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Annotatsiya: Maqola qadimgi Xiva yodgorliklaridagi xom ashyo va noorganik 

devor materiallarining fizik-kimyoviy xossalarini o‘rganishda kimyoviy, rentgen 

fazali, optik va skanerlash-elektron-mikroskopik usullar natijalaridan foydalanishga 

bag‘ishlangan. 

Kalit so'zlar: keramik g'isht, lyossimon tuproq, amorf kremnizyom, elektron 

mikroskop, rentgen strukturaviy tahlil 

Аннотация: Статья посвящена использованию результатов химических, 

рентгенофазавых, оптических и растрово-электронно-микроскопических 

методов при изучении физико-химических свойств сырья и неорганических 

стеновых материалов в памятниках древней Хивы. 
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Abstract: The article is devoted to the use of the results of chemical, X-ray 

phase, optical and scanning-electron-microscopic methods in the study of the 

physical and chemical properties of raw materials and inorganic wall materials in the 

monuments of ancient Khiva. 
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Introduction. The wall materials of ancient Khiva are ceramic bricks obtained 

by firing loess-like loams, which were carried out in a reducing environment in 

homemade "khumbuz" stoves, where the heat generated from the combustion of 

various carbon-containing plant products was the source of heat. Such material 

retained its external size and color for many years. But in recent years, under the 

influence of natural factors, the processes of destruction of historical objects of the 

world heritage have intensified. In this connection, restoration work with the use of 

local materials has become relevant. Ceramic bricks for the restoration of the walls of 
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architectural monuments are considered to be widely used restoration material. 

Several requirements are imposed on the restoration material. In addition to the 

mechanical, chemical, and physical properties of ceramic bricks, they must fully 

match in color and size. The color of ceramic bricks depends on the composition of 

the raw materials used and on the firing conditions. Due to a change in the 

composition of the raw materials used and on the firing conditions (as a result of 

changes in the type of fuel and the applied firing mode as well as the kiln), the color 

of the bricks produced differs from its predecessor. Therefore, the objects of 

architecture after the corresponding restoration work will lose their original 

appearance. In this connection, the production of ceramic bricks has become relevant, 

which fully matches its predecessor in terms of its color characteristics. 

The production of ceramic bricks makes it possible to dispose of industrial waste 

in significant quantities and a wide range of their composition using traditional 

technology and equipment. In addition, the creation of raw materials using man-made 

materials is one of the ways to expand the use of low-grade clay rocks, improve the 

technical properties and reduce the cost of the resulting ceramic bricks. [2] 

Since gaining independence in the Republic of Uzbekistan, the foundations of 

statehood have been laid in the shortest possible time, priority reforms and 

transformations have been carried out. Thanks to this, it was possible to achieve 

qualitative structural changes in all spheres of life, and, above all, in the economy, 

education, construction and architecture. The ancient cities of the Republic of 

Uzbekistan again acquired the importance of centers of world culture. The steps "to 

return the cultural heritage" taken over the years in the republic are the contribution 

of the people of Uzbekistan to the rest of the world to the civilization of all mankind. 

[4] 

An analysis of the main causes of efflorescence of brickwork in the Aral Sea 

region is presented. It was found that as a result of the alternate wetting and drying of 

the building material, in which the crystallization of salts occurs in the pores of the 

material, polyhydric crystalline hydrates are formed with a volumetric increase in 

volumes exceeding the pore volume in the material. when pressure appears that 

destroys the building material. External signs of salt corrosion are flaking and 

chipping of ceramic bricks. The features of the formation of efflorescence in ceramic 

bricks in the conditions of the Aral Sea region are indicated.[6] 

The results showed that the silica/polymer nanocomposite is an effective 

material for strengthening artistic and architectural monuments from sandstone, is 

fully compatible, and increases the durability of sandstone. In addition, the resulting 

nanocomposite improved the mechanical properties of the stone and its resistance to 

erosion, acids, and salts compared to samples treated with pure SILRES® BS OH 

100 without silica nanoparticles. [7] 

The main factors influencing the sustainability of architectural monuments are 

considered. Among natural factors, a fundamental role belongs to the presence of 

soils with sensory characteristics in the active development zone and to a significant 

change in these properties under the influence of technogenic pressure. Structural 

features of buildings, types of building materials, and their age are technogenic 

factors.[9] 
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 Recently, more and more importance is attached to the decorative qualities of 

facing ceramic bricks. It is widely used for facing facades when creating interiors of 

public buildings and residential buildings, as well as during restoration work.[10]  

