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ABSTRACT: Nowadays the production of construction materials and items is a multi-tonnage
and actively developing production sphere. The regulatory requirements imposed on
construction materials and products provide the assessment of their quality and application
efficiency in construction or reconstruction of buildings and structures. The constantly
increasing regulatory requirements and the limited availability of high-quality natural reserves
demand the rapid development of new raw material resources. This paper presents the results
of charge composition development based on low-plasticity clay, which has seen limited
application due to the poor performance of items produced from it. However, certain
functional additives can be introduced for producing high-quality materials. In this work,
alongside lithium carbonate, the following additives have been considered: boric acid used as
flux and titanium dioxide as a vitreous phase source. The lithium carbonate effect on total and
open porosity, density, thermal conductivity, water absorption, frost resistance, compressive
and bending strength has been studied. On the one hand lithium carbonate was found to
demonstrate a pore-forming effect due to its decomposition during firing. On the other hand,
lithium oxide formed during the additive decomposition facilitated the viscosity reduction of
the vitreous phase during firing and its strength increase after cooling. Lithium oxide, similar
to boric acid, is a flux, which makes further temperature reduction of liquid-phase sintering
possible while preserving the surface self-glazing effect and the formation of the closed-pored
internal structure of ceramics. The lithium carbonate pore-forming effect prevails over the
flux-hardening and therefore, the amount this additive should be limited to obtain high
performance properties and the compliance of resulting ceramics with regulatory
requirements. The resulting ceramic material can be used for manufacturing products for
buildings’ and structures’ plinth lining.

ABSTRAK: Pada masa kini, pengeluaran bahan dan barangan pembinaan adalah dalam
gandaan tan dan aktif dibangunkan terutama dalam bidang pengeluaran. Keperluan
pengawalseliaan bahan dan produk pembinaan menyediakan aplikasi penilaian kualiti dan
kecekapan pembinaan atau pembinaan semula bangunan dan struktur. Peningkatan berterusan
terhadap keperluan pengawalseliaan dan ketersediaan rizab semula jadi berkualiti tinggi yang
terhad menuntut kepada pembangunan pesat sumber bahan mentah baru berkembang. Kajian
ini memperkenalkan hasil pembangunan komposisi caj berdasarkan tanah liat keplastikan
rendah, di mana aplikasi terhad kepada keburukan bahan yang dihasilkan, namun bahan
tambahan tertentu boleh diperkenalkan bagi menghasilkan bahan berkualiti tinggi.
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Menggunakan litium karbonat bersama bahan tambahan berikut: asid borik digunakan sebagai
fluks dan titanium dioksida sebagai sumber fasa vitreus, telah diambil kira dalam kajian ini.
Kesan litium karbonat pada keliangan, ketumpatan, kekonduksian terma, penyerapan air,
rintangan fros, kekuatan mampatan dan lenturan telah dikaji. Litium karbonat didapati
menunjukkan kesan pembentukan liang dalam proses penguraian semasa pembakaran.
Sebaliknya, litium oksida dibentuk semasa penguraian aditif dan membantu dalam
pengurangan kelikatan fasa vitreus semasa pembakaran dan kekuatannya meningkat selepas
penyejukan. Litium oksida, serupa dengan asid borik, adalah fluks, berpotensi menyebabkan
suhu sinteran terus berkurang pada fasa cecair sambil mengekalkan kesan kilauan pada
permukaan kaca dan menutup pembentukan struktur liang dalaman seramik. Kesan
pembentukan liang litium karbonat adalah mengatasi pengerasan fluks. Oleh itu, jumlah
bahan tambah ini harus dihadkan bagi mencapai piawaian dan prestasi tinggi seramik yang
terhasil. Bahan seramik yang terhasil ini boleh digunakan sebagai lapisan plint bangunan dan
struktur dalam pembuatan produk.

