SOLID STATE PHYSICS,
MINERAL PROCESSING

0. Djezairi"!,
orcid.org/0009-0007-2829-8186,
A. Bouzidi?,
orcid.org/0000-0002-4616-6896,
N. Bouzidi',
orcid.org/0000-0002-9154-5895,
B. Ayaden’,
orcid.org/0009-0006-1643-6572,
A. Benselhoub?,
orcid.org/0000-0001-5891-2860

https://doi.org/10.33271/nvngu/2023-6/048

1 — Laboratory of Materials Technology and Process Engi-
neering (LTMGP), Faculty of Technology, University of Be-
jaia, Bejaia, Algeria

2 — Electrical Engineering Laboratory (LGE), Faculty of
Technology, University of Bejaia, Bejaia, Algeria

3 — Environment, Modeling and Climate Change Division,
Environmental Research Center (C.R.E), Annaba, Algeria

* Corresponding author e-mail: omar.djezairi@univ-bejaia.dz

RECYCLING OF BARITE ORE TAILINGS INTO PORCELAIN:
MICROSTRUCTURE AND DIELECTRIC PROPERTIES

Purpose. To study the dielectric properties of porcelain obtained from a mixture of sand, kaolin, and feldspar. The latter has
been partially substituted with solid barite wastes (SBWs).

Methodology. The study involves preparation of porcelain using conventional solid-state reaction methods, employing two
firing temperatures (1200 and 1300 °C) and a soaking time of 3 hours. SBWs are progressively added to the mixtures at levels of 0,
10, 20 and 30 wt%, replacing feldspar content. Structural and dielectric characterizations are conducted to examine the influence
of SBWs substitution on macroscopic dielectric properties. Microstructural observations reveal various crystalline phases and
micropores, contributing to property effects. Following sintering at 1200 °C, primary mineralogical phases include mullite, anor-
thite, and quartz. At 1300 °C, the celsian phase emerges alongside anorthite and quartz phases. The technological attributes of the
produced porcelain samples, encompassing dilatometric properties, apparent density, and porosity, are determined.

Findings. Dielectric characterization, conducted within the frequency range of 102—105 Hz, demonstrates that the relative con-
stant permittivity values rise from 4.3 to 7.4 for samples sintered at 1200 °C and from 5.1 to 9.9 for those fired at 1300 °C, specifically
for samples containing 10 wt% SBWs. Additionally, the dielectric loss tangent decreases with increasing sintering temperature. The
macroscopic permittivity of porcelains can be accurately calculated using a mixing rule, which aligns well with experimental results.

Originality. The original contribution lies in the use of 10 wt% Solid Barite Wastes (SBWs) from the Boucaid mine in order to
effectively create environmentally friendly porcelain insulators. The study showcases the potential of SBWs as a partial substitute,
thus promoting sustainability in porcelain insulator production.

Practical value. The results of this study hold practical significance for the ceramics and insulator manufacturing industries by
providing insights into enhancing the dielectric properties of porcelain through the incorporation of SBWs. This approach contrib-

utes to the production of environmentally friendly insulators.
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Introduction. The mining industry is one of the pillars of
the economic recovery of countries. However, it also poses
significant environmental challenges due to the substantial
production of residues and waste in various forms, thereby en-
dangering biodiversity [1]. This issue becomes particularly
concerning when it involves the enrichment of substances with
multiple metallic elements such as galena, sphalerite, barite,
etc. This is the case in many mines in Algeria, notably the
Boucaid mine. The leaching of sulfur-bearing waste deposits is
the result of the combined action of water and wind, which
accelerates the environmental degradation process [2]. The
oxidation reactions within mining waste deposits rich in sul-
fide minerals trigger acute acid mine drainage, which harms
the environmental quality for wildlife, flora, and water re-
sources [3] due to the process of acid mine drainage resulting
from the chemical alteration of these minerals when they come
into contact with water. According to the study conducted by
|4], it was observed that the concentrations of dissolved oxy-
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gen in the water were significantly low, below 5.0 mg/l, while
the pH was acidic. Following the studies conducted by [5], it
has been found that mining waste from abandoned barite
mines leads to water contamination with very high concentra-
tions of heavy metals such as arsenic, barium, iron, mercury,
manganese, nickel, lead, and zinc. The studies carried out by
|3, 6], on the pollution assessment of the mining region of Ain
Azel, and the region of Boucaid showed that the enrichment of
polymetallic ore is the potential source of soil contamination
by heavy metals, whose concentrations of metals in the sedi-
ments were high: 94.79 of Pb, 89.79 of Zn, 21.73 of Cu, 21.46
of Cr, 3.25 of Cd and 44190 of Fe (mg/kg).

