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DEVELOPMENT TECHNOLOGY OF ELECTRICAL CONDUCTANCE CERAMICS  
 

The article considers the influence of the technological parameters of the composite ceramics production on the specific volume 
resistivity of the composition and, consequently, on the protective properties against the effects of electromagnetic radiation. The 
technological parameters included the preparation method, the averaging time of the raw materials, both the pressing and second 
calcination pressure. Based on the complex of studies carried out, the following technological parameters of production were 
established: duration of grinding – 60 minutes; the moisture content of the press powder is 6.2%; pressing pressure – 25 MPa; first 
calcination temperature – 1060 °С; temperature of the second calcination – 1060 °C. The developed technology can be applicated at 
enterprises that produce ceramic tiles according to high-speed calcination. The resulting material can to protect biological and 
technical objects from the action of electromagnetic radiation. Further research at selecting a glaze coating for the developed 
ceramics is aimed. 
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ВІДПРАЦЮВАННЯ ТЕХНОЛОГІЇ ЕЛЕКТРОПРОВІДНОЇ КЕРАМІКИ 

 
У статті розглянуто вплив зміни технологічних параметрів виробництва композиційної кераміки на питомий об'ємний опір 
композиції а також на захисні властивості від впливу електромагнітного випромінювання. До технологічних параметрів 
було віднесено спосіб приготування, час усереднення сировинних матеріалів, тиск пресування і другого випалу. На 
підставі проведеного комплексу досліджень встановлено наступні технологічні параметри виробництва: тривалість помелу 
– 60 хв.; вологість прес-порошку – 6,2%; тиск пресування – 25 МПа; температура першого випалу – 1060 ° С; температура 
другого випалу – 1060 °С. Розроблена технологія може бути використана на підприємствах, які випускають керамічну 
плитку зі швидкісним режимом випалу. Отриманий матеріал може бути використано для захисту біологічних і технічних 
об'єктів від дії електромагнітного випромінювання. Подальші дослідження спрямовані на підбір глазурованого покриття 
для розробленої кераміки. 

Ключові слова: електропровідна кераміка, композитна кераміка, технологічні параметри, тривалість помелу, 
вологість прес-порошку, тиск пресування, температура випалу, об'ємна стійкість, міцність на згин, водопоглинання. 
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ОТРАБОТКА ТЕХНОЛОГИИ ЭЛЕКТРОПРОВОДЯЩЕЙ КЕРАМИКИ 

 
В статье рассмотрено влияние изменения технологических параметров производства композиционной керамики на 
удельное объемное сопротивление композиции и, следовательно, на защитные свойства от воздействия электромагнитного 
излучения. К технологическим параметрам было отнесено способ приготовления, время усреднения сырьевых материалов, 
давление прессования и второго обжига. На основании проведенного комплекса исследований установлено следующие 
технологические параметры производства: длительность помола – 60 мин.; влажность пресс порошка – 6,2 %; давление 
прессования – 25 МПа; температура первого обжига – 1060 °С; температура второго обжига – 1060 °С. Разработанная 
технология может быть использована на предприятиях, которые выпускающих керамическую плитку по скоростному 
режиму обжига. Полученный материал может быть использован для защиты биологических и технических объектов от 
действия электромагнитного излучения. Дальнейшие исследования направлены на подбор глазурного покрытия для 
разработанной керамики. 

Ключевые слова: электропроводящая керамика, композиционная керамика, технологические параметры, 
продолжительность помола, температура обжига, объемная устойчивость, прочность на изгиб, водопоглощение. 

 
Introduction.  
Human life takes place in conditions of increased 

concentration of electromagnetic radiation (EMR) of 
industrial, medical, research equipment, television and 
radio stations, satellite and cellular communications, and 
many others. EMR can cause certain functional 
disturbances in the human body – in some cases 
irreversible: increased fatigue, central nervous system 
disorder, clouding of the lens of the eye, etc. In addition, 
these emissions have an adverse effect on the technical 
condition of electronic systems, up to and including their 
disabling. Therefore, the development of materials that 

effectively protect biological and technical objects from 
the EMR effect is an urgent problem. 

