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Abstract. The article presents outcomes of the studying of physical-mechanical and chemical-mineralogical
characteristics of raw materials and proposes a raw material composition based on clay for creating a technology
of ceramic paving stones by vibropressing method using talc breed. Ingredients of ceramic formulation for produc-
tion of ceramic paving stones with the consideration of dominant factors of binary blend for improving the molding,
drying and physico-mechanical properties of the finished product have been researched. It has been established that
the injection of talc into the ceramic formulation promotes formation of high-temperature phases of augite and
amphibole, and strengthens processes of mineral formation in clay, with the formation of high-temperature phases
— glassy feldspar(sanidine), akermanite and augite, providing high physical and mechanical properties for samples.
The main regularities of structure- and phase formation of ceramic formulation at a firing temperature of 1100°C,
consisting in the course of processes of solid- and solid-liquid sintering, in which the phase-mineral composition
formulation is ensured, determining the production of ceramic stone blocks with high strength, frost resistance have
been investigated. It has been proved that it is possible to obtain ceramic paving stones that meet environmental
and operational requirements in order to use them in the improvement of urban areas (sidewalks, alleys, park areas,
playgrounds, etc.). It is established that one of the advantageous properties of ceramic paving stones is their significant
porosity (up to 30%), which allows quickly absorb water from precipitation (in the form of rain, sleet, etc.). and filter
through it body by transferring water into the ground. This property of paving stones prevents the accumulation of
moisture on the surface of the sidewalk and creates comfortable conditions for the movement of pedestrians, and also
excludes the formation of an ice crust in the cold season.

Keywords: ceramic paving stones, firing, loam, ceramics, vibropressing, pavement, landscaping, construction,
corrosion, bentonite clay.
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Introduction

Long-term urban development plans are
inextricably linked with an increase of construction of
residential complexes, individual housing and other
socially significant facilities. In the development of
urban areas, a special role is played by solving a set of
issues on their improvement for comfortable living of
the population. At the same time, one of the important
tasks is the improvement of sidewalks, inside yard
roads and playgrounds, also squares, alleys and park
areas require a large number of a wide range of road-
building materials. Currently concrete paving blocks
of various configurations and asphalt concrete are
widely used to solve these problems. However, as
practice shows, in the process of operation of these
roads, their destruction is often observed (Figure 1).

The fact is that concrete paving stones are

necessarily exposed to the actions of sulfate salts
of acids and alkalis, because of they are necessarily
presents in the composition of the soils of the laid
surface and additionally exposed to the actions
of chemical reagents coming from the external
environment (rains, automotive oils, groundwater,
etc.). Under the influence of these chemicals reagents,
concrete pavers and products made of on the basis
cement binders are corroded, as a result of which
they eventually are being destroyed.

While choosing building materials for the
construction of urban roads and sidewalks, it is very
important to take into account the environmental fac-
tor, which consists in mitigating the effect of «island»
heat released from the surfaces of urban roads and
sidewalks.

One of the perspective material for the



arrangement of urban sidewalks and other socially
significant territories and squares are ceramic paving
blocks.

It is well known that ceramic materials have
a high chemical resistance (98-99%) to solutions
of salts, acids and alkalis. Due to this property, the
products are not destroyed by the action of sulfate
salts, acids and alkalis, and also have a more aesthetic
appearance (Figure 2).

In addition, ceramic materials are not heated up
much under the influence of solar heat due to the low
coefficient of thermal conductivity.

However, for the successful development of the
production of ceramic materials, it is necessary to
take into account the factors of resource and energy
saving [2].

The most important technological stage in the
production of ceramic materials is the preliminary
preparation of raw materials, which requires
significant energy and resource costs. As a result of
research by scientists [3] on the analysis of modern
technologies for the production of ceramic tiles by dry
and wet methods, it was revealed that more energy
and water are used in the process of preparing raw
materials and, therefore, are more expensive both
from an economic and environmental point of view.
Scientists have proposed alternative methods of
preparing raw materials that can significantly reduce
energy and water.

