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ABSTRACT 
The report consists of 43 pages, 41 figur., 9 tab., 36 sources, 1 appendixes. 
CERAMIC PRODUCTS, FACING BRICKS, PAVING SLABS, VOLUMETRIC THERMAL BLOCKS, CLINKER CERAMICS, REFRACTORY CLAYS, OLIGOCENE CLAYS, SAND CLAYS, GLASS SANDS
The research object is development of compositions of various ceramic products from clays of South region using a fully robotic-automated plant for production of ceramic building materials of a new generation: volumetric blocks, paving stones, facing and clinker bricks.
The goal of the work: development of technology for production and optimal compositions of high-quality and large-format ceramic products from clays of South region of the Republic of Kazakhstan.
The study of the phase composition of the main raw materials was carried out using the method of X-ray and differential-ceramic analysis. X-ray analysis was performed on the DRON-2 diffract meter at an angle of 20=10-600.
The main practically significant result is development of scientific and technological foundations for production of a new high-tech type of robotic-automated plant for production of high-quality wall ceramic materials, with low cost and high profitability. Their technology is ecologically sound, has little metal and energy consumption. 
The scientific value of the research results consists in the production of a new type of wall ceramic products with better technical characteristics (high strength, age-old durability, low thermal conductivity, high noise insulation) and a large selection of different light color tones at a more affordable price. 
The use of the most advanced technologies will make it possible to produce high-quality ceramic wall materials in South region of the Republic of Kazakhstan, which, on the one hand, will significantly improve the quality of housing construction, on the other hand, will reduce the cost of living space and shorten the construction time.

The project for the development of construction markets in the Republic of Kazakhstan consists of an understandable increase in prices for facing bricks in Kazakhstan, import regulation, as well as export problems and creation of competitive enterprises. 

РЕФЕРАТ

Есеп 43 б., 1 кіт., 41 сур., 9 кест., 36 көзд., 8 қосым.
КЕРАМИКАЛЫҚ БҰЙЫМДАР, ӘРЛЕУ КІРПІШТЕРІ , ЖАЯУЖОЛ  ПЛИТКАЛАРЫ, КЕРАМИКАЛЫҚ КЛИНКЕР, ІРІ ФОРМАТТЫ, ҚИЫНБАЛҚИТЫН САЗДАР, ОЛИГОЦЕН САЗДАРЫ, СУГЛИНК,  КВАРЦТЫ ҚҰМДАР 
Жоба цементтік жаңа буындағы керамикалқ құрылыс материалдарын өндіретін толық роботталған автоматтандырылған зауытты пайдаланып, Оңтүстік өңір сазынан түрлі керамикалық бұйымдардың құрамын әзірлеу болып табылады: көлемдік блоктар, жаяужол плиткасы, қаптама және клинкерлік кірпіш. 

Жобаның мақсаты: Қазақстан Республикасы Оңтүстік өңірінің сазынан жоғары сапалы және ірі форматты керамикалық бұйымдардың оңтайлы құрамдарын өндіру технологиясын әзірлеу. 

Негізгі шикізат материалдарының фазалық құрамын зерттеу рентгенфазалық және дифференциялық-керамикалық талдау әдісі көмегімен іске асырылды. Рентгендік талдау20=10-600 бұрыш аралығында ДРОН-2 дифрактометрінде өткізілді.

Құны төмен және тиімділігі жоғары, сапасы жоғары қабырғалық керамикалық бұйымдар өндіретін робот-автоматандырылған зауыттың жаңа жоғары технологиялық түрін өндірудің ғылыми және технологиялық негіздерін әзірлеу. Олардың технологиясы – экологиялық толыққанды, металл және энергия сыйымдылығы аз.
Ғылыми-зерттеу жұмыстары нәтижелерінің ғылыми құндылығы өте жақсартылған техникалық сипаттамаларға (жоғары беріктік, ғасырлық ұзаққа шыдамдылық, төмен жылу өткіщгіштік, жоғары шудан оқшаулау) және едәуір қолжетімді бағада түрлі жарық реңктерінің үлкен таңдауына ие өндірістен тұрады. 

Ең ілгергі технологияларды қолдану Қазақстан Республикасының Оңтүстік өңірінде, бір жағынан, жоғары сапалы керамикалық материалдарды өндіруге, келесі жағынан, тұрғын үй құнын арзандатуға және құрылыс мерзімін қысқартуға мүмкіндік береді.  
Қазақстан Республикасында құрылыс нарықтарын дамыту жөніндегі жоба Қазақстандағы қаптама кірпішке бағаның айқын көтерілуіне, импортты реттеуге, сондай-ақ экспорт проблемалары мен бәсекеге қабілетті кәсіпорындар құруға негізделеді.
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TERMS AND DEFINITIONS
The research report applies the following definitions:
	Ceramics
	- is the first artificial building material. Before it there were natural stones, wood and raw clay bricks. But only with the emergence of purposeful firing, a man began to consciously change the structure of the material, obtaining products with predetermined properties

	Modern ceramics
	– it is accuracy of dimensions of products cut from a single bar squeezed through an extruder. This is a high strength and uniformity of the shard, achieved by careful admixture of raw materials, which previously could not have been mixed, by uniform drying according to a complexly planned program and precisely controlled firing, carried out by a controlled supply of gas and oxygen to certain zones of the firing furnace

	Brick
	-is a strong and durable material and allows to get architectural and decorative solutions in construction

	Firing
	- is the process of thermal exposure – thermal treatment, at which a ceramic brick acquires specified final properties and the final transformation of the material occurs

	Strength
	- is the property of a material to resist destructing under the influence of internal stresses arising under the influence of external forces

	Density
	- is a scalar physical quantity, defined as the ratio of body mass to the volume occupied by this body 

	Frost resistance
	-is the ability of a material in a state saturated with water to withstand repeated alternating freezing and thawing without visible signs of destruction and without a significant decrease in strength


LIST OF ABBREVIATIONS AND DESIGNATIONS

The research report applies the following indications and abbreviations: 
LLP – Limited liability partnership 

SKR – South Kazakhstan region 

SRW – scientific research work 
XRPA – X-ray phase analysis

DTA – differential thermal analysis 
REM – raster electron microscopy 
LOI – loss on ignition 

NF – normal format 
Rсж – compressive strength 
Rизг – flexural strength  

MPa – mega Pascal

RF – Russian Federation 
JSC – joint stock company 
mm – millimeter 

cm – centimeter 
INTRODUCTION 
Ceramic bricks have been the main building material for many centuries. It has not lost this importance to this day, and it is in this area that the backwardness of the domestic industry of building materials is especially clearly manifested. Excessive enthusiasm for concrete, reinforced concrete, panel house building, along with a number of objective reasons, put this industry in a difficult situation. Improving the quality of wall ceramic materials, reducing energy and material costs for their production, expanding the range of wall ceramic products, increasing production volumes remain the most important tasks for many enterprises in the ceramic industry today, which today, although it is developing at a fairly high rate, is not completely satisfies the needs of modern construction. The existing factories produce products in insufficient volumes, and often of low quality due to the lack of study of the feedstock and the lack of development of technological lines focused on the use of local raw materials. In terms of technical equipment and product quality, we still lag behind the advanced countries of Europe and the American continent. 
The purchase of imported equipment is not able to solve all the emerging problems of the ceramic industry, since it cannot compensate for the low level of technological developments, taking into account the peculiarities of local raw materials. Clays, being the main raw material of the ceramic industry, are complex structures and require a serious approach to the development of technologies taking into account the specifics of the raw materials. Since ancient times (China, the Middle East), primary attention has been paid to the processing of raw materials. The technologies for the manufacture of various kinds of ceramic products were formed on the basis of practical experience that was passed down from generation to generation over the centuries. Panel house building and excessive enthusiasm for reinforced concrete led to the decline of the domestic ceramic industry in the 50-60s. The experience and traditions that have been developing over many decades have been lost. As a result, at the enterprises of the ceramic industry, less attention is paid to the issues of high-quality preparation and processing of raw materials, taking into account the specifics of production. In this regard, the study of a complex of technological and physical and chemical characteristics of clay raw materials, based on modern scientific concepts, is of particular importance and relevance. In many regions of the Republic of Kazakhstan, there is an acute problem of the production of high-quality wall ceramic products. Most of the seasonal factories produce low-quality products (M 75-100, B < 25), which often do not meet the requirements of regulatory documents, there is no expanded assortment, decorative bricks necessary for the construction of low-rise houses (country houses, cottage buildings) are not produced, since for the implementation of such a program it is necessary, first of all, a detailed study of the technological and physical and chemical characteristics of clay raw materials. In this regard, it is important to develop compositions and technologies for producing facing ceramic bricks of a higher quality, taking into account the specifics of local raw materials. 
The uniqueness of this project lies in the fact that, on the one hand, the production is highly profitable, with a short payback period, on the other hand, high-quality material will be produced, which is so necessary for the implementation of the State Program of Industrial Innovative Development in Kazakhstan, where new generation building materials of high quality are required. 
The use of the most advanced technologies and the availability of reserves of high-quality refractory clay, makes the project unique and will allow the production of high-quality ceramic building materials in Shymkent, which, on the one hand, will significantly improve the quality of housing under construction, reduce construction time, and help reduce the cost per square meter of living space. on the other hand, it will help to significantly improve the aesthetics and architectural expressiveness of the cities of Kazakhstan as a result of the use of facade ceramics in the construction of housing and industrial buildings, which will bring living conditions closer to the standards of developed countries. 
Currently, high-quality ceramic products, in particular facing bricks and large-format blocks, are not produced in the Republic of Kazakhstan. Sales of products will be mainly focused on export to the Russian Federation. The company currently has signed contracts for the supply of ceramic products with several large companies located in the Russian Federation, which themselves are brick manufacturers, but which are not able to produce high-quality facing brick due to the lack of the necessary raw materials for production. 
For 2018 on the topic: Development and implementation of production technology for high-quality and large-format ceramic products from clays of the southern region of the Republic of Kazakhstan No. 0218РК00617.
For 2019 on the topic: Development and implementation of production technology for high-quality and large-format ceramic products from clays of the southern region of the Republic of Kazakhstan No. 0219РК00030.

1 To conduct research of clays of south region (the Republic of Kazakhstan) for the production of wall ceramic products of high quality, with low cost and high profitability
In recent years, Russian specialists have developed innovative technological decisions that make it possible to significantly improve the quality of raw material, reduce production costs and achieve high quality semi-dry pressed bricks. These decisions concern, first of all, the improvement of the process of preparation of press powder [1, 2, 3] and the design of technological, first of all, pressing equipment. 
In work [4] sand clays were used in a mixture with cupola slag. As a result, the rejects when drying bricks decreased by 50%, the grade of bricks increased from 75 to 120. After firing at a temperature of 1000°C, the content of quartz decreased and the amount of wollastonite and anorthite increased. 
Low-melting clay shales were used in a mixture with coal mining wastes or ash in an amount of 5% [4-5]. Loess-like sand clays were used in a mixture with various additives. The addition of a mixture of white-burning clay (10%) and slag from sugar filter presses (2-3%) contributed to an increase in the plastic properties of the masses and ensured the production of bricks of grades 100-125 with frost resistance of more than 15 [6]. 

The structure formation of ceramic materials [7] begins at the stage of molding.

There are basically three categories of molding methods:

a) the ceramic mass is converted into a liquid state and molded by casting;

b) plastic molding, in which the mass must have significant plasticity and the corresponding consistency; 
c) by semi-dry pressing, the ceramic masses with a low water content are formed. 
According to the analysis of the state of affairs in this area, the work identifies four technological options for molding ceramic wall materials:

- forming a plastic bar with its subsequent cutting into products;

- molding a plastic bar from masses of low humidity (the so-called rigid molding);

- molding of products in molds from viscous-flowing masses – the so-called “manual molding by machine”;

- pressing of products from semi-dry masses.
The main requirement for all molding methods is the uniformity of the product, which determines the behavior of the molded products during drying, firing and the physicochemical properties of the final product. 
In the production of building ceramics, the method of casting and molding products in molds from viscous-flowing masses – the so-called “manual molding by machine” is unacceptable due to the laboriousness and high duration of the technological cycle. In connection with the above, we will consider the processes of structure formation in the plastic and semi-dry molding method. 
The process of plastic processing and molding of ceramic masses generally consists of the destruction of the initial structure by its crushing and grinding, making up a charge and moistening it, mixing, milling, vacuum compaction of the mass, and ends with the design of the product. 
The essence of this process largely depends on the amount of mixed water, since the content of the latter depends on the uniformity in volume and obtaining a product of a certain quality. 
In most cases, the process of processing ceramic masses proceeds under conditions of insufficient water, which determine the incomplete development of the hydration shells of immobilized water. As a result, the ceramic mass does not acquire strength, elasticity, plasticity and viscosity. 
An insufficient amount of water, a significant development of molecular van der Waals adhesion forces and the predominance of adsorption water complicate its uniform distribution and averaging of structural and mechanical properties throughout the entire volume of the system. 
For the uniform distribution of moisture and its general homogenization of ceramic masses, long-term mixing and milling is required. 
Therefore, the research of many scientists is devoted to determining the main parameters of the processing of ceramic masses – the optimal moisture content and the value of its permissible fluctuations. 
Thus, the process of structure formation of the masses at the stage of plastic molding in the clay-water system depends on the content of the mixed water and the mechanical methods of their processing. In this case, the molding process is feasible only in the case when the main component of ceramic masses is clay. 
Therefore, for solving the problems of the complex use of mineral raw materials and industrial wastes in ceramics technology, the method of plastic molding is insufficiently acceptable.

From this point of view, one of the progressive methods for molding raw mixtures is the method of semi-dry pressing, which is characterized by a number of advantages over plastic [8]:
- use of non-plastic components;

- strict adherence to the size of the product;

- the possibility of automating the pressing process;

- exclusion of prolonged drying.

Clay and water, which form the basis of plastic processing, at the stage of semi-dry molding can only serve as a technological binder of press powders. 
Investigations of the processes of pressing ceramic masses are devoted to a few works of domestic and foreign scientists [9]. According to these studies, during the semi-dry pressing of ceramic powders, the processes of particle compaction are accompanied by the following changes in quality characteristics. At the beginning of compression, the particles move mainly in the direction of the pressing force with the formation of “bridges” or “arches” at the points of contact, i.e. a feature of the initial stage of pressing is the ordering of the arrangement of particles with an increase in the coordination number of each particle. 
The second stage of pressing occurs with the destruction of arches or bridges by the manifold movement of particles and includes their moving apart by wedging grains, mutual sliding and various turns [9]. This achieves a stable position of structural elements and a significant increase in the density of their packing. 
When a certain degree of compaction is achieved, further compression of the powder causes the compaction of the compressible system with significant deformation of the structural elements and is irreversible or reversible elastic in nature. 
The uniformity of the structure in the body of compacts is achieved by optimizing the pressing pressure, granulometric composition and moisture content of the press powders. 

However, the development of technological parameters for pressing the masses requires an individual approach to the used raw materials. 
In the technology of ceramic wall materials, an essential production stage is completed with the completion of molding. However, the products in this state do not yet possess the properties that are necessary for their use. To achieve the required durability and strength, molded products are dried and fired [10]. 
The dominant influence on the drying of molded products is provided by moisture content. The higher the molding moisture, the longer the drying time. 
In the technology of clay-based wall ceramics, the drying process is a very important stage, because the quality of the semi-finished product depends on it. An improperly selected drying regime will lead to cracks in the molded products, which affects the behavior of structure formation during subsequent firing of products. 
The works of many scientists have been directed towards this study of the processes of drying ceramic masses based on various clays. P.A. Rebinder created the science of the forms of connection between moisture and material in drying technology. It is based on the energy principle of the connection between moisture and the surface of a solid. The measure of the binding energy is the adsorption potential, first introduced by M. Polani. L.M. Nikitina showed that in the hygroscopic region the adsorption potential is equal in absolute value to the chemical potential [11], which is the transfer potential of not only adsorption, but also osmotically and capillary-bound moisture [12]. 
Removal of moisture from raw materials during the drying process is accompanied by a decrease in their size, called air shrinkage. Numerous works [13, 14, 15-18] devoted to the study of the shrinkage properties of capillary-porous bodies and, in particular, ceramic masses, have largely failed to reveal the physical essence of this phenomenon. Some authors [19, 20] believe that shrinkage occurs due to capillary forces caused by the removal of moisture from macro- and microcapillaries. Others [21] adhere to the colloidal theory, according to which shrinkage occurs due to the drying of the gelatinous mass. 
Some authors [22] tend to accept the presence of both shrinkage mechanisms. In addition to these forces, as moisture is removed, the role of van der Waals forces of interaction between particles of the solid phase increases. 
The complexity of the process of drying ceramic masses has constantly attracted the attention of researchers, according to the assessment of drying properties.

