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1. INTRODUCTION 

Dielectric term was first introduced in 1839 by 

Faraday to define substance along or across which 

electric forces act. After further investigation it was 

found that between polarization and magnetization of 

the substances there is an analogy: magnetic substances 

behave in a magnetic field as dielectric substances in an 

electric field. As in iron can be created a remanent 

magnetization by placing it in a magnetic field, a 

remanent polarization can be created on dielectric 

bodies by keeping them in a strong electric field. After 

removing the external field the polarization is 

maintained for a long time. These findings are 

underlying the creation of the electret. 

2. HISTORICAL BACKGROUND 

In 1885, Oliver Heaviside first described the process 

of permanently electrifying a body and called the 

electrified material an electret. His proposed method 

involves placing a dielectric material into an electric 

field and preserving the action of the electric field long 

enough to load the dielectric material. After the 

dielectric material was subjected to the action of the 

electric field, it is removed and kept in a sheet of 

conductive material. Although Heaviside described the 

process and called for the first time this dielectric 

material an electret, there is no evidence of the practical 

implementation of an electret. 

First electret was made by Mototaro Eguchi, 35 

years later after Heaviside described the procedure to 

achieve the electret. Eguchi followed exactly the 

procedure with one difference: the material was heated 

to melting point and then allowed to solidify under the 

action of the electric field, this way the molecules 

oriented after the electric field’s orientation will keep 

the electric field orientation in solid state and the 

polarization of the material becomes permanent. This 

electret made under the simultaneous action of an 

electric field and heat is called thermoelectret. 

He described how to obtain the thermoelectret as 

follows: „When melted substance is applied the electric 

field, complex molecules possessing a dipole moment 

are oriented in the direction of the field. By 

solidification of the substance the molecules keep their 

orientation, thereby conditioning the presence of a 

constant electric polarization within the dielectric 

material." 
Since the first research on the electret effect to the 

present, various methods and materials were used to 

build the electret but one of the easiest ways to achieve 

an electret remains that of an electret made  of wax  of 

different types. 

Over time were conducted thorough research over 

the electret made of various dielectrics such as 

ceramics, polymers, crystals, etc. 
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3. CLASSIFICATION AND USE OF THE 
ELECTRETS 

Depending on the external agent being used, the 

electrets can be divided into five categories, namely: 

� Thermo-electrets. This type of electret was 

discovered by M. Eguchi, is obtained by simultaneous 

action of an electric field and heat over the dielectric 

material.. 

� Photo-electrets. Were discovered by G. Nadjakov 

by laying of photoconductive dielectrics under 

simultaneous action of an electric field and light 

radiation, X-rays, etc.. 

� Pseudo-electrets. These electrets are obtained by 

irradiating the dielectric with radiation α, β or γ without 

subjecting the material to an electric field. 

� Magneto-electrets. Obtained by subjecting the 

dielectric to simultaneous actions of a magnetic field 

and heat. 

� Electro-electrets. Are obtained by placing the 

dielectric in a strong electric field at normal 

temperature. 

 

Since their discovery to the present, electreţii were 

and are used in various applications. Next will be 

highlighted some of their most important uses such as: 

 

� Electrostatic micromotors. An electret plate, 

because the interaction of its own field with the electric 

field of a plane capacitor, may be rejected or be drawn 

into the gap between its valves [1]. On this principle is 

based the construction of the electret electrostatic 

motor, which is based on the analogy with DC motor 

commutator [1]. 

� Constant electric field sources with electret. Uses 

the electret property, namely that it is always 

surrounded by an electric field. 

� Electret vibration transducers. Are characterized 

by simplicity and durability. 

� Electrometers with electrets. Constant electric 

field of the electret can be used to build various types of 

electrometers operating without an external source of 

power. 

� Electret Microphones. 

� Electret electrostatic voltmeters. Uses the electret 

for amplification of the constant field. In the presence 

of the electret, in the electric field created by the 

external source is added the electret field so device 

sensitivity increases. 

 

 

4. MANUFACTURE OF THE THERMO-
ELECTRET 

Schematic diagram of the facility to manufacture the 

thermo-electrets is shown in Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Diagram of the electret manufacturing facility [2]. 

 

The electret is placed between metal electrodes B 

and C, C electrode being provided with a guard ring K. 

