode: In this mode, the two materials
in the TEG are not fixed to a substrate, allowing them
to move freely and generate triboelectric charges through
vibrations or other mechanical motions. This mode is
typically used in applications where the TEG must be
sensitive to small mechanical motions, such as in self-
powered sensors or environmental monitoring. The
freestanding mode can also be combined with other
modes to enhance the performance of TENGs (Wang et
al. 2015).

2. EXPERIMENTS WORK

To investigate the performance of a triboelectric
generator based on contact separation mode, test samples
were designed in the form of a triboelectric generator
that consists of different non-conductor layers as well
as different electrode layers. The electrode layers that
are used for this work are aluminum or copper film in
the form of rectangular layer (12mm x 7mm) with a
0.2mm thickness. Three different triboelectric layers
were used for this design; Kapton, PTFE, and PVC in a
rectangular form (10mm x Smm) with a 0.5mm thickness.
Triboelectric generators based on contact separation mode
are shown in Fig.1. Separating distance of 0.5mm between
the contact layers allows the electrons that generate from
contact between different materials to transfer from one
electrode to another. The present design for TEG is also
concerned with the frequency of contact and separation
between layers, which also affect the amount of output
voltage.

To evaluate the TEGs performance based on different
electrodes and different nonconductors; electrical
circuits were designed using external load with 10 Q
and 16mf capacitance. The output voltage was measured
instantaneously through millimeters under three values of
contact separation frequencies 1Hz, 2Hz, and 3Hz.

Fig.1 Contact-Separation TEG
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3. RESULTS AND DISCUSSION

The triboelectric performance of the proposed
contact-separation TEG was investigated through
generated voltage. After building Triboelectric generators
from the proposed materials for the three models each
generator was subjected to repeated press and release of
constant load 2N for 60 seconds then the output voltage
was measured continuously, each type of CS-TEG was
tested three times, and the average result was recorded.

3.1 Effect of aluminum electrodes

Figure 2 shows the output values of the generated
voltage on the vertical axis during the time of the test
for different contact separation frequencies for CS-TEG
that consist of Kapton and PTFE as triboelectric layers
and Aluminum Electrode, the average values of the
electric voltage from this generator increases with time
under high contact-separation frequencies. The output
voltage exceeds 104 mV after 30 sec. of the 3Hz contact
separation mechanism. The generated voltage for other
frequencies also increases with time. In comparison
with Figure 3 which explains the effect of using other
triboelectric layers (PVC) with Kapton on the same
Aluminum electrode; the output voltage increases at
high frequencies with time, but the overall performance
slightly decreases to 75SmV. Figure 4 shows the effect of
an aluminum electrode on the generated voltage of PTFE/
PVC CS-TEG, the output voltage increases under high
frequency to 68mV, low frequencies contact separation
shows low values of the generated voltage in comparison
with other types of triboelectric layers on the same
aluminum electrode.

Fig.2 Effect of Al electrode on the output voltage of
Kapton/PTFE CS-TEG
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Fig.3 Effect of Al electrode on the output voltage of
Kapton/PVC CS-TEG

Fig.4 Effect of Al. electrode on the output voltage of PTFE/
PVC CS-TEG

3.2 Effect of copper electrodes

To obtain the effect of the copper electrode on the
generated energy from CS-TEG, a single-layer Kapton/
PTFE TEG was tested under different contact separation
frequencies. Figure 5 shows that the value of the output
voltage slightly increases with time, as well as contact
frequency. At a contact separation frequency of 3 Hz,
the output voltage was achieved at 43mV after 42 sec.
A triboelectric generator that consists of Kapton/PVC
dielectric layers on a copper electrode. Figure 6 shows
a small rise in voltage compared with Kapton/PTFE
CS-TEG on the same electrodes. Figure 7 explains the
effect of using PTFE and PVC as triboelectric layers
for CS-TEG with copper electrode, as shown in the
figure; the generated voltage remains constant between
10 and 25mV for low and medium frequencies, but
remarkably increases to 45mV after 50 seconds at high
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contact separation frequencies. The overall discussion of
the observed results shows that of aluminum electrodes
increases the output voltage of CS-TEG in comparison
with that of copper electrodes; beside the TEG that
consists of Kapton /PTFE dielectric layers shows
remarkably improvement of the generated voltage which
recommended these TEG to be used for industrial and
medical applications (Yuan et al. 2022).

Fig.6 Effect of Cu. electrode on the output voltage of
Kapton/PVC CS-TEG

Fig.5 Effect of Cu. electrode on the output voltage of
Kapton/PTFE CS-TEG

Fig.7 Effect of Cu. electrode on the output voltage of PTFE/

PVC CS-TEG
Table 1: Summary & comparison of the study results
Cont. Freq. & Electrode Type (mv after 50 sec.)
Trlboelefl:[lrglélayer for Low freq. 1Hz Med. Freq. 2Hz High freq. 3Hz Max. output
AL Cu AL Cu AL Cu

Kapton/PTFE 38 27 40 20 62 40 62my.
apton On Al. under 3Hz

PTFE/PVC 8 24 20 18 65 46 65my.
On Al. under 3Hz

100mv.
Kapton/PVC 45 18 100 20 80 34 On AL under 2Hz
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4. CONCLUSION
a. The triboelectric performance of TEG consists
of Kapton and PTFE as triboelectric layers
significantly enhanced by means of aluminum
film as electrodes for electron transfer.

b. TEG that consists of Kapton/PTFE on AL
electrodes shows high output values of voltage
from 80 to 100 mv under high contact frequency
after 50 sec. also, the generated voltage decreases
under low contact separation frequency.

c. The use of PTFE/PVC as triboelectric layers
for TEG on AL electrodes shows low values
of output voltage in comparison with the other
types of TEG in this study.

d. Using copper film as an electrode layer for TEGs
that consist of Kapton/PTFE triboelectric layers
slightly increases the output voltage to 45mv under
high contact separation frequencies after 50 sec.

e. For all proposed TEGs the generated voltage
increases with an increase in contact separation
frequency.

f. It can be recommended that the proposed TEGs
be a sustainable source of electrical energy on the
roads that afford continuous contact-separation
mechanisms.

Future work: a wide range of engineering materials will
be proposed as triboelectric layers for different contact
mechanisms to enhance the generated energy gained by
TEG.
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