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ABSTRACT 

The present work aims to enhance the efficiency of the triboelectric nanogenerator 

(TENG) by electrostatic induction. The two surfaces of the TENG were made of 

polytetrafluoroethylene (PTFE) and polyamide (PA) due to their location in the 

triboelectric series where contact and separation as well sliding of two materials were 

carried out. Electrostatic induction was proposed to insert a coil of insulated copper 

wires wrapped on the surface of hollow box, representing the frame of the coil, of 

different height under the surface of PTFE.  The voltage difference between PTFE 

film coating insulated copper wire coil and PA was measured. 

 

It was found that voltage remarkably increased up to maximum then drastically 

decreased with increasing the height of the frame containing the copper coil. Based 

on the experimental observation, it seems that induction of the copper coil is the 

reason for the voltage increase due the induced electric field. The significant voltage 

increase depends directly on the electric field that is much influenced by the height 

of the hollow box containing the coil. Besides, transverse sliding showed the highest 

voltage, while contact and separation displayed the lowest voltage values. Inserting 

steel sheet under PA surface, significantly increased the voltage due to the increase 

of the magnetic field. Using two layers of the coil offered the highest voltage values, 

then as the number of layers increased, voltage decreased.  
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INTRODUCTION 

Universe climate warming caused by the accelerated consumption of fossil fuels is 

one of the most serious dangers that the world faces. It is necessary to increase the 

investment in the field of renewable and clean energy. TENG may be suitable 
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alternative, [1 - 3]. Several attempts were carried out to increase the efficiency of 

TENG, [4, 5]. Recently, it was revealed that providing one of the contacting surfaces 

(PTFE) by insulated copper wires increased the voltage difference between the two 

surfaces of the TENG, [6]. It was observed that the voltage decreased as the diameter 

of the wires increased. It seems that copper wires induced an electric field that 

generated an electric current. In addition to that, the voltage difference depended on 

the number of copper wires turns as well as the direction of sliding relative to the 

copper wires. It was proposed that the charged zones on the two surfaces of the 

TENG generate ESC, [7, 8]. The two surface of the TENGs based on contact–

separation mode were assembled by using PA and PTFE on acrylic sheet. 

 

The intensity as well as the sign of ESC generated on the surface of the two contacting 

materials due to the triboelectric effect is controlled by the triboelectric effect, [9 - 

11], related to the  triboelectric series that rank materials by acquiring positive or 

negative charge on the surface of the contacting material. PTFE obtains a negative 

charge upon contact with the other materials, [12], while PA acquires a positive 

charge, [13]. When PA and PTFE are put in contact with each other, PTFE gains 

high negative charge, while PA gains high positive charge. Contact and separation 

between two dissimilar materials generates ESC. 

 

The TENG is always made of two dielectric materials that are located on the opposite 

sides of the triboelectric series and then two electrodes are adhered to them. Because 

contact and separation as well as sliding, the two dielectric materials induce equal 

and opposite charges on their surfaces. That potential difference provides an electric 

current applied in energy harvesters, [14 -17], and self-powered sensor, [18 - 21]. 

TENGs are be classified into contact and separation sliding type TENGs, [22 - 25].  

 

The effect of induction on the intensity of ESC generated on the surfaces of polymers 

slid against PTFE, polypropylene (PP), and PA was investigated, [26 - 29], where 

metallic wires and carbon fibers reinforcing PE and sliding against PA showed 

relatively higher values of ESC due to the generation of an electric field inside the PE 

matrix.   

 

The aim of the present study is to enhance the efficiency of triboelectric 

nanogenerator (TENG) by electrostatic induction. It is proposed to insert a coil of 

insulated copper wires wrapped on the surface of hollow box of different height 

under the surface of PTFE to increase the ESC generated by induction.  The voltage 

difference between PTFE film coating insulated copper wire coil and PA was 

measured. 

 

EXPERIMENTAL 

Two sets of tests have been performed. It is proposed to introduce insulated copper 

wire coil around a hollow box of 10, 20, 30 and 40 mm height coated by PTFE film. 

The other surface is prepared from PA textile adhered to wooden block of 300 mm 

long and 100 mm wide. The two terminals are made from aluminium (Al) film of 0.25 

mm thickness, where the first terminal is adhered under PTFE and the second is 
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adhered under PA textile, Figs. 1 and 2. In order to investigate the effect of magnetic 

field on the voltage difference of the proposed TENG, steel sheet of 0.25 mm thickness 

is placed under PA textile, Fig. 3. The applied load was 10 N. After sliding, the voltage 

difference between the two sliding surfaces was measured. The sliding distance was 0 

(contact and separation) and 200 mm for sliding. The test sliding velocity was nearly 

controlled to be 2 mm/s. The insulated copper wires were of 0.1 and 0.2 mm and 80, 

100 and 160 turns.  