Barite-based ceramics (BaSO,) have broad industrial appli-
cations, especially in electronic and medical fields, due to their
exceptional characteristics such as a low thermal expansion co-
efficient, high melting points, and a low dielectric constant.
Barite (BaSQ,) is known for its use as fluxing agents in the pro-
duction of enamels and ceramic materials [7]. Due to their
shielding and protective capacity against X-rays and gamma
rays [8], these materials are used in the construction industry,
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being effective materials for protecting humans against this type
of ionizing radiation [9]. The refractive index of optical glass is
enhanced by the addition of barium, which promotes the sinter-
ing process and reduces the viscosity of molten glass [10]. Re-
cently, ceramics have been developed using a combination of
barite and kaolin derivatives, creating an ideal medium for pro-
tecting walls in diagnostic radiology during X-ray exposures [9].

Electrical ceramics have many applications depending on
its dielectric properties. Indeed, ceramic materials with dielec-
tric constant above 12 are generally used in capacitors and
transducers materials. Besides, dielectric properties of hexa-
celsian are suitable for substrate materials for semiconductor
packaging or multilayered ceramics substrate for high-fre-
quency electric circuits [11]. The ceramic capacitors are some
of the most widely used discrete electronic components that
play a very important role in electronic industries [7]. Several
materials with good microwave dielectric properties have re-
cently been developed for microwave applications, such as
resonators, filters and substrates [7, 12]. Recent developments
in the separation process enhance the opportunities to stabi-
lize the particle size distribution of used materials [13].

The present work aims to study the application of SBWs as
a raw material in the production of porcelain-type ceramics.
Feldspar is substituted by SWBs material by 0, 10, 20, 30 wt%;
the samples are labeled PCRB0O, PCRB10, PCRB20, and
PCRB30 respectively. The ceramic samples were sintered at
1200 and 1300 °C during 3 hours’ period. Microstructures,
physical, and dielectric properties were studied. Furthermore,
the evaluation of the release of different chemical species such
as lead (Pb%), zinc (Zn*"), barium (Ba*"), and copper (Cu®*)
present in the porcelain samples was examined.

Materials and methods. The prepared reference sample
called PCRBO is composed by kaolin, sand and feldspar with
50, 20 and 30 wt% respectively. Feldspar is substituted by dif-
ferent amounts of SBWs (10, 20 and 30 % wt%), resulting in
four distinct mixtures designated as PCRB10, PCRB20, and
PCRB30, respectively. All these mixtures were carefully
ground for 2 hours in a Fritsch planetary mill using alumina
agate balls as the grinding media. The ground product was
then dried for 24 hours at 105 °C. Next, the mixture was sieved
through a 63 um sieve, and the resulting powders were pressed
at 55 MPa for 10 minutes to obtain pellets, without the addi-
tion of a binder, to form pellets with a diameter of 30 mm and
a thickness of 4 mm. A portion of the pellets was subjected to
calcination at 1200 °C, while another portion was heated to
1300 °C in an electric furnace for 3 hours, with a heating rate
of 10 °C/min. In order to determine the chemical composition
of the raw material, X-ray fluorescence technique (PanAna-
lytical Perl’X3 system) was used. Mineralogical analysis was
performed using a Bruker D2 Phaser X-ray diffractometer, uti-
lizing CuKa radiation, a step size of 0.02 degrees 20, and a
counting time of 10 s per step. Quantitative analysis of the dif-
ferent phases present was made from XRD diagrams by Riet-
veld refinement, using NaF as internal standard. The peak
height ratio of mullite {121}, quartz {112}, cristobalite {101},
anorthite {004}, rutile {110} and NaF {200-202} gave the
quantity of each phase. The mass percentages of the amor-
phous phase are determined after knowing the total quantity of
the crystalline phases.

