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This paper gives the results of comparative study of molding and thermal properties of

ceramic masses for the production of electrical porcelains manufactured by «Pershotravensky

Electrotechnical Porcelain Plant» (mass no. 1) and «Ceramic Masses of Donbas Plant»

(mass no. 2). It has been found that the ceramic mass no. 2 is more preferable to press the

products of a simple configuration because it has an enhanced binding capacity due to the

presence of the hydromica component in the mineralogical composition. The ceramic

mass no. 1 is advantageously to use for the manufacture of products of a more complex

profile, since it contains quartz sand and have a less shrink. It has also been established

that the water absorption of calcined specimens of less than 0.5% is achieved at the

temperature of 12800C for the samples from the mass no. 1 and at the temperature of

12500C for those from the mass no. 2. This should be taken into account when choosing

the temperature regime for the firing of products.

Keywords: electrical porcelain, plasticity, shrinkage, water absorption, density, strength,

sintering, burning.

Introduction

High-quality ceramic products may be
fabricated from electrical porcelain that combines
high electrical insulating properties, strength,
chemical resistance and durability [1,2]. Despite the
relatively complex and costly production technology
[3], definite classes of products (ceramic cartridges,
fuses, lamps etc.) are mainly made of low-voltage
porcelain, because plastic products are unstable
towards thermal shock and glass products have
increased fragility.

The right selection of ceramic masses, with due
regard for the characteristics of the raw materials
and the characteristics of each stage of the process,
directly affect the quality of the finished products
[4]. There are studies on the properties of electrical
porcelain based on traditional clay and field-spat
raw materials in the scientific literature of recent
years [5–7]. However, the information about the
research of electrical porcelain fabricated on the basis
of raw materials of Ukraine is limited; therefore, the
study and development of such ceramic masses
represent both scientific and practical interest.

Experimental

In this work we present the comparative study
of ceramic masses for the production of electrical
porcelain used by two following domestic

manufacturers: «Pershotravensky Electrotechnical
Porcelain Plant» (mass no. 1), which produces a
wide range of electrical products, and «Ceramic
Masses of Donbas Plant» (mass no. 2), which offers
ceramic masses for the porcelain industry.

The determination of chemical composition of
ceramic masses was performed by means of common
chemical analysis. The X-ray analysis was carried
out using X-ray analyzer DRON-3 with Cu-K

radiation. The differential thermal analysis was
conducted using thermal analyzer STA 449 F1 Jupiter
[8]. The fineness of milling was determined by the
sieve method, and plasticity was evaluated by the
difference of moisture upper limit and lower limit of
the yield stress cracking. The water absorption was
determined by the mass change of vacuum saturated
samples, the shrinkage was assessed by the change
of linear dimensions [9]. The samples were
compressed using the hydraulic press PSU-10 with
a power force of 7 MPa, burned in a laboratory
furnace at 12500C and 12800C with the exposure for
1 hour at maximum temperature.

Results and discussion

The chemical compositions of masses are given
in Table 1. These data show that the chemical
compositions of two identical masses have only minor
difference in the content of the heat-resistant
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aluminum oxide, the mass no. 2 contains smaller
amount of Al2O3. Under conditions being equal, an
increase in the content of Na2O promotes inclination
to deformation. Analyzing the calcinations loss data,
we noticed that this factor is lager for mass no. 2,
hence, it contains more clay materials, and, thus,
has a higher binding capacity, but the sensitivity of
such masses to drying is higher [9,10].

The mineralogical composition of the ceramic
powders was studied using X-ray diffraction analysis
(Fig. 1). This figure shows that the main part of minerals
are kaolinite Al2O32SiO22H2O, quartz -SiO2,
microcline K2OAl2O36SiO2, albite Na2OAl2O36SiO2;
the illite mineral (Al(OH)2((Si, Al)2O5))K(H2O) [11]
is identified in the mass no. 2 too.