For the first time, the coefficient of sensitivity to drying Kr was proposed by Z.A. Nosov [16]. In addition, A.S. Berkman and I.G. Melnikov showed that clay with Kr > 0.5 is also highly sensitive to drying [23].
The main technological requirement for the production of wall ceramics is to prevent the formation of cracks due to uneven shrinkage along the thickness of the product and the difference in moisture content on the inner and outer surfaces. A significant number of works [24, 25,] are devoted to the study of the mechanism and conditions for the occurrence of cracks and methods of dealing with them.

The results of research in recent years are mainly aimed at improving the drying properties of masses by depletion [26], dehydration of clays [27], their steam humidification [28], heating [29], vacuum compaction [30], adding gypsum to clay [31], ash [32 ], surfactants, irrigation of the mouthpiece with moisture-retaining compositions [33], rolling the raw material [34], introduction of electrolytes [35], creation of vapor-pressure films [36]. 
Therefore, in the conditions of the energy crisis, the synthesis of compositions of ceramic masses that are not sensitive to drying and the development of intensive modes of drying products, which make it possible to shorten the drying time and reduce the cost of energy, are becoming especially urgent. 
1.1 Conduct research on refractory clays of South region (the Republic of Kazakhstan) with the assessment of priority areas of use
Lenger refractory clay deposit is located on the northern outskirts of Lenger, South Kazakhstan region. 
In terms of mineralogical composition, clays are kaolinite-hydromica with an admixture of quartz and a small amount of chlorite. 

Clays have medium plasticity and are homogeneous in general ceramic properties, low-sintering, their sintering occurs in the temperature range 1050-1100°C. The refractoriness is in the range 1360-1580°C. Clays are moderately plastic (10.9) and not sensitive to drying (0.16). 
Clay can be used for the manufacture of sewer pipes, roof tiles, baked clay, flooring tiles, with the selection of the front layer, facing facade glazed and unglazed tiles at a firing temperature of 1000-1020°C, interior facing tiles, at a firing temperature of 1000-1020°C, majolica production, drainage pipes with a diameter of up to 150 mm, drainage chisel pipes, high-quality facing bricks of at least “150” grade, bricks for laying chimneys, refractory bricks for lining heating units with operating temperature up to 1250°C, molding material for iron and steel casting, production of all types of artistic ceramics, both food and technical.  

For the production of ceramic products, we used the following raw materials in our research: refractory and brown clay, sand clay, and as an additive chamotte, BaCO3 and sawdust.
To optimize the composition of the charge and the choice of technological parameters for the production of ceramic products, three types of clay of Lenger deposit of Tolebi district in the Republic of Kazakhstan were selected, and conventionally designated as: refractory; brown; sand clay. 
The following technological studies were carried out under laboratory conditions: 
The processing studies were carried out in a laboratory hammer mill equipped with a 3 mm mesh screen, followed by 100% processing using a <1 mm mesh screen.

Investigations of stirring and vacuum forming with determination of moisture content, providing the consistency of the bar at the extrusion fall within the limits of 1.3 ÷ 1.6 kg/cm2. 
The normal consistency of the bar at the extrusion falls within the limits of 1.4 ÷ 1.8 kg/cm2. 
Research of drying properties – drying properties of three mixtures were studied with the definition of the following parameters:

- Strength of dry samples.

- Drying shrinkage.

- Crack resistance limit.

- Index of sensitivity to drying according to Nosova.

- Bigot’s curve.

- Percentage of reabsorbed moisture.

- The degree to which moisture readsorption affects the strength of the dry material.

The firing properties of sample fired at 850ºC, 900ºC, 950ºC, 1000ºC and 1050ºC, 1100 ÷ 1150ºC with determination of strength, shrinkage, water absorption of the material at all indicated firing temperatures. Depending on the type of clay and the type of end product, the firing was started at 850ºC – 900ºC, and was completed at 1100ºC ÷ 1150ºC. 

The firing properties at the optimum temperature determined in previous studies:

- Firing shrinkage.

- Weight loss during firing (loss on ignition).

- Molding moisture in relation to the fired weight.

- Water absorption of the fired material.

- Density of the fired material.

- Mechanical strength of the fired material.

Thermodilatometric studies: to identify volumetric changes in the material during firing and to design an optimal firing temperature curve on this basis.
Based on the results obtained after carrying out the above tests, two mixtures were investigated: (Appendix D).

Mixture-1: clinker: This mixture is intended for the production of clinker bricks, namely for facing bricks, paving stones, ceramic tiles and roof tiles with high density, low water absorption and high compressive strength: > 500 kg/cm2.

By the weight composition, this mixture consists of:

75% - Refractory clay

25% - Chamotte (ground fired clay)

0.5% – BaCO3 was used to neutralize sulphate stains.
Mixture-2: block: This mixture is intended for the manufacture of ceramic thermal blocks and large-format hollow products with high porosity, low density and sufficient mechanical strength for their use in residential premises and for partitions. 
By the weight composition, this mixture consists of:
97% - composition (90% brown clay + 10% refractory clay)

3% - sawdust processed in a mill equipped with a sieve with holes of 0.5 mm. 
0.5% - BaCO3 to neutralize sulphate stains.

Below are the performed research results. 

Refractory clay

Drying tests and interaction with ambient humidity are shown in Figures B 1.1, 1.2, 1.3, 1.4 .
Consistency of the paste at the exit from the mouthpiece: 1.5 kg/cm². 
Water for mixing required for samples with normal consistency, expressed as a percentage by weight in clay dried at 110°C: 27.76%.      
Drying shrinkage after removal of water for mixing: 7.41%.

Fracture limit or maximum length without cracks of the tile of 200x10x100 mm, dried under the following conditions: 20 cm.
Temperature: 75-120°C.

Time: 90.00 minutes. 
Air flow rate: 6 m/sec.

Residual moisture at the end of drying: 2.94%.
Sensitivity coefficient according to Nosova or the ratio between the compressed volume during drying and the total pore volume of the dry material: 0.67. 
Breaking bending stress average between 4 samples (removing dispersion):64.85 kg/cm2 .

Ambient humidity absorbed by dry samples after 24 hours in a saturated atmosphere (100% RH): 4.02%. 
Flexural strength of samples with absorbed environmental moisture: 17.95 kg/cm2.
Loss of strength of dry samples due to the absorption of moisture in the environment: 72.32%.
Tests with fired samples:

Recommended firing temperature: 1050°C.
Shrinkage of products during firing: 6.08%.
Weight loss, expressed as a percentage of weight of clay dried at 110°C: 6.77%.

Water for mixing based on the weight of fired samples: 29.78%.
Water absorption after 2 hours of immersion of samples in boiling water, based on the weight of fired and dry material: 5.58%.

Apparent specific gravity: 2.15 g/cm3.
Breaking bending stress, tested on 3 samples (removing dispersion): 366.79 kg/cm2.

Brown clay

Drying tests and interaction with ambient humidity are shown in Figures B 1.5, 1.6, 1.7, 1.8 .

Consistency of the paste at the exit from the mouthpiece: 1.5 kg/cm². 
Water for mixing required for samples with normal consistency, expressed as a percentage by weight in clay dried at 110°C: 19.00%. 
Drying shrinkage after removal of water for mixing: 6.40%.

Fracture limit or maximum length without cracks of the tile of 200x10x100 mm, dried under the following conditions: 19 cm.

Temperature: 75-120°C.

Time: 90.00 minutes. 
Air flow rate: 6 m/sec.

Residual moisture at the end of drying: 0.64%.

Sensitivity coefficient according to Nosova or the ratio between the compressed volume during drying and the total pore volume of the dry material: 0.80. 
Breaking bending stress average between 4 samples (removing dispersion):62.85 kg/cm2 .

Ambient humidity absorbed by dry samples after 24 hours in a saturated atmosphere (100% RH): 3.39%. 
Flexural strength of samples with absorbed environmental moisture: 17.88 kg/cm2.

Loss of strength of dry samples due to the absorption of moisture in the environment: 71.55%.
Tests with fired samples:

Recommended firing temperature: 950°C.

Shrinkage of products during firing: 0.04%.

Weight loss, expressed as a percentage of weight of clay dried at 110°C: 9.10%.

Water for mixing based on the weight of fired samples: 20.90%.

Water absorption after 2 hours of immersion of samples in boiling water, based on the weight of fired and dry material: 12.52%.

Apparent specific gravity: 1.95 g/cm3.

Breaking bending stress, tested on 3 samples (removing dispersion): 115.71 kg/cm2.
Sand clay 
Drying tests and interaction with ambient humidity are shown in Figures B 1.9, 1.10, 1.11, 1.12.

Consistency of the paste at the exit from the mouthpiece: 1.3 kg/cm². 
Water for mixing required for samples with normal consistency, expressed as a percentage by weight in clay dried at 110°C: 19.64%. 

Drying shrinkage after removal of water for mixing: 4.32%. 
Fracture limit or maximum length without cracks of the tile of 200x10x100 mm, dried under the following conditions: 16 cm.

Temperature: 45-120°C.

Time: 90.00 minutes. 
Air flow rate: 6 m/sec.

Residual moisture at the end of drying: 3.06%.

Sensitivity coefficient according to Nosova or the ratio between the compressed volume during drying and the total pore volume of the dry material: 0.44. 
Breaking bending stress average between 4 samples (removing dispersion):37.32 kg/cm2 .

Ambient humidity absorbed by dry samples after 24 hours in a saturated atmosphere (100% RH): 3.33%. 
Flexural strength of samples with absorbed environmental moisture: 9.97 kg/cm2.

Loss of strength of dry samples due to the absorption of moisture in the environment: 73.29%.
Tests with fired samples:

Recommended firing temperature: 1050°C.

Shrinkage of products during firing: 0.05%.

Weight loss, expressed as a percentage of weight of clay dried at 110°C: 11.59%.

Water for mixing based on the weight of fired samples: 22.21%.

Water absorption after 2 hours of immersion of samples in boiling water, based on the weight of fired and dry material: 19.99%.

Apparent specific gravity: 1.69 g/cm3.

Breaking bending stress, tested on 3 samples (removing dispersion): 116.8 kg/cm2.
Conclusions of the 1st section 
It was found that the percentage of moisture content of refractory clay is high, 27.76%, as well as the shrinkage index during drying is 7.41%.
It was found that in clays for making bricks, the percentage of molding moisture usually ranges between 18 and 25%, and the percentage of shrinkage during drying is between 4 and 7%.
It was found that the indicators of capillary moisture are also high, as well as the ratio of capillary moisture to shrinkage moisture: 1.53, this indicator favors the drying process. In clays for making bricks, this ratio ranges from 1 to 1.5.
It was found that the mineralogical composition of brown clay has the same components as that of refractory clay. The difference consists only in the relative concentration of each component, as well as the content of quartz (sand), which in refractory clay is very low, in brown clay is high within the normal range.
It was found that despite the high sand content in brown clay, the volume of capillaries remaining in dry brown clay product: 11.4%, is lower than in refractory clay: 16.80%, and the ratio of capillary to shrinkage moisture decreases from 1.53% in refractory clay to 1.50% in brown clay. However, the average diameter of the remaining brown clay capillaries is larger than the refractory clay, which provides a faster drying process for the brown clay. 
It was found that sand clay is a less plastic material than refractory and brown clays due to the higher content of quartz (sand) and calcium carbonate in it. 
It was found that in loamy clay, in addition to sandy quartz component, there is a calcareous component that is absent in the other two clays, which reduces its plasticity, compactness and resistance to stress created in the material at the beginning of the drying process.
It was found that the percentage of shrinkage moisture, which gives plasticity to the material, gives very low indicators in sand clays: 5.44%, while in refractory clay this indicator is 10.96%, and in brown clay – 7.60%. The percentage of drying shrinkage also gives lower values: 4.32%. 
2 Development of regulatory and technical documentation (technological regulations, organization standard) for production of wall ceramic products
2.1 Technological regulations for production of wall ceramic products from clays of Lenger deposit in South Kazakhstan region (Appendix E).

The developed technological regulations include:
- Technological process

- Supply and preparation of raw materials

- Stockpile

- Molding

- Cutting, loading and unloading mechanisms

- Moving drying carts

- Drying process

- Loading products on trolleys

- Moving trolleys

- Equipment for loading and unloading 

- Preheat 

 - Furnace 
- Firing 
- Trolleys 
- Unloading of trolleys and packing on trays
2.2 Organization standard for the production of wall ceramic products (Appendix F).

The developed organization standard includes: 

- Initial raw materials and composition of the charge

- Type of products

- Clay processing and molding

- The main stages of clay processing

- Molding on a vacuum extruder

- Stockpile
- Molding

- Cutting blocks
- Cutting, loading and unloading mechanisms

- Moving drying carts

- Drying process

- Loading products on trolleys

- Moving trolleys

- Equipment for loading and unloading 

- Preheat 

 - Furnace 

- Firing 

- Trolleys 

- Unloading of trolleys and packing on trays

- Properties of final products
Conclusions of the 2nd section  
The technological regulations and the organization standard for were developed for production of large-format blocks. 

The technological regulations and the organization standard were developed for production of facing and clinker bricks. 
3 Selection of technological line and equipment for production of wall ceramic products 
The technological process for production of wall ceramic products consists of the following operations:

Supply and preparation of raw materials in the clay store.

The prepared mixture is stored in the stockpile. 

The prepared clay is supplied for molding. 
The molded clay sample at the exit of the extruder is cut by automatic cutting.
After the cutter, the material enters the table for changing the direction of movement of the products, where they are leveled, moved apart and grouped for further loading on trays using a robot.

In the unloading area, the chain table equipped with a lifting mechanism takes the trays with dried material and places them in the unloading area.
With the help of pushers and cable-drawing mechanisms, the carts are moved to the unloading area. The return of empty carts from the unloader to the placer is carried out with the help of other pushers and cable-drawing mechanisms.
By means of the chain pusher, the loaded cart is pushed on the transborder at the entrance to the dryer, which distributes the carts along the different tracks of the drying tunnel. At the same time, at the opposite end of the tunnel, another transborder picks up the carts with the dried material and moves them to the unloading-loading area. 
The process of drying the raw material takes place in the continuous dryer, which consists of the tunnel with several tracks, along which the drying carts move. The drier is controlled by the automatic programmable automatic controller equipped with a computer and a printer for data input and output.
Starting from the table for changing the direction of the material, the rows of the dry product move along the chain tables, where, in contact with the stops, they are programmed to form the layers of the firing bag. With the help of a robot, the formed layers are transferred to the furnace trolley, forming the firing bag. 
The trolleys are moved along different paths using transborders located at the ends of the contour.

The firing of products takes place in the traditional tunnel furnace with external masonry and three doors: two doors at the entrance form the preheat, where the hydraulic pusher is located.
This furnace corresponds to the concept of “furnace operation without an operator” (it is controlled by the shift supervisor or a worker to whom he delegates these powers). This system increases the level of automation and equipment reliability.
A batch of fired material in a quantity corresponding to the width of the bag is delivered to the programming table for the layers of the bag. If necessary, it is possible to manually sort the products on this table. 
The robot picks up the formed layers and places them on a pallet. The same robot feeds the pallets into the palletizing area. With the help of the conveyor, they are transferred to the strapping zone with plastic tape and film and then on the conveyor for accumulation of finished bags, from where, with the help of fork lifts, they are transferred to the warehouse of finished material or are directly loaded into trucks. The plant diagram is on Figure B 3.1.
3.1 Selection of technological line and equipment for production of wall ceramic products 

Due to the low pit-run moisture content of local clays, as well as the possible presence of carbonate inclusions, it was decided to grind the charge at the first stage using a dry method in a hammer mill. This will allow efficiently process the charge, grind inclusions of calcium and magnesium carbonates to a safe size, and ensure a high degree of mixture averaging. Grinding carbonates and good processing are very important in the production of high-quality facing and facing clinker brick.
The brick cut is designed taking into account all types of products that the factory can produce. There are 2 independent cutting lines – one for bricks, the other for large-format blocks.  

The drier has a large capacity margin for the implementation of soft modes and long drying times, which will avoid drying cracks.
The furnace is specially prepared for firing products at high temperatures and allows to ensure a uniform temperature field throughout the volume of firing bags and, as a result, high-quality of products.  

All manipulations with bricks and blocks are carried out automatically without the need for manual work.

