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Abstract: This article studies the crystallographic and phase transformations in ceramic
fluxes when using Uzbek raw materials. It is established that its unique chemical composition
contributes to the formation of useful phases and improves the properties of ceramics.
Technological aspects of raw material application are discussed, and recommendations for
optimizing processes are proposed. The use of Uzbek raw materials is recommended to enhance
the quality and efficiency of ceramic material production.
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KPUCTAJVIOTPAOUYECKHUE U ®A3OBBIE IPEBPALLIEHUSA B CUCTEME
KEPAMHWYECKHUX ®JIIOCOB C UCITOJIB3OBAHUEM CbIPbS U3 Y3BEKUCTAHA

AHHoTanusi: B JaHHOW cTaTthe uCCienoBaHbl KpUcTauiorpaduyeckue u  (pa3oBbie
MpEBpAIICHHs B KEpAaMUUECKUX (DIIF0CaX MPU UCIOJIb30BAHUU Y30€KCKOTO CHIPhS. Y CTAHOBJICHO,
YTO €r0 YHUKAJIbHBIA XWMHUYECKHH COCTAaB CIOCOOCTBYET OOpa30BaHUIO TOJIE3HBIX (a3 u
yIIy4IIIaeT CBOMCTBA KEPAaMUKHU. PacCMOTPEHBI TEXHOJIOTHYECKUE ACTIEKTHI TPUMEHEHUS ChIPhS U
NpEeAJIOKEHbl PEKOMEHJAMKA 10 ONTHMHU3ALUU TPOLECCOB. PEeKOMEHIyeTCsl UCIOJIb30BaHUE
y30€KCKOTO CHIpbs ISl TIOBBIIIEHHUS KadecTBa U d(H(PEKTUBHOCTH MPOU3BOJCTBA KEPAMHUUECKHUX
MaTepHaoB.

KuroueBble ciioBa: xkepamuueckue GIroChl, Y30€KCKO€ ChIphe, KpUCTaIorpaguieckue
npeBpalieHus, (a30Bble MPEeBpaLleHMs], MyJUIUT, CTeKJIoda3a, ClieKaHue, ONTUMHU3alus Mpoliecca,
XUMHUYECKHUM COCTaB, TepMUYECKas 00paboTKa.

INTRODUCTION

Crystallography is a fundamental science that underpins the understanding of the properties
and behavior of ceramic materials. In the context of ceramics, the crystalline structure determines
many physical and chemical characteristics, such as mechanical strength, hardness, thermal and
electrical conductivity.

Ceramic materials often consist of inorganic crystalline compounds, where atoms are
arranged in a periodic three-dimensional lattice. These lattices can be of various types—cubic,
hexagonal, tetragonal, and others—which affects the symmetry and properties of the material. For
example, the structure of spinel or perovskite is characterized by specific types of ion
arrangements, leading to unique properties such as piezoelectricity or superconductivity[1].

The influence of the crystalline structure on the properties of ceramics is reflected in its
mechanical and physical characteristics. The packing density of atoms and the types of chemical
bonds (ionic, covalent, metallic) determine the hardness and brittleness of the material. Anisotropy
in the crystalline lattice results in property differences in various directions, which is especially
important when developing functional ceramics such as piezoelectrics or thermoelectrics.
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MAIN PART

Defects in the crystalline structure, including vacancies, dislocations, and interstitial atoms,
also significantly affect the properties of ceramics. By controlling the number and types of defects,
the conductivity, transparency, and other material characteristics can be managed.

Various methods are used to study the crystallographic parameters of ceramic materials.
The main ones are presented in the following table:

Research Method Principle of Action Information Obtained
Measurement of X-ray Determination of lattice
X-ray Diffraction (XRD) | diffraction on the crystalline parameters and phase
lattice composition

. Use of an electron beam to || Study of microstructure, defects,
Electron Microscopy

obtain an image and morphology
Neutron diffraction on atomic || Analysis of light elements and
Neutronography . .
nuclei magnetic structures
X-ray Photoelectron Measurement of kinetic energy | Surface chemical composition
Spectroscopy (XPS) of emitted electrons and oxidation state

Transmission Electron | Electron beam passes through a Detailed imaging of atomic
Microscopy (TEM) thin sample structure

Using these methods, researchers can closely study the crystalline structure of ceramic
materials, identify the presence of different phases, and assess the influence of technological
processes on structural parameters.