In general, the phase compositions of mineral
powders are identical; the differences are only in
the fact that the mass no. 2 includes a large quantity
of illite which is presented in the form of hydromica
clays. The illite usually provides the flexibility of
masses [12] but also it increases their susceptibility
to shrinkage and deformation during drying (because
of removing a lot of water from the mean-package
space of hydromica). In addition, the mass no. 2
shows a larger quantity of albite, which is consistent
with the data of chemical analysis. Albite is feldspar
mineral with the melting temperature of 11170C, so
its presence in such mass reduces the temperature
of its sintering.

The forming properties of ceramic masses are
depending on the fineness of its constituent
components [3]. For comparison purposes, the
grinding residues of the researched masses for the
sieve No. 0063 were determined (Table 2).

Table  2

Technical indicators of experimental masses

Number of 

mass 

Residue on sieve No. 

0063, % 
Plasticity index 

1 1.48 6.9 

2 1.33 7.4 

 It can be seen from these data that despite the
fact that these masses were prepared by different
manufactures and under different conditions, the
residues on the test sieve for every of them are
practically indistinguishable. In the case of a long
grinding, the mass will be more inclined to
deformation and cracking, not only during shaping
and drying but also during the burning-out. The
coarser dispersed particles of skinning component
should act as a «frame»; the voids between them
would be filled with fine clay particles which would
link the mass together and increase the density and
strength of semi-finished products. If the particles
are very fine, the structure of the skinning component
is broken and it does not perform its function of a
frame, but simply reduces the connectivity of mass
and increases its shrinkage.

Table  1

The chemical compositions of ceramic bodies, wt.%

Number of mass SiO2 Al2O3 Fe2O3 TiO2 CaO MgO K2O Na2O Сalcination loss 

1 67.73 21.31 0.63 0.53 0.59 0.54 2.76 1.26 4.63 

2 67.50 20.70 0.55 0.55 0.40 0.25 2.40 1.40 5.80 

 

Fig. 1. X-ray diffraction pattern of ceramic masses no. 1 and no. 2: Ê – kaolinite, Êâ – b-quartz, Ì – microcline, À – albite,

È – illite

no. 1 no. 2
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The plasticity index defines the molding
properties of ceramic masses [3]. The both masses
are of a moderate plasticity. Slightly more weight
plasticity of mass no. 2 is caused by the high content
of clay minerals which is consistent with the results
of X-ray analysis.

The nature of the thermal transformations of
the mineral powders was studied using the differential
thermal analysis (Fig. 2). The obtained thermograms
show that the thermal conversion of both powders is
identical during the heating. The weak endothermic
effect at 1000C is associated with the removal of
residual moisture from the materials; the well
expressed endothermic effects with a maximum at
5600C for mass no. 2 and at 5500C for mass no. 1
indicate the removal of chemically bound water from
clay minerals (mainly from kaolinite); the exothermic
effects at 10000C and 9700C indicate the formation
of primary mullite in masses [5,7].

Fig. 2. DTA curves of mineral powders under consideration

For further studies, the press molding powders
of both masses were prepared with the same amount
of organic connections and water; the obtained
masses were subjected to press-sampling, the sample
cylinders were gained and then they were burned at
temperatures of 12500C and 12800C.

Table  3

Evaluation of sintering of ceramic masses

Water absorption of 

samples, % 

Total shrinkage of 

samples, % 
Number 

of mass 
1250

0
С 1280

0
С 1250

0
С 1280

0
С 

1 0.91 0.43 10.8 11.0 

2 0.25 0.14 12.3 12.5 

 

Table 3 shows that the samples of the mass no.
2 can be sintered at 12500C to achieve the required
degree of water absorption of less than 0.5%, while
the mass no. 1 forms a pot with a less dense structure
at this temperature. However, the mass no. 2 suffers
from its increased complete shrinkage (12.5%), which
is undesirable in the manufacture of products with
fixed geometrical dimensions [3]. At the same time,

the samples from the mass no. 1 are characterized
by a required water absorption after burning at the
temperature of 12800C, they have the lowest
shrinkage (11.0%).