One of the directions of creating materials that 
protect against the EMR is the introduction of electrical 
conductance additives into the dielectric matrix. It was 
preliminarily established [1] that silicon carbide should 
be used as an electrical conductance additive, and a 
ceramic mass for the production of facing tiles should be 
used as a dielectric matrix. 
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It is known that radio-absorbing materials (RAM) 
are structural dielectrics that effectively absorb the 
electromagnetic energy of radio waves [2, 3].  

According to the classification, radio-absorbing 
materials can be magnetic and non-magnetic. In turn, 
non-magnetic radio-absorbing materials are subdivided 
into gradient, interference and combined [4]. 

 
The general statement of the problem and its 

connection with important scientific or 
practical tasks.  

 
It is known that the volume resistivity of electrical 

conductance ceramics obtained by the composite method 
depends mainly on the type of electrical conductance 
additive (conductor, semiconductor). An important role 
in the regulation of conductivity is played by the nature 
of the distribution of the additive in the volume of the 
dielectric matrix (uniformity, optimal grain size, the 
presence of contacts between electrical conductance 
particles).  

The distribution of the electrical conductance 
additive in volume is primarily influenced by the 
technological parameters of production: the preparation 
method, the time of raw materials averaging, the pressing 
pressure, the temperature and duration of the first and 
second calcination. By changing the technological 
parameters of the composite ceramics production, it is 
possible to influence the volume resistivity of the 

composition and, consequently, the protective properties 
against the effect of EMR [5–7]. 

Therefore, the task was set to study the influence of  
technological parameters of production: preparation 
method, averaging time of raw materials, pressing and 
second calcination pressure on the following properties 
of electrical conductance ceramics: volume resistivity – 
lg ρv, flexural strength – σfl  and water absorption – W. 
 

Experimental part.  
 
The process of grinding the components of the 

dielectric matrix and the electrical conductance filler is 
one of the most critical stages in the technology of 
electrical conductance ceramics, since the conductivity 
and physical and mechanical properties of the 
composition depend on the homogeneity of the mixture 
[6–8]. The authors found that the duration of grinding the 
raw components significantly affects the volume 
resistivity of the composition. The influence of grinding 
duration in the range of 20 – 70 min on the volume 
resistivity and physical and mechanical properties of 
composite ceramics was investigated. 

The technological scheme (Fig. 1) for the 
preparation of samples provides wet joint grinding as the 
optimal method for homogenizing the initial components. 
Then the slip is dehydrated to obtain a press powder, 
semi-dry pressing, drying and calcination. 

 

 
 

Fig. 1 Sample preparation scheme using slip method 
 
A preliminary developed composition of electrical 

conductance ceramics [9], in which silicon carbide acted 
as an electrical conductance filler, was used in the study.  

The technological parameters of the preparation of 
the samples under study were:  
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- grinding of the raw components – from 20 to 70 
minutes with a step of 10 minutes;  

- the moisture content in the press powder – 6.2%, 
the calcination temperature – 1060 °C; 

- the calcination duration – 30 minutes.  
Fig. 2 shows a graphic interpretation the results of 

the study of the grinding time effect.  
As one can see from Fig. 2 the most optimal 

grinding time, from the point of view of obtaining the 
minimum value of specific volume resistivity, water 
absorption and maximum value of flexural strength, is 60 
minutes. 

As follows from the literature data [6], the moment 
of the highest homogeneity of the mixture coincides with 
the moment of volume resistivity growth, i.e. with an 
inflection in the dependence of volume resistivity on the 
duration of grinding. 

 

 
 

Fig. 2. A graphical interpretation the results of the study 
of the grinding time effect. 

 
An increase in the duration of grinding over 60 min 

has practically no effect on the properties under study. 
Therefore, 60 minutes was chosen as the optimal 
grinding time. It can be stated that the values of other 
investigated properties such as water absorption and 
flexural strength are within the permissible limits of 
GOST 6141-91. The decrease in the volume resistivity 
and water absorption and the increase in the flexural 
strength with an increase in the grinding duration are 
explained by a more uniform distribution of silicon 
carbide over the volume of the ceramic mass.  

In particular, during minimum grinding time, 
silicon carbide particles form small conglomerates of 
uneven grain size, and with a maximum grinding time, 
silicon carbide particles form a contact structure, due to 
which there is a decrease in the volume resistivity and 
improvement of physical and mechanical properties.  