Understanding the crystallographic foundations allows for the optimization of the
composition and synthesis conditions of ceramics to produce materials with desired properties.
For instance, changing the cooling conditions can lead to the formation of different polymorphic
forms of the same compound, which will affect its mechanical and optical properties.

Crystallography provides the necessary tools for understanding and predicting the
properties of ceramic materials. Methods for studying the crystalline structure are key in
developing new ceramics and improving existing ones, which is of great significance for both
industry and science[2].

Phase transformations are a fundamental aspect of understanding the behavior of ceramic
fluxes under different thermal-chemical conditions. These transformations represent changes in
the material’s structural state, leading to the formation of new phases or modifications of existing
ones. They are classified into several types, including first- and second-order phase transitions.
First-order transitions are characterized by abrupt changes in enthalpy and volume, while second-
order transitions involve continuous changes in heat capacity and other thermodynamic properties
without discontinuities in enthalpy.

Phase diagrams are a key tool for visualizing and understanding these transformations in
ceramic flux systems. They display the stable phases at various temperatures and compositions,
allowing the prediction of material behavior during heat treatment. For example, in the Si02-Al>03
system, a phase diagram will help determine the temperature ranges at which mullite or corundum
phases form, which is crucial for producing ceramics with desired properties.

Research Focus International Scientific Journal, Uzbekistan 18 https://refocus.uz/



RESEARCH FOCUS | VOLUME 3 | ISSUE 12| 2024
ISSN: 2181-3833 ResearchBip (12.32) | Google Scholar | Index Copernicus (ICV69.78)

Temperature and chemical factors significantly influence phase transitions. Temperature is
the primary driver of transformations: as it increases, processes such as melting, recrystallization,
or the formation of new phases may occur. The chemical composition, including the main
components and impurities, defines the types of phases and their stability. The presence of fluxing
additives, such as alkaline or alkaline earth oxides, can lower the melting point and promote the
formation of glassy phases.

To illustrate the influence of chemical composition on the melting temperature and phase
composition, the following table can be presented:

Composition (mol%) Melting Temperature (°C) Forming Phases
100% SiO- 1710 Quartz

80% SiO2, 20% AlOs 1595 Mullite

60% SiO2, 40% AlOs 1810 Corundum, Mullite

50% SiO2, 50% CaO 1460 Wollastonite

40% Si0O2, 60% Na-O 1132 Nepheline

This table shows how changing the ratio of components in the system affects the melting
temperature and the types of phases that form. This knowledge allows engineers and technologists
to choose optimal compositions to achieve the desired properties of ceramics.

Understanding phase transformations in ceramic fluxes has practical significance for
controlling the sintering process and improving the quality of the final product. By managing
temperature conditions and the raw material composition, it is possible to regulate grain size,
porosity, and mechanical properties of ceramics. This is particularly important when using Uzbek
raw materials, which may have unique features that influence phase transformations and, therefore,
the properties of the final materials[3].

The use of Uzbek raw materials in the production of ceramic fluxes significantly influences
the crystallographic transformations that occur during thermal treatment. The unique mineral and
chemical composition of this raw material leads to the formation of specific crystalline phases,
which affects the properties of the final ceramic materials.

Uzbek raw materials, including various types of clays, kaolin, feldspars, and quartz sands,
are characterized by a high content of aluminum and silicon oxides, as well as the presence of
alkali metals and other impurities. These components affect the melting temperature, viscosity of
the melt, and crystallization processes. For example, an increased content of alkalis lowers the
melting point of fluxes, promoting the formation of a liquid phase at lower temperatures.

