KHOA HOC

TRUONG DAl HOC QUY NHON

May phat dién ma sat nano: giai phap tiém nang
cho nang lugng hién dai

Phan Hai'>*, Nguyén Hiru Dirc’, Pham Dirc Thing*

"Truong Dai hoc Coéng nghé, Pai hoc Quéc gia Ha Noi, Viét Nam
2Phong thi nghiém trong diém céng nghé Micro/nano, Pai hoc Quéc gia Ha Ngi, Viét Nam
3 Dai hoc Quéc gia Ha Ngi, Viét Nam
*Truong Pai hoc Phenikaa, Viét Nam

Ngay nhén bai: 07/03/2023; Ngay sira bai: 26/08/2023; Ngay nhdn dang: 28/08/2023;
Ngay xudt ban: 28/10/2023

TOM TAT

Cudc khung hoang nang luong toan cau kéo theo sy quan tAm lau dai t6i sy d6i méi khoa hoc va cong nghé.
O binh dién toan cau, cic nhién liéu hoa thach truyén théng nhu than d4, dau va khi dang dan bi kiét qué do sy cong
nghiép hoa va d6 thi héa nhanh chéng. Vi nhitng dic tinh nay, viéc tim kiém cic nguon ning lugng nhan tao sach
va tai tao luén 1a mot vu tién hang dau cua cac nha khoa hoc dé hudng dén sy phat trién bén virng cta xa hoi. May
phat dién ma sat nano (TENG) di duoc gidi thiéu vao nam 2012 boi nhom nghién ctru cia Wang. Ké tir 6, mot
loat cac thiét ké may phét dién nano da chimg minh tiém ning tng dung va nhiing loi thé doc dao. TENG ciing da
chimg minh tiém ning trong viéc chuyén dbi niang lwong co hoc thanh ning luong dién bang cach thu thap nhiéu
dang nang luong co hoc xung quanh. Hoat ddng ctia TENG phu thudc vao hiéu ng ma sat dién, gy ra tinh dién
gitra hai bé mit vt liéu khi tiép xuc. Do do, TENG duoc coi la mét loai "may phat dién nano" do sy phu thude vao
ma sat dién nano va dong dich chuyén do tinh dién gdy ra trong qué trinh hoat dong. Trong bai bao nay, 1y thuyét
co ban, cac thi nghiém va tmg dung cia TENG dugc néu rd nhu mét nén tang cho ning lugng cia thoi dai moéi.
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ABSTRACT

The global energy crisis is accompanied by the long-term interest of scientific and technological innovation.
At the macro level, traditional fossil fuels such as coal, oil and gas are gradually being exhausted due to rapid
industrialization and urbanization. Because of these characteristics, the search for clean and renewable sources of
artificial energy is always a top priority of scientists to aim at sustainable development of the society. Since the
introduction of triboelectric nanogenerators (TENG) by Z. L. Wang group in 2012, a wide range of nanogenerator
designs have proven application potentials and unique advantages. TENG have also demonstrated potentials
in mechanical energy to electrical energy conversion by capturing many forms of ambient mechanical energy.
The operation of TENG depends on the effect of electric friction, which induces static electricity between two
material surfaces when being in contact. Therefore, TENG are considered as a kind of "nanogenerators" due to
their dependence on electrostatically induced nano-electrical friction and displacement currents during operation.
In this paper, the fundamental theory, experiments, and applications of TENG are reviewed as a foundation of the
energy for the new era.

Keywords: Generator, triboelectric, energy conversion.

1. INTRODUCTION in the fuel chamber. The motion of the car just

Mechanical energy is the most common source mentioned is one of the examples showing that

of energy existing around us. It can be in the mechanical energies around us can be generated
form of human movement, breathing, heartbeat from simple small parts of life with specific
or vehicle movement, the shaking of things such purpo.ses. In the process of .producmg these
as leaves or waves. In essence, these mechanical energies, there are many techniques that can be

energies are the result of the conversion of developed to capture and use them for necessary

human activities or convert them directly into
energy from one form to another. For example,

the energy that exists internally in fuels such electricity.
as gasoline is converted into the mechanical Electromagnetic induction is the
energy that drives the vehicle when it is burned scientific basis for most electric generators. The
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operating principle of the generator is based on
the phenomenon of electromagnetic induction
namely Faraday's law. That law states that when
the magnetic flux through a coil and changes
due to the external mechanical forces, an
induced current will be introduced inside. This
principle is widely used in devices that capture
energy from the surrounding environment. The
traditional electromagnetic generator structure
consists of the following parts:

The generator has the function of
generating electromagnetic energy from the raw
material supplied to the machine. The generator
is composed of two main parts, the inductor
(roto) and the armature (stator). These two small
parts work in harmony with each other to create
motion between electromagnetic and electrical.