The total porosity of the samples was assessed using both
absolute and apparent densities. Absolute density was mea-
sured using helium pycnometry, while apparent density was
obtained through the Archimedes’ method using water. The
thermal characteristics of each sample were evaluated using
dilatometric analysis conducted with a BAHR dilatometer
(DIL801L model, Thermoanalyse Gmbh, Hiillhorst, Germa-
ny). The capacitance measurements (relative permittivity &,;
resistivity R and dielectric loss tand were performed at 25 °C
within the frequency range of 102 to 105 Hz using an HP 4284
LCR meter (Hewlett-Packard Japan); both sides of samples
were polished and coated with a conductive silver paste.

To assess the environmental impact, the mobility of pol-
lutants was determined by employing the Toxicity Character-
istic Leaching Procedure (TCLP) as described by the Envi-
ronmental Protection Agency (EPA) in its Method 1311:1992.
The concentrations in the filtrate were measured using an In-
ductively Coupled Plasma-Atomic Emission Spectrometer
(ICP-AES Agilent 7500).

Results and discussions. Chemical and mineralogical com-
positions of the raw materials. As indicated in Table 1, kaolin,
sand, and feldspar, contain relatively high amounts of SiO,
and Al,O;, which are 42.40, 95.21, 74.6, and 37.8 wt%, 0.97,
12.9 wt%, respectively. However, flux agents such as Na,O and
K,0 are present in feldspar with 3.7 and 4.6 wt% respectively.
Kaolin has a relatively high proportion of TiO,, accounting for
1.99 wt%. On the other hand, SBWs contain high amount of
BaO (20.66 wt%) and CaO (13.00 wt%) as well as metal oxides
such as PbO (14.49 wt%). SBWs show a slight amount of Al,O5
(1.70 wt%) and relatively high amount of transition metals
Fe,05 (6.55 wt%), ZnO (17.99 wt%) and TiO, (3.71 wt%).
These metal oxides could act as flux agents and play same role
as feldspar.

The main crystalline phases constituting the SBWs (Fig.1)
are calcite, barite, and quartz. However, the mineralogical
composition reveals that the SBWs are primarily composed of
barite (25 %), calcite (22 %), cerussite (13 %), quartz (4 %),
and hemimorphite (27 %).

Table 1
Chemical composition of the materials used
Oxides Kaolin (%) | Sand (%) Feldspar SBWs
SiO, 42.40 95.21 74.60 8.61
Al,O; 37.80 0.97 12.90 1.70
Fe,04 0.55 0.23 1.73 6.55
MnO 0.07 — 0.04 0.09
MgO 0.05 0.01 0.40 0.91
CaO 0.26 1.32 1.08 13.00
Na,O 0.03 0.27 3.70 0.07
K,O 0.02 0.40 4.60 0.30
TiO, 1.99 0.01 0.30 3.71
P,04 0.01 — 0.03 0.01
ZnO - - - 17.99
BaO - — - 20.66
PbO - - - 14.49
CuO - - - 0.01
L.O.1 16.78 1.58 0.71 11.88
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Fig. 1. XRD patterns of SBWs waste
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Mineralogical analysis of the sintered samples. The main
mineralogical phases observed in Figs. 2, a and b, correspond-
ing to the samples sintered at 1200 and 1300 °C, respectively,
are mullite, anorthite, quartz, and rutile. It is observed that the
peaks of quartz and mullite decrease with the addition of
SBWs. This can be attributed to the fact that quartz partici-
pates in the formation of a glassy phase, which is induced by
the presence of fluxing agents in the SBWs [14]. On the other
hand, the peaks of anorthite start to increase with the addition
of 10 % by weight of SBWs, while the peaks of cristobalite tend
to gradually disappear with the increasing amount of SBWs.

The behavior of the samples sintered at 1200 °C (Fig. 2, a)
differs from that observed when the firing temperature was kept at
1300 °C. With the increase in the amount of SBWs, the peaks in-
tensity corresponding to mullite and quartz decreased. This can
be attributed to the transformation of silica into a vitreous phase,
likely facilitated by the presence of fluxing agents such as Fe,03,
TiO,, PbO, and ZnO, which play a role in modifying the network
structure [14]. On the other hand, the appearance of the anorthite
phase (CaAl,Si,Oy) is attributed to the excessive amount of CaO
present in the SBWs (13.00 wt%); this phase increases as the
amount of the reject is increased in the ceramic mixtures.