The selection of technological line and equipment for production of wall ceramic products are shown in Figures B 3.2, 3.3, 3.4, 3.5, 3.6, 3.7, 3.8, 3.9, 3.10, 3.11.
Conclusions of the 3rd section 
The technological line for production of wall ceramic products was developed depending on the technological parameters of drying, firing, and the productivity of the workshop.
The equipment for the technological line for production of clinker bricks and large-format blocks was selected depending on the technical and technological characteristics of the used equipment.   

4 Determination of quality, quantity and deposit of raw materials (refractory and oligocene clays, sand clays, quartz sands)
To conduct the research, a representative laboratory-technological sample of raw materials was delivered, which was studied in accordance with the requirements of GOSTs, as well as using a complex of modern physicochemical methods of analysis. The classification of raw materials was carried out in accordance with GOST 9169-75 “Clay raw materials for the ceramic industry”.
The mineral composition of raw materials was studied using X-ray phase, thermal and petrographic methods.
Dry rock was represented by fragments of various shapes and sizes. The bulk of the fragments are angular, irregular, and have a finely dispersed structure and a shell-like fracture. The color of the rock is uneven, spotty with a predominant light purple color, due to the presence of finely dispersed iron oxides and hydroxides.

The spotty nature of the rock is manifested in the uneven distribution of coloring oxides.
In water, the rock disintegrates into a finely dispersed material, forming a slightly swollen cone smoothed at the top under water. When the fine fraction (up to 0.001mm) dries, a smooth shiny surface without cracks is formed.
The structure of the rock is megapelitic and is caused by the presence of particles with a size of 0.01-0.001 mm over 50% and particles with a size of less than 0.001 mm over 25%. The texture of the rock is microspotted. 
Microscopic examination of the fine pelite fraction shows that clay particles and aggregate accumulations are yellowish in color. The aggregate accumulations of particles are mostly isometric in shape, less often elongated with uneven edges. The clay particles are in the form of needles, fibers, threads, plates and are in close accretion, forming an interlacing structure. The bulk has a low birefringence (-0.008) and a refractive index n -1.57. Such particles are identified as kaolinite. The subordinate value is occupied by particles of hydromica, which stand out in their form – in the form of needles and thin plates with increased birefringence (red interference color) and a refractive index of n -1.56. The particles of montmorillonite with a reduced refractive index n -1.53 are observed in the form of an impurity mineral. According to the mineral composition of the clay component, the rock belongs to the kaolinite group. 
In the coarse pelite fraction, along with clay minerals, particles of quartz, feldspar, and iron oxide grains are noted. 
The bulk of quartz grains is present in the pelite fraction and about 4% in sandy-aleurite fraction. The total quartz content in the rock is -34%. The quartz is represented by well-sorted grains, water-transparent, milky white and yellowish in color. The impurity minerals are presented in finely dispersed form and in the form of small grains.

The plant remains are present in the form of rare charred detritus. The sandy-aleurite fraction contains mica leaves and quartzite fragments.

According to the X-ray phase analysis, the diffractogram shows lines of kaolinite, hydromica, montmorillonite, quartz, feldspar. 

According to the thermal study data, the derivatogram on the DTA curve shows an endothermic effect at 160°C, associated with the loss of interlayer molecular water of montmorillonite and hydromica.
The loss of water is associated with the loss of mass, recorded on the TS and DTS curves. Burnout of organic matter and the presence of a small amount of ferrous iron is recorded by a slight exothermic effect at 370°C. The deep endothermic effect at 600°C is associated with the loss of hydroxyl water from kaolinite. The DTA curve at 1000°C shows the exothermic effect of crystallization of new phases. 
According to the granulometric analysis data, the clays of Lenger deposit can be classified as coarse-pelite clays. The clay composition: kaolinite – 40-45%, hydromica – 10%, montmorillonite – 5%, quartz – 34%. The impurities are feldspar, iron oxides, organic matter, quartzite fragments. 
Below are the qualitative characteristics of the described clays.

The plasticity of raw materials. Limits of plasticity, %: Lower limit of liquidity – 34.1; limit of plasticity – 24.4. The plasticity number – 9.7.
The sensitivity of raw materials to drying. Chizhevsky sensitivity coefficient – more than 180 sec. The group of clay raw materials by sensitivity to drying is low-sensitive.
The refractoriness of raw materials. The refractoriness index, °С -1530. The refractoriness group – refractory. 
The sintering properties of raw materials. The firing temperature, °С: 950; 1000; 1050; 1100; 1150; 1200; 1250. Accordingly, the water absorption at these temperatures, %: 19.4; 18.9; 15.7; 10.0; 9.8; 4.5; 0.3 and the average density, g/cm3: 1.69; 1.71; 1.87; 2.08; 2.10; 2.30; 2.42. The group of clay raw materials in terms of the sintering properties is medium-sintering.
For production of ceramic products, we used the following raw materials in our research: refractory and oligocene clay, sand clay, quartz sand, shale.

In the ceramic industry, many work processes are associated with this property of clay. Usually, the higher the plasticity of clay materials, the greater their water mixing. To obtain a mass with normal operating humidity from such clays, an increased amount of water is required. When drying, highly plastic clay materials more difficult release moisture, which leads to an increase in drying time. In addition, the shrinkage of plastic ceramic masses during drying is higher than low plastic ones. The cohesion and bonding capacity, as well as the mechanical strength in the dried state of highly plastic clays are higher than those of low plastic ones. 
In accordance with the standard procedure GOST 212116.1-81, the limit of liquidity (the upper limit of the plastic state) is determined using A.M. Vasilyev’s device or balanced cone in accordance with GOST 5183-77. The determination is carried out in 2 parallel experiments.
The refractory clays of Lenger deposit belong to Toguz series of the percarbonic horizon of a brown coal deposit, represented by weakly cemented fine-grained quartz sandstones and variegated, predominantly gray shades of dense clays, which are overlain by quaternary sand clays, in places by dry loamy sands and sands (Figure B 4.1). 
The bulk chemical composition of refractory clay is mainly represented by oxides Al2O3, SiO2, Fe2O3, which indicates the main rock-forming minerals kaolinite, hydromica (Table B 4.1).
On the thermogram of refractory clay, there are two endothermic effects – 120-150° removal of physical moisture and deep 560-600°C effect characterizing the transition of kaolinite to methokaolinite (i.e. dehydration) and one exothermic effect in the region of 900-950°C related to the modification transformation of alumina. 
According to the mineralogical composition, the studied clays belong to kaolinite-hydromica with the admixture of quartz and chlorite. Clay in terms of refractoriness refers to refractory (the refractoriness 1360-1580°C) with a sufficiently low sintering temperature (1050-1100°C). The samples are sintered evenly throughout the entire volume without deformation, melting and other defects. According to its technological properties, clay is classified as moderately plastic (the plasticity number is 7.3 ( 13.8). Clay is not very sensitive to drying -0.8; high compressive strength of dried samples is noted (17.2 ( 54 kg/cm2). The samples from the specified clay raw materials are sintered at a temperature of 950°C, the water absorption is 9-15%, and at 1050°C – 4.7%, which meets the requirements for facing materials. As a positive point, we should note low air and fire shrinkage from 5 to 9%, respectively.
The deposit is characterized by fluctuations in the content of iron oxides in a fairly wide range from 1.5 ( 17%. 
According to the content of clay particles (70 ( 80%), clay belongs to dispersed and finely dispersed raw materials. However, the main grain-size composition in the interlayers contains inclusions of quartz, gypsum, and hematite of carbonaceous formations. The content of such inclusions ranges from 0.1 ( 1.15%.

The mechanical strength of the samples fired at 1100°C reaches 70 ( 100 MPa.

The reserves of refractory clays, approved by the USSR State Reserves Committee, Protocol № 6772 dated 15.12.1972, are 9.3 million tons in categories A+B+C. 
Shales are metamorphic rocks with a shale texture caused by the parallel arrangement of flaky and tablet-like minerals. By origin, there are paraschists (formed during the metamorphism of sedimentary rocks) and orthoschists (formed during the metamorphism of magmatic rocks) (Figure B 4.2).

According to the degree of metamorphism, shales are subdivided into metamorphic (products of low degrees of metamorphism) and crystalline (products of medium and high degrees of metamorphism). According to the mineral composition, there are clay, siliceous and other shales. 
Clay shales are composed of clay minerals (hydromica, montmorillonite, kaolinite, etc.), chlorite, sericite, quartz, feldspars. With an increase in the degree of metamorphism, clay shales transform into table slates, phyllites, and phyllitic shales, differing in the degree of transformation of the initial clay matter into sericite, quartzite, chlorite, muscovite, and biotite.
Siliceous schists are composed of opal, chalcedony and fine-grained quartz, often with the admixture of clay mineral. With an increase in the degree of metamorphism, clay shales transform into table slates, phyllites, and phyllitic shales, differing in the degree of transformation of the initial clay matter into sericite, quartzite, chlorite, muscovite, and biotite. At the middle stages of metamorphism, these rocks are replaced by mica slates, often containing garnet, staurolite, distyne, andalusite, and at higher stages, by gneisses and crystalline schists with garnet, sillimanite, cardierite, andalusite, and other minerals. 
Pyrophyllite shales are the products of hydrothermal-metamorphic transformation of clay and tuffaceous deposits. 
The metamorphism of siliceous schists leads to the formation of quartzite shales, and then quartzites; oil shales are transformed into shungite and graphite shales; felsic volcanic rocks and their tuffs pass into quartz-siricite; volcanics of basic composition form green shales, consisting of chlorite, epidote, actinolite, and ultrabasic rocks – talc, chlorite and amphibole shales.
Pyrophyllite shales are used for manufacture of heat-resistant ceramic products. Varieties of shales that can split into thin (2.5-6 mm) even tiles (roofing slates or slates) are used for covering and cladding buildings, manufacturing switchboards, bases for rheostats, and sanitary ware. 
Roofing and table slates that swell during firing are used as heat-insulating and sound-insulating material. Expanded clay is obtained from table slates. Talc shales with the admixture of carbonates and chlorites is used as a refractory material. 
The bulk chemical composition of buckwheat slate is shown in Table B 4.2.
The studied shales (Table B 4.3) are characterized by a rather high content of silicon oxide in the range of 57-58% and aluminum oxide 13-15%. Both in loose (Figure B 4.2) and in dense shale (Figure B 4.3), the content of iron oxide (~ 11.5%), magnesium oxide (~ 3.30%), titanium oxide (~ 0, 82%), potassium oxide (~ 2.5%) and sodium oxide (~ 1.0%) are the same.

However, in the loose shale, in comparison with the dense shale, there is a slightly higher content of calcium oxide (4.90%) and losses on ignition at 1000°C (6.54%), which may indicate a higher content of carbonate rocks.
The loose shale also contains slightly more organic matter (LOI at 700°C, 3.11%).
The bulk chemical composition of the dense shale is shown in Table B 4.3.
During sharp firing, the shales of both varieties show a tendency to swelling, this can be explained by the presence of a sufficiently high content of alkalis Na2O, Ka2O.

Both shale varieties were studied in detail using electron microscopy, Figures B 4.4; 4.5; 4.6; 4.7; 4.8; 4.9; 4.10  with the loose shale, Figures B 4.11; 4.12; 4.13; 4.14; 4.15; 4.16; 4.17; 4.18  with the dense shale. 
Shales, which have different structures and densities, occurring practically on the same massif, differ in their fracture structure. The dense shales in the fracture have a coarser structure, the bulk chemical composition has more free silica, and in general, the content of oxides, presented in Table B 4.3, is little different from the composition of the loose shale. (Table B 4.2). 
The presented varieties of shale are in many respects similar, so the water absorption of the loose is 0.4%, of the dense is 0.2%, during sharp burning both varieties of shale are prone to swelling.
In a more detailed study of the varieties of shale, phases were identified, with six phases in the dense shale, and four phases in the loose shale. The elemental composition of the isolated phases is presented in Tables B 4.4; 4.5 and Figures B 4.4; 4.5; 4.6; 4.7; 4.8; 4.9; 4.10; 4.11; 4.12; 4.13; 4.14; 4.15; 4.16; 4.17; 4.18 . 

Shales with different structures and planes, occurring practically on the same massif, differ in their fracture structure. The dense shales in the fracture have a coarsely dispersed structure represented by quartz grains. Their bulk chemical composition is presented in Table B 4.3 which is little different from the composition of the loose shales (Table B 4.2). 
The presented varieties of shale are in many respects similar, so the water absorption of the loose is shown in Figure B 4.2 and of the dense in Figure B 4.3, during sharp burning both varieties of shale are prone to swelling.
In a more detailed study of the varieties of shale, phases were identified, with six phases in the dense shale, and four phases in the loose shale. The elemental composition of the isolated phases is presented in Tables B 4.6.
The electronic images of shales, taken with different magnifications, and the obtained results indicate the similarity of the latter with montmorillonite clay rocks with a slight fluctuation in the values of individual elements.
The aluminosilicate shale is based on the elements Al, Si, Mg, Fe, as well as Na and Ka. A distinctive feature of these rocks is their initial physical state. The shale is dense, and montmorillonite clays are hygroscopic and, when mixed with water, they actively absorb the latter, and hold it quite firmly, while possessing high plasticity. The shales, when crushed to a sandy fraction of 0.5-0.14, exhibit plastic properties, and an increase in the fineness of grinding increases the plasticity number to 5.5, acquiring the ability to be molded even without the use of a plasticizer. Below, this ability is analyzed by determining the number of plasticity according to the standard method (according to GOST 9169-75). When the shale is crushed before passing through a 0.08 mm sieve, the plasticity number increases to 5.4-5.5. 
The high-magnification electronic images clearly indicate the presence of an intermediate phase, which ensures the adhesion of individual crystalline phases into a single monolithic body. When grinding the shale, the intermediate phase, the basis of which is SiO2, Na2O, Ka2O, MgO and Al2O3, promotes sintering at relatively low firing temperatures of 1000°-1050°C. Thus, the aluminosilicate shales can be used in the production of ceramic facing products, expanding the raw material base for obtaining quality ceramic materials. 
4.1 Determination of quality, quantity and deposit of raw materials (refractory and oligocene clays, sand clays, quartz sands) 
LLP “Onyx-R” on the order of LLP “South Kazakhstan Scientific and Production Technological Association “Nurly shapagat” performed work on sampling (Tables B 4.7; 4.8): 

- refractory clays of Lenger deposit, three trench samples were taken over the entire visible thickness of the useful stratum, a sample of 25 kg was made from these samples by averaging and quartering. 

- sampling of sand clays in the area of the free economic zone in Tolebi district. A well was drilled with a depth of 18 m. The sampling was carried out at meter intervals – 18 crude samples were taken. A group sample of 25 kg was formed from the obtained material.
- sampling of oligocene clays in the area of the free economic zone in Tolebi district. A well was drilled with a depth of 15 m. The sampling was carried out at meter intervals – 15 crude samples were taken. A sample of 25 kg was formed from the obtained material.
According to the terms of reference of LLP “South Kazakhstan Scientific and Production Technological Association “Nurly shapagat” to the contract № 06/16 dated 15 June 2016, LLP “Onyx-R” performed works on sampling:
2 wells were drilled with a total volume of 33 running meters with sampling of core material. 
From the core material of the wells, the crude samples were taken at sampling intervals of 1.0 m. Further, from the crude samples, the group samples were taken at intervals of 3.0 m, which were sent to the laboratory to study the chemical composition and physical and mechanical properties of rocks. Also, the group samples were taken from the crude samples throughout the entire interval of the useful stratum with a total weight of 25 kg for further research by the “Customer”.
The well № 1 was drilled at the bedrock outcropping of clays of red-brown color of Cretaceous period, 3 km south-west of Zhylanbuzgan village, Tolebi district, South Kazakhstan region. The well depth was 15.1 m, there was light gray-pink sandstone of feldspar composition at its borehole bottom. 15 crude samples, 5 group samples and 1 sample of 25 kg were taken.
The clay is characterized by the following values of physical properties: 

Natural moisture, %
18

Moisture at the yield point, %

41

Moisture at the rolling-out limit, %
20

Index of plasticity
21

Soil density, g/cm3
1.98

Dry soil density, g/cm3 
1.65

The well № 2 was drilled on the sand clays of quaternary age, 3 km south-west of Zhylanbuzgan village and 400 m south-east of the well № 1, Tolebi district, South Kazakhstan region. The well depth was 18 m, it was intensively watered at its borehole bottom. 18 crude samples, 6 group samples and 1 sample of 25 kg were taken.
The physical and mechanical properties of the sand clays are characterized by the following values of the physical and mechanical properties: 

Natural moisture, %
6-24

Moisture at the yield point, %

29

Moisture at the rolling-out limit, %
18

Index of plasticity
11

Soil density, g/cm3
1.73

Dry soil density, g/cm3 
1.47
The clays of Lenger deposit are characterized the following parameters: 
Index of plasticity – 12.2

Coefficient of sensitivity to drying – 12.2

Molding moisture – 29.2%

Air shrinkage – 8.8%

Total shrinkage (depending on the firing temperature) – 9.6-13.8%. The samples were taken from Lenger deposit by the trench method along the wall of the operating open pit. 1 group sample of 25 kg was taken.
Sand clays and clays for determination: 

- X-ray spectrum analysis – SiO2, А12O3, СаО, МgO, Nа2O, К2О, ТiО2, МnО, LOI, Р2О5 and Fe2Оз. 