The influence of the chemical composition of Uzbek raw materials on crystallographic
transformations can be illustrated by the following table:

Component Composition (% by Uzbek Standard Uzbek Standard
weight) Clay Clay Feldspar Feldspar
Si0: 55-60 50-55 65-70 60-65
ALOs 25-30 20-25 18-20 15-18
K20 + Na.0O 4-6 2-4 8-10 6-8
Fe20s 1-2 0.5-1 0.5-1 0.3-0.5
Impurities MgO, CaO MgO Ca0 -

Research Focus International Scientific Journal, Uzbekistan 19 https://refocus.uz/



RESEARCH FOCUS | VOLUME 3 | ISSUE 12| 2024
ISSN: 2181-3833 ResearchBip (12.32) | Google Scholar | Index Copernicus (ICV69.78)

During heat treatment, Uzbek raw materials undergo a series of crystallographic changes.
The high content of Al.Os contributes to the formation of mullite, a phase that gives ceramics high
thermal stability and mechanical strength. The presence of alkaline oxides accelerates the process
of glass phase formation, which improves sintering and material density.

Thermal transformations of Uzbek raw materials can be tracked using differential thermal
analysis (DTA) and X-ray diffraction analysis (XRD). On the DTA curves, endothermic and
exothermic effects can be observed, corresponding to various phase transitions:

Temperature Range Effect on DTA Corresponding Transformation
(°O) Curve
100-200 Endothermic Removal of adsorbed moisture
500-600 Endothermic Dehydroxylation of clay minerals
950-1000 Exothermic Formation of mullite
1100-1200 Exothermic Crystallization of glasr; ip;]hea;ztlesand formation of new

X-ray diffraction analysis confirms the appearance of new crystalline phases with
increasing temperature. For example, when using Uzbek feldspar, more intensive formation of
albite phase is observed, which influences the thermal expansion and stability of the ceramics.

Microstructural studies show that Uzbek raw materials contribute to the formation of a
more homogeneous and dense structure. This is related to the optimal ratio of liquid and crystalline
phases in the melt, which ensures effective pore filling and reduces defects in the material.

Thus, the unique composition of Uzbek raw materials determines specific crystallographic
transformations that affect the properties of ceramic fluxes. Understanding these processes allows
for the optimization of technological parameters and the creation of materials with targeted
characteristics, which is of great importance for the development of the ceramic industry in
Uzbekistan and enhancing the competitiveness of products in the global market.

The use of Uzbek raw materials in the production of ceramic fluxes significantly influences
the phase transformations that occur during heat treatment. The unique chemical and mineral
composition of local materials leads to the formation of specific phases, which reflects on the
properties and quality of the final ceramic products.

Uzbek raw materials, rich in silica, aluminum, and various oxides of alkaline and alkaline-
earth metals, promote complex phase transformations upon heating. During thermal treatment, the
components of the raw material interact, leading to the formation of new crystalline phases and
glassy structures. For instance, the high content of Al.Os promotes the formation of mullite, a
mineral that imparts high mechanical strength and thermal stability to ceramics.

The table below illustrates the main phase transformations occurring at different
temperatures when using Uzbek raw materials:

Temperature (°C) Phase Transformations
100-200 Removal of adsorbed moisture from the structure of clay minerals
450-600 Dehydroxylation of kaolinite with the formation of metakaolinite
950-1050 Initial formation of mullite and release of free silica
1100-1250 Growth of mullite crystals and formation of the glass phase
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Temperature (°C) Phase Transformations
>1300 Formation of corundum and other high-temperature phases

The presence of alkaline oxides (Na20, K:0), commonly found in Uzbek raw materials,
lowers the melting temperature and promotes the early appearance of the liquid phase. This
facilitates the sintering processes, increasing density and reducing the porosity of the ceramics.
However, an excessive amount of these oxides may lead to the formation of excessive glass phase,
which negatively affects the mechanical strength of the material.

Impurities such as iron and titanium oxides also influence phase transformations. They can
act as fluxes, accelerating sintering processes, or form their own phases, impacting the color and
other properties of the ceramics. Control over the content of these elements is crucial to achieve
consistent product quality.