- Stator - armature: consists of coils of the
same shape and size, the number of turns is also
the same.

- Roto - inductor: consists of an
electromagnet (powered by 1-way oscillations)
rotating around a fixed axis. The rotor's job is to
generate a variable magnetic field.

NdFeB

Steel magnets

/ washer

Copper
coil

Tungsten
mass

Tecatron GF40
base Beam

Zintec keeper
Figure 1. Micro generator structure based on
electromagnetic induction.!

Most studies on small/tiny power
generators based on electromagnetic induction
are also conducted. A good example of a
generator based on electromagnetic induction
is the generator developed by Beeby's research
group with the structure shown in Figure 1. The
structure of this device consists of four magnets
attached to the tip of the vibrating blade. When

the unit is in operation, the generator generates
a maximum power of 46 uW from 60 mg of
acceleration at an external load of 4000 Q.
The power density can be calculated as
approximately 307 W/m?. Energy conversion
efficiency is about 30%.

The drawback of generators based on
electromagnetic induction effect is the need
for large magnets, resulting in large size and
unsuitable for mobile applications.

Piezoelectric generator

The piezoelectric effect is one of the
most popular and widely studied effects in
the field of energy conversion. Devices that
collect energy based on the piezoelectric effect
operate on the piezoelectric properties of the
materials they use. The piezoelectric effect in
each material is described as the phenomenon in
which a material generates an electrical charge
(or potential difference) when acted upon by a
mechanical stress. Some popular piezoelectric
materials are studied and used such as quartz,
Lead Zirconate Titanate (PZT), Zinc oxide (ZnO)
or Polyvinylidene Fluoride (PVDF). These
materials have been widely used to fabricate
MEMS microelectromechanical systems and
large piezoelectric energy collectors. In the last
few years, along with the concept of micro/nano
effect generator, piezoelectric materials have
also been used to fabricate power converters
based on the micro/nano piezoelectric effect.*

Electrostastic Induction generator

Electrostatic induction-based generators
were one of the first human electromechanical
energy conversion technologies in which a
differential voltage was generated between
two sheets of material leading to induced
electrification static electricity.”!® The best
example of electrostatic induction-based
generators are those that use Electret, which is
a polymer that can hold electrostatic charges
on their surfaces almost permanently. Before

operating the device, a surface charge process is
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carried out to create electrostatic charges on the
surface of the electret. As the electret material
moves, the electrostatic effect directs the
electrons to move between the two electrodes

under short-circuit conditions.

2. GENERATOR BASED ON TRIBOELECTRIC
EFFECT

In recent years, a new electromechanical energy
conversion mechanism named triboelectric
generation has been developed as a new method

for electromechanical energy conversion.!!

2.1. Triboelectric effect and Triboelectric
nanogenerator

The Triboelectric effect (TE) is a classic physical
phenomenon in which two dissimilar materials
become electrically charged after rubbing against
each other under the action of an external force.
In human life, the electric friction effect occurs
everywhere in the form of Contact Electrification
(CE), on many kinds of things and manifests
itself in the electrostatic phenomenon.'?

The electric friction effect is one of
the classic physical phenomena that has been
explored for thousands of years. Although
triboelectric effect is encountered every day,
the mechanism of electric friction is still being
studied. In general, scientists think that when
two different materials physically rub together,
a chemical bond is formed between some parts
of the two planes and is collectively known
as adhesion.’® Then, the charges will move
from one material to another to balance their
electrochemical potential. Those displaced
charges can be electrons, ions, or material
molecules. When the two materials are no longer
rubbing against each other, some of the chemical
bond atoms tend to retain electrons and a few
other bonded atoms tend to give away electrons,
thereby generating electric friction charges on
the surface of materials.

https://doi.org/10.52111/qn;js.2023.17502

The electric friction charge density is the
most important value that determines the output
signal of the nano friction generator. However,
the origin of the electric friction charges or in
other words the origin of the electric friction
mechanism is not really clear, especially when
the structure of TENG always contains at least
one insulating material or polymer. Controversy
surrounds the electric charge due to friction as a
result of ion-electron transfer. The phenomenon
of electrification due to friction is a very common
one that can occur with a variety of materials,
such as solid - solid, solid - liquid, solid — gas, etc.
Therefore, the in-depth study of the phenomenon
of electric charge due to friction will make a
great contribution to the development of physics
- chemistry - biology.