- mechanical analysis - >10, 10-5, 5-2, 2-1, 1-0.5, 0.5-0.063, 0.063-0.01, 0.01-0.005, 0.005-0.001, <0.001, moisture (upper limit, lower limit), index of plasticity, classification according to GOST 9169-75. A total of 3 (three) samples were taken for technological tests in Tolebi district of South Kazakhstan region. 
Conclusions of the 4th section 
It was established that the granulometric composition of Lenger deposit clay can be attributed to coarse-pelite clay. The composition of the clay consists of kaolinite – 40-45%, hydromica – 10%, montmorillonite – 5%, quartz – 34% and impurities of feldspar, iron oxides, organic matter, quartzite fragments.
It was revealed that the chemical composition of the refractory clay is mainly represented by oxides Al2O3, SiO2, Fe2O3, which indicates the main rock-forming minerals kaolinite, hydromica. The content of Al2O3 exceeds 24%, Fe2O3 – 4.18%, LOI at 700°С – 6.55, at 1000°С – 8.2. 
It was established that the shales are characterized by a fairly high content of silicon oxide in the range of 57-58% and aluminum oxide in the range of 13-15%. In both loose and dense shale, the content of iron oxide (~ 11.5%), magnesium oxide (~ 3.30%), titanium oxide (~ 0.82%), potassium oxide (~ 2.5%) and sodium oxide (~ 1.0%) is the same. 
The following composition of the mixture for the blocks was selected: 10% refractory clay and 90% brown clay, 3% sawdust was added, which contributed to obtaining positive results. The percentage of molding moisture, drying shrinkage, sensitivity index according to Nosova, mechanical flexural strength of dry material, residual molding moisture, loss of flexural strength after water absorption from the environment give results within normal limits. 
5 Obtaining industrial sample of wall ceramic products from clays of south region (the Republic of Kazakhstan) 
5.1 Obtaining industrial sample of wall ceramic products from clays of South region (the Republic of Kazakhstan) 
From 7 September to 14 September 2020, on the basis of “INNOTECHPROEKT” LLP in Uralsk, research work was carried out to obtain industrial sample of wall ceramic products from clays and pilot tests were carried out for implementation of the technology of compositions and raw mixtures developed by scientists of LLP “South Kazakhstan Scientific and Production Technological Association “Nurly shapagat” (Appendix G).
Refractory clay from Lenger deposit, South Kazakhstan region, was used as the main raw material. BaCO3, sawdust and chamotte were used as modifying additives.

The charge composition of the raw mixtures is presented in Table G 1.

At the stage of preparing the raw materials, the refractory clay of Lenger deposit was ground in a laboratory ball mill until it completely passed through a 1.0 mm sieve. 

The additives in the form of BaCO3, sawdust and chamotte were made by hand directly above the conveyor belt.
The raw mixture was fed by the belt conveyors into the two-shaft mixer for joint mixing.
The pressing of the samples was carried out on the vibrating press by the method of plastic molding. The molded raw bricks were dried in natural conditions on the territory of “INNOTECHPROEKT” LLP.
After drying, the raw bricks were fired in the chamber furnace of P brand with the sizes 2000x3000x1500, t-1150 according to the developed mode of the authors at a temperature of 950-1000°C (Figure G1).
The total duration of firing for the developed compositions was 46-47 hours.

The pilot batches of bricks were produced in the amount of 100 pieces for each composition. 
The fired bricks had clear edges, a smooth surface and had an appropriate color scheme (Figure G2). 

The physical and mechanical properties of the ceramic bricks obtained in semi-industrial conditions are presented in Table G 2.
Conclusions of the 5th section

According to GOST 530-2012 “Ceramic brick and stone”, the products with the composition № 1 correspond to M100 brand, with the composition № 2 correspond to M250 brand. The developed technology and compositions of ceramic compositions using refractory clay from Lenger deposit are accepted for implementation, since they improve the technological properties of the ceramic mass, as well as increase the strength of bricks and frost resistance of the products.
6. Obtaining permission documentation for production of wall ceramic products in accordance with the legislation of the Republic of Kazakhstan
6.1 Obtaining permission documentation for production of wall ceramic products in accordance with the legislation of the Republic of Kazakhstan  
To obtain permission documentation for production of wall ceramic products, we developed the following normative and technical documentation:
- technological regulations for production of wall ceramic products (Appendix D);

- organization standard for production of wall ceramic products (Appendix E);

- flow diagram of lines for production of wall ceramic products (Appendix B);

- equipment for production of wall ceramic products was selected;

- pilot tests of the technology and composition of raw mixtures for production of ceramic building bricks were carried out (Appendix G).
Patents for utility model № 3754 dated 04.03.2019 “Raw mixture for ceramic building products” and . “Charge for production of clinker bricks” (Appendix J) were obtained.

The raw mixture for ceramic building products, containing clay and burning additive, which was used as sawdust, characterized in that the clay contains a mixture of brown and refractory clays of Lenger deposit of SKR and additionally BaCO3 from the total mass of components, with the following ratio of components, mass percent:
- (90% brown + 10% refractory clay) – 96-97; 

- sawdust, a sieve of 0.5 mm – 3-4%;

- BaCO3 (gen. %) – 0.5.
In clays for making bricks, the percentage of molding moisture ranges from 15 ÷ 25%, of shrinkage during drying is 4 ÷ 7%, of sensitivity index according to Nosova is 0.67. 
This mixture is intended for manufacture of ceramic wall products with high porosity and low density and sufficient mechanical strength for their use in residential premises and partitions.
The charge for production of clinker bricks, including the clay component and chamotte, characterized in that, as a clay component, it contains the refractory clay from Lenger deposit of South Kazakhstan region and additionally BaCO3 from the total mass of components, with the following ratio of components, mass percent: 
- Refractory clay – 70-80;

- Chamotte – 20-30;

- BaCO3 – 0.5.

It was found that the compositions of the mixture for clinker products are as follows: 75% refractory clay + 24.5% chamotte + 0.5% BaCO3 or 74.5% refractory clay + 25% chamotte + 0.5% BaCO3, which contribute to the reduction in refractory clay percent of molding, capillary and shrinkage moisture, as well as drying shrinkage and sensitivity index according to Nosova, is low within the normal range: 0.67. It is shown that the mechanical strength in bending within 100-150 kg/cm2, the density within 1.75 g/cm3 – 1.95 g/cm3 and the water absorption within 12-18% are within the normal range.

The indicators obtained during testing of the refractory clay from Lenger deposit of South Kazakhstan region correspond to the material used for the manufacture of clinker bricks, namely for facing bricks, paving stones, ceramic tiles and roof tiles of high density, low water absorption and high compressive strength: > 500 kg/cm2.
Currently, the initiator of the project LLP “South Kazakhstan Scientific and Production Technological Association “Nurly shapagat” together with “Stroymash Vibropress” holding (Russia) and “Equip Ceramic” company (Spain) have drawn up a feasibility study for the construction of plants.

Together with “Stroymash Vibropress” holding and “Equip Ceramic” company, the physicochemical compositions of ceramic and concrete products, construction and technical characteristics, service life according to the Euro-standard have been studied in full compliance, preliminary technological regulations have been developed.

In the course of the study of consumers in the Russian Federation, the production of “Stroy Keramika” LLC (Novosibirsk), Asian part of Russia “Stroyservice” (Kazan, RF), Association for Production of Ceramic Materials (Moscow, RF), it turned out that 40-50 million clinker finishing bricks are needed per year at the price of 25-30 rubles per piece.
By the resolution of Akimat of SKR dated 26 July 2016 № 216 under the program “State industrial and innovative development”, a decision was made to implement the construction of a plant for the production of 40 thousand m3 of reinforced concrete products and 60 million pieces of ceramic bricks per year in the industrial zone of Tolebi district, SRP.

Together with the administration of the industrial zone of Tolebi district, SRP, the documents necessary for the construction and allotment of a 40 hectare land plot are being prepared.
According to the taken measures, the necessary documents were handed over to the akims of districts and Department of Natural Resources and Environmental Management on obtaining the right to subsurface use for the following objects indicated in Table B 5.1.

Currently, in connection with the results of the above work, the preparation of project documents, and the complete execution of documents for the start of construction of a plant for the production of raw materials for land plots, the work is underway to conclude contracts.
CONCLUSION
It was found that the sensitivity index of refractory clays according to Nosova is 0.67, which indicates the ratio of the volume of the disappeared capillaries during drying and the volume of the remaining capillaries in the dry material, is within the normal range: 0.67%. The sensitivity index according to Nosova below 0.5 is low and typical for clays with coarse grain size and high porosity of the dry product, while the same index above 1 indicates a clay with fine grain size, increased specific surface area and a narrowed capillary system, which complicates the process of moisture release from the material during drying. The sensitivity index of refractory clay according to Nosova of 0.67% indicates good porosity of the dry product.
It was revealed that, despite the fine granulometry, the refractory clay has a high percentage of molding moisture and drying shrinkage, the drying process will proceed uniformly and without complications over the entire surface of the product due to the increased porosity of the material.
It is shown that the concentration of clay minerals is lower in brown clay than in refractory clay, and the concentration of quartz (sand) is significantly higher. The grain size of quartz is coarser than that of clay minerals, which indicates that the specific surface area of brown clay will be less than that of refractory clay. 
As a result of the study, it was found that a smaller specific surface area of brown clay provides a lower percentage of molding moisture: 27.76% in refractory clay and 19% in brown clay. With a decrease in the molding moisture, the percentage of drying shrinkage also decreased: from 7.41% in refractory clay to 6.40% in brown clay. The percentage of residual molding moisture content of brown clay after the completion of the drying process is 0.64%, and refractory – 2.94%.
It was revealed that the lower plasticity and the content of clay minerals in brown clay indicate that in the initial period of drying, the resistance to stress created in the material will also be lower. Accelerated drying, which took place at a high temperature of 75ºC from the very beginning of the process, at a low relative humidity of 0.5% and the air flow rate of 6 m/s, gave place to small cracks in the brown clay while refractory clay products have passed the test successfully due to the higher plasticity and compactness of the material.
It was shown that the sensitivity index of brown clay according to Nosova is 0.80 and is higher than that of refractory clay, which indicates a smaller pore volume in brown clay, despite the fact that their diameter is larger than in refractory clay.
When testing the loamy material, there is barely a slowdown in the differential dilatometric curve, which is noted on the refractory clay curve between 87.7ºC and 143.7ºC and the brown clay curve between 77.5ºC and 115.1ºC (See pages 8 and 14) due to the loss of hygroscopic moisture obtained from the environment by the clay component of fine granulometry and high plasticity, which both types of clays possess.
It was revealed that the sand clay has a higher percentage of capillary moisture: 14.20% than other clays, as well as the highest ratio of capillary and shrinkage moisture. The sensitivity index according to Nosova is the lowest and amounts to: 0.44, i.e. below the norm, since we are talking about a material with a very high porosity in dry form.

The technological regulations, organization standard, technical conditions, technological scheme for production of wall ceramic products (large-format blocks, facing and clinker bricks) were developed.  

The pilot tests of the technology and composition of raw mixtures for production of ceramic building bricks were carried out

The patent for utility model № 3754 dated 04.03.2019 “Raw mixture for ceramic building products” was obtained.
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Work schedule
	Code of task, stage
	Name of works under the contract and the main stages of its implementation
	Performance time
	Expected result 

	
	
	Start 
	End 
	

	1
	To conduct research of clays of South region (Republic of Kazakhstan) for production of high-quality wall ceramic products with low cost and high profitability.
	January 2018
	Before 1 November 2018
	The research of clays of South region (Republic of Kazakhstan) for production of high-quality wall ceramic products with low cost and high profitability will be conducted. Experimental work on the research of clays will be conducted. Protocols, report and test reports. 

	1.1
	To conduct research of refractory clays of South region (Republic of Kazakhstan)  with assessment of priority areas of use.
	January 2018
	November 2018
	The research of refractory clays of South region (Republic of Kazakhstan)  with assessment of priority areas of use will be conducted. Experimental work on the research of clays will be conducted. Protocols, report and test reports.

	2
	Development of regulatory and technical documentation (technological regulations, organization standard) for production of wall ceramic products.
	June

2018
	Before 1 November 2018
	The regulatory and technical documentation (technological regulations, organization standard) for production of wall ceramic products will be developed. 1 article will be published in the proceedings of international conferences and 1 article in a peer-reviewed national scientific journal with a non-zero impact factor. 1 application will be filed for RK patent. 

	2.1
	Development of regulatory and technical documentation (technological regulations, organization standard) for production of wall ceramic products.
	June

2018
	November 2018
	The regulatory and technical documentation (technological regulations, organization standard) for production of wall ceramic products will be developed. The technological regulations and organization standard will be developed. 

	3
	Selection of technological line and equipment for production of wall ceramic products.
	January 2019
	June

2019
	The technological line and equipment for production of wall ceramic products will be selected. The technological line’s scheme and equipment will be selected. 

	3.1
	Selection of technological line and equipment for production of wall ceramic products.
	January 2019
	June

2019
	The technological line and equipment for production of wall ceramic products will be selected.  The technological line’s scheme and equipment will be selected.  

	4
	Determination of quality, quantity and deposits of raw materials (refractory and oligocene clays, sand clays, quartz sands).
	July

2019
	Before 1 November 2019
	The quality, quantity and deposits of raw materials (refractory and oligocene clays, sand clays, quartz sands) will be studied. 1 article will be published in peer-reviewed foreign scientific journals, indexed in the Web of Science or Scopus databases with a non-zero impact factor. 2 articles will be published in the proceedings of international conferences and 1 article in a foreign journal with a non-zero impact factor. 

	4.1
	Determination of quality, quantity and deposits of raw materials (refractory and oligocene clays, sand clays, quartz sands).
	July

2019
	November 2019
	The quality, quantity and deposits of raw materials (refractory and oligocene clays, sand clays, quartz sands) will be studied.  Protocols, report and test reports.

	5
	Obtaining industrial sample of wall ceramic products from clays of South region (Republic of Kazakhstan).
	January 2020
	August

2020
	The industrial tests of samples of wall ceramic products from clays of South region (Republic of Kazakhstan) will be carried out. Reports and acts of work performed. The ready-made pilot sample will be received. 

	5.1
	Obtaining industrial sample of wall ceramic products from clays of South region (Republic of Kazakhstan).
	January 2020
	August

2020
	The industrial tests of samples of wall ceramic products from clays of South region (Republic of Kazakhstan) will be carried out. Reports and acts of work performed. The ready-made pilot sample will be received.

	6
	Obtaining permits for production of wall ceramic products in accordance with the legislation of the Republic of Kazakhstan.
	August

2020
	Before 1 November 2020
	The permits for production of wall ceramic products in accordance with the legislation of the Republic of Kazakhstan will be prepared. 2 articles will be published in the proceedings of international conferences. 

	6.1
	Obtaining permits for production of wall ceramic products in accordance with the legislation of the Republic of Kazakhstan.
	August

2020
	November 2020
	The permits for production of wall ceramic products in accordance with the legislation of the Republic of Kazakhstan will be prepared. The permits for the production will be obtained. 