 

The test procedure consists of contact and separation as well as sliding in the direction 

of the wires (longitudinal sliding) and normal to the wires direction (transverse 

sliding), Fig. 4. In contact and separation, the load is applied for 5 seconds then the 

measurement of the voltage is achieved. Sliding is carried by loading the PTFE on PA 

textile and sliding for 200 mm manually.   

 

 

Fig. 1 Schematic drawing of the test procedure. 
 

 

Fig. 2 Details of the tested specimen. 
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Fig. 3 Arrangement of the test specimens where sheet steel was inserted under PA. 

 

  
Transverse Sliding Longitudinal Sliding 

 

 Fig. 4 The direction of sliding relative to the wire direction. 

 

RESULTS AND DISCUSSION 

Voltage generated from contact and separation as well as sliding of PTFE coating 

insulated copper wires coil of 0.2 mm diameter and 100 turns on PA is shown in Fig. 

4. It is clearly shown that voltage significantly increased up to maximum then 

drastically decreased with increasing the height of the coil frame. The highest voltage 

values were observed at 10 – 20 mm height. Those values were 820, 2500 and 3000 

mV for contact and separation, longitudinal and transverse sliding respectively.  

 

It seems that the electric field generated from the induction of the copper coil is 

responsible for that behavior. The generation of the double charge layers on the two 

contact surfaces in the presence of the coil generated an extra electric field of value 

higher than that generated from friction. The distribution of the ESC generated on 

the contact surfaces is illustrated in Fig. 5.   
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Fig. 4 Voltage generated from contact and separation as well as sliding of PTFE 

coating insulated copper wires coil of 0.2 mm diameter and 100 turns on PA. 

 

 

 

 
 

Fig. 5 Illustration of the distribution of the ESC generated on the contact surfaces. 
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Fig. 6 Voltage generated from contact and separation as well as sliding of PTFE 

coating insulated copper wires coil of 0.2 mm diameter and 100 turns on PA coating 

aluminum film and steel substrate.  

 

It is well known that the strength of the electric field crossing the sliding surface is 

related to the intensity of ESC generated. Faraday indicated that the change of the 

electric field may induce a current in in the coil and thus create a source of 

electromotive force (voltage, potential difference). When the coil is moved through 

electric field, or electric field moves through the coil, electric current will be induced 

and flow into the coil and consequently voltage difference will increase. The 

significant voltage increase depends directly on the electric field that is much 

influenced by the height of the coil frame. The results indicated that there is a certain 

value of the height of the coil frame that gives the highest voltage. 

 

The effect of inserting steel sheet of 0.25 mm thickness under PA surface is illustrated 

in Fig. 6. Voltage generated from contact and separation as well as sliding of PTFE, 

coating insulated copper wires coil of 0.2 mm diameter and 100 turns, on PA coating 

aluminum film and steel substrate recorded relatively higher values than that 

displayed without steel substrate. The highest voltage were observed at height of the 

coil frame ranging from 20 to 30 mm. Voltage values were 3350, 2920 and 990 mV 

for transverse sliding, longitudinal sliding and contact-separation respectively. It 

seems that the relative voltage increase is due to increase of the magnetic field offered 

by the steel sheet. 
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Fig. 7 Voltage generated from contact and separation as well as sliding of PTFE 

coating insulated copper wires coil of 0.1 mm diameter and 80 turns on PA. 
  

 

Fig. 8 Voltage generated from contact and separation as well as sliding of PTFE 

coating insulated copper wires coil of 0.1 mm diameter and 160 turns on PA.  
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Further experiments were carried out to investigate the influence of the number of 

the layers of the copper wire coils on the generated voltage, Fig. 7. Voltage generated 

from contact and separation as well as sliding of PTFE coating insulated copper wires 

coil of 0.1 mm diameter and 80 turns on PA textile showed the highest values for two 

layers of the coil. As the number of layers increased voltage decreased. Variation of 

the voltage may be from the influence of the electric field induced by the coil. The 

transverse sliding of PTFE on PA displayed the highest voltage (1900 mV) followed 

by longitudinal sliding (1700 mV) and Contact and separation (520 mV). 

 

Increasing the number of turns of the copper coil showed significant increase in the 

values of the generated voltage. Voltage difference between the two contacted 

surfaces of PTFE and PA is illustrated in Fig. 8. The voltage values were 530, 2920 

and 3900 mV recorded for contact-separation, longitudinal and transverse sliding. 

The significant voltage increase may be attributed to the increase of electric field due 

to increase of the copper wire turns to 160. The highest voltage values were observed 

at two layers of copper coil.  

  

CONCLUSIONS 

1. Voltage significantly increased up to maximum then drastically decreased with 

increasing the height of the frame containing the copper coil.  

2. Contact and separation represented the lowest voltage values, while transverse 

sliding showed the highest ones.  

3. When steel sheet was inserted under PA surface, voltage displayed relatively higher 

values than that recorded without steel substrate. 

4. Voltage showed the highest values for the two layers of the coil, then decreased 

with increasing the number of layers. 
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