Additionally, a new phase corresponding to the formation
of celsian crystals (BaAl,Si,Og) was observed in the PCRB30
sample, within the (Si0,-Al,0;-BaO) triaxial composition re-
gion. Celsian can form in the high silica region [15]. At the
same temperature, the rutile phase disappeared as the amount
of SBWs increased, likely indicating its incorporation into the
mullite phase [16].

Table 2 presents the quantitative mineralogical analysis of
the phases formed during the sintering process of various por-
celains. It is seen that the addition of SBWs is accompanied by
the increase in glassy phase and formation of anorthite
amounts and the decrease in mullite quartz and cristobalite
phases. The amount of rutile is much higher in PCRBO at
1200 °C than in PCRB10 at 1300 °C. However, this phase dis-
appeared when 10 wt% of SBWs was added in the mixture
which is probably embedded in the glassy phase or introduced
in the mullite structure [16].
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Fig. 2. XRD patterns of the ceramic samples fired:

Dilatometric behavior of the ceramic mixtures. Fig. 3 shows
linear shrinkage of the samples as function of temperature
(30—1200 °C). Three-stage sintering process, excluding initial
stage, characterized by the mass gain and irreversible moisture
expansion of the ceramic bodies as a consequence of its rehy-
droxylation up to 500 °C were obtained. The first linear shrink-
age between (0.5—0.9 %) occurs at 590 °C due to the transfor-
mation of o — 3 quartz and transformation of kaolin to give
metakaolinite phase. A second shrinkage (0.7—1.1 %) occurs
at around 940 °C for the samples PCRB0 and PCRBI10 to the
reorganization of metakaolin to spinel-type and mullite struc-
ture and the release of carbonates and sulfur belonging to the
barite waste. However, these transformations occur to
PCRB30 and PCRB20 at 960 °C with a linear shrinkage of
0.6—0.9 % respectively. The third linear shrinkage (1.7—2 %)
occurs at around 1000—1100 °C; increasing with the amount of
barite waste in the mixtures. The last linear shrinkage (3.5—
5 %) occurs from 1100 °C, attributed to the formation of new
crystalline phases as cristobalite, anorthite and celsian. Linear
shrinkage of PCRB30 (30 wt% of barite waste) tends to de-
crease rapidly at around 1180 °C, whereas the linear shrinkage
of the other samples continues to decrease.

Porosity of the sintered samples. The porosity measured in
relation to the temperature, as presented in Fig. 4, indicates a
significant reduction corresponding to the samples fired at
1300 °C. Hence, porcelain without SBWs additions exhibit to-
tal porosity of 10 and 3.59 vol% whereas with the addition of
10 wt% of SBWs in the mixtures, porosity of the samples tends
to diminish slightly to 9.35 and 2.66 vol% at 1200 and 1300 °C
respectively. Then, it increases highly to attain 19.60 vol% at
1200 °C, when 30 wt% of SBWs were added. In opposite, at
1300 °C, porosity of the samples is not excessive, it increased
slightly to attain 5.31 vol%. At 1200 °C, with SBWs addition,
the obtained porcelains fired at 1200 °C are obviously more
porous. This is probably due to the formation of anorthite and
quartz crystalline phases beside less of liquid phase formation
and poor consolidation of the material during sintering. In this
context, excessive content of BaSO, (>10 wt%) does not make
a difference as fluxing agent in the mixtures. Additionally, it
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a—at 1200; b — at 1300 °C (M: Mullite; Q: Quartz; R: Rutile; Anor: Anorthite; Cr: Cristobalite; C: Celsian)

Table 2
Quantitative mineralogical analysis of PCRB0 and PCRB10 porcelain
TCC) Porcelain M(l%l)ite QF;;)IZ Cris(t%b)alite An?;glite R(l%i)le Glasié7 1;))hase
1200 PCRBO 1811 18+2 8+1 0 4+0.5 52+1
PCRBI0 8+0.5 14+1 2+0.5 19+0.5 0 57+0.5
1300 PCRBO 20+0.5 10+1 10+1 0 2+0.5 58+1
PCRBI10 101 111 4+1 13+0.5 0 63+1

50 ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2023, N° 6



Shrinkage (%)

A
1

=PCRB10

T T T T T T T T T T T
100 200 300 400 500 600 700 800 900 1000 1100 1200
Temperature (°C)

Fig. 3. Dilatometric behavior of the porcelain mixtures as func-
tion of temperature
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Fig. 4. Total porosity of the samples fired at 1200 and 1300 °C
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was shown by Bouzidi [11] that sintering temperature of
1200 °C is insufficient to form spar which might promote
growth of the amorphous phase.