As voltage source is used a battery or a stabilized high 

voltage reducer. To measure the currents is used the 

current amplifier A, thermostat T is shown dashed, in 

which are placed the electrodes and the sample. Sample 

diameter is slightly larger than the diameter of the 

electrodes, because during dielectric polarization it is 

possible a breakdown of the air between the electrodes 

on the side of the disc. Polarization field strength can be 

increased by reducing the diameter of the electrodes. 

Guard ring role is twofold: firstly it reduces those 

deviations from uniformity distribution of the electric 

field that are observed at the edges of the disc and 

second it channel the surface currents to ground, that 

allows us to gauge the spatial volume electrical 

conductivity of the substance. 

Dielectric polarization is achieved as follows: the 

sample is heated until it reaches the polarization 

temperature without applying the electric field, then the 

electric field is applied and the sample is maintained at 

the polarization temperature for a certain time, called 

polarization time, after which the temperature is 

lowered slowly to room temperature while maintaining 

the applied field. After reaching room temperature, the 

polarization field is stopped and the electret obtained is 

maintained between two metal electrodes electrically 

connected to each other [3]. Following this treatment, 

on the electret faces appear superficial electric charges 

of opposite sign, so a field also appears inside the 

probe.  

The field inside the electret tends to depolarize the 

sample. Reducing indoor field is done by shorting the 

electret, which causes an increase in its lifetime [3]. 
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Fig. 2. Electret shorted [2]. 

 

As can be seen in Figure 2, charges induced on the 

metal electrodes are the opposite of the ones of the 

electret surface, those causing the electric field E which 

opposes the inner electrical field Ei, decreasing it. From 

the formation process of the thermo-electrets results 

that the most important factors determining the quality 

of the sample are the heat treatment and the polarization 

field [3].. 

How heat treatment, characterized by polarization 

temperature, polarization time and cooling rate of the 

sample influences the thermo-electrets properties and is 

very different for different materials studied.. 

Exposure time of the future thermo-electret can be 

very varied, but generally is several oreTimpul 

termoelectret future exposure can be very varied, but 

typically is a few hours [1]. 

Thermoelectrets lifetime is influenced by the storage 

temperature, so if storage temperature is high, there will 

be a faster electret depolarization, decreasing their 

lifetime. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. System design for measuring the electrets [3]. 

 

In Figure 3 can be seen the schematical device used 

by Eguchi for measuring the load of the electrets made 

of carnauba wax . This method is still used today [2]. 

Measurement is made in the following way: mobile 

electrode descends to electret surface, switch K1 being 

closed. Then with the switch K the system is 

disconnected from the ground and the mobile electrode 

A is lifted upward. The load induced on electrode A 

charges the capacitors C0 and Cr and the voltmeter will 

show a certain potential difference. [2]. 

The author measured the electrets charge with a 

vibration device already existing in the laboratory that 

was made by the researchers of the Electrical 

Engineering Department of the "Stefan cel Mare" 

University, Suceava, for an earlier project. 

5. EXPERIMENTAL RESULTS 

To build the thermo-electret was used the system 

shown in Figure 4, that consists of: 

 

1. Thermostatic oven. 

2. Electrodes. 

3. Electret matrix. 

4. High voltage source. 

 

The material used to build the thermo-electret 

consists of Carnauba of a concentration of 45%, 45% 

rosin and 10% natural wax. 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 4. Thermo-electret manufacturing facility. 

 

The process of achieving the thermo-electret is given 

below.  

The material used is inserted into the mold which is 

between the two electrodes connected to the power 

supply as can be seen from Figure 3. After this step, the 

thermostat oven was set at a temperature of 80 ° C for a 

period of 30 minutes the material getting in liquid state. 

Electrode voltage is then applied through the power 

supply which is set to a value of 3kV for 3 hours. This 

time is called polarizationtime during which the 
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temperature and applied voltage are constant. After this 

period, for a period of 1 hour, the temperature inside the 

oven will be gradually decreased to ambient 

temperature, maintaining constant voltageto the 

electrodes. The material found in the matrix, subjected 

to simultaneous action of electric field and heat, flows 

from the liquid state to solid state molecules, 

maintaining the molecules orientation in the direction of 

the electric field, thus the polarization of the material 

becomes permanent.. 

 Figure 5 shows the plot of the polarization regime 

of the electret production. 
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Fig. 5. Graph regime of polarization. 

 

Figure 6 shows the steps of making an electret from 

a material composed of carnauba wax, rosin and natural 

wax, as follows: 

 

� In figure 6.a. can be seen the material introduced 

in the specially made matrix. 

� Figure 6.b. shows the matrix containing the 

material subjected to heat treatment. 