Perspective researches in this area is the work of
scientists who have developed technologies for the
production of clinker bricks for the construction of
roads and paving slabs [4-6].
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Therefore, conducting scientific and experimental
in this area is an urgent task, as a result using new
raw materials, new scientific approaches are needed
regarding the development of technological pa-
rameters for the production of ceramic products,
taking into account their chemical and mineralogical
composition and physical and mechanical properties.

Work objective: Researching of the modified
ceramic masses for the production of ceramic paving
stones by a method of vibropressing.

Materials and methods of research.

To achieve this goal, bentonite clay of the
Ordabadin deposit of the Turkestan region was
chosen as the main raw material. As the modifying
additive talc breed of the Shieli deposit (Kyzylorda
region) was used.

X-ray phase analysis (XRF) was performed on a
DRON-3 diffractometer with SiCa radiation in the
angle range of 80-640. The sensitivity of the method
is from 1 to 2%. X-ray phase analysis was performed
on powders of opoka passed through a sieve of 0.315.

The determination of the chemical and
mineralogical composition of the researched raw
materials was carried out by a scanning electron
microscope JSM-6390LV with an energy-dispersion
microanalysis system, X-ray diffractometer X'Pert
PRO MPD, mass spectrometer with inductively
coupled plasma ICP-MS Agilent 7500cx (JEOL,
Japan).

According to the results of the research, the clay
of the deposit of the Turkestan region contains up to
15% of the montmorillonite component, which is in

Figure 2 — Fragments of sidewalks made of ceramic paving stones and tiles 199
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the form of mixed layer formations with hydromica
and kaolinite. From crystalline phases in clay also
contains quartz d/n 4,23; 3,34; 1,974; 1,813; 1,538*10-
10m, feldspar d/n 3,18; 2,286*10-10 m, calcite d/n 3,02;
2,018; 1,912*10-10m and hematite d/n 1,839; 1,686;
1,590*10-10m.

According to the content of Al1203, clay belongs
to the group of acidic raw materials, and in terms of
fire resistance to fusible. According to the content of
Fe,O; to raw materials with a high content of coloring
oxides.

The plasticity number of clay is 15 refers to
moderately plastic.

As a result of the analysis of the chemical and
mineralogical composition, it was established that
the talc breed of the Shieli deposit is a talc-magnesite
raw material.

The main rock-forming minerals are talc (49.2-
53.6%) and magnesite (35.8-40.6%). In addition,
there are the following mineralogical impurities
calcite, chlorite, carbonate, magnetite, chromite, iron
hydroxides.

Electron microscopic researches have shown
that talc crystals have a scaly, tablite, hexoganal and
rhombic appearance.

The talcbreed of the Shieli depositis characterized
by high acid resistance and alkali resistance.

Raw materials were first dried and ground in a
laboratory ball mill to a specific surface of 1200-1500
g\/cm2. Preparation of the compositions of ceramic
masses for experimental researches was carried out
by adding talc breed to the clay in an amount of up
to 7.0%. Then the components were weighed in the
right quantities and mixed dry. After that, water was
added to the dry mixture. From the resulting mixture,
sample cylinders were formed by vibropressing
method with a diameter and height of 5 cm. The
molded products were dried in a drying cabinet at t
100-110°C to a constant mass.

Results and discussions.

The most important exploitation characteristics
of ceramics such as fire shrinkage, compressive and
bending strength, average density, water absorption
and frost resistance were selected for researching.

At the initial stage of the research, in order
to determine the dependence of the physical and
mechanical properties of the ceramic composition
on the content of talc breed, roasting was carried
out only at one fixed temperature. For a fixed firing
temperature, 1100°C was taken because in kilns most

plants which manufactured wall ceramics based on
clays, the temperature in the zone of maximum firing
temperature is usually 1000-1100°C.

The firing was carried out in a laboratory electric
furnace in a chamber furnace of the brand SNOL
58\/350. The physical and mechanical properties of
the ceramic composition at a fixed firing temperature
are shown in Table.