Conclusions

The comparison of the properties and behavior
of masses no. 1 and 2 allows one to conclude that
they are similar in their basic technological properties,
thus the both masses can be used in the manufacture
of electrical porcelain. However, the differences is a
higher content of clay minerals in the mass no. 2,
explaining its higher flexibility (connectivity), which
contribute increasing the strength of intermediate
product during molding and drying. The sintering of
products based on the mass no. 2 can be carried out
at the temperature of 12500C. On the other hand,
the higher flexibility, sensitivity and increased drying
shrinkage during burning hamper the application of
mass no. 2 in production of especially important
details of precise dimensions. Therefore, the mass
no. 1 is recommended for molding of goods with
complex configuration since it is characterized by
lower shrinkage processes (the ability to deform).
However the sintering temperature of such products
cannot be less than 12800C.
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ÂÈÁ²Ð ÊÅÐÀÌ²×ÍÈÕ ÌÀÑ ÄËß ÂÈÃÎÒÎÂËÅÍÍß
ÅËÅÊÒÐÎÒÅÕÍ²×ÍÎ¯ ÊÅÐÀÌ²ÊÈ

Î.Ñ. Õîìåíêî

Â äàí³é ðîáîò³ íàäàí³ ïîð³âíÿëüí³ äîñë³äæåííÿ ôîðìó-
âàëüíèõ ³ òåðì³÷íèõ âëàñòèâîñòåé êåðàì³÷íèõ ìàñ äëÿ âèãî-
òîâëåííÿ åëåêòðîòåõí³÷íîãî ôàðôîðó ÏÀÒ «Ïåðøîòðàâåíñü-
êèé çàâîä åëåêòðîòåõí³÷íîãî ôàðôîðó» (ìàñà ¹ 1) òà ÇÀÒ
«Êåðàì³÷í³ ìàñè Äîíáàñó» (ìàñà ¹ 2). Âñòàíîâëåíî, ùî äëÿ
ïðåñóâàííÿ âèðîá³â íåñêëàäíî¿ êîíô³ãóðàö³¿ á³ëüø ïåðåâàæíîþ
º êåðàì³÷íà ìàñà ¹ 2, îñê³ëüêè ìàº ï³äâèùåíó çâ’ÿçóþ÷ó
çäàòí³ñòü çà ðàõóíîê íàÿâíîñò³ ã³äðîñëþäèñòî¿ ñêëàäîâî¿ ó ì³íå-
ðàëîã³÷íîìó ñêëàä³. Êåðàì³÷íó ìàñó ¹ 1 ñë³ä âèêîðèñòîâóâàòè
äëÿ âèãîòîâëåííÿ âèðîá³â á³ëüø ñêëàäíîãî ïðîô³ëþ, îñê³ëüêè
âîíà á³ëüø îï³ñíåíà êâàðöîâèì ï³ñêîì ³ ìàº ìåíøó óñàäêó. Òà-
êîæ âñòàíîâëåíî, ùî âîäîïîãëèíàííÿ âèïàëåíèõ çðàçê³â åëåê-
òðîôàðôîðó ìåíøå, í³æ 0,5%, â³äáóâàºòüñÿ ïðè òåìïåðàòóð³
12800Ñ äëÿ çðàçê³â ç ìàñè ¹ 1 òà ïðè òåìïåðàòóð³ 12500Ñ äëÿ
çðàçê³â ç ìàñè ¹ 2. Öå ñë³ä âðàõîâóâàòè ïðè âèáîð³ òåìïåðà-
òóðíîãî ðåæèìó âèïàëó âèðîá³â.

Êëþ÷îâ³ ñëîâà: åëåêòðîòåõí³÷íèé ôàðôîð; ïëàñòè÷í³ñòü;
óñàäêà; âîäîïîãëèíàííÿ; ù³ëüí³ñòü; ì³öí³ñòü; ñï³êàííÿ;
âèïàë.
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Electrotechnical Porcelain Plant» (mass no. 1) and «Ceramic Masses
of Donbas Plant» (mass no. 2). It has been found that the ceramic

mass no. 2 is more preferable to press the products of a simple
configuration because it has an enhanced binding capacity due to
the presence of the hydromica component in the mineralogical
composition. The ceramic mass no. 1 is advantageously to use for
the manufacture of products of a more complex profile, since it contains
quartz sand and have a less shrink. It has also been established that
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