KEYWORDS: facing ceramics, low-plasticity clay, self-glazing; fluxing agent,; vitreous
phase

1. INTRODUCTION

Nowadays, construction refers to one of the largest capacity and actively developing
industries. Annually, the range of manufactured building materials and products is expanding,
and their production is constantly increasing. The quality, application, and effectiveness of
construction materials and products are determined by certain basic physical, mechanical, and
operational properties, as well as their numerical values. The reasons for the construction
industry’s ongoing development of an already wide range of building materials and products
are large scale construction and reconstruction, a variety of structural types, and operating
conditions for buildings and structures.

Construction material and product properties are primarily determined by the
characteristics and properties of the raw materials used for their production. In most cases,
high-quality materials and products meeting regulatory requirements for the properties cannot
be manufactured using only one raw material, therefore, raw material mixtures are used in the
production processes, with one component being the basic raw and the others serving as
functional additives [1-4].

The increasing requirements for operational properties and limited reserves of high-quality
natural raw materials cause the necessity to expand the raw material base, primarily meaning
the finding of new additives for producing high-quality finished products [5,6]. The decision
to use materials and substances as functional additives is related to their impact on the finished
product properties and structure, its cost, prevalence, and complexity of its processing [7-10].

Herewith, it should be considered that each additive introduction into the composition of
the raw material mixture causes an increase in some property values and a decrease in other
property values [11-14]. Therefore, the comprehensive study of the additives’ effect in the raw
material mixture composition on the material and product characteristics, for both construction
and any other purpose, is extremely urgent [15-17].

The research authors have previously experimented with charge composition development
for the production of self-glazing facing ceramics based on low-plasticity clay. One of the
experiments resulted in the composition development including 5 wt. % of boric acid as a flux,
10 wt. % titanium dioxide as a vitreous phase source and up to 7.5 wt. % of lithium carbonate
as a pore-forming additive and glassy phase modifier. The developed composition was good
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for manufacturing products that meet the Russian State Standard GOST 13996-93 requirements
for tiles used in facing plinths in buildings and structures [18].

Considering the new, recently additionally stringent, regulatory requirements of Russian
State Standard GOST 13996-2019, the composition, regarding water absorption, can be used
to manufacture the products of BIb and Blla groups, characterized by 100 cycles of frost
resistance, and bending strength of min 30 and 22 MPa, respectively. However, for previously
developed ceramics, frost resistance does not exceed 66 cycles, and bending strength does not
exceed 13.6 MPa. In this respect, some additional studies were required to specify the charge
composition and the compliance of the resulting ceramics to the requirements concerning
bricks and stones for facing the plinths of buildings and structures.

The research objectives were to study the dependencies of the main physical, mechanical,
and operational properties of the lithium carbonate content in the charge composition on the
developed self-glazing facing ceramics and to determine the studied additive content for
ensuring high quality and good operational properties of the resulting products.

2. MATERIALS AND METHODS

The main charge component for producing the studied ceramics was the clay of the
Suvorotskoye deposit of the Vladimir region with the following composition (in wt. %): SiO>
=67.5; Al,03 =10.75; FeoO3 = 5.85; CaO =2.8; MgO = 1.7; K20 = 2.4; Na,O = 0.7. This clay
plasticity index, determined by the standard method, is 5.2, and, therefore, it is of low-plasticity
in accordance with Russian State Standard GOST 9169-75 [18,19].

Boric acid brand B, 2nd grade by Russian State Standard GOST 18704-78 with the basic
substance content of min 98.6 wt. % was used as a flux in the charge composition. According
to previous experimental results by this research’s authors, boric acid application in the amount
of 2.5 to 5 wt. % makes it possible to increase the ceramic’s strength and reduce its water
absorption due to the liquid-phase sintering intensification and its temperature decrease [18-
20].