As shown by the results of experimental
researches with an increase in the talc content from
3.0% to 7%, there is a general trend of increasing
strength during compression of samples. So the
strength of samples with a talc content of 3% is 25.67
MPa, and with a further increase, its content to 7%
contributed to an increase in the strength of the
samples to 31.26 MPa. It should be noted that the
increase in the strength characteristics of the samples
is accompanied by increasing in fire shrinkage and
frost resistance, which indicates an increase in the
degree of sinterability of the ceramic composition.
This is evidenced by an increase in the average densi-
ty and a decrease in water absorption of heat-treated
samples. The analysis shows that an increase in the
content of talc breed only up to 7% increases the rate
of fire shrinkage from 2.6% to 3.8%, i.e. by almost 1.5
times.

The results of X-ray phase analysis also show
that there are practically no lines of clay minerals
burnt at 1100°C and the intensity of the diffraction
maxima of the high-temperature phases — augite and
sanidine — increases, the intensity of the diffraction
maxima of quartz decreases significantly, calcite and
talc disappear. With the introduction of 5% talc on
the X-ray sample, when firing 1000°C, the amount
of sanidine begins to increase, an additional high-
temperature phase appears — akermanite (Figure 3).

To confirm laboratory research in practice,
we have molded ceramic paving stones at the
Mastek-Meteor production plant, working on the
principle of vibropressing. The ceramic mass was
well molded and had good adobe strength, which
provides sufficient conditions for further technologi-
cal operations of the finished product. The molded
paving blocks were dried in a drying oven of IICII
brand — 0.5-70 at a temperature of 70-75°C according
to a specially developed mode to a residual humidity
of 5-7%. After drying, the paving stones were fired
in an electric furnace at a temperature of 1100°C
with exposure at a final temperature of 2 hours. The
baked paving stones were cooled when the furnace
was turned off to room temperature (Figure 4). The

Physical and mechanical properties of the ceramic composition clay-talc breed at a fixed firing temperature

Talc Fire shrinka- | Average den- Strength, MPa Water ab- Frost resistance,
content % ge % sity, g/cm® | during compression during bending ~ sorption % cycles

3,0 2.6 1,85 25,67 1,94 20,4 45

5,0 34 1,88 28,85 2.15 19.5 47

7,0 3.8 1,91 31,26 3,66 18,6 51




a — talc content 2%; b — the same 3%;
c — the same 5%; d — the same 7%

Figure 3 — Microstructure of modified ceramic
compositions

resulting samples had clear edges and a tightly
sintered structure.

Conclusion

1. Based on the results of the study of the
physical-mechanical and chemical-mineralogical
characteristics of raw materials, a raw material
composition based on clay is proposed to create a
technology of ceramic paving blocks by vibropressing.

2. The compositions of ceramic compositions for
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the production of ceramic paving stones have been
researched, taking into account the dominant factors
of the two-component mixture for improving the
molding, drying and physico-mechanical properties
of the finished product.

3. It has been established that the introduction
of talc into the ceramic composition contributes to
the formation of high-temperature phases of augite
and amphibole, and the enhancement of mineral
formation processes in clay, with the formation of
high-temperature phases — sanidine, akermanite and
augite, providing samples with high physical and
mechanical properties.

4. The main regularities of structure- and phase
formation of ceramic compositions with a firing tem-
perature of 1100°C, consisting in the course of the
processes of solid- and solid-liquid-phase sintering
in which the phase-mineral composition of the
compositions is ensured, determining the production
of ceramic paving blocks with high strength, frost
resistance.

5. The possibility of obtaining ceramic paving
stones that meet environmental and operational
requirements for the purpose of using them in the
improvement of urban areas (sidewalks, alleys, park
areas, playgrounds, etc.) has been proven.

6. It has been established that one of the
predominant properties of ceramic paving stones is
their significant porosity (up to 30%), which allows
quickly absorb water from precipitation (in the form
of rain, sleet, etc.). and filter through it body by
transferring water into the ground. This property of
paving stones prevents the accumulation of moisture
on the surface of the sidewalk and creates comfortable
conditions for the movement of pedestrians, and also
excludes the formation of an ice crust in the cold
season.