Due to the significance of porosity, the firing process can-
not be efficiently completed. This can be explained by the fact
that the increase in closed porosity begins before the significant
reduction in open porosity [17]. The crystallization of mullite
and the dissolution of quartz in the liquid phase are the causes
of this phenomenon, thereby contributing to an increase in the
density of the liquid phase accompanied by a reduction in po-
rosity. The relatively high quantity of BaO (20.66 wt%) induces
a more refractoriness behavior during firing at the temperature
of 1300 °C, which seems to be too low to promote the formation
of the glassy phase. Its leading role in microstructure formation
is therefore not completed as for the decrease in porosity [11].

Microstructure of the ceramic samples. The microstructure
of the samples with different Barite Solide waste additions was
observed by SEM (Fig. 5).

As shown on PCRBO0 sample (Fig. 5, a) sintered at 1200 °C
(without addition of SBWs), microstructure is homogenous

and the sample presents open and closed porosities surround-
ed by a glassy phase. Microstructure of PCRB10 sample
(Fig. 5, b) (10 wt% of SBWs) sintered at 1200 °C shows closed
and open porosities distributed on the surface. As the sintered
temperature rises to 1300 °C, microstructure of PCRBI10
(Fig. 5, ¢) shows an evident consolidation and densification
behavior. Thus, grains of mullite surrounded by vitreous phase
were evidenced. Moreover, as the SBWs was added, the sample
became heterogeneous showing nano-sized grains of quartz
that were not yet melted in the matrix due to the insufficient
firing. This can be attributed to the crystallization of glass, re-
sulting from the uneven distribution of Ba?* in the glassy phase
during sintering, as reported by Purohit [18].

Dielectric properties of the ceramic samples. The dielectric
properties of the samples have been studied as a function of
frequency. In this study, the dielectric properties of the sam-
ples PCRB20 and PCRB30 were not studied because of their
excessive porosity (~19 %). The relative dielectric constant of
the samples, sintered at 1200 and 1300 °C with a holding time
of 3 hours, as function of frequency are shown in Figs. 6, a and
b). The relative dielectric constant decreased with frequency.
This is due to space charge polarization, which was unable to
respond quickly to the changing electric field within this fre-
quency range. As a result, orientation polarization played a
significant role in the polarization of the ceramic samples [19].

On the one hand, at an intermediate frequency of 100 Hz,
relative dielectric constant of the samples sintered at 1200 and
1300 °C (without SWBs addition) are similar as common porce-
lain values (< 6) for both samples which are 4.9 and 5.2, respec-
tively. Thereafter, this parameter increased as function of SWBs
contents and sintering temperature. The samples PCRBI10 sin-
tered at 1200 and 1300 °C exhibit maximum values of relative di-
electric constant 7.46 and 9.0, respectively. This is related to the
dissolution of rutile in the glassy phase and possibly to the limited
substitution of AI** by Ti** in the octahedral sites of mullite, al-
though this has a limited impact on the overall dielectric proper-
ties. Besides, the dependence of the dielectric properties, when
10 wt% of SWBs were added, exhibits the same tend as porosity
and the glassy phase contents which vary from 9.35 to 2.66 vol%
and from 57 to 63 wt% at 1200 and 1300 °C respectively. The
macroscopic permittivity of the samples PCRB10 fired at 1200
and 1300 °C were influenced by their microstructural character-
istics. Indeed, the increase in cristobalite, secondary mullite and
glass contents increases the permittivity of the samples.

It is well known that dielectric constant is related to the ionic
polarisability, the unit-cell volume and porosity [18]. Therefore,
the frequency dependence of the dielectric properties of the ma-
terial is influenced by the dipole relaxation associated with impu-
rities and the domain wall motion of the ionic particles [20].