Titanium dioxide of brand R-02 by Russian State Standard GOST 9808-84 containing min
93 wt.% of the basic substance was used as the glassy phase source in the charge composition.
As one of the research authors has previously revealed, titanium dioxide in the amount from 5
to 10 wt. % also makes it possible to increase the ceramic’s strength and reduce its water
absorption due to the glassy phase formation [18,21-23]. Simultaneously, the combined
introduction of titanium dioxide and boric acid enhances each additive effect and allows the
obtention of a self-glazing effect of the surface, thus additionally reducing water absorption
and increasing frost resistance [18,21,22].

Lithium carbonate brand CH by TU 6-09-3728-83, containing min 98 wt.% of the basic
substance, was additionally introduced into the charge composition. As one of the research
authors has previously found, lithtum carbonate introduction along other specified additives
allows the production of ceramics with a self-glazing effect of the surface and closed porosity
in the depth, which facilitates the decrease in thermal conductivity while maintaining low water
absorption and high frost resistance [18]. Lithium carbonate is worth noting to serve as a pore-
forming additive because lithium oxide formed during firing is more reactive compared to
calcium, magnesium, potassium and sodium oxides, and therefore belongs to stronger fluxes,
increasing the effect of boric acid and titanium dioxide. In addition, lithium oxide reduces the
vitreous phase viscosity, contributing to its uniform distribution in the material depth and
penetration into the small pores and voids, and also increases its strength [18,24,25].
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The studied ceramic samples were produced applying semi-dry pressing technology. Prior
to the application, the clay was crushed to reach the max particle size fraction of 0.63 mm and
dried to a constant mass. Then, the charge components were dry mixed at the specified ratios
at the beginning, and then with water addition of 8 wt. % to reach a homogeneous mass, from
which ceramic samples were produced at 15 MPa pressing pressure and maximum firing
temperature of 1000 °C.

The samples were cube-shaped with 50 mm sides and were made in series of three samples
for each charge composition, followed by averaging of the study results for each series. For the
determination of bending strength, the samples were made in parallelepiped shape of 10x10x70
mm.

The density p (kg/m?) has been determined applying the sample mass ratio in the air-dry
state to its volume. Compressive strength 6emp (MPa) has been determined by continuous and
uniform load impact on the sample until its destruction with maximum load fixation. When
determining the bending strength ound (MPa), the sample was mounted on the supports on both
sides at 25 mm from the center. The bending load was applied continuously and evenly through
the third support installed in the sample middle. To determine the strength characteristics, a
hydraulic press P6326B (JSC "Gidropress", Russia) was used.

Water absorption was determined by increasing the dry sample mass after its saturation
with water at the temperature of 20+£1 °C at atmospheric pressure for 48 hours. The sample
frost resistance was determined after the water absorption test. For this purpose, the water-
saturated sample was exposed at temperatures ranging from -15 °C to -20 °C for 4 hours, and
then placed in ambient water temperature for 2 hours and examined for cracks. If no cracks
were observed, a new freeze-thaw cycle was performed.

To determine the total porosity, the true density pie (kg/m’) was determined by the
pycnometric method, and then calculated according to the formula:

Pion = (ptrue - p) - 100/ Ptrue
Open porosity was calculated using the formula:
Popn =W - p

Thermal conductivity A (W/(m-°C)) was determined using an MIT-1 mobile thermal
conductivity meter (NPP Interpribor LLC, Russia). For this purpose, 4 cubic samples with 50
mm sides were taken and placed on top of each other. The samples’ touching surfaces were
thoroughly polished, and then a hole was drilled through the centers of the samples. A
measuring probe was placed into the hole, the expected range of thermal conductivity was set
and the device was left for 2 hours to set the heating power and stabilize the heat flow. After
that, the device readings were recorded, taking into account that the ambient temperature range
should be from 20 to 30 °C.

The developed ceramic material composition was studied using a powder diffractometer
D8 ADVANCE (Bruker, Germany), a macrostructure applying microscope MBS-10 (JSC
Lytkarinsky Optical Glass Plant, Russia), and a microstructure using scanning electron
microscope Quanta 200 3D (Systems for Microscopy and Analysis, LLC, Russia).