Figure 4 — Samples of ceramic paving blocks based on the raw material composition clay — talc rock a — molded
raw material; b — burnt samples of ceramic paving stones
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AHOamna. MaKanada wukizam mamepuanoapbiHblH, u3UKA-MEeXaHUKAbIK HIHE XUMUAAbIK-MUHepPano2uanbiK cu-
nammamanapeiH 3epmmey Hamuxcenepi YCbIHbIAFAH HIHE MAsAbK HbIHbICbIH KOI0aHA omelpeln, subponpeccusmi
KepamuKasblK mecey mexHOsA02UACbIH Xacay YWiH ca3 HeaiziHOeai WuKizam Kypamel ycbiHblaFaH. [alibiH 6HIMHIH Ka-
AbINMaAy, Kenmipy #aHe pu3uKa-MexaHUKasblK KacuemmepiH }aKcapmy yWwiH eKi KoMrnoHeHmmi KocrnaHelH 6acsim
haKMopPnapsIH eckepe omelpbin, KepaMuKaslK mecemoepoi anyra apHAMNFAH KePAaMUKAsbIK KOMMIO3UYUAaap 3epm-
menodi. TanbKmMbl KEPAMUKAbIK KOMIO3UYUAFA eHzi3y agaum neH amgubonobiH HOoFapsl memnepamypansiK ¢asana-
polHbIH nalida 60sybIHa HaHe ca30aFrbl MUHepandsl My3siny npoyecmepiHiy, KyweroiHe, ¥oFapbl memnepamypansix
ha3a1ap0biH — CAHUOUH, QKepMaHUM xaHe asaummin rnalida 60saybIHa biKMNAa ememiHi aHbIKmanodbl, byn ynzinepodi
HCOFAPbI PU3UKASBIK HIHE MEXaHUKAAbIK KacuemmepmeH Kammamacsiz emedi. 1000°C memnepamypada Kepamu-
KasbIK KOMMO3UYUANAapObIH KypblabiMbl MeH ha3acbiHbIH KaabInmacyslHblH Heziszi 3aHO0blbiIKkmapel 3epmmendi, byn
Kammel #aHe Kammoel cyliblK ¢ha3anelK cuHme3oey npouecmepiHin #ypyiHeH mypadel, oHOa y#orapsl bepikmizi, aa3fa
me3imadiniai 6ap KepamukassiKk mecemoepOiH asbiHYbIH GHbIKMAlmblH KOMIO3UYUAAAPObIH (ha3asblK —MUHepPanobl Ky-
pamel KaMmamaceiz eminedi. Kana aymarsiH abammaHObipyda (mpomyapnaap, annesnap, caabax alimakmapel, 6ana-
Aap anaHoapel ¥aHe m.6.) nalioanaHy MaKkcamolHOA 3KOM02UANMbIK #AHe naltidanaHy manaanmapsiHa xayan bepemiH
KbiW Kecrie macmapodbl any MyMKiHOi2i 0anendeHzeH. KepamukanelKk mecemoepdiH 6acbim KacuemmepiHin 6ipi onap-
ObiH e0ayip Keyekminiai (30%-ra deliiH) 60s161m MabbiaaMeiHbl AHLIKMAAObI, YA AMMOCHEPAbIK HAYbIH-UAWbIHHAH
(3#caHbbIp, ObIMKbIA Kap ¥aHe m.6. mypiHoe) cyObl me3 CiHipyae y#caHe cyObl xepae xcibepe omobipbin, OeHeci apKbisbl
cy3yee MyMKiHOIK 6epedi. Tac mecemOepdiH 6yn Kacuemi mpomyap 6emiHOe blarFan0biH HUHAAYbIHA 10 bepmelioi
HIHe Hasay #yp2iHWinepoiH KO3fasbicbl Ke3iHOe #calianbl #ardall #acalidsl, cOHOAl-aK CybIK Mme32inde my3 KabblFbIHbIH,
nalioa 6oaysiHa #on 6epmelioi.

Kinm ce3dep: kepamukanelK 6pycuamka, Kyloipy, cazdaysim, Kepamuka, subponpeccmey, mpomyap, abammaHObIpy,
Kypblabic, Koppo3us, 6eHmoHuUmmi cas.
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AHHOMayua. B cmamee npedcmasneHsl pe3ynemamel U3yvyeHus u3UKO-MEeXaHUYECKUX U XUMUKO-MUHepasoauye-

CKUX XapaKmMepucmuk Cbipbeabix Mamepuanos U rnpedsioHeHa Coblipbesasa KOMMO3UYUA HO OCHOBE 2/1UHbI 0114 CO30aHUA
ELFA mextonozuu Kepamu4eckoli bpycyamKu memoodom 8ubponpecco8aHus C UCMoAb308AHUEM MAsnbKoeol nopoos.. Mccne-
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008aHbI COCMABbLI KEPAMUYECKUX KOMMOo3uyuli 0414 nosy4eHus Kepamu4yeckol 6pycHamiKu ¢ y4emom OOMUHUPYHULUX
(haKmMopos 08YXKOMMOHEHMHOU cmecu 0718 yay4uleHUs (hoOPMOBOYHbIX, CYUIUMbHbIX U (PU3UKO-MeXaHUYecKux ceolicme
20mosoli NpodyKyuu. YcmaHosneHo, Ymo egedeHue MasbKa 8 Kepamu4yecKyo KoMno3uyuro crnocobcmesyem obpaso-
BAHUIO 8bICOKOMEMMEPAMypHbIX (a3 asauma u amegubonaa u ycuneHuro Mmpoyeccoe MuHepasa0006pa308aHUS 8 e/uHe,
¢ 06pazosaHUeM 8bICOKOMEMMEPAMypHbIX a3 — CAHUOUHA, aKepMaHuUma u asauma, obecrneyusarowux obpasuyam
8bICOKUE (hU3UKO-MexaHuyecKkue ceolicmea. M3yyeHbl 0OCHOBHbIE 3AKOHOMEPHOCMU CMPYKMypo- U ¢ha3006pa308aHUSA
Kepamu4eckux Komnosuyul npu memmnepamype obxcuea 1100°C, 3aKA04AIOUUXCA 8 MPOMEKAHUU MPoyeccos meep-
00- U meepOoXUOKOGA3HO20 CEKAHUS, Mpu Komopom obecrieyusaemcs ¢)a3080-MUHepPaAnbHbIl cocmas Kommnoszuyud,
onpedenaowuli nosy4yeHue kepamuyeckoli 6pycuamku ¢ 8bIcOKol MPo4YHOCMbIO, MOPOo30cmoliKocmeto. [JOKa3aHA 803-
MOMCHOCMb MOoAyYeHUs Kepamuyeckoli 6pycyamku, omeeqaroueli IKomo2u4ecKum U 3KCrayamayuoHHbIM mpebosa-
HUAM 8 UesAax Ucrnosnb308aHUA ux 8 b1azoycmpolicmae 20po0cKux meppumopuli (mpomyapsl, anseu, NapKosble 30Hbl,
demcKue naowaoKu u m.n.). YcmaHoesneHo, 4mo 00HUM U3 rpeumyuecmeeHHbix ceolicme KepamuveckKux bpycuamok
A679emcs Ux 3Ha4umesnoHaa nopucmocms (0o 30%), ymo noseossgem 6bicmpo 8nMUMbIBAMs 800y 0OM AMMOCEHEPHbLIX
0caodkos (8 sude 00H#O0SA, MOKPO20 CHeaa U m.r.) u punbmposames Yepes ceoe meso rnepedasas 800y 6 epyHmM. 3mo
ceolicmeo bpycyamok npedomsepawjaem cKonsaeHue 81a2u Ha Mo8epxHocCmu mpomyapa u cozdaem Komgpopmabess-
Hbie ycao08us npu nepedsuxceHuu neuexodos, d Makxce Ucka4yaem obpasosaHue 1e0sHol KOPKU 8 Xxono0Hoe s8pems.

Knroueesble cnoea: Kepamuyeckas bpycyamea, o6xue, Cy2nuHOK, Kepamuka, subponpeccosaHue, mpomyap, 6aazoy-
cmpolicmeo, cmpoumesnscmeo, Koppo3us, 6eHMoHUMOo8as 2AuHa.
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