Wang and co-workers found that the
mechanism of CE between two solids is ion
exchange.!'* Considering specifically for the case
of a pair of triboelectric materials, a conductive
and an insulator, surface state and Fermi level
models were used to verify the above conclusion.
If the distance between two materials is greater
than the bond length (BE), the two atoms tend to
attract each other. Experimental studies indicate
that CE can only occur when the atomic distance
is shorter than the bond length. To account for the
exchange of electrons between two substances,
electron cloud cover is used as shown in Figure 2.
Figure 2a simulates the electron cloud of two
materials before rubbing together. When two
atoms of different matter come closer and rub
against each other, a more electron cloud will
cover the junction of the two electrons under the
action of a force leading to a lowering of the
potential barrier and allowing electrons move
between the two atoms (Figure 2b). Mechanical
force is essential to close the intraatomic gap
and maximize electron cloud cover (Figures 2¢
and 2d).
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Figure 2. The process of electrification due to the friction of a pair of triboelectric materials.'

Besides, photon emission is also believed
to exist during CE and is being investigated
for clarification. CE between solid and liquid
materials has been studied and is thought to
include two steps. The first step is the exchange
of electrons between the solid and liquid material.
The second step is the interaction between the
different ions in the liquid. In research practice,
ion absorption and electron exchange occur and
exist at the liquid and solid interface.

2.2. The popular electrical friction materials

All materials known to man have tribological
properties, including metals and polymers,
fabrics, wood, etc. Therefore, all such materials
can be suitable material objects for TENG
studies in specific cases and also confirm the
material choice for ghost generator application.
nanoscale is extremely abundant.

However, whether that electric friction
property is strong or weak depends greatly on
the charge polarity of each material. Materials
with strong tribological properties are usually
low conductivity or dielectric. As a result,
these materials tend to retain charges that travel
between two material surfaces and retain those
charges for long periods of time, resulting in
the generation of electrostatic charges, which
are causes of negative effects in daily life
and the development of technology. The most
obvious is the electric shock when touching
the winter doorknob or sucking hair into nylon
fabrics, etc. The positive/negative character of
the charge generated by friction on materials
depends on the intrinsic electrical polarity
of the material relative to the material that is

rubbing against it.

https://doi.org/10.52111/qnjs.2023.17502
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Table 1. Comparison chart of electric friction properties of common materials."

Materials Abbr. Average TECD
{(pC m—2)
Chemical-Resistant Viton® Fluoroelastomer Rubber —148.20
Acetal —143.33
Flame-retardant garolite —14276
Garolite G=10 —1358%
Clear cellulose 13330
Clear palyvinyl chloride [ 11753
Polytetrafiuoroethylens FTFE —T13.06
Abrasion-resistant polyurethane rubber =05 22
Acrylonitrile butadiene styrene ABS —108.07
Clear palycarbonate (Glossy) PC —104.63
Palystyrene s —103.48
Uktemn polyetherimide PEI 1029
Polydimethylsilocane® PDMS 10205
Polyester fabric {Plain} —101.48
Easy-to=machine electrical-insulating garolite —100.33
Food-grade high-temperature silicone rubber —24.03
Polyimide film Kapton —9288
Duralar polyester film PET —89.44
Polyvinylidene fluoride PVDF —8735
Pobyetheretherketone PEEK —76.25
Polyethylens PE —7.20
High=temperature silicone rubber —6995
Wear-resistant garolite —E&851
Low=density polyethylene LDPE —6794
High impact polystyrens —6737
High=density polysthylene HDPE —599
Weather=resistant EFDM rubber —53.81
Leather strip {Smooth) —52.75
Oikfilled cast nylon & —49.59
Clear cast acrylic PMMA —48.73
Silicone —4730
Abrasion-resistant S8R rubber —40.03
Flexible leather sirip (Smooth) —34.40
Moryl polyphenyl ether —31.82
Paly{phenylene Sulfide) FPs —31.82
Pigskin (Smooth) —30.10
Polypropylene PP —27.23
Slippery nylon 65 —2609
Weather- and chemical-resistant santoprene rubber —2523
Chemical- and steameresistant aflas rubber —2265
Polysulfone 1852
Cast nylon & 1835
Copy paper -1a35
Chemical-resistant and low-temperature fluorosilicone rubber —18.06
Delrin® Acetal Resin =143
Wood (marine-grade plywoad) —14.05
Wear-resistant slippery garolitz —1.47
Super-stretchable and abrasion-resistant natural rubber —10&1
Dil-resistant buna-M rubber 249
Food-grade oil=resistant buna-M/vinyl rubber 255