3. RESULTS AND DISCUSSION

Figure 1 demonstrates the dependences of the ceramic’s total and open porosity resulting
from experimental studies on lithium carbonate in the charge composition, containing 5 wt. %
of boric acid and 10 wt. % of titanium dioxide.
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The resulting data proves that the material porosity increases along with an increase in the
lithium carbonate amount as during firing, this additive decomposes at temperatures above 730
°C and forms lithium oxide and carbon dioxide [18,26]. Meanwhile carbon dioxide acts as a
pore-forming agent, and lithium oxide together with boric acid act as a flux. According to the
research data concerning the material macrostructure (see Fig. 2), the flux contribute to the
material’s liquid-phase sintering and predominantly forms the material’s closed-pore structure.

The presented dependencies (see Fig. 1) reveal that the greatest porosity increase is
observed at the introduction of up to 5 wt. % of the studied additive, and further increase of
lithium carbonate amount only increased the proportion of open pores relative to the total
material porosity, which grew less significantly. The research data dealing with the ceramic’s
microstructure (see Fig. 3) demonstrates that this amount of additive causes the fluxing effect
of lithium oxide to compensate for the pore-forming effect of the additive to a greater extent.
It is manifested in the vitreous phase increase in the ceramic’s depth, filling some of the pores
and voids in the material volume and reducing the intensity of the total porosity growth.
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Fig. 1: The effect of lithium carbonate content on the developed ceramic’s porosity.

3.4 mm

Fig. 2: The developed ceramic’s macrostructure with 5 wt. % lithium carbonate
introduced into the charge.

Figure 4 presents the dependences of density and thermal conductivity on the quantity of
lithium carbonate in the charge composition. The resulting data proved that both considered
properties decreased with the increase in the quantity of lithium carbonate. Such dependence
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naturally occurs as the pores formed during the lithium carbonate decomposition reduce
ceramic density and thermal conductivity. At the same time, the numerical density values
decreased from high to medium for construction wall and facing ceramic materials. Thermal
conductivity, in turn, decreased from the values typical for clinker products (0.8-1.6 W/(m-°C))
down to the values typical for full-bodied ceramic bricks (0.5-0.65 W/(m-°C)).

40 micron

(@) (b) (©)

Fig. 3: Microstructure of developed ceramics at different lithium carbonate content in the
charge composition: (a) 0 wt. %; (b) 2.5 wt. %; (c) 5 wt. %.
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Fig. 4: The effect of lithium carbonate content on the developed ceramic’s density
and thermal conductivity.

Figure 5 shows the dependences of water absorption and frost resistance of the developed
ceramics on lithium carbonate amount in the charge composition. The resulting data
demonstrated that the increase in the open porosity share along with the increase in the lithium
carbonate amount (see Fig. 1) caused a water absorption increase, which in turn caused frost
resistance reduction. The frost resistance reduction depends on the fact that water, penetrating
into the open pores, freezes and increases in volume by about 9% when the temperature drops
to negative values, causing stress inside the material leading to its destruction during
temperature changes.
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Fig. 5: The effect of lithium carbonate amount on water absorption
and frost resistance of the developed ceramics.

The dependence of compressive and bending strength on lithium carbonate amount in the
charge is shown in Fig. 6. According to the received data, lithium carbonate significantly
reduces the resulting ceramic’s strength, which can be explained by the additive pore-forming
effect, which, as it was found in previous experiments, was predominant over the fluxing effect
of lithium oxide and is associated with a large amount of carbon dioxide formed during the
decomposition of lithium carbonate [18].
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Fig. 6: The effect of the lithium carbonate amount on the developed ceramic’s strength.