Dielectric losses of porcelains in the frequency range of
102—105 Hz are shown in Figs. 7, a and b. They are larger at
low frequencies than at high frequency. The dielectric loss in-
creases with increase in SWBs content for both sintering tem-
peratures but kept <3 - 1072. However, as in the case of relative

Fig. 5. SEM images of the polished surface of the porcelain samples:
a— PCRBO; b — PCRB10 fired at 1200 °C; c — PCRBI10fired at 1300 °C
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dielectric properties, dielectric losses decrease with increase in
frequency for both sintering temperatures. This phenomenon is
influenced by various factors, including densification, concen-
tration, size distribution, and the morphology of crystalline
phases within the glassy matrix [21]. However, porosity (open
and closed porosity) plays a negative role, since they exhibit a
significant relaxation process at low frequency. Besides this, the
boundaries between the crystalline phases are considered the
paths that allow dissipation of current from the samples.

Environmental study of the samples. In order to evaluate the
degree of metal immobilization, leaching tests were conduct-
ed on the ceramic sample PCRB10 (Table 3), which was cal-
cined at temperatures of 1200 and 1300 °C respectively. The
samples were ground and subjected to the TCLP method
(192). The leachate concentrations were compared to the lim-
its set by the U.S. Environmental Protection Agency (USE-
PA). According to Table 3, the leachate concentrations of the
samples fired at 1200 °C are higher than those of the samples
fired at 1300 °C. This can be attributed to the vitrification pro-
cess of heavy metals, where they are trapped within the glass
structure of the ceramic matrix. However, the values were in
compliance with the TCLP limits regulated by USEPA, indi-
cating that the leaching test demonstrated a successful immo-
bilization of the heavy metals. This suggests that the addition
of 10 wt% of the SBWs to ceramic products is an effective
method for inertization.

Table 3

Results of USEPA TCLP tests for PCRBI10 after firing at
1200 and 1300 °C, along with the maximum values of
contaminants compliant with toxicity characteristics

CO]:;)];?;I)CHIS 1200 °C 1300 °C Limit;;]ri)—EPA
Ba 1.053 0.456 100
Pb 0.088 0.054 5
Zn 0.071 0.030 300
Cu 0.047 0.012 5

Conclusions. Due to their mineralogical and chemical
composition, barite tailings (SBWs) can be used as raw materi-
als for porcelain production. However, it is important to note
that these tailings contain heavy metals that can have adverse
effects on the environment due to their chemical composition.

During the sintering process, the intensities of quartz and
mullite phases in the ceramic samples decreased, giving way to
the formation of the anorthite phase, facilitated by the pres-
ence of calcite from the solid barite wastes (SBWs). Addition-
ally, the presence of fluxing agents such as Fe,0;, PbO, and
ZnO in the SBWs material positively contributes to the pro-
motion of glassy phase formation. It is worth noting that the
celsian phase (BaO-Al,05-2S5i0,) is only present in the
PCRB30 sample fired at 1300 °C.

The addition of up to 10 wt% of SBWs resulted in an in-
crease of permittivity since the glassy phase is increased be-
sides the diminution of porosity. However, the anorthite phase
plays a positive role to increase the relative permittivity and
promotes the formation of glassy phase. Solid Barite Wastes
(SBWs) can be recycled by incorporating them at 10 wt% and
using them as raw material for the production of environmen-
tally friendly ceramic materials, such as porcelain insulators.
This approach offers a potential alternative and reliable solu-
tion for the disposal of these wastes, thereby contributing to
the preservation of the environment.
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Merta. BuBueHHS IieIeKTPUIHUX BJIACTUBOCTEH hapdo-
Py, OTPMMAHOTO i3 CyMillli MicKY, KAoJiHY i ITOJIbOBOIO IITIa-
Ty. OCcTaHHii1 OyB YaCTKOBO 3aMiHEHUI1 TBEPAVMMU BiIXOdaMK1
6aputy (TBB).