2.3. Capacitance characteristics of TENG

The working principle of TENG is a combination
of the effect of electric friction and electrostatic
induction. While electrical friction induces

https://doi.org/10.52111/qn;js.2023.17502

electrostatic charge polarization, electrostatic
induction is the main mechanism for converting
mechanical energy into electrical energy based

on the existence of electrostatic charge that has
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formed under the action of magnetism close
to electricity. Studies on devices that operate
on the electrostatic principle have shown that
the formation of capacitors is the nature of
the device, therefore, TENG also has inherent
capacitive behavior/characteristics of current.
electrostatic phenomena in matter.'

In order to clarify the inherent capacitive
behavior of TENG, a simple structure of TENG
consisting of a pair of electric friction (two
different materials) is used for the analysis. Let
the distance between two opposite surfaces of the
materials be x, and suppose the charge passing
through the two electrodes at the moment of
consideration is Q and—Q, the potential difference
between the two electrodes is contributed from
two parts. The first part is the polarization of the
charge generated by the electric friction process
Voo(x). Besides, the displaced charge Q also
contributes to the formation of this potential
difference. If assuming that the charges caused
by electric friction do not exist, then the electric
friction pair structure is a mere capacitor, then
the contribution of Q is calculated as —Q/C(x)
where C is capacitance of the capacitor between
two electrodes. Based on the principle of electric
field superposition, the total potential difference
between the two electrodes is:

V=-1/C(x) Q + V,.(x) (1)

The above equation is the basic equation
for all TENGs and shows the capacitive nature
of this type of device. During the operation of
the TENG, the separation of the electric friction
charges will form the potential difference
between the two electrodes. If an external
circuit is connected between the two electrodes,
this potential difference will cause electrons to
move from one electrode to another in order
to balance the potential difference between the
two electrodes. Under short circuit conditions
(Short Circuit (SC), QSC balances the potential
difference created by the electric friction charge
polarization. From there, the QSC calculated
from formula (1) is:

Quc(x) = C(x). V(%) (2)

The equivalent circuit of TENG is
described as follows

- l F 4 +

C
| Voc+ O

Figure 3. Analog circuit showing the intrinsic
characteristics of TENG.!¢

The impedance of the TENG is mostly the
capacitance of the internal capacitor. With TENG
designs, the intrinsic resistance of the device is
almost immeasurable because of the mandatory
insulation between the two electrodes. Therefore,
in the equivalent circuit structure of TENG, this
part of the resistance is ignored.

3. THE BASIC MECHANISM OF TENG

The basic model of TENG was first built with
the structure shown in Figure 4. This structure
uses two material sheets, Kapton and Polymethyl
Methacrylate (PMMA) placed opposite each
other, and metal electrodes coated on the other
side of them. Figures 4a and 4b show how
TENG operates under open circuit (OC) and
short circuit (SC) conditions.

As shown in Figure 4a, in the initial state,
no charge is generated or applied, and there is no
potential difference between the two electrodes
(Figure 4a-1). With a displacement by an external
force, the two polymers are brought into contact.
The charge moves across the surface at the
contact area due to the effect of electric friction.
The magnetic charge is injected (PMMA) into
the Kapton, resulting in a negative charge at
the Kapton surface and a positive charge at the
PMMA surface. It is remarkable that the insulating
properties of the polymers allow the retention of
high charges for long periods of time for hours or
even days. As confined to the surface, opposite
charges are almost in the same plane, practically
producing no potential difference between the
two electrodes (Figure 4a-I1).

https://doi.org/10.52111/qnjs.2023.17502
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When the generator starts working, the
Kapton pad tends to return to its original position
due to its own resilience. When the two polymers
separate, a potential difference is established
between the two electrodes under open circuit
conditions due to the charges separating during
friction (Figure 4 a-III).