To determine the technical condition of the buildings of madrasahs and minarets 

located in Ichan-Kala of Khiva, engineering surveys were carried out on its load-

bearing structures. Rather, based on the achievements of modern construction 

science, the design solution of the specified object is assigned to the engineering 

analysis. In terms of earthquake resistance of buildings, an attempt was made to draw 

something in common from such difficult situations of ancient times and building 

codes that have arisen today. [3] 

In this article [8], in a scientific sequence and in detail, the methods of building 

the minarets of Khiva, architectural composition, building materials, history of 

construction, devices of the aboveground and underground parts, which are of 

particular importance in the architecture of ancient Khorezm, are described in detail. 

analysis for the first time. Most of this information is being introduced into scientific 

circulation for the first time. 

Particular attention is paid to highlighting the history of the activities of state 

institutions for the scientific study, restoration, and preservation of architectural 

monuments of the republic. The article also presents a scientific analysis of 

documents from the personal archives of research scientists such as V.L. Vyatkin, B. 

Zasipkin, S. Polupanov, M.E. Masson, G.A. Pugachenkova, who played an important 

role in the study of various aspects of the topic of researching architectural 

monuments of Uzbekistan. [5] 

However, archaeometry data revealed the use of complex mixtures, which is 

also confirmed by the literature. In particular, the use of calcite along with various 

organic additives has become commonplace.[1]  

Methods and results. For the development of new compositions of ceramic 

bricks, corresponding in all respects to old bricks, it is necessary to study the 

physicochemical properties of the latter. The elemental chemical composition of 

ancient bricks was studied by methods of analytical chemistry, the results of which 

are presented in Table 1. As you can see from the table, the composition of the 

ancient brick differs from the bricks produced today. 

Table 1 

Chemical analysis results of ancient ceramic bricks 
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To establish the mineralogical composition of samples of ancient bricks taken 

from the walls of ancient Khiva, X-ray phase analysis was carried out. The analysis 

was performed on Smart Lab 3, which is a versatile multipurpose X-ray 

diffractometer of the latest generation. 

The results of X-ray phase analysis are shown in Fig. 1. 

 
Fig. 1. X-ray phase images of ancient ceramic bricks. 

X-ray phase analysis of a sample of an ancient ceramic brick shows that its 

composition contains: diopside 20%, quartz-36%, albite-15%, Ca2CO3 - 12%, 

anorthite - 17%. 

To determine the microstructural characteristics of the object under study, a 

scanning (raster) electron microscope TESCAN VEGA 3 SBH was used. The 

research results are shown in Fig. 2. 

 

 

Fig. 2. An electron 

microscope image of 

ancient ceramic brick. 

1-Quartzite, 2-4-5-

albite, 3-hematite, 6-

diopside. 

 

As can be seen from the figure, the results of the study of the electron 

microscopic analysis of raw materials are shown in Fig. 2, particles in the form of 

isometric particles in the form of a hexagon, with broken sides, reflected in the 

image, refer to the mineral of quartzite, particles in the form, light gray spot to albite, 

particles in the form of an oval, to the mineral hematite, particles in the form of dark 

spots - to the diopside mineral. Based on the analyzes carried out, we have developed 

the compositions of ceramic bricks in the "loess-like rock-defect-amorphous silica" 

system, the compositions of which are shown in Table 2. 
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Table 2. 

Compositions of ceramic bricks for the restoration of objects in ancient 

Khiva 
Compositions Loesslike breed Sugar defect Amorphous silica 

L 100   

LK-1 95  5 

LK-2 90  10 

LK-3 85  15 

LK-4 80  20 

LD-1 95 5  

LD-2 90 10  

LD-3 85 15  

LD-4 80 20  

LDK-1 60 20 20  

LDK-2 65 25 10 

LDK-3 70 20 10 

LDK-4 80 15 5 

 

For the analysis, samples were made from the loess-like rocks of the Suzanlisky 

deposit. The selected clay samples were thoroughly dispersed and sieved through a 

sieve with a hole diameter of 0.5 mm. The raw material was made by compression 

molding from semi-dry masses at a pressure of 15 MPa. The firing was carried out at 

temperatures of 950, 1000, 1050, and 1100 ° C in a SNOL 1200 muffle furnace, the 

firing time was 4 hours. Photometric studies in reflected light were performed on an 

X-Rite Color i 5 spectrophotometer microscope (Lomo, Russia) at room temperature 

in the wavelength range of 400-800 nm; scattered daylight was chosen as the 

radiation source. The Spectra program automatically determined the color 

coordinates in the XYZ and CIE Lab systems and also calculated the hue λ and the 

color purity p. 