	


APPENDIX B
Tables and figures of sections 1, 3, 4, 6
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Figure B.1.1 - Determination of strength and shrinkage of refractory clays
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Figure B.1.2 - Dilatometric accumulative curve % expansion / temperature of refractory clays
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Figure B.1.3 - Differential dilatometric curve: % expansion rate in minutes/ tº of refractory clay firing
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Figure B.1.4 -Variation of water absorption, shrinkage and strength depending on the temperature of refractory clays [image: image7.emf]13,01
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Figure B.1.5 - Determination of strength and shrinkage of brown clay
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                                                                                                                                                       Figure B.1.6 - Dilatometric accumulative curve % expansion / temperature brown clay
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                                                                                                                                                           Figure B.1.7 - Differential dilatometric curve: % expansion rate in minutes/ tº brown clay firing
                    [image: image8.png]T

L
o

=
@ m

amw

N

u
ns
oz
o7
s
os
e

3 =z
o admane

1
2
3
e
5
e
7
£y



                                                                                                                         

Figure B.1.8 – Variation of water absorption, shrinkage and strength depending on the temperature of brown clay
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Figure B.1.9 - Determination of the strength and shrinkage loam
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               Figure B.1.10 - Dilatometric accumulative curve % expansion / loam temperature
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Figure B.1.11 - Differential dilatometric curve: % expansion rate in minutes/ tº of loam firing
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Figure B.1.12 – Variation of water absorption, shrinkage and strength depending on temperature (loam)
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Figure B.3.1 – Scheme of a plant for the production of ceramic products
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	Figure B.3.2 -  Disintegrator 
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	Figure B.3.3- Lehtosaari 
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	Figure B.3.4 – Mixing unit 
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Figure B.3.5 – Cutting equipment 
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	Figure B.3.6- Robots for loading 
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	Figure B.3.7 – Reception Desk 
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	Figure B.3.8 – Dryer of continuous action 
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	Figure B.3.9- Conical recirculators
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	Figure B.3.10 – Tunnel kiln 
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	Figure B.3.11- Burners 

	Figure B.4.1- Type of refractory clay[image: image62.png]direl [%]
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	Figure B.4.2- Type of loose shale 

	

	Figure B.4.3 – Type of dense shale 
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Figure B.4.4 – The results of energy dispersive analysis of the polished section of loose shale.  General chemical.analysis
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Figure B.4.5 – The results of energy dispersive analysis of the polished section of loose shale. Phase 1
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Figure B.4.6– Results of energy dispersive analysis of loose shale. Phase 2
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Figure B.4.7 – Results of energy dispersive analysis of loose shale. Phase 3
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Figure B.4.8– The results of energy dispersive analysis of the polished section of loose shale. Phase 4
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Figure B. 4.9– Mapping of chemical elements in the polished section of loose shale
[image: image21.png]



Figure B.4.10 – Image of an anschlift of loose shale obtained in Compo mode, in a low vacuum of 30 MPa, accelerating voltage of 20 kv
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Figure B.4.11– The results of energy dispersive analysis of the polished section of dense shale. General chemical.analysis
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Figure B.4.12 – The results of energy dispersive analysis of the polished section of dense shale. Phase 1
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Figure B.4.13 – Results of energy dispersion analysis of dense shale. Phase 3
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Figure B.4.14 – Results of energy dispersion analysis of dense shale. Phase 4
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Figure B.4.15– Results of energy dispersion analysis of dense shale. Phase 5
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Figure B. 4.16 – Results of energy dispersion analysis of dense shale. Phase 6
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Figure B.  4.17 – Mapping of chemical elements in the polished section of dense shale
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Figure B. 4.18– Image of an anschlift of dense shale obtained in Compo mode, in a low vacuum of 30 Pa, accelerating voltage of 20 kv


Table B.4.1 - Chemical composition of refractory clay
	Name and content of the component
	ND designation for the test method
	Actual value

	1
	2
	3

	Si02 com
	SIST 5282-91 п.6.3
	59

	Si02 free
	SIST 21216.3-93
	28,2

	Аl2Оз
	SIST 5282-91 п.9
	24,11

	СаО
	SIST 5282-91 п.7
	-

	MgO
	SIST 5282-91 п.7
	0,99

	Fe203
	SIST 5282-91 п.8.3
	4,18

	Ti02
	SIST 5282-91 п. 10
	1,07

	К20 (common)
	SIST 5282-91 п.12
	2,62

	Na2O (common)
	SIST 5282-91 п.12
	0,22

	The loss on ignition  by 700 °С
	SIST 5282-91 п. 4
	6,55

	The loss on ignition  by 1000 °С
	SIST 5282-91 п. 4
	8,2


Table B.4.2 - Chemical composition of loose shale
	Name and content of the component
	ND designation for the test method
	Actual value

	1
	2
	3

	Si02 com
	SIST 5282-91 п.6.3
	57,44

	Si02 free
	SIST 21216.3-93
	45,8

	Аl2Оз
	SIST 5282-91 п.9
	13,2

	СаО
	SIST 5282-91 п.7
	4,9

	MgO
	SIST 282-91 п.7
	3,34

	Fe203
	SIST 5282-91 п.8.3
	11,53

	Ti02
	SIST 5282-91 п.10
	0,83

	К2О (common)
	SIST 5282-91 п.12
	2,38

	Na20 (common)
	SIST 5282-91 п.12
	0,92

	The loss on ignition  by 700 °С
	SIST 5282-91 п. 4,
	3,11

	The loss on ignition  by 1000 °С
	SIST 5282-91 п. 4
	6,54


Table B.4.3  - Chemical composition of dense shale
	Name and content of the component
	ND designation for the test method
	Actual value

	1
	2
	3

	Si02 com
	SIST 5282-91 п.6.3
	57,27

	Si02 free
	SIST 21216.3-93
	47,0

	Аl2Оз
	SIST 5282-91 п.9
	14,48

	СаО
	SIST 5282-91 п.7
	3,79

	MgO
	SIST 5282-91 п.7
	3,26

	Fe203
	SIST 5282-91 п.8.3
	11,74

	Ti02
	SIST 5282-91 п.10
	0,81

	К2О (common)
	SIST 5282-91 п.12
	2,74

	Na20 (common)
	SIST 5282-91 п.12
	1,13

	The loss on ignition  by 700 °С
	SIST 5282-91 п. 4
	2,88

	The loss on ignition  by 1000 °С
	SIST 5282-91 п. 4
	5,8


Table B.4.4- General analysis of the surface of loose shale and selected phases
	Element
	Weight
	Phase1
	Phase2
	Phase 3
	Phase4

	Na
	0,57
	0,17
	0,55
	0,32
	-

	Mg
	1,52
	1,29
	1,49
	3,56
	0,80

	Al
	9,88
	15,95
	4,76
	5,0
	3,63

	Si
	28,1
	24,36
	38,90
	8,57
	10,15

	K
	5,08
	8,38
	1,69
	0,98
	1,76

	Ca
	1,5
	-
	-
	-
	47,02

	Ti
	0,3
	0,22
	-
	35,69
	-

	Fe
	3,28
	3,35
	1,98
	4,02
	1,70


Table B.4.5- General analysis of the surface of dense shale and selected phases
	Element
	Weight
	Phase 1
	Phase 2
	Phase 3
	Phase 4
	Phase 5
	Phase 6

	Na
	0,59
	0,05
	0,2
	0,22
	0,14
	0,31
	0,22

	Mg
	2,3
	0,43
	4,36
	1,42
	0,45
	3,70
	0,48

	Al
	9,66
	1,85
	12,81
	5,22
	2,02
	8,07
	12,45

	Si
	26,1
	43,23
	20,50
	9,85
	5,14
	14,48
	16,42

	Р
	0,05
	-
	-
	-
	17,38
	-
	9,26

	K
	3,25
	0,48
	3,13
	1,77
	0,72
	0,78
	0,61

	Ca
	0,4
	0,13
	0,28
	0,19
	29,20
	19,79
	0,53

	Ti
	0,65
	0,20
	0,25
	35,07
	-
	0,25
	0,20

	Mn
	0,09
	-
	0,16
	-
	-
	0,13
	-

	Fe
	7,67
	1,55
	15,06
	4,30
	1,70
	14,0
	1,54


Table B.4.6 - Elemental composition of isolated phases of aluminosilicate shale
	Type of research shale
	no. of selected phases
	Elemental composition

	
	
	Mg
	Al
	Si
	K
	Ti
	Fe
	Ca
	P
	Na

	Dense
	1
	0,43
	1,85
	43,23
	0,48
	0,20
	1,55
	0,13
	-
	0,05

	
	2
	4,36
	12,81
	20,50
	3,13
	0,25
	15,6
	0,28
	-
	0,2

	
	3
	1,42
	5,22
	9,85
	1,77
	35,01
	4,30
	0,19
	
	0,22

	
	4
	0,45
	2,02
	5,14
	0,72
	-
	1,70
	29,20
	17,38
	0,14

	
	5
	3,37
	8,07
	14,48
	0,78
	0,25
	14,0
	19,79
	-
	0,31

	
	6
	0,48
	12,45
	16,42
	0,61
	0,20
	1,54
	0,53
	9,26
	0,22

	Loose
	1
	1,29
	15,95
	24,36
	8,38
	0,22
	3,35
	-
	-
	0,17

	
	2
	1,49
	4,76
	38,90
	1,69
	-
	1,98
	-
	-
	0,55

	
	3
	3,56
	5,00
	8,57
	0,98
	35,69
	4,02
	-
	-
	0,32

	
	4
	0,80
	3,63
	10,15
	1,76
	-
	1,70
	47,02
	-
	-


Table B.4.7– Sampling of clays from the Lengersky field
	№ in order
	№ tests'
	Place Sampling
	The interval of sampling
	Sample weight
	Nature of the tested material

	
	
	
	from
	before
	in total
	
	

	1
	2
	3
	4
	5
	6
	7
	8

	1
	1
	Well -1
	0,0
	3,0
	3,0
	1,0
	Clay

	2
	2
	-«-
	3,0
	6,0
	3,0
	2,0
	-«-

	3
	0
	-«-
	6,0
	9,0
	3,0
	2,0
	-«-

	4
	4
	-«-
	9,0
	12,0
	3,0
	2,0
	-«-

	5
	5
	-«-
	12,0
	15,0
	3,0
	2,0
	-«-

	6
	6
	Well -2
	0,0
	3,0
	3,0
	2,0
	loams

	7
	7
	-«-
	3,0
	6,0
	3,0
	2,0
	-«-

	8
	8
	-«-
	6,0
	9,0
	3,0
	2,0
	-«-

	9
	9
	-«-
	9,0
	12,0
	3,0
	2,0
	-«-

	10
	10
	-«-
	12,0 ,
	15,0
	3,0
	2,0
	-«-

	11
	11
	-«-
	15,0
	18,0
	3,0
	2,0
	-«-


	Table B.4.8- The average interval of sampling of clay
№ in order
	№ tests'
	Place Sampling
	The interval of sampling
	Sample weight
	Nature of the tested material

	
	
	
	from
	before
	in total
	
	

	1
	2
	3
2)
	4
	5
	6
	7
	8

	1
	1
	Well №1
	0,0
	15,0
	15,0
	25,0
	Clay

	2
	2
	Well  №2
	0,0
	18,0
	18,0
	25,0
	loams

	3
	3
	Lenger field
	0,0
	9,0
	9,0
	25,0
	Refractory clay Lenger field


Table B.6.1- Natural resources of South Kazakhstan region
	Name
	Land plot area
	Districts of South Kazakhstan region

	Land plot "Rabat" of Building stone
	20 hа
	Tolebi district

	
	
	

	Legerska deposits of refractory clays
	6 hа
	Tolebi district

	Parcel "Katyrbulak" clay
	60 hа
	Tolebi district

	Land plot "Akmola" loam
	14 hа
	Tolebi district

	Land "Kingrat-Keles" Bentonite clay
	126 hа
	Saryagash district

	Land plot "Keltemashat" Refractory clay
	204 hа
	Tulkibas district

	Land plot "Daubaba" Basalt
	23,3 hа
	Tulkibas district
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Act and protocols for the release of pilot batches for 2018,2020
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На стадии подготовки сырьевых материалов тугоплавкая глина Ленгерского месторождения размалывался в лабораторной шаровой мельнице до полного прохождения через сито 1,0 мм. 

Добавки в виде BaCO3, шамота и древесной опилки производились вручную непосредственно над ленточным конвейером.  
Сырьевая смесь подавалась ленточными транспортерами в двухвальный смеситель для совместного перемешивания. 
Прессование образцов осуществлялось на вибропрессе методом пластического формования. Отформованные кирпичи сырцы сушились в естественных условиях на территории ТОО «ИННОТЕХПРОЕКТ».

После сушки кирпичи сырцы обжигались  в камерной печи марки П-2000x3000x1500, t-1150 согласно разработанному режиму авторов при температуре 950-1000°С.  
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Рисунок 1 - Камерная печь марки П-2000x3000x1500, t-1150
Общая продолжитель​ность обжига для разработанных составов составило: 46 – 47ч., 
Выпущены опытно-промышленные партии кирпичей в количестве 100 штук по каждому составу.

Обожженные кирпичи имели четкие грани, гладкую поверхность и обладали соответствующей цветовой гаммой. 
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Рисунок 2 - Общий вид керамических кирпичей опытно-промышленного образца

Физико-механические свойства полученных керамических кирпичей в полупромышленных условиях представле​ны в таблице 2. 

Таблица 2 - Физико-механические свойства керамического кирпича на основе разработанных составов

	№ п/п
	Показатели
	Ед.изм.
	Состав 

№1
	Состав 

№2

	1.
	Температура обжига
	º С
	950-1000
	950-1000

	2.
	Предел прочности при сжатии
	МПа
	10,5-11
	20-25

	3.
	Предел прочности при изгибе
	МПа
	2,4-2,8
	4,5-5,0

	4.
	Морозостойкость
	циклы
	Более 25
	Более 50

	5.
	Средняя плотность
	кг/м3
	1750-1760
	1850-1900

	6.
	Водопоглощение
	%
	14,0-14,5
	13,0-13,5


Заключение

  Согласно ГОСТ 530-2012"Кирпич и камень керамические" изделия состав №1 соответст​вует марке М100, состав №2 соответствует марке М250. Разработанная технология и составы керамических композиций с использованием тугоплавкой глины Ленгерского месторождения  приняты к внедрению, так как они позволяют улучшить технологические свойства керамической массы, а также повысить прочность кирпича и  морозостойкость изделий.
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APPENDIX D 
Technological regulations 
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Технологический процесс

В связи с невысокой карьерной влажностью местных глин, а также возможным присутствием карбонатных включений, принято решение осуществлять измельчение шихты на первом этапе по сухому способу в молотковой дробилке. Это позволит, как эффективно перерабатывать шихту, измельчать до безопасного размера включения карбонатов кальция и магния, так и обеспечить высокую степень усреднения смеси. Измельчение карбонатов и хорошая переработка очень важны в случае производства высококачественного лицевого и лицевого клинкерного кирпича.

Рез кирпича спроектирован с учетом всех видов изделий, которые может производить завод. Предусмотрено 2 независимые линии резки – одна для кирпича, вторая для крупноформатных блоков.

Сушилка имеет большой запас по производительности для реализации мягких режимов и длительных сроков сушки, что позволит избежать сушильных трещин.

Печь специально подготовлена для обжига изделий при высоких температурах и позволяет обеспечить равномерное температурное поле по объему обжиговых пакетов и, как следствие, высокое качество продукции. 

Все манипуляции с кирпичом и блоками осуществляются автоматически без необходимости ручных работ.
Подача и подготовка сырья

Отобранная из карьера глина либо разгружается в глинозапасник (откуда ковшовым погрузчиком подается в бункеры), либо непосредственно в бункеры подачи материала. 

Под бункерами находятся ящичные питатели, которые подают сырье в дробилку, способную осуществлять предварительное измельчение первичных комьев.

Пройдя первичную обработку глина поступает в дезинтегратор, а затем в вальцовую мельницу, где подвергается дальнейшему измельчению. Полученный продукт поступает в смеситель, куда также подается необходимое  количество воды и при помощи питателя дозируется отощающая добавка.

Шихтозапасник

Полученная смесь складируется в шихтозапаснике с целью:

Гарантировать бесперебойный  производственный ритм на определенный период времени. Длительность этого периода зависит от общей вместимости глинозапасника. 

Добиться максимальной однородности глиняной массы при добавлении в нее воды.

Добиться удаления качественных недостатков сырья и получить смесь с улучшенными и постоянными параметрами.

Формование

При помощи ковшового экскаватора смесь забирается из шихтозапасника и загружается в бункер с ящичным питателем на выходе.

Из питателя глина подается в вальцовую мельницу тонкого помола, где осуществляется окончательное измельчение оставшихся маленьких комков. Таким образом достигается пластичная и однородная смесь, готовая для формовки изделий.

Полученная смесь подается на вакуумную группу, оснащенную смесительным агрегатом, который осуществляет окончательное замешивание глиняной массы при добавлении необходимого количества воды. После этого глина поступает на экструдер для формования. 

Экструдирование осуществляется в вакуум-камере, посредством которой глиняная масса получается более пластичной и компактной. На конце экструдера расположен мундштук, придающий окончательную форму глиняному брусу, в зависимости от желаемого вида изделия.