Metomuka. JlocmimKkeHHsT BKITIOUA€E TATOTOBKY dapdopy 3
BUKOPWCTaHHSIM TpaIULIiiHUX METOMiB TBepAoda3Hoi peakilii
i3 3acTocyBaHHSM ABOX TeMItepaTyp BunaneHHs (12001 1300 °C)
i BATPUMKMU MPOTSAroM 3 roauH. TBepai Binxoan 6apuTy mocry-
MOBO I00AaBJISIIOTH 10 cymili B KibkocTi 0, 10, 20 u 30 %mac.,
3aMiHIOIOYM BMICT IMOJILOBOTO Imaty. [TpoBoAsTh CTPYKTYpHi
Ta ieJIEKTPUYHI 1iarHOCTUKMU [U1Sl BABYECHHS TOTO, SIK 3aMilLIEH-
Hs1 TBD BriiuBae Ha MaKpOCKOITiUHi Ai€IEKTPUYHI BJIACTUBOCTI.
MiKpOCTPYKTYpHi CIOCTEpEXXeHHsI BUSIBJISIIOTh Pi3HI KpUCTa-
JIivHi (ha3u Ta MiKpornopu, 1110 BIUIMBAIOTh Ha BJIACTUBOCTI Ma-
tepiany. ITicns BunanenHs 3a temmepatypu 1200 °C ocHOBHI
MiHepaJIoTiyHi (pa3u CKJIaJaloTh MYJIT, aHOPTUT i KBapll. 3a
temniepatypu 1300 °C Hactymae (asza IMosboBOrO IIIAaTy pa3oM
i3 (pazaMu aHOPTUTY Ta KBapiLy. BUSIBISIIOTH TEXHOJIOTIUHI Xa-
PaKTEepPUCTUKYU CTBOPEHUX 3pa3kiB dapdopy, BKIIOUAIOUN T~
JIATOMETPUYHI BIACTUBOCTi, 00’ €MHY IIUIbHICTh i TOPUCTICTb.

Pe3ynbraTi. [lienekTpuyHa AiarHOCTMKa, MpoBeleHa B
Mexkax aiana3zony yactotu 102—105 Iepii, mokasye, 1o Bif-
HOCHI 3HAYEHHSI OieJeKTPUUHOI MPOHUKHOCTI 301/IbIIYIOTHCS
34,3 no 7,4 njst 3pasKiB, 1110 BUIATIOIOTECS 3a TeMIIepaTypu
1200 °C,i35,1 10 9,9 nyst THX, 1110 BUTIATIOIOTHCS 3a TeMIIepa-
typu 1300 °C, 30KpemMa 1t 3pa3KiB, 110 BMIlyIoTh 10 %mac.
TBb. Kpim Toro, TanreHc KyTa AieJleKTpUUYHUX BTpaT 3MEH-
LIYETHCS 3i 30LIBIICHHSIM TeMIIepaTypy BUIajJeHHs. MoxHa
TOYHO PO3paxyBaTU MaKpPOCKOTIYHY MieJeKTPUIHY MTPOHUK-
HicTb (hapdopy, BUKOPUCTOBYIOUM MTPABUIIO 3MillTyBaHHSI, 1110
no0Ope Y3romKy€eThCS 3 eKCTIEPUMEHTAILHUMHU Pe3yJIbTaTaMu.

Haykosa HoBu3Ha. OpUTiHAJIbHUM BKJIaJIOM € BUKOPUC-
taHHs 10 % mac. TBepauX BixoiB 6apuTy 3 KonayibHi Bykain
1711 €(heKTUBHOTO CTBOPEHHS €KOJIOTIYHO YMCTUX (haphopo-
BUX i305151TOPIB. JocaimkeHHs nemoHcTpye noreHuiaa TBb B
SIKOCTi YAaCTKOBOI 3aMiHU, TUM CaMUM CIIPUSIIOUM €KOJIOTi4-
HOCTi Yy BUpOOHUIITBI (haphOpoBUX i30JISITOPIB.

IIpakTuyHa 3HauMMicTb. Pe3ynbraTi JaHOTO MOCIiIKEH-
HSI MAIOTh TIPAKTUYHE 3HAYEHHSI I KepaMiqvHOI TPOMMCIIO-
BOCTi Ta BUPOOHMIUTBA i30JIATOPiB, 1110 CIPUSE PO3YMIHHIO
CIOCOOIB  yIOCKOHAJIEHHS JieNeKTPUYHNX BIACTUBOCTEH
dapdopy nuisixom BkitoueHHst TBbB. Lleit minxin cripusie Bu-
POOHMITBY €KOJIOTIYHO YUCTUX 130JITOPIB.

KutouoBi ciioBa: xeocmu 36aeauenns, konaavisa bykaio, 6io-
X00u bapumy, MiKpocmpykmypa, dieaeKmpu4ui 61acmueocmi
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