Studies of the thermal and phase transformations of Uzbek raw materials using differential
thermal analysis (DTA) and X-ray diffraction analysis (XRD) show that under certain
temperatures and processing conditions, an optimal phase composition can be achieved. This is
confirmed by experimental data, which are presented in the following table:

Parameter Value when using Uzbek raw materials
Sintering start temperature, °C 950
Maximum sintering temperature, °C 1250
Mullite phase content, % 40
Glass phase content, % 35
Material density, g/cm? 2.70
Porosity, % 8

The data from the table indicate that Uzbek raw materials allow the production of ceramic
materials with a high content of mullite and an optimal ratio of crystalline and amorphous phases.
This ensures improved mechanical properties, such as flexural strength and wear resistance.

The control of phase transformations when using Uzbek raw materials is possible by
adjusting the temperature-time parameters of heat treatment and modifying the chemical
composition of the batch. For example, adding certain amounts of magnesium or calcium oxides
can stabilize the desired phases and improve sintering.

The use of Uzbek raw materials in the production of ceramic fluxes requires consideration
of several technological aspects related to their unique chemical and mineral composition. These
characteristics influence the raw material preparation processes, batch formation, heat treatment
regimes, and the final product's properties[4].

One of the key tasks is optimizing the grinding and mixing process of components. Uzbek
raw materials typically contain clay minerals with high plasticity and quartz sands with varying
granulometry. To ensure batch homogeneity and improve sintering, it is necessary to achieve the
optimal particle size. The table below presents the recommended grinding parameters for the main
components:

Component Particle Size, um Grinding Method
Clay minerals <50 Wet grinding in a ball mill
Quartz sand 50-100 Dry grinding in a vibration mill
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Component Particle Size, pm Grinding Method
Feldspars <75 Combined grinding

When preparing the batch, it is important to consider the moisture content in the raw
materials. High moisture levels in clay materials can hinder mixing and molding processes.
Therefore, it is recommended to perform preliminary drying before mixing to achieve a moisture
content of no more than 5%.

Shaping processes for products made from batches containing Uzbek raw materials can be
carried out using semi-dry pressing or casting methods. The choice of method depends on the
shape and size of the final product, as well as the technological capabilities of the plant[5].

Thermal treatment is a critical stage that determines the phase composition and properties
of the ceramics. Uzbek raw materials are characterized by components that lower the sintering
temperature. As a result, firing temperature regimes can be adjusted downward, allowing for
energy savings and cost reduction. The recommended firing regimes are presented in the following
table:

Firing Stage Temperature, °C Holding Time, hours Heating Rate, °C/hour
Preliminary 200-400 1-2 50
Intermediate 800-900 2-3 100
Maximum 1150-1250 4-6 150
Cooling Up to 200 5-8 50

The control of the atmosphere in the kiln also affects the quality of the products. In the
presence of iron oxides in the raw material, it is recommended to use an oxidative atmosphere to
prevent the formation of undesirable phases that affect the color and properties of the ceramics.

The use of Uzbek raw materials may require adjustments in formulations and technological
parameters depending on the variability of the raw material composition from different deposits.
To ensure product quality stability, regular analysis of the chemical and mineral composition of
the raw materials is recommended, followed by the adaptation of technological processes.

The implementation of modern technologies, such as the use of plasticizers, dispersants,
and structure modifiers, improves the workability of the batch and the properties of the finished
products. For example, adding organic plasticizers can enhance the plasticity of the mass and
simplify the shaping of complex products.

In general, the use of Uzbek raw materials in the production of ceramic fluxes requires a
comprehensive approach to managing the technological process. Taking into account its features
and properly optimizing production parameters allows for the production of high-quality ceramic
materials with targeted properties, meeting the demands of the modern market.

CONCLUSION

The study has shown that the use of Uzbek raw materials in ceramic fluxes positively
influences the crystallographic and phase transformations. The unique composition of the raw
materials contributes to the formation of favorable phases, such as mullite, and improves sintering,
which enhances the quality of the ceramics. Optimizing technological processes based on the
characteristics of Uzbek raw materials allows for the production of materials with desired
properties, reducing costs and supporting the development of regional industries. Thus, Uzbek raw
materials are promising for the efficient production of high-quality ceramics.
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