Механизмы резки, загрузки и разгрузки

В зависимости от вида конечного продукта будет применяться следующая система резки: Резка блоков:

Формованный глиняный брус на выходе из экструдера разрезается автоматическим резаком на изделия, соответствующие формату конечного продукта. Затем материал проходит через многопозиционный резак  (который в этом случае функционально не задействован в процессе), и непосредственно поступает в зону загрузки на поддоны. Изделия  укладываются на поддоны при помощи робота.

Резка пустотелых или полнотелых изделий:

Формованный глиняный брус на выходе из экструдера разрезается автоматическим резаком, образуя мерный брус, который затем поступает на многопозиционный резак, где и достигается размер конечного продукта. Эти механизмы резки позволяют изготавливать кирпич с фаской.

На выходе из экструдера находится ленточный транспортер  и механизм  рустовки изделий, которые монтируются на металлической станине с колесами, что позволяет им перемещаться перпендикулярно движению бруса: в зависимости от вида конечного продукта задействован тот или иной механизм. Механизм рустовки также снабжен транспортерной лентой. 

После резчика материал поступает на стол смены направления движения изделий, где они выравниваются, раздвигаются и группируются для дальнейшей загрузки на поддоны при помощи робота.

Загруженные поддоны переходят на цепной стол, оснащенный подъемным механизмом, который устанавливает поддоны на соответствующий ярус сушильной тележки.

На участке разгрузки  цепной стол, оснащенный подъемным механизмом, принимает поддоны с высушенным материалом и укладывает их в зоне разгрузки. При помощи робота изделия  разгружаются порядно на стол приема. Пустые поддоны возвращаются по транспортерной ленте в зону загрузки.

В случае перемены количества ярусов тележки, оставшиеся поддоны подбираются захватом, который затем формирует их в пакеты и укладывает  на транспортерную ленту накопления пустых поддонов. Захват крепится на транспортере возврата пустых поддонов в зону загрузки.

Транспортер накопления пакетов пустых поддонов перемещает их в зону загрузочного захвата, который  снова внедряет поддоны в контур производственного процесса.

Перемещение сушильных тележек. 

При помощи цепного толкателя загруженная тележка заталкивается на трансбордер на входе в сушилку, который распределяет тележки по разным колеям сушильного туннеля. Одновременно в противоположном конце туннеля другой трансбордер подхватывает тележки с высушенным материалом и перемещает их в зону разгрузки-загрузки. 

При помощи толкателей и троссово-волочильных механизмов тележки перемещаются в зону разгрузки. Возврат пустых тележек с разгрузчика наукладчик осуществляется при помощи других толкателей и троссово-волочильных механизмов.

Процесс сушки

Процесс сушки сырца происходит в сушилке непрерывного действия, состоящей из туннеля с несколькими колеями, по которым  перемещаются сушильные тележки. 

Между колеями установлены конические рециркуляторы, которые обеспечивают вертикальный поток воздуха, что позволяет  равномерно высушивать изделия на разных ярусах тележки и снижать разницу температуры по сечению туннеля. 

Эти вентиляторы установлены неподвижно на неодинаковом расстоянии друг от друга по обе стороны колеи. Таким образом обеспечивается равномерное воздействие горячего воздуха на каждое изделие и соблюдаются все необходимые термодинамические условия для правильного процесса сушки: скорость воздуха существенно высока и однородна и направление потока воздуха параллельно наибольшей поверхности (постели) изделия.

Канал сушилки изолирован от внешней среды с одной стороны двумя входными дверями, между которыми образуется воздушная камера, предотвращающая тем самым попадание  воздуха снаружи, и одной дверью на выходе из сушилки.

Необходимый горячий воздух для сушки поступает из системы рекуперации воздуха печи или от дополнительных резервных генераторов. Оба потока перемешиваются, а затем засасывается центробежными вентиляторами и распределяется по всему сушильному каналу. Горячий воздух нагнетается в каждую секцию к рециркуляторам по  воздуховодам, расположенным внутри сушилки. Поток в каждой секции регулируется автоматически. 

В начале туннелей сушилки располагаются несколько осевых вентиляторов для высасывания влажного воздуха и вывода его наружу. Сушилка контролируется автоматически программируемым автоматом-контролером, оборудованным компьютером и принтером для ввода и вывода данных. Все данное оборудование устанавливается в кабине контроля. Электронное оборудование контролирует поток поступающего горячего воздуха и температуру, нагнетаемый воздух в каждой зоне, а также поток выводимого воздуха, его температуру и влажность.
Садка изделий на вагонетки
Сухой материал поступает со стола приема на стол накопления и выравнивания кирпича порядно и затем переходит на роликовый и цепной стол для смены направления движения изделий. Начиная со стола смены направления материала ряды сухого изделия перемещаются по цепным столам, где при контакте с упорами программируются для формирования слоев пакета для обжига. При помощи робота сформированные слои переносятся на печную вагонетку, образуя пакет для обжига.

Перемещение вагонеток
Контур вагонеток  образован следующими путями:

Путь загрузки и разгрузки, путь резерва вагонеток с сухим и обожженным материалом, путь предпечи и путь печи.

Оборудование пути загрузки и разгрузки :

Троссово-волочильный механизм, который захватывает вагонетки с обожженным материалом и протягивает их в зону разгрузки.

Гидравлический толкатель, который забирает вагонетку с обоженным материалом и подает их непосредственно в позицию разгрузки.

Троссово-волочильный механизм, который протягивает пустые вагонетки на садку.

Гидравлический толкатель, который протягивает пустые вагонетки на садку.

Троссово-волочильный механизм, который забирает вагонетки с сухим материалом и перемещает их до промежуточного трансбордера.

Резервный путь снабжен лебедками по одной на каждом конце для забора вагонеток, находящихся в этой зоне. 

Путь предпечи оборудован троссово-волочильным механизмом, который забирает вагонетки с сухим материалом и транспортирует их к входу в предпечь, где при помощи гидравлического толкателя они проталкиваются в печь.

Путь печи оборудован гидравлическим толкателем, который проталкивает вагонетки в печь одновременно со всем рядом вагонеток, находящимся в печи.

Перемещение вагонеток по разным путям происходит при помощи трансбордеров, расположенных на концах контура.

Предпечь
Предпечь устанавливается перед печью для предварительного  подогрева изделий. В предпечь подается воздух, поступающий из системы рекуперации печи. Горячий воздух распределяется посредством центробежного вентилятора. Вытяжка влажного воздуха осуществляется при помощи осевого вентилятора.
Печь
Обжиг изделий происходит в туннельной печи традиционного типа с внешней каменной кладкой и тремя дверьми: две двери на входе образуют предкамеру, где находится гидравлический толкатель. Третья дверь находится на выходе.
Печь снабжена воздушными контурами и контурами горелок, предназначенных для обеспечения максимальной эффективности ее функционирования:

Центробежный вентилятор. Отсасывание дыма осуществляется по боковым и верхним стенам тоннеля. Нагрев материала происходит конвекционным способом: поток горячих газов проходит через материал. 

Центробежный вентилятор забирает воздух из обжигового канала и затем снова нагнетает его в печной канал. Благодаря этой рециркуляции воздуха возможно избежать стратификацию (наслоение) потоков газов к поглощению тяги, обеспечивая таким образом свободный проход газов между обжиговыми пакетами. 

Группа боковых горелок обеспечивает равномерное повышение температуры в изделиях. 

Оборудование быстрого охлаждения посредством которого нагнетается с большой скоростью воздух из окружающей среды с целью быстрого снижения температуры до 600 градусов. Вытяжной колпак горячего воздуха при высокой температуре в зоне быстрого охлаждения. Контур охлаждения и рекуперации горячего воздуха, который оборудован колпаками с заслонками, регулирующими напор отсасываемого воздуха каждым колпаком. 

Вентиляторы окончательного охлаждения, расположенные в канале обжига, создают контур противодавления на выходе из печи и, кроме того обеспечивают окончательное охлаждение материала, нагнетая воздух из окружающей среды. Осевой вентилятор, расположенный на выходе из печи и нагнетающий воздух из окружающей  среды под  вагонетки, поддерживает постоянное давление от выхода из печи до участка быстрого охлаждения. Этот напор воздуха забирается в зоне быстрого охлаждения и возвращается в контур рекуперации.

Осевой вентилятор, расположенный перед участком быстрого охлаждения и нагнетающий воздух из окружающей среды под  вагонетки, поддерживает постоянное давление от участка быстрого охлаждения до зоны предварительного нагрева. Этот напор воздуха забирается в зоне предварительного нагрева и возвращается в контур рекуперации.

Осевой вентилятор, расположенный до зоны окончательного охлаждения, нагнетает воздух  из окружающей среды в верхнюю часть свода, заставляя циркулировать воздух вдоль всей поверхности  одновременно охлаждая ее. Этот поток воздуха затем направляется в воздуховоды рекуперации. 

Печь снабжена системой программного логического контроля, компьютером и принтером для учета данных, а также программным обеспечением для:

· Автоматизации программного процесса.

· Ручного контроля (тестирования) приводных механизмов каждой рабочей зоны.

· Регулирования возможных изменений процесса в зависимости от вида изделия.

· Контроля сигнализации каждой зоны завода.

· Составления списка аварийных ситуаций на каждом участке завода и его использования для профилактических работ.

· Автоматического регулирования работы печи и сушилки для каждого вида изделия. 

· Получения статистических данных производительности и времени остановки оборудования.

Данная печь отвечает концепции «функционирования печи без оператора» (она контролируется начальником смены или рабочим, которому он делегирует данные полномочия).

Данная система увеличивает уровень автоматизации и надежности оборудования. 

Во-первых, она оборудована широким рядом измерительных приборов. Во-вторых, печь контролируется программируемым логическим контроллером известной и зарекомендовавшей себя марки: SIEMENS, а также используется передовое программное обеспечение SCADA.

Вагонетки

Вагонетки состоят из металлического опорного шасси прямоугольной формы на колесах для их перемещения по путям контура.

Верхнее покрытие вагонеток состоит из огнеупорной футеровки, полосок керамического волокна, находящихся в передней и задней части шасси и обеспечивающие  максимальную герметичность. 

Огнеупорные пустотелые материалы покрывают верхнюю часть вагонетки и позволяют получить высококачественный обжиг пакетов изделий.

Разгрузка вагонеток и укладки на поддоны 

При помощи работа слои готового изделия укладываются на стол приема, где они группируются и при помощи программирующего упора ряды материала поступают на стол перемены направления.

Партия обожженного материала в количестве, соответствующем ширине пакета, поступает на стол перемены направления. 

Партия обожженного материала в количестве, соответствующем ширине пакета, поступает на стол программирования слоев пакет. При необходимости на этом столе возможно провести вручную сортировку изделий.

Работ забирает сформированные слои и укладывает их на паллет. Тот же работ обеспечивает подачу палет в зону пакетирования.

При помощи транспортера перемещаются в зону обвязки пластиковой лентой и пленкой и затем на транспортер накопления готовых пакетов, откуда при помощи вилочных погрузчиков поступают на склад готового материала или непосредственно загружаются в грузовой автотранспорт.   
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Стандарт организации на производство стеновых керамических изделий
Исходное сырье и состав шихты  
· качестве сырьевых материалов использованы местные глины и добавки, а именно:

-тугоплавкая глина Ленгерского месторождения;
- бурая глина;
- выгорающие  добавки  –  опилки,  рисовая  шелуха,  шелуха  гречки,  шелуха  семян подсолнечника и т.п.
Исследования технологических свойств представительных проб данного сырья, выполнены лабораторных условиях приведены в таблицах 1,2 .
Рекомендуемый состав шихты по массе: 90% бурая глина + 10 % тугоплавкая глина + 3% выгорающие добавки (сверх 100% шихты). При необходимости для ликвидации сульфатных выцветов на поверхности изделий следует использовать добавку BaCO3 порядка 0,5%.
Таблица 1- Дообжиговые свойства.
	Наименование
глины
	Прочность при изгибе в сухом состоянии,
кг/см2
	Потеря прочности
после реадсорбции влаги из воздуха,
%
	Чувствительность к сушке по Носовой
	Сушильная усадка,
%

	Тугоплавкая
	64,8
	72,3
	0,67
	7,4

	Бурая
	62,8
	71,5
	0,80
	6,4


Таблица 2- Обжиговые свойства
	Наименование
глины
	Температура
обжига °C
	Потери при
прокаливании                    %
	Прочность при изгибе образцов после
обжига,
кг/см2
	Обжиговая
Усадка %
	Плот-ность
г/см3
	Водопо-глощение% 

	Ленгерская
	1050
	6,77
	366,8
	6,1
	2,15
	5,6

	Бурая
	950
	9,10
	115,7
	0,04
	1,95
	12,5


Вид изделий
Крупноформатные поризованные блоки с улучшенными теплофизическими свойствами размером от 2,1 до 14,3 НФ.
Глинопереработка и формование
· учетом наличия карбонатных включений в бурой глине следует использовать сухой способ подготовки с помолом в молотковой мельнице и последующей экструзией по пластическому способу.

Основные этапы глинопереработки:
Создание длительного запаса глин в конусах с закладкой в сухое время года и максимальной влажностью сырья в конусе не более 8%;
Первичная переработка сырья в глинодробилке-рыхлителе;
Дозировка ящичными питателями;
Тонина помола в молотковой мельнице - до прохода через сито с размером ячеек 1 мм. не менее 90% и остатком фракции 1 – 3 мм. не более 10%;
Последующее увлажнение до влажности порядка 18% (в абсолютных единицах) и вылеживание в шихтозапасника;
Окончательное измельчение на вальцах тонкого помола с зазором 1 – 1.5 мм;
Формование на вакуумном экструдере. Глубина вакуума не менее 90%, давление 18 – 22 бар, формовочная влажность порядка 21 – 23%, консистенция бруса 1,5 – 1,8;
Отобранная из карьера глина либо разгружается в глинозапасник (откуда ковшовым погрузчиком подается в бункеры), либо непосредственно в бункеры подачи материала;
Под бункерами находятся ящичные питатели, которые подают сырье в дробилку, способную осуществлять предварительное измельчение первичных комьев;
Пройдя первичную обработку глина поступает в дезинтегратор, а затем в вальцовую мельницу, где подвергается дальнейшему измельчению. Полученный продукт поступает в смеситель, куда также подается необходимое количество воды и при помощи питателя дозируется отощающая добавка.
Шихтозапасник
Полученная смесь складируется в шихтозапаснике с целью:
Гарантировать бесперебойный производственный ритм на определенный период времени. Длительность этого периода зависит от общей вместимости глинозапасника.
Добиться максимальной однородности глиняной массы при добавлении в нее воды.
Добиться удаления качественных недостатков сырья и получить смесь с улучшенными и постоянными параметрами.
Формование
· При помощи ковшового экскаватора смесь забирается из шихтозапасника и загружается в бункер с ящичным питателем на выходе.
Из питателя глина подается в вальцовую мельницу тонкого помола, где осуществляется окончательное измельчение оставшихся маленьких комков. Таким образом достигается пластичная и однородная смесь, готовая для формовки изделий.
Полученная смесь подается на вакуумную группу, оснащенную смесительным агрегатом, который осуществляет окончательное замешивание глиняной массы при добавлении необходимого количества воды. После этого глина поступает на экструдер для формования.
Резка блоков
Формованный глиняный брус на выходе из экструдера разрезается автоматическим резаком на изделия, соответствующие формату конечного продукта. Затем материал проходит через многопозиционный резак (который в этом случае функционально не задействован в процессе), и непосредственно поступает в зону загрузки на поддоны. Изделия укладываются на поддоны при помощи робота.
Механизмы резки, загрузки и разгрузки
· зависимости от вида конечного продукта будет применяться следующая система резки:

Перемещение сушильных тележек

При помощи цепного толкателя загруженная тележка заталкивается на трансбордер на входе в сушилку, который распределяет тележки по разным колеям сушильного туннеля. Одновременно в противоположном конце туннеля другой трансбордер подхватывает тележки с высушенным материалом и перемещает их в зону разгрузки-загрузки.
При помощи толкателей и троссово-волочильных механизмов тележки перемещаются в зону разгрузки. Возврат пустых тележек с разгрузчика на укладчик осуществляется при помощи других толкателей и троссово-волочильных механизмов.
Сушка
Сушка рекомендуется в туннельной сушилке. Для улучшения условий сушки конструкция сушилки позволяет реализовать позонное регулирование и обдув сырца конусами -рециркуляторами.
Параметры сушки:
· Срок сушки более 60 часов