The pressing pressure, as well as the mass 
concentration of silicon carbide, determines the volume 
resistivity and the physic-mechanical characteristics of 
the compositions [6, 7, 10]. The pressing process of 
electrical conductance ceramic composite materials is 
one of the most important technological stages. 
Currently, tiles for interior wall cladding are made in a 
semi-dry way from press powder with a moisture content 
of 6 – 8 % at a specific pressure of 10 – 20 MPa. 

The study of the pressing pressure influence on the 
volume resistivity, water absorption and flexural strength 
was carried out in the range of 5 – 35 MPa. 

The preparation of the samples was carried out 
according to the scheme given above, the calcination 
temperature of the samples under study was 1060 °C, and 
the duration was 30 minutes.  

The dependence of the volume resistivity and 
physical and mechanical properties of composite 
ceramics on the pressing pressure is shown in Fig. 3.  

It is known [6, 10] that during dynamic or static 
pressing of electrical conductance mixtures, particles of 
dispersed electrical conductance filler (in our case, 
silicon carbide) approach each other. This improves the 
contacting conditions and reduces the transition 
resistance between them, which explains the decrease in 
the volume resistivity of the studied ceramics with 
increasing pressing pressure.  

This makes it possible to obtain a composition with 
a minimum content of an electrical conductance additive 
characterized by a stable electrical conductivity with. 

 

 
 

Fig. 3. Dependence of volume resistivity, water absorption 
and flexural strength of composite ceramics on pressing 

pressure 
 
As one can see from Fig. 3, with an increase in the 

pressing pressure, there is a decrease both in the volume 
resistivity and in water absorption with a simultaneous 
increase in the flexural strength of the composition. A 
decrease in the volume resistivity is due to a decrease in 
the contact resistance between the particles of the 
electrical conductance additive as well as an increase in 
the contact area of the silicon carbide particles.  

At pressing pressure above 25 MPa, the change in 
volume resistivity, flexural strength and water absorption 
of the composition occurs insignificantly, therefore, the 
pressing pressure equal to 25 MPa should be considered 
optimal. 

Ceramic tiles for interior wall cladding are 
produced using the double-calcination technology. It is 
known [11–14] that silicon carbide, when exposed to 
high temperatures, undergoes oxidation producing 
quartz, as a result an increase in the volume resistivity of 
the composition occurs, and, therefore, the protective 
properties decreasing. 
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Therefore, further studies were carried out, 
revealing the effect of the second calcination on the 
volume resistivity and physical and mechanical 
properties of composite ceramics. 

For the study, samples were taken after the first 
calcination, and the second calcination was carried out 
according to the speed mode at a temperature of 1060 °C 
during 30 minutes.  

The properties of the specimens after the first and 
second calcination are shown in Table 1.  

 
Table 1 – Properties of specimens after the first and 
second calcination 

 
Volume resistivity, Ohm∙m Water 

absorption, 
% 

Flexural 
strength, 

MPa ρv lg ρv 

First 5.77∙105 5.76 
11 25 

Second 8.84∙105 5.95 
 
Table 2 – Technological parameters for the production of 
electrically conductive ceramics 

Parameter Value 
Method of preparation Slip 
Mixing duration, min 60 
Press powder moisture, % 6,2 
Pressing pressure, MPa 25 
First calcination temperature, оС 

1060 
Second calcination temperature, оС 
First calcination time, min 

30 
Second calcination time, min 

Based on the complex studies carried out, the 
technological parameters of the electrical conductance 
ceramics production were established, the values of 
which are given in Table 2. 

 
Conclusions and perspectives of future 

investigations in this direction 
 
Human life takes place in conditions of high 

concentration of electromagnetic radiation and can cause 
certain functional disorders in the human body. 
Therefore, the development of materials that effectively 
protect biological and technical objects from the effects 
of electromagnetic radiation is an urgent task.  

The technological parameters of the electrical 
conductance ceramics production were established: 
duration of grinding – 60 min; moisture content of the 
press powder – 6.2 %; pressing pressure – 25 MPa; 
temperature of the first calcination – 1060 °С; 
temperature of the second calcination – 1060 °С. 

The developed technology can be used at 
enterprises producing ceramic tiles according to the high-
speed calcination mode. Such ceramics can be used to 
protect biological and technical objects from the action 
of electromagnetic radiation.  

Further research is aimed at selecting a glaze 
coating for the developed ceramics. 
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