� 6.c. shows the completed thermo-electret. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Steps to building the thermo-electret. 

 

To acquire the oscillograms was used a facility 

consisting of an oscilloscope and a device for 

measuring electret charge shown in Figure 7. Electret 

measuring device consists of an oscilomotor driving a 

shaft provided at one end with an electrode that 

generates an alternating current in the  field of the 

electret which is placed on a second fixed electrode.  

Oscilloscope probe is connected to the two 

electrodes to retrieve oscillograms. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. Device for measuring electrets. 
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Oscillograms obtained using this system are shown 

in Figure 8, as following:  

� Figure 8.a. distance of 0.1 cm. 

� Figure 8.b. distance of 0.3 cm.  

� Figure 8.c. distance of 0.6 cm.  

� Figure 8.d. distance of 0.9 cm.  

� Figure 8.e. distance of 1.2 cm.  

� Figure 8.f. distance of 1.5 cm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8. Oscillograms of the electret. 

 

For a better representation of data taken with the 

system are presented 6 oscillograms obtained at 

distance intervals of 3 mm of the mobile electrode from 

the surface of the electret, starting from 0.1 centimeters 

to 1.5 centimeters. 
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5. CONCLUSIONS 

� The methods for achieving thermoelectrets were 

discovered more than a decade ago, they are still used 

to achieve electrets, mainly to thermo-electrets made of 

carnauba wax. 

� As shown in this paper, the author constructed a 

thermo-electret mainly composed of carnauba wax.  

� From the oscillograms taken with electret 

measurement system, it can be concluded that this 

thermo-electret has its own electric field, sufficiently 

strong up to a distance of 0.9 cm, to be used in various 

applications that have been presented in the paper. 

� From the point of view of stability of the electric 

field, the electrets made of Carnauba wax have a 

permanent internal polarization. Stored in suitable 

conditions they have a higher lifetime compared to 

other types of dielectrics. 

 

 

ACKNOWLEDGMENT 

This paper was supported by the project 

"Improvement of the doctoral studies quality in 

engineering science for development of the knowledge 

based society-QDOC” contract no. 

POSDRU/107/1.5/S/78534, project co-funded by the 

European Social Fund through the Sectorial Operational 

Program Human Resources 2007-2013. 

BIBLIOGRAPHY 

[1] CERNOMAZU, D., SIMION, AL., MANDICI, L. 
Electrostatic micromotors. Suceava: Suceava University 

Publishing, 1997. 

[2] GUBKIN, N.A. Electrets-(Translation from Russian). 

Bucharest: Technical Publishing, 1963. p.32-39. 

[3] SCUTARU, V. The electrets and their applications. Bucharest: 

Scientific and Encyclopedic Publishing, 1977, p. 12-45. 

[4] Jeder, M., Prisacariu, I., Olariu, E.D., Poienar, N., Creţu, 

N.C., Sorea, N., Negru, B.M., Cernomazu, D. Electret load 

measuring device, Patent RO, no.123040 B1; 

 

About the authors 

Eng. Ilie ROMANIUC, PhD Student 

“Ştefan cel Mare” University of Suceava  

email: romaniuc_i@yahoo.com 
 

Graduated at the Stefan cel Mare University of Suceava, Faculty of Electrical Engineering and Computer Science, study 

program Automatin. Since 2012, after finishing of the university he started the PhD at Stefan cel Mare University of 

Suceava, Faculty of Electrical Engineering and Computer Science, Electrotechnic Department. His research topic is 

piezoelectric motor, vibromotors, electromechanical actuators etc.  

 

Prof. Eng. Dorel CERNOMAZU, PhD  

“Ştefan cel Mare” University of Suceava   

email: dorelc@eed.usv.ro  
 

Graduated at the Gheorghe Asachi Technical University of Iasi, Faculty of Electrotechnics. After finishing of the 

university he started to work at the Electrical Transformers and Switchgear Repairing Factory from Roman. Since 1990 he 

works at Stefan cel Mare University of Suceava as associate professor. His research topic is solar energy conversion, 

unconventional actuators, insulation systems, inventics and design and electrotechnical materials. 

 

 

 

 
160
_____________________________________________________________________________________ 

Buletinul AGIR nr. 4/2012 ● octombrie-decembrie

_____________________________________________________________________________________CONFERINŢA NAŢIONALĂ DE ACŢIONĂRI ELECTRICE, ediţia XVI, SUCEAVA - 2012