The resulting dependence was also confirmed by the X-ray phase analysis data (see Fig.
7), which proved that when lithium carbonate was introduced into the charge composition, a
considerable reduction in the number of crystalline phases occurred in the developed ceramics.
Simultaneously, a significant amount of spodumene appeared, comparable to the silicon oxide
amount, as well as a small amount of lithium titanate instead of rutile and iron titanate.
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Fig. 7: Diffractograms of the developed ceramics based on the charge excluding lithium
carbonate (a) and including lithium carbonate (b):

1 — quartz SiO; 2 — anorthite CaO-Al>03-2S10,; 3 — hematite Fe,O3; 4 — diopside CaO-MgO-2Si0»;

5 — spinel MgO-Al,O3; 6 — iron titanate FeTiOs; 7 — rutile TiO2; 8 — spodumene Li;O-Al,03-4S102;
9 — lithium titanate Li,O-TiOx.

The decrease in the crystalline phase number, on the one hand, indicates that their
aluminosilicate component was involved in the spodumene formation. On the other hand, these
phases turn into an amorphous component of the developed ceramics, which in excess can
cause increased brittleness and further reduction of the ceramic’s strength characteristics,
especially bending strength. The phase composition proves that titanium oxide almost
completely passed into the composition of phases containing lithium oxide, including lithium
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titanate. The significant amount of spodumene, possessing lower mechanical properties than
silicon oxide, also contributed to the ceramic’s strength decrease.

Since the developed material is planned for the production of bricks and stones, the main
properties determining the choice of lithium carbonate amount comprise compressive strength,
water absorption, and frost resistance. During the experiments, it was revealed that frost
resistance in the entire considered range of changes in lithium carbonate amount in the charge
remained constant allowing the application of this material for external cladding (> 50 cycles
for face products in compliance with Russian State Standard GOST 530-2012).

The minimum value of water absorption in compliance with this Russian State Standard
GOST for facial products is 6%, which exceeds the received values for the developed ceramics.
Simultaneously, water absorption for clinker bricks should not exceed 6%, and frost resistance
should be min 75 cycles. The compressive strength at 10 wt. of lithium carbonate amounted to
15.2 MPa, thus meeting the requirements for M150 bricks grade, and at 10.8% of lithium
carbonate it reached 12.6 MPa, thus meeting the requirements for M 125 bricks grade. Facing
bricks of these grades are widely used for exterior finishing of buildings and structures having
different numbers of stories. The further increase in the amount of the additive causes the
decrease in strength, and, consequently, bricks of lower strength grades can be produced, thus
limiting the material application scope.

4. CONCLUSIONS

The conducted study’s results revealed that the charge composition, based on a low-
plasticity clay containing 5 wt. % of boric acid and 10 wt. % of titanium dioxide, can
additionally contain up to 10.8 wt. % of lithium carbonate to reduce ceramic thermal
conductivity, which increases its energy efficiency maintaining the main operational properties
at a level that meets the requirements of Russian State Standard GOST 530-2012 for facing
bricks and stones. The resulting products can be considered as an alternative to clinker bricks,
although they are somewhat inferior in frost resistance.

Lithium carbonate produces complex effect on the resulting ceramics technology and
properties. Firstly, this pore-forming additive allows a reduction in the density and thermal
conductivity of the resulting ceramic, which reduces the load on the foundation and supporting
structures when using the products and increases their energy efficiency. On the other hand,
during lithium carbonate decomposition at firing, lithium oxide was formed, which, alongside
boric acid is a flux, and it increased the glassy phase amount during firing and reduced the
liquid-phase sintering temperature, which facilitated reduction in the maximum firing
temperature from 1050 °C to 1000 °C. Herewith the vitreous phase viscosity decreased, and
made it possible to achieve its uniform distribution in the product depth thus increasing its
strength.

The pore-forming effect of lithium carbonate prevailed over the fluxing effect of the
additive, so its separate introduction reduced the quality of the developed ceramics, based on
low-plasticity clay, and the effective application of lithium carbonate was possible only in
combination with other functional additives in limited quantities. The combined application of
boric acid, titanium dioxide, and lithium carbonate made it possible to produce ceramics with
predominantly closed pores and a self-glazing effect of the surface, that is, it reduced density
and thermal conductivity while maintaining low water absorption and high frost resistance. At
the same time, the material strength met the regulatory requirements for basement facing tiles.
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Thus, lithium carbonate in the developed charge composition facilitated the expansion of
the raw material base for construction materials through the low-plasticity clay application,
which is not in great demand in ceramic production, but is widespread in the manufacture of
high-quality products for external cladding of facades and plinths of buildings and structures.