· Относительная влажность воздуха на входе в сушилку 95%

· Температура на входе в сушилку порядка 30 °C

· Относительная влажность воздуха на выходе из сушилки не более 10%

· Остаточная влажность изделий 2 – 3%

· Досушка сырца выполняется в предпечи до влажности не более 1%

Процесс сушки
Процесс сушки сырца происходит в сушилке непрерывного действия, состоящей из туннеля с несколькими колеями, по которым перемещаются сушильные тележки.
Между колеями установлены конические рециркуляторы, которые обеспечивают вертикальный поток воздуха, что позволяет равномерно высушивать изделия на разных ярусах тележки и снижать разницу температуры по сечению туннеля.
Эти вентиляторы установлены неподвижно на неодинаковом расстоянии друг от друга по обе стороны колеи. Таким образом обеспечивается равномерное воздействие горячего воздуха на каждое изделие и соблюдаются все необходимые термодинамические условия для правильного процесса сушки: скорость воздуха существенно высока и однородна и направление потока воздуха параллельно наибольшей поверхности (постели) изделия.
Канал сушилки изолирован от внешней среды с одной стороны двумя входными дверями, между которыми образуется воздушная камера, предотвращающая тем самым попадание воздуха снаружи, и одной дверью на выходе из сушилки.
Для процесса сушки используется горячий воздух из печи, который смешивается при необходимости с воздухом из окружающей среды. Этот поток нагнетается центробежными вентиляторами, которые в свою очередь подают, его в сушилку при помощи теплогенераторов.
В начале канала находятся вентиляторы, служащие для удаления влажного воздуха через отверстия, расположенные в зоне трансбордера на входе в сушилку.
Садка изделий на вагонетки
Сухой материал поступает со стола приема на стол накопления и выравнивания кирпича порядно и затем переходит на роликовый и цепной стол для смены направления движения изделий.
Начиная со стола смены направления материала ряды сухого изделия перемещаются по цепным столам, где при контакте с упорами программируются для формирования слоев пакета для обжига.
При помощи робота сформированные слои переносятся на печную вагонетку, образуя пакет для обжига.
Перемещение вагонеток
Контур вагонеток образован следующими путями:
Путь загрузки и разгрузки, путь резерва вагонеток с сухим и обожженным материалом, путь предпечи и путь печи.
Оборудование пути загрузки и разгрузки
· Троссово-волочильный механизм, который захватывает вагонетки с обожженным материалом и протягивает их в зону разгрузки.
· Гидравлический толкатель, который забирает вагонетку с обоженным материалом и подает их непосредственно в позицию разгрузки.
· Троссово-волочильный механизм, который протягивает пустые вагонетки на садку.
· Гидравлический толкатель, который протягивает пустые вагонетки на садку.
· Троссово-волочильный механизм, который забирает вагонетки с сухим материалом и перемещает их до промежуточного трансбордера.
Резервный путь снабжен лебедками по одной на каждом конце для забора вагонеток, находящихся в этой зоне.
Путь предпечи оборудован троссово-волочильным механизмом, который забирает вагонетки с сухим материалом и транспортирует их к входу в предпечь, где при помощи гидравлического толкателя они проталкиваются в печь.
Путь печи оборудован гидравлическим толкателем, который проталкивает вагонетки в печь одновременно со всем рядом вагонеток, находящимся в печи.
Перемещение вагонеток по разным путям происходит при помощи трансбордеров, расположенных на концах контура.
Обжиг
Обжиг осуществляется в туннельной печи.
Для оптимизации процесса обжига в печи должны быть предусмотрены система рециркуляции в зоне подготовки и быстрое охлаждение сразу после зоны обжига.
Параметры обжига:
· Температура обжига порядка 950 °С.

· Время выдержки при максимальной температуре не менее 2 часов.

· Срок обжига не менее 40 часов

· Температура блоков на вы ходе из печи не превышает 50 °С

Печь
Обжиг изделий происходит в туннельной печи традиционного типа с внешней каменной кладкой и тремя дверьми: две двери на входе образуют предкамеру, где находится гидравлический толкатель. Третья дверь находится на выходе.
Печь снабжена воздушными контурами и контурами горелок, предназначенных для обеспечения максимальной эффективности ее функционирования:
Центробежный вентилятор. Отсасывание дыма осуществляется по боковым и верхним стенам тоннеля. Нагрев материала происходит конвекционным способом: поток горячих газов проходит через материал.
Центробежный вентилятор забирает воздух из обжигового канала и за тем снова нагнетает его в печной канал. Благодаря этой рециркуляции воздуха возможно избежать стратификацию (наслоение) потоков газов к поглощению тяги, обеспечивая таким образом свободный проход газов между обжиговыми пакетами.
Группа боковых горелок обеспечивает равномерное повышение темпера туры в изделиях.
Группы сводовых горелок.
Оборудование быстрого охлаждения посредством которого нагнетается с большой скоростью воздух из окружающей среды с целью быстрого снижения температуры до 600 градусов. Вытяжной колпак горячего воздуха при высокой температуре в зоне быстрого охлаждения. Контур охлаждения и рекуперации горячего воздуха, который оборудован колпаками с заслонками, регулирующим и напор отсасываемого воздуха каждым кол паком.
Вентиляторы окончательно го охлаждения, расположенные в канале обжига, создают контур противодавления на выходе из печи и, кроме того обеспечивают окончательное охлаждение материала, нагнетая воздух из окружающей среды.
Осевой вентилятор, расположенный на выходе из печи и нагнетающий воздух из окр. среды под вагонетки, поддерживает постоянное давление от выхода из печи до участка быстрого охлаждения. Этот напор воздуха забирается в зоне быстрого охлаждения и возвращается в контур рекуперации.
Осевой вентилятор, расположенный перед участком быстрого охлаждения и нагнетающий воздух из окр. среды под вагонетки, поддерживает постоянное давление от участка быстрого охлаждения до зоны предварительного нагрева. Этот напор воз духа забирается в зоне предварительного нагрева и возвращается в контур рекуперации.
Осевой вентилятор, расположенный до зоны окончательного охлаждения, нагнетает воздух из окр. среды в верхнюю часть свода, заставляя циркулировать воздух вдоль всей поверхности одновременно охлаждая ее. Этот поток воздуха затем направляется в воздуховоды рекуперации.
Печь снабжена системой программного логического контроля, компьютером и принтером для учета данных, а также программным обеспечением для: Автоматизации программного процесса.
Ручного контроля (тестирования) приводных механизмов каждой рабочей зоны.
Регулирования возможных изменений процесса в зависимости от вида изделия.
Контроля сигнализации каждой зоны завода.
Составления списка аварийных ситуаций на каждом участке завода и его использования для профилактических работ.
Автоматического регулирования работы печи и сушилки для каждого вид а изделия. .
Получения статистических данных производительности и времени остановки оборудования.
Вагонетки
Вагонетки состоят из металлического опорного шасси прямоугольной формы на колесах для их перемещения по путям контура.
Верхнее покрытие вагонеток состоит из огнеупорной футеровки, полосок керамического волокна, находящихся в передней и задней части шасси и обеспечивающие максимальную герметичность.
Огнеупорные пустотелые материалы покрывают верхнюю часть вагонетки и позволяют получить высококачественый обжиг пакетов изделий.
Разгрузка вагонеток и укладка на палеты
При помощи робота слои готового изделия укладываются на стол приема, где они группируются и при помощи программирующего упора ряды материала поступают на стол перемены направления.
Партия обожженного материала в количестве, соответствующем ширине пакета, поступает на стол программирования слоев пакета. При необходимости на этом столе возможно провести вручную сортировку изделий.
Робот забирает сформированные слои и укладывает их на палет. Тот же робот обеспечивает подачу палет в зону пакетирования.
При помощи транспортера перемещаются в зону обвязки пластиковой лентой и пленкой и затем на транспортер накопления готовых пакетов, откуда при помощи вилочных погрузчиков поступают на склад готового материала или непосредственно загружаются в грузовой автотранспорт.
Свойства готовой продукции
При соблюдении условий настоящего стандарт организации завод сможет производить крупноформатные блоки повышенной эффективности (средняя плотностью не более 900 кг/м3), полностью отвечающие требованиям ГОСТ 530-2012.
Непосредственно после пакетирования блоки подвергаются кратковременному замачиванию для погашения известковых включений.
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MuHucTepeTBO 00pasoBanus u Hayku Pecriy6muku Kasaxcran
TOO «lOxH0-KazaxcTaHcKoe Hay4HO-ITPOM3BOJICTBEHHO TEXHOJIOTHYECKOE
o6beaunenne «Hypibl manarar»

BBITTUCKA

v
13 1poTokosa Ne 4 saceanus Hayuno-texauueckoro Cosera TOO «lOxno-Kasaxcranckoe
HAYYHO-IPOM3BOJICTBEHHO TeXHOJIOrHYeckoe o0bemienne «Hypiibl wanarary
or_ /9. /0 2020 roza

IMoBecTKa 1Hs
1. OBcyxIeHHe W YTBEPKIEHHE 3aKIIOYHTENHOTO OTYeTa MO (HHAHCHPYEMBIM
HAy4HO- HccTeoBaTenbeckum pabotam 2018-2020 rona

]

CJIVIIIAJIA: Mckakosa Typabibeka YTemoBu4a — JOKTOpa TEXHHYECKUX HAyK,
npodeccopa - PYKOBOAHMTENS —(UHAHCHPYeMOH — HaydHO- HCCIIE0BATENbCKOM  paboThI,
BBINOJHEHHOH B PAMKAX TOCYJIapCTBEHHOTO 3aKa3a HA PEalM3alliio HAYYHBIX H (HIIH) HayqHO-
TeXHHYECKHX MPOEKTOB IO GrouKeTHOl nporpamme 217 «PasBuTie Haykuy, MOIporpaMme 102
«'panToBOE  (PMHAHCHPOBAHHE HAYYHBIX  HCCICIOBAHHID, cnenuduke 156  «Omara
KOHCATTHHIOBBIX YCITYT W HCCIENOBAHUID 10 TIPHOPHTETHOMY HAMpaBlIeHnio «ParnonambHoe
HCIIONB30BAHME TPUPOTHEIX, B TOM 4HCIE BOJIHBIX PECYPCOB, T€0NOTHs, mepepaboTka, HOBbIE
MaTephaibl U TEXHOJIOTUH, Ge30MaCHbIe M3/IEIHs U KOHCTPYKLMKY AP05132063 «Pazpaborka u
BHE/IDEHUSI  TEXHOJOTHMIO  TPOHM3BOJICTBA  BBICOKOKAYECTBEHHBIX M KpynHOGOPMATHBIX
KepamudeckuX n3nenmii u3 rmu KOxmoro pernona PecryGinkn Kasaxcran »

[IOCTAHOBWJIA: Yreepauts saxmountenbhpiii order Mexaxosa Typabibexa
VremoBuya - JOKTOPA TEXHHUECKHX HayK, mpodeccopa - PyKOBOJMTENs (pUHAHCHPYEMOH
HAYYHO-HCCIEIOBATENILCKON PaGOTHI, BBITOJHEHHOH B PaMKaX TOCY/IAPCTBEHHOrO 3aKasa Ha
peann3amiio HAYYHEIX | (WJIM) HAYYHO- TEXHHUECKUX IPOEKTOB 110 OIO/UKeTHOH nporpamMme
217 «PasBurHe Hayku», noamporpammve 102 «'panToBOoe (UHAHCHPOBAHHE HAYTHBIX
Hecneoanumity, cnemuduke 156 «Omata KOHCAITHHIOBBIX YCIYT M HCCICNOBAHHIY 10
[IPHOPHTETHOMY HAIPABICHAIO «PalMOHANBHOE HCIIONB30BAHME MPUPOJHBIX, B TOM HHCIC
BOJIHBIX PECYPCOB, TEONIOTHs, NepepadoTKa, HOBBIE MaTEpHaIbl M TEXHONIOIHH, GesonacHbie
wsnenms u KomeTpykmum» AP05132063  «PaspaGoTka u " BHEJPEHHST TEXHOJOTHIO
IPOM3BOICTBA BHICOKOKAYECTBEHHEIX H KPYHODOPMATHBIX KEPAMHUECKHX H3/ICHH U3 IJIHH
IOxnoro pernona Pecry6nnku Kazaxcran »

Ipencenareas HTC

3am. AHpeKTOpa Capcenbaes B.K.

Cexperaps HTC Cay;anosa re.
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YTBEPXAAHO:
KTOp TOO «HOKHMTO
AbILLATIATAT»

. \ckakos
«0? r.

MPOTOKOIJ
MPUEMOYHBIX UCMNbITAHWI OMbITHOTO 06pasLa CTEHOBLIX KEPAMUYECKNX U3AENNIA N3TOTOBEHHO-
ro no ONTUMaJbHbIM COCTaBaM paspaboTaHHbIX pykKoBoauTenem gorosopa Ne314 of
30.03.2018r. VckakoBbiM T.
BegomcTBeHHas NpueMoYHas KOMUCCKS, B COOTBETCTBUMN C YTBEPXKAEHHON « 30 » UIOHS
2018 r. TOO «HOKHMTO «HYP/bl LLAMAIAT» nporpaMmoil UCMbITaHWn Npou3Bena npue-
MOYHble UCMbITaHWsA o6pasya B nepuog 01.07.2018r. no 09.08.2018 r n yctaHOBWU/A CriefytoLme

OCHOBHbIE AaHHbIE:

PA3LEN |
CblpbeBble MaTepuasbl

B KauyecTBe WCXOLHbIX CbIPbEBbIX MaTepuasnoB [A/19 MPOM3BOACTBA  KepaMUYECKMX
W3enMin  HamMuM B WUCCNEeLOBAHWI  UCMOMb30BaHbl  CMEAYIOLIME  CbIpbeBblE  MaTepuasbl:
Tyronnaskas 1 6ypas rnvMHa, CyrivHoK, a B KayecTse f06aBku WwamoT, BaCO3 1 onunku.

[ns onTyMmM3aumMy COCTaBOB LUMXTbI W BbIGOPa TEXHOOTMYECKUX NapaMeTpoB Mpou3-
BOZCTBA KepamuvyeckuxX W3gLennii nogobpaHbl Tpy BUAA [NIUHBLI JIEHTEPCKOro MeCTOPOXAEHUS
Tronebuiickoro paiioHa PK, 1 ycnoBHO 0603Ha4YeHHbIX, Kak: Tyronnaekas; 6ypas; CyriMHOK.

B nabopaTopHbIX YCNOBUAX OblNM MPOBEAEHb! CefytoLine TeXHOMOMMYecKmne nccneso-
BaHWA:

WccnepoBaHus o nepepaboTKe BbIMOMHANUCH Ha 1a60PaTOPHO MONOTKOBOW MeNbHULLE,
OCHaLLEHHON CUTOM C OTBEpCTUAMM B 3 MM, 1 nocneayrowas 100% nepepaboTka ¢ MCNO/b30Ba-
HVeM cuTa C OTBEPCTUAMN < 1T T.

ccnepoBaHus nepemMeLllBaHUA U BakyyMHOro ()OPMOBAHWA C OMpPeAeseHNeM BaXXHO-

CTW, 06eCreUMBatoLLEn KOHCUCTEHLIMIO Gpyca Ha BbIXoge U3 MyHAWTYyKa B 1.3 + 1.6 Kr/cMm .
HopmanbHasi KOHCUCTEHLMS Gpyca Mpu 3KCTPy3uM HaxoauTcs B npegenax 14 + 1.8

Kr/cm2
VccnenoBaHusi CYLUMbHBIX CBOWCTB - U3YyYa/IMCb CYLUW/bHBbIE CBOWCTBA TPEX CMECEN C

onpeaeneHnem cneyroLmx napaMeTpoB:
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HOCTbO W JOCTaTOYHOM MEXaHUYECKOM MPOYHOCTBIO /19 X UCMO/b30BaHNA B XXWU/bIX MOMeLLe-
HWUAX U ANA NEPEroposoK.

Mo BecoBOMY COCTaBY AaHHasi CMeCb COCTOUT U3:

97 % - cocTaBa (90 % bypas rnvHa + 10 % Tyronnaskas r/iMHa)

3 % -ApeBecHble ONWKK, rnepepaboTaHHble Ha Me/bHULE, OCHALLEHHOW CUTOM C OTBEp-
ctmamm 0,5 M.

0.5 % - BaCO3 gna yganeHus rnosiBneHus cyibgaTHbIX NATEH.

McnbiTaHna o6pasua cornacHo nporpammbl UCMbITaHUIA U UX Pe3y/ibTaToB MOKasa/in Tex-

HNYECKY0 BO3MOXKHOCTb M3rOTOB/IEHUS CTEHOBbIX KepaMWYecKUX W3OeNMi ¢ NpUMEHEHUEM

CBblLLE YKa3aHHbIX COCTaBOB.