When the generator is active, Voc
continues to increase until it reaches the
maximum value when the Kapton membrane
returns to its original state (Figure 4a-IV, V).
Such a signal will be constant provided that
the input impedance of the galvanometer is
infinitely large. Once pressed immediately, the
potential difference starts to decrease as the two
polymer layers get closer together. As a result,
the V. decreased from the maximum value to
zero when the two polymers were in full contact
again (Figure 4a-V, VI).

(a)
I Origin Il

d, Kapton
dy
dl

Pressing

Pressed

- ———— o]

Released

Released

If in the short-circuited state, a voltage
difference is established as the two polymer
sheets separate electrons from the upper
electrode to the lower electrode (Figure 4b-111),
resulting in an instantaneous current during
the dissolution process. zoom (Figure 4b-IV).
When we press the transmitter again, reducing
the distance between the layers will cause the
upper electrode to have a higher potential than
the lower electrode. As a result, electrons are
directed from the lower electrode back to the
upper electrode, reducing the number of induced
charges (Figure 4b-VI). This process corresponds
to an instantaneous reverse current (Figure 4b-V).
When the two polymers are in contact again, all
induced charges are neutralized (Figure 4b-I1).
By explaining the above operating principle, it
can be seen that the signal of TENGs has the
form of alternating pulses.

I Releasing

Figure 4. Working mechanism of TENG in (a) circuit conditions and (b) short circuit conditions.

https://doi.org/10.52111/qn;js.2023.17502
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Based on the basic principle, scientists
have divided into four different TENG modes as
follows:

3.1. Vertical contact mode

The simplest design model of TENG is detailed in
Figure 5. In this structure, two different insulating
materials (or an insulator and a conductive
material) are placed opposite (collectively, the
triboelectric material). Each layer of insulation
is covered with a metal electrode on the other
side. When two layers of materials come to rub
together in a perpendicular direction under the
action of an external force, an electric friction

charge will be generated at the surface of those
two layers of material. Once the external force
is removed, the two layers of material tend to
separate and the distance between them gradually
increases. Then, a potential difference between
the two surfaces of the material will be generated,
and, if the two electrodes are connected through
an electrical circuit, the free charges generated
in each electrode will move through the circuit
to balance, which is equal to the electric friction
potential mentioned above. When the distance
between the two rods returns to zero, the electric
friction potential disappears and the electrons
move in the opposite direction again."”

(a) Charge Amount at Metal 1 (-0) (h) (c)
Metal 1 Charge Amount at Metal 1 (So-0) Node #1
F
d, Dielectric 1 H Metal 1 I 4
e P - O ;
Nade #1 & I
B
Node #2 . H2
&
Metal 2 Node #3 . I _
Metal 2 Vode #3

Charge Amount at Metal 2 (Q)

Charge Amount at Metal 2 ()

Figure 5. Detailed structure of TENG (a) using pairs of insulating materials and (b) using pairs of insulating and

conductive materials. (c) Equivalent circuit of TENG using an insulating-conductive pair.!’”

Based on the types of electric friction
materials shown in Figure 1.6, the vertical
contact mechanism nano friction generators
are divided into two main types: TENG using
a pair of insulating materials (Figure 5a) and
TENG using a pair of insulating and conductive
materials (Figure 5b).

3.2. Horizontal sliding mode

Similar to the wvertical contact mode, the
horizontal slide mode also starts with two rods of
different electro-frictional material coated with
electrodes on opposite sides. Figure 6 describes
the structure of STENG in detail according to
the types of pairs of electric friction materials
used. Initially, two rods of material are placed
exactly on top of each other. When the external
force causes them to slide relative to each other's

surface and generate electric friction charges
and charge polarization in the sliding direction,
it generates electron flow in the external circuit
to balance the generated electric field by electric
friction charge. These sliding movements can
be sliding in a horizontal plane or sliding in a
curved surface.

Differentfromthevertical frictiondirection
discussed in depth above, this mechanism of the
nano friction generator operates in the form of
the relative sliding friction of the two materials
in the horizontal direction.

The nano friction generator works based
on the charge distribution mechanism. In this
model, STENG is also divided into two types
based on the pair of materials used.

https://doi.org/10.52111/qnjs.2023.17502
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(a) Metal 1
=T +4++4+++++++
T

Metal 2

(b)

Tribo-charge on Metal 1: owx

Metal 1

X

{

Metal 2

Figure 6. Detailed structure of STENGs (a) using pairs of insulating materials and (b) using pairs of insulating and

conductive materials.'”