The discussion of the results. The chemical composition of the loesslike rock 

of the Suzanlinsky deposit, the following ingredients: SiO2-52,55-55,08; Al2O3 -

14,56-15,36; Fe2O3 -6,23-7.28; CaO-12,87-13,99; MgO -3,73-4,55; Na2O -1,96-2,11; 

K2O -1,28-2,78; TiO2 -0,38-0.64; MnO-0,11-0,17. ррр-0,78-5,69. The main 

contribution to the coloring of a ceramic shard based on a loess-like rock is made by 

impurities of ions of elements of variable valence, in this case, ferrous and trivalent 

iron, as well as titanium and manganese oxides. Their total content (6.72-8.09%), 

however, as a result of heat treatment, depending on the firing conditions and 

temperature, they acquire completely different shades. In fig. 3 shows the obtained 

data. 

The optical reflection spectrum of a ceramic sample from the rock of the 

Suzanlinsky deposit (Fig. 3), fired at a temperature of 1050 ° C, is characterized by a 

broad intense absorption band in the region of 400-600 nm, which, as we assume, is 

caused by electronic transitions with charge transfer O2- > Fe3+ in the octahedra of 

ferric iron. Weak absorption in the 600-700 nm region and stronger absorption, 

including the violet, blue and green regions of the spectrum, contribute to the 

formation of a light transmission window in the orange-red region of the spectrum, 
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which causes coloration of the sample. It should be noted that the interpretation of the 

absorption bands of Fe3 + ions in the spectra of the studied ceramic materials is rather 

difficult due to the presence of other chromophore impurities in the initial raw 

material. 

The currently widely used CIE Lab model, approved by the International 

Commission on Illumination (CIE) in 1964, was chosen as a color model for the 

quantitative assessment of color. The model consists of three axes, two of them - axes 

a * and b * - are located at right angles and form a plane, the third axis L * is located 

perpendicular to the plane a * b *. The a * coordinate denotes a color ranging from 

green (-a *) to red (+ a *), the b * coordinate denotes a color ranging from blue (-b *) 

to yellow (+ b *), and L * denotes lightness from black (L * = 0) to white (L * = 

100). L *, a *, b * values are measured in NBS (US National Bureau of Standards) 

units. 

It was found that the color characteristic of the optimal composition of LD-1, 

depending on the change in the firing temperature from 950 ° C to 1100 ° C, leads to 

an increase in the value of the lightness L * from 68 to 78 units of NBL and is close 

to the values of the original sample (values L = 75.3). 
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Fig. 3. Comparative color characteristics of ancient and synthesized optimal 

composition of ceramic bricks for the restoration of ancient Khiva 

The processes occurring in the ceramic shard, depending on the firing 

temperature, are analyzed using electron microscopic studies. 

 

       
а                                    b                                         c 

Fig. 4. Electron microscopic images of a fired ceramic shard of composition 

LD-1: а) Т burn-950оС; б) Т burn-1000оС; в) Т burn-1100оС. 

 

At low temperatures, compaction of a ceramic shard is not observed, there are 

small pores, acicular and prismatic crystals of anorthite, diopside, and quartz enter in 

fragments of crystalline phases, which indicates the incompleteness of crystal growth. 

In the fired samples at 1100 ° C, the denser and separate unbound fragments are not 

found, the crystalline phases are larger and denser. Also established with an increase 
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in temperature, firing in the samples, an increase in mechanical strength, an increase 

in fire shrinkage and chemical resistance, as well as frost resistance, and a decrease in 

water absorption are observed. 

Thus, analyzing the data obtained, we have developed the compositions of 

ceramic bricks that correspond to the mechanical and color properties of ancient 

ceramic bricks. 
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