PA3AE I
BbIBOAbI M Npea/ioxkeHns. CTeHOBbIe KepaMUUECKNe MU3AENNIA, N3rOTOB/IEHHbIE C MpUMe-
HEHVEM TYrOMMaBKUX W BYpbIX [NWH, CYr/IMHOK , a B KauyecTBe fA06aBKM WwamoT , BaCO3 u
OMW/IKM MO OCHOBHbIM CBOWCTBAM COOTBETCTBYIOT TPeGOBaHUAM HOPMATMBOB. TEXHOMOMUS MPO-

M3BOACTBa CTEHOBbLIX KEPAMNYECKUX I/I3,EI|EI'II/II7I PEKOMEHAYETCA K BHEAQPEHUIO B MPOWM3BOACTBO.

lNpencenatens KoMmccumn

UneHbl Kommucenu :

oT TOO «FOKHMNTO «HYP/ibl LUAMATAT»
PykoBoauTens forosopa

MHC

OT HU «CTponTeibHbIX MaTeprasnos,

H. CapceHb6aeB

C. Ayecbek
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TOO «HOXXHO-KA3AXCTAHCKOE HAYYHO-MPOMN3IBOACTBEHHO
TEXHOMOI'MYECKOE OB bEAVNHEHNE «HYPJIbl LUATATAT»

«COI'JTACOBAHO»
Ounpektop  TOO  «HOKHIMTO
HYP/Ibl LLUAMATAT»

T.Y. Nckakos

2 " —
-
~

2018r.

CTAHOAPT OPIrAHU3ALN

vy . 1!

C CapceHba

R «#018 T.
/U1

HA TTPOM3BOACTBA BbICOKOKAYECTBEHHbLIX U KPYTIHOPOPMATHbIX
KEPAMNYECKWX N3OENNWN N3 TIINH KOXXHOIO PEIMIOHA

PECIYBJ/IMKN KASAXCTAH

PykoBoauTeNb NPoeKTa

A.T.H., npoceccop Wckakos T.Y

LLbiMKeHT, 2018
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(54) Knuzkepiik KipHilll @HAIpyTre apHajIFaH MINXTa
[IuxTa a7t IPOU3BOACTBA KIMHKEPHOTO KMPINYa
Batch mixture for the production of clinker brick

(73) «Hypner manarat» OnTycTik-Ka3zakcTaH —FbUIBIMU-OHIIPICTIK  TEXHOJOTHSUIBIK — OipIIecTiri»
JKayanKepuIuIri mekreyini cepikrectiri (KZ)
ToBapumecTBO €  OTrpaHMYEHHON  OTBETCTBEHHOCThIO  «HOkHO-KazaxcraHckoe — HaydHO-
MIPOM3BOICTBEHHO TeXHOJOrnueckoe oobeanHenne «Hypiol manarat» (KZ)

«Hypner mranmaraty South Kazakhstan Scientific and Industrial Technological Association»
Limited Liability Partnership (KZ)

HUckakoB Typnpibex Yremosuy (KZ) Iskakov Turlybek Uteshovich (KZ)
Hckako Anuxan Typanbexosuu (KZ) Iskakov Alikhan Turlibekovich (KZ)
Kanceiit Tiney6epai Umanrenaiyist (KZ) Kanseyt Tileuberdi Imangeldiuly (KZ)
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[TateHTTI KYIIiHAE YCTAy aKBICH YaKBITHUIBI TOJCHTCH KaFaalia MaTeHTTiH Kyl
Kazaxcran PecrryOnukacsIHBIH OYKiN ayMaFbIHAA KOJMIAHBIIA/b.

[TarenTke maiiganpl MOIENB/IIH TOJBIK CHITaTTaMackl www.kazpatent.kz pecmu caiiTeinna
«Kazakcran PecnyOnrKachbIHBIH ©HEPTAOBICTAPBIHBIH MEMITEKETTIK Ti31TiMi» OeliMiHAe KOIDKETIMII.
* %k 3k
JleiicTBre maTeHTa pacnpoCTpaHsIeTcs Ha BCio Tepputoprio Pecriyonuku Kazaxcran
MPHU YCIOBUH CBOEBPEMEHHOM OILIAThI MOJICPIKAHUS IATEHTA B CUIIE.

ITosHOE OmMCaHM € TOJIE3HOM MOJICTTH K MATeHTY JTOCTYIHO Ha oduiinansHOM caiite www.kazpatent.kz
B paznerne «l ocymapcTBeHHBIH peecTp n3o0peTenuii Pecriyonuku Kasaxcrany.

* % %

Subject to timely payment for the maintenance of the patent in force
the patent shall be effective on the entire territory of the Republic of Kazakhstan.

Full description of the patent for utility model are available on the official website www.kazpatent.kz
in the section «State Register of Inventions of the Republic of Kazakhstany.

Kazakcran PecnyOnukachel OijieT MUHHCTPIIITIHIH
«¥JITTHIK 3UATKEPIIIK MEHIIIIK HHCTUTYThDY PMK
Hyp-Cynran xanacel, MoHrinik En nanrpuisl, Fumapar 5S7A

PI'TI «HarmoHanbHBIH HHCTUTYT HHTEIDIEKTYaIbHON COOCTBEHHOCTH)
Munucrepcrsa toctuiinn Pecnyonnku Kazaxcran
I'opon Hyp-Cynran, npocnexkt Manrunuk En, 3panue 57A

«National Institute of Intellectual Property» RSE,
Ministry of Justice of the Republic of Kazakhstan
Nur-Sultan, 57A Mangilik El Avenue

Ten./Tel.: +7 (7172) 62-15-15
E-mail:  kazpatent@kazpatent.kz
Website: www.kazpatent.kz
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TOO «IOXXHO-KA3AXCTAHCKOE HAYYHO-ITPOU3BOACTBEHHO
TEXHOJIOITMYECKOE OFBbEJIMHEHUE «H¥PJIbI IIIAITAFAT»

«COI'JTACOBAHO» «YTBEPXJIAIO»
JTwpexrop ~TOO  «FHOKHIITO Jupexrop HUIM  «CMCuAY
/ -HY¥YPJIbI HATIATAT» R GO

. ‘ «AJSK Capcenbaes

‘a’\ : X ; /
1€ fﬂé[ml%y HckaxoB [lo
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TEXHOJIOT'MYECKHI PETJIAMEHT
HA IMTPOMN3BOJICTBO BICOKOKAUECTBEHHBIX 11 KPYITHO®OPMATHBIX

KEPAMWYECKUX WU3AEJIMI W3 TJIMH F0XXHOI'O PETUOHA
PECITYBJIMKN KA3AXCTAH

PyxoBoauTens mpoexra AT 22t 2a v
J.T.H., mpodeccop “x”Zf leziy UckakoB T.Y

IIemkeHT, 2018
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[MPOYHOCTL CyXMX 06pa3LIoB.

CywnnbHas ycagka.

Mpeaen TPeLLMHOCTONKOCTW.

Moka3aTtesib YyBCTBUTE/IbHOCTY K CyLLKe N0 HOCOBOIA.

Kpwusas burota.

MpoueHT peaacopbupoBaHHOW BNaru.

CTeneHb BO3AENCTBUA peaficopbmpoBaHuns Bnarv Ha MPOYHOCTb CYXOro maTtepuasna.

OO6XuMroBble CBONCTBA 00pa3LoB, 000XOKEeHHbIX npu 850°C, 900°C, 950°C, 1000°C u

1050°C, 11001150 °C c onpeAeneHnem npoyHOCTK, ycaKu, BOLOMNOI/IOLLEHNA MaTeprana npu

BCEX YKa3aHHbIX TemMnepatypax obxura. B 3aBucumoctn ot Bnaa rmHbl N TUMa KOHEYHOIo

npoAayKTa, 06Xur 6bin1 HavaT npu Temnepatype 850 °C -900 °C, n 6bin 3aBepLUEH Npy TeMnepa-
Type 1100 °C+ 1150 °C.

O6XWroBble CBOWCTBA MpY OMNTUMANLHOW TeMnepaTtype, ONpefesieHHOW B NpenblayLimx
“ccnefoBaHUsX:

- O6xuroeas ycagka.

- MoTeps Beca B 06ure (NoTepsi Npu NPoKanMBaHUi).

- ®OpPMOBOYHAA BNXXHOCTb OTHOCUTENILHO 060XOKEHHOMO Beca.

- BogonornolyeHne 060X0OKeHHOro MaTepuana.

- T1710THOCTb 06OXOKEHHOIO MaTepuaa.

- MexaHunyeckas npovyHOCTb 060XKEHHOIO MaTepuana.

TepmogunnaToMeTpuyeckme UCCNefoBaHNsA: 41 BbISBIEHUS 00bEMHbIX U3MEHEHWIA MaTe-
prana npu o6Xxure n NPOEKTUPOBaHUA Ha 3TOW OCHOBE OMTUMa/IbHOW TeMMepaTypHON KPUBOM
obxura.

Ha ocHoBe pe3ynbTaToB, NOMYYEHHbIX MOC/e NPOBEAEHNS BbllleyKa3aHHbIX UCMbITaHWINA,
OblnM NUCCnefoBaHbl Be CMeCK:

Cmecb-1: KHnker: [laHHas CMecb npegHasHaveHa A1 NU3roToB/IEHUA KIMHKEPHOTrO Kup-
Mnya, a UMEHHO 415 IMLEBONO KUpnuya, 6pycyaTki, KepamMMYecKon NAnTKK 1 YepenuLbl BbICO-
KON MMOTHOCTWU, HW3KOW BOAOMOrNOLEEMOCTM U BbICOKOW MPOYHOCTU MNpu oxatum: > 500
Kr/cm2.

Mo BecOBOMY COCTaBY fiaHHas CMeCb COCTOMUT U3:

75 % - Tyronnaskas rnmHa

25 % - LamoT (nepemonoTas 060XKeHHas rnvHa)

0.5 % -BaCO3 6bI110 UCNO/b30BAHO [/1 HENTPaM3aLUmMmn CynbMaTHbIX MATEH.

Cwmecb-2: bloke: [aHHaa cmecb npegHasHayeHa Ansi U3rOTOB/IEHUA KepaMUYEeCKUX Tep-

MOGMOKOB M MYCTOTHbIX KPYNMHOPOPMATHbIX M3AENNIA C BbICOKOW MOPUCTOCTbIO, HU3KON MNOT-
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YTBEPXAAHO:

AKT
MPVEMKU OMbITHOTO 06pa3La KOMUCCHEN

BefoMCTBEHHbIN MPYEMOYHON KOMUCCUEN HA OCHOBaHWUM NpUKasa

TOO «FOKHMNTO «HYP/1bl LUATTATAT» oT « 30 » ntoHa 2018 r. Ne 1 npoBefeHbl uc-
MbiTaHWS W MpUEeMKa B COOTBETCTBMM C YyTBepXkAeHHon TOO «HOKHMTO «HYP/bI
LLUAMAEAT» nporpaMmmoi MUCMbITaHWs OMNbITHOTO 06pasLa CTEHOBbLIX KepamMUUeCcKnx 13nenui
M3roTOB/IEHHOr0 MO OMTMMAaJIbHbIM COCTaBaM pa3paboTaHHbIX pykoBoAuTenem forosopa Ne314
ot 30.03.2018r. NckakoBbiM T.Y.

BeOMCTBEHHas KOMUCCUS CUMTAET NPeAbABIEHHOM OMbITHOM 06paseL, NPUHSATHLIM.

MpOTOKON NPUEMOYHBIX UCTbITAHWIA SBNSIETCA HEOTHLEM/IEMOIA YaCTbiO HACTOSLLIErO aKTa.

Mpeacenatens kKomuccum B. CapceHbaeB
YUneHbl Komuceun
oT TOO «FOKHMTO «HYP/Ibl LUAMNATCAT»

OT HUIN «CTponTenbHbIX MaTepuanos,

CTPOUTENBCTBO M apXUTEKTYPbI»

CHC H. CapceHb6aeB
MHC C. Ayecbek





YTBEPXAAIHO:
OvpekTop TOO «FOKHIMTO
«HYP/Jibl LLUAMATIAT»

T.Y. VlckakoB
« 09 » aBryct

MPOTOKO/
MPYEMOYHbIX UCMNbITaHWIA OMbITHOrO 06pa3La CTEHOBbIX KepaMUUECKMX M3AENNIA N3rOTOBMEHHO-
ro no ONTMMalIbHbIM COCTaBaM paspaboTaHHbIX pykoBoguTenem fgorosopa Ne314 ot
30.03.2018r. VckakoBbim T.
BeagomcTBeHHas NpMeMoYHas KOMUCCUS, B COOTBETCTBMN C YTBEPXKAEHHON « 30 » UIOHS
2018 r. TOO «HOKHMTO «HYP/1bl LUAMAIAT» nporpaMmoil UCrnbITaHWIA Npon3Bena npue-
MOYHble MCnbITaHUA obpasua B nepmog 01.07.2018r. no 09.08.2018 r 1 ycTaHOBWMA CeayroLLme

OCHOBHbIE flaHHbIE:

PA3AEN |
CbIpbeBble MaTepuaibl

B KauyecTBe MCXOAHbIX CbIPbEBbLIX MaTepUasioB A8 MNPOU3BOACTBA  KepamMUYecKuX
N3OeNMiA  HaMW B WCCNELOBaHWIA  MCMOMb30BaHbl  CefyHoLliMe  CblpbeBble  MaTepuasbl:
Tyronnaskas n 6ypas rnnHa, CyrinHoK, a B Kadectse fobasku wamoT, BaCO3 n onunku.

[ns onTyMmM3aumMy COCTaBOB LUMXTbI U BblGOpa TEXHOIOTMYECKUX MapaMeTpoB MPou3-
BOACTBA KepaMM4ecKUX M3genuidi nogobpaHbl TpU BMAA TIUHBL JIEHrepCKOro MecTOpOXAeHWS
Tionebuinckoro parioHa PK, 1 ycnoBHO 0603Ha4YeHHbIX, Kak: Tyrornnaskas; 6ypas; Cyr/IMHOK.

B nabopaTopHbIX YCNoBUAX OblIn NMPOBeAeHbl CNefytoLie TeEXHOMOrMYeckne nuccneao-
BaHMA:

WccnenosaHus no nepepaboTke BbINOMHANNCH HA NabopaTOPHON MOMOTKOBOM MeSTbHULIE,
OCHalLLEHHON CUTOM C OTBEPCTUAMM B 3 MM, 1 nocneaytowlas 100% nepepaboTka ¢ MCMO/b30Ba-
HVEeM cuTa C oTBEpCTMAMM < 1 nmn.

WccnenoBaHust nepemelLnBaHnst U BakKyyMHOro (hOpMOBaHMS C onpeaeneHMeM BnaXKHo-

CTK, 06ecrneymBaroLLein KOHCUCTEHLMIO Bpyca Ha BbIXofe U3 MyHAWTYKa B 1.3 * 1.6 Kr/cmM2
HopmanbHas KOHCUCTeHUMS 6pyca npu aKCTpy3um HaxoauTcs B npegenax 14 * 18

Kr/cm2
VccnepoBaHns CyLIMbHBIX CBOMCTB - U3y4Ya/ICb CYLUW/IbHbIE CBOMCTBA TPEX CMECEN C

onpeaeneHnem cneyoLmx napaMeTpoB:





MpPOYHOCTL Cyxmx 06pasLoB.

CyLwmnbHas ycafka.

Mpenen TPELLMHOCTOMNKOCTH.

MokasaTenb YyBCTBUTE/IbHOCTM K CyLLKe M0 HOCOBOJA.

Kpusasa burota.

MpovLeHT peasicopbupoBaHHOIA BRaru.

CreneHb BO3AeNCTBUSA peaficopbrpoBaHuUs Bary Ha NPpOYHOCTb CYyXOro Marepuana.

OO6Xuroeble CBONCTBa 06pa3LoB, 060XKeHHbIX npu 850°C, 900°C, 950°C, 1000°C u

1050°C, 1100-5-1150 °C c onpegeneHemM NMpoYHOCTU, YCalKn, BOLOMOI/IOWEHNA MaTepuana npu

BCEX YKa3aHHbIX TemMnepartypax obxwura. B 3aBMCMMOCTM OT Bnaa rnHbl N TUNa KOHEYHOro

npoAayKTa, 06Xur 6b11 Havat npu Temnepatype 850 °C -900 °C, n 6bi1 3aBepLUEH NMpy Temnepa-
Type 1100 °C 5 1150 °C.

O6XMroeble CBOMCTBa MpY ONTUMa/bHOW TeMMepaType, OMnpefesieHHON B NpefblayLmx
“