Structural analysis uses two types
of insulating materials as electrical friction
materials, assuming the width w of the material
layers is much larger than their respective
thicknesses as shown in the figure. The length
dimensions of the two insulating layers are 1 and
their respective thicknesses are d1 and d2. Two
metal electrodes are made on their remaining
surfaces. If considered in the initial state, the
two layers of material almost coincide, then
when they start to move to rub horizontally,
the rubbing distance is called x. At that time,
the contact surface of the two materials will be
charged oppositely at the non-contact surface
due to the effect of electric friction. Assuming
that the electric friction charges are evenly
distributed at these two surfaces, let the electric
friction charge density at the surface of material
1 and - is the electric friction charge density at
the surface of the object. The electric friction
charge density in the overlapping area can be
considered as o because the distance between
them is close to each other.

3.3. Single electrode mode

The vertical contact and sliding mode TENG

discussed above always require insulating
materials with respective electrodes coated on
the opposite surface. To overcome this weakness,
several structures of TENG have been studied
and completely ignored the relative motion of
the electrodes. One of these two models is called
single-electrode-mode nano-friction generators
(Single Electrode TENG — SETENGs). In
this section, the basic working mechanism of

SETENGs will be discussed in detail.

https://doi.org/10.52111/qn;js.2023.17502

Many studies have been conducted
to demonstrate the usability of SETENGs. In
this structure, only one electrode is coated on
the surface of a triboelectric material (primary
Another called the
reference electrode is placed in any position or

electrode). electrode
grounded. The two electrodes mentioned above
have different roles. Similar to the two TENGs
above, SETENGs have two modes of vertical
contact and sliding mode with almost the same
characteristics. Here, our research focuses mainly
on the vertical exposure mode SETENGs.

The figure below shows the structure
of SETENGs using a pair of conductive and
insulating materials. In it, an insulator and a
conductive sheet of length 1 and width w are
placed opposite each other with a distance x to
form an electric friction pair. The insulating layer
has a thickness of d1 and the conductive layer
has a thickness of dm. The reference electrode is
about the same size as the primary electrode and
is separated by a distance of g from the primary

electrode.
[
« =
__. Dielectricl
xnT -l
—

Primary Electrode

External
Circuits

Reference Electrode

Charge Amount (Q)

Figure 7. Basic theoretical model of SETENG."
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The two electrodes are fixed in position
while the insulator plate can be easily moved
vertically under external force. As an inevitable
result of the process of electrification due to
friction, when two layers of triboelectric materials
rub together, the surface of the insulating sheet
becomes negatively charged with a surface
charge density of —6. Assuming that the electric
friction charge is evenly distributed over the
surface on a large scale, then the charge charged
on the surface of the insulator is owl. Let Q be
the charge that moves from the primary charge
to the counter charge, the charges at those two
electrodes are owl-Q and Q, respectively.

| Metal1 [

+ Node #1 1
g-x Air
W - Node #2
a, | [ Dielectric1 v
1t -0 Node #3
X Air e
v Nodg #4
[ Metal 2 |

Figure 8. Basic theoretical model of FETENG."

Vertical contact suspension electrode
mode of TENG (Freestading TENG — FSTENG)
suspension electrode model is described as shown
in Figure 8. An insulating sheet of thickness
d1l with an insulation constant of erl and two
metal plates are placed opposite each other and
form pairs of electric friction materials. These
two metal plates also serve as two electrodes.
The space between the two electrodes is called
g. When an insulating sheet is subjected to an
external force and comes into contact with two
metal plates, both sides of it will be charged due
to the phenomenon of electric friction. Assuming
this surface charge density is —c on both sides, at
the same time the two metal plates will have the
same amount of positive charge.

4. Performance enhancement methods

Experimental and theoretical studies on TENG
have shown that the electric friction charge

(b)

3.4. Freestanding electrode mode

In reality, a moving object cannot avoid
becoming electrified by rubbing against other
potential bodies or air. These charges remain
on the surface for hours. If a pair of symmetric
electrodes are placed underneath and of a size-
distance equivalent to that of the insulating rod,
the relative near- and far-away movements of the
insulating material cause the induced charges at
the difference between the two electrodes leads
to an electric current flowing between the two

electrodes to balance the difference.