REFERENCES

[1]

(2]

[6]
[7]

(8]

[9]

[10]

[11]

[12]

[13]

Kusiorowski R, Gerle A, Dudek K, Zwiazek K. (2021) Application of hard coal combustion
residuals in the production of ceramic building materials. Construction and Building Materials,
304: 124506. doi: 10.1016/j.conbuildmat.2021.124506

Limame H, Manssouiri I, Cherkaoui K, Khaldoun A. (2021) Mechanical and physicochemical
performances of reinforced unfired clay bricks with recycled Typha-fibers waste as a
construction material additive. Cleaner Engineering and Technology, 2: 100037.

doi: 10.1016/j.clet.2020.100037

Luo Y, Bao S, Zhang Y. (2022) Recycling of granite powder and waste marble produced from
stone processing for the preparation of architectural glass—ceramic. Construction and Building
Materials, 346: 128408. doi: 10.1016/j.conbuildmat.2022.128408

Simao FV, Chambart H, Vandemeulebroeke L, Cappuyns V. (2021) Incorporation of sulphidic
mining waste material in ceramic roof tiles and blocks. Journal of Geochemical Exploration,
225:106741. doi: 10.1016/j.gexplo.2021.106741

Belfore CM, Amato C, Pezzino A, Viccaro M. (2020) An end of waste alternative for volcanic
ash: A resource in the manufacture of ceramic tiles. Construction and Building Materials, 263:
120118. doi: 10.1016/j.conbuildmat.2020.120118

LiZ,Zha, M, Zeng J, Peng C, Wu J. (2017) High-solar-reflectance building ceramic tiles based
on titanite (CaTiSiO5) glaze. Solar Energy, 153: 623-627. doi: 10.1016/j.solener.2017.04.033
Vakalova TV, Revva IB. (2022) Highly porous building ceramics based on «clay-ash
microspheres» and «zeolite-ash microspheres» mixtures. Construction and Building Materials,
317: 125922, doi: 10.1016/j.conbuildmat.2021.125922

Korah LV, Nigay PM, Cutard T, Nzihou A, Thomas S. (2016) The impact of the particle shape
of organic additives on the anisotropy of a clay ceramic and its thermal and mechanical
properties. Construction and Building Materials, 125: 654-660.

doi: 10.1016/j.conbuildmat.2016.08.094

Vakalova TV, Revva IB. (2020) Use of zeolite rocks for ceramic bricks based on brick clays
and clay loams with high drying sensitivity. Construction and Building Materials, 255: 119324,
doi: 10.1016/j.conbuildmat.2020.119324

Alonso-De la Garza DA, Guzman AM, Gomez-Rodriguez C, Martinez DI. (2022) Elizondo
Influence of Al203 and SiO2 nanoparticles addition on the microstructure and mechano-
physical properties of ceramic tiles. Ceramics International, 48(9): 12712-12720.

doi: 10.1016/j.ceramint.2022.01.140

Contreras M., Teixeira SR, Santos GTA, Gazquez MJ, Romero M, Bolivar JP. (2018) Influence
of the addition of phosphogypsum on some properties of ceramic tiles. Construction and
Building Materials, 175: 588-600. doi: 10.1016/j.conbuildmat.2018.04.131

Kizinievi¢ O, Zurauskiené R, Kizinievi¢ V, Zurauskas R. (2013) Utilisation of sludge waste
from water treatment for ceramic products. Construction and Building Materials, 41: 464-473.
doi: 10.1016/j.conbuildmat.2012.12.041