(c)

Node #1 ‘ .Metal"l ‘
+ d ] Dielectric1 _____ 4
Cf _Vf A T
#2}; axy Air
C— Vs | Metal 3 (Charge: 205) ||V
#-?I+ x! Air
Cs— =V, —% =2 .
T_ dz v v
My — Metal 2 -

density is the main factor that directly affects
the performance of the TENG. In order to
increase the density of electric friction charge,
the commonly used methods are: treatment of
material composition, increase of local contact
area and change of environmental conditions.

Material composition handling

Surface chemical functional

group
treatment is a method which changes the
functional groups coated on the friction surface
to enhance the ability of the material surface to
capture the charge during the electric friction
process.?’ Zhong Lin Wang's group employed this
method when using functional groups (-NH,)
introduced into the surface of Au. In this way,
the output signal of TENG greatly increased. If
the group (-NH,) is replaced by the group (—Cl),
the performance of TENG is much worse.

https://doi.org/10.52111/qnjs.2023.17502
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Increase the contact area by surface
modification

The local contact area between two layers
of materials can be significantly increased
with surface modification by creating micro-
nanostructures on their surface. The two layers
of materials can then come into deeper, more
frictional contact because the surface structure
allows for such a higher level of contact. Surface
structures exploited include nanowires, cubic,
pyramidal, and nanofiber surface structures.
Surface treatment technologies are used such
as chemical etching, plasma-electron-ray
etching,?* lithography - lithography,* fusion
molding,> or femtolaser,* etc. All the methods
mentioned significantly increase the efficiency
of TENG from 3 to 21 times.

Changing environmental conditions

This method deals with influencing
factors in the operating environment of TENG
such as temperature or pressure, humidity, etc.
Studies**?* have shown the effect of temperature
on the performance of TENG using teflon,
showing that the TENG in this study can perform
well and stably in the temperature range from
20 °C to 100 °C. The temperature dependence
of the performance is related to the dielectric
coefficient and to the surface deterioration of
the material under high temperature such as
oxidation of the surface matter or the reduction
of fluorine radicals.

According to studies, the main application
directions of TENGs can be divided into four
different areas including: micro-nano-scale
energy sources for self-powered devices system;
active sensors for biomedical, human-machine,
human-machine interaction applications; low
frequency mechanical energy harvesting
equipment system; and power supplies for high

voltage applications.*

5. POTENTIAL APPLICATION MICRO/
NANO ENERGY SOURCE

Withthe advantages such as light weight, low cost,
plenty structural and material choices, TENG

https://doi.org/10.52111/qn;js.2023.17502

possess wide applications as micro power source
for self-powered systems by harvest ambient
energy, such as human movement, vibration,
wind energy or water motion. Because of the
outstanding performance at low frequencies,
biomechanical energy harvesting using TENG is
of great importance and has been explored since
the early stages of TENG development.

Active sensing and self-powered sensors

Since TENG can directly convert a
mechanical trigger into an electrical signal, it has
been extensively studied for use as self-powered
sensors, such as touch sensors, acoustic sensors,
sensors, motion and acceleration, and even
chemical sensors. With the rapid development
of technology, the challenges of interaction and
power/energy will be limitations for its further
advancement.

Blue energy

Among the application of TENG in
harvesting natural mechanical energy from
wind, raindrop, and ultrasonic, the wave energy
in ocean as blue energy is especially important,
owing to the higher efficiency of TENG for
harvesting low-frequency vibration energy
compared with an electromagnetic generator.
Compared to other prototypes of TENGs
reported for the blue energy, the fully enclosed
rolling spherical structure has been identified as
the most promising method.

6. CONCLUSION

TENG has become a promising energy
conversion technology due to its advantage in
fabrication, low-cost, wide choice of materials
and high efficiency. TENG operates by the
combination of electrostatic induction effects
and contact electrification. The ambient
mechanical energy are in various forms such
as rotation, motion, vibration, impact, etc. The
devices structures can be considered in four
models: vertical contact mode, sliding mode,
freestanding mode and single electrode mode.
TENG has many features such as light weight,
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high output strength and small volume, which
makes it very interesting in the field of energy
extraction. TENG can be a more efficient good
solution for self-powered devices and systems
fabrication. Moreover, TENG is expected to be
the key technology leading to solution for energy
Crisis.
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