Kizinievi¢ O, Balkevicius V, Pranckeviciené J, Kizinievi¢ V. (2015) Analysis of the effect of
syenite alkali aluminium concentrate (SAAC) on the properties of ceramic products containing
the centrifugation waste of a mineral wool melt. Ceramics International, 41(9, Part A): 11234-
11241. doi: 10.1016/j.ceramint.2015.05.074

Cremades LV, Cusido JA, Arteaga F. (2018) Recycling of sludge from drinking water treatment
as ceramic material for the manufacture of tiles. Journal of Cleaner Production, 201: 1071-
1080. doi: 10.1016/j.jclepro.2018.08.094

300



IIUM Engineering Journal, Vol. 25, No. 1, 2024 Filippova et al.
https://doi.org/10.31436/iiumej.v25i1.2925

[15]

[16]

Bohn BP, Von Miihlen C, Pedrotti MF, Zimmer A. (2021) A novel method to produce a ceramic
paver recycling waste glass. Cleaner Engineering and Technology, 2: 100043.

doi: 10.1016/j.clet.2021.100043

Vigneron TQG, Vieira CMF, Delaqua GCG, Janior FV, Neto AC. (2019) Incorporation of mold
flux waste in red ceramic. Journal of Materials Research and Technology, 8(6): 5707-5715.
doi: 10.1016/5.jmrt.2019.09.038

Hadi EM, Hussein SI. (2019) A sustainable method for Porous refractory ceramic
Manufacturing from kaolin by adding of burned and raw wheat straw. Energy Procedia, 157:
241-253. doi: 10.1016/j.egypro.2018.11.187

Shakhova VN, Berezovskaya AV, Pikalov ES, Selivanov OG, Sysoev EP. (2019) Development
of Self-Glazing Ceramic Facing Material Based on Low-Plasticity Clay. Glass and Ceramics,
76(1-2): 11-15. doi: 10.1007/s10717-019-00123-4

Vitkalova I, Torlova A, Pikalov E, Selivanov O. (2018) Development of environmentally safe
acid-resistant ceramics using heavy metals containing waste. MATEC Web of Conferences,
193: 03035. doi: 10.1051/mateccont/201819303035

Kolosova A, Sokolskaya M, Pikalov E, Selivanov O. (2019) Production of facing ceramic
material using cullet. E3S Web of Conferences, 91: 02003. doi: 10.1051/e3sconf/20199102003
Pavlycheva EA, Pikalov ES, Selivanov OG. (2021) Recovery of Polymer Waste in the
Production of Ceramics Veneer with a Self-glazing Effect. Ecology and Industry of Russia,
25(6): 20-25. doi: 10.18412/1816-0395-2021-6-20-25

Pavlycheva EA, Pikalov ES, Selivanov OG. (2021) Glazing effect for producing
environmentally friendly ceramics for cladding applications. Hemijska Industrija, 75(3): 167-
173. doi: 10.2298/HEMIND210112017P

Shimanskaya AN, Levitskii IA. (2016) Formation Particularities of titanium-containing glaze
coatings for floor tiles. Glass and Ceramics, 73(3-4): 94-99. doi: 10.1007/s10717-016-9833-8
Santos GG, Serbena FC, Fokin VM, Zanotto ED. (2017) Microstructure and mechanical
properties of nucleant-free Li»O-CaO-SiO; glass-ceramics. Acta Materialia, 130: 347-360.
doi: 10.1016/j.actamat.2017.03.010

Aliyah LH, Katrina AT, Hasmaliza M. (2019) Preliminary Study on the Development of New
Composition Lithium Aluminosilicate Glass Ceramic. Materials Today: Proceedings, 17(3):
946-952. doi: 10.1016/j.matpr.2019.06.446

Surzhikov AP, Lysenko EN, Malyshev AV, Pritulov AM, Kazakovskaya OG. (2012) Influence
of mechanical activation of initial reagents on synthesis of lithium ferrite. Russian Physics
Journal, 55: 672-677. doi: doi.org/10.1007/s11182-012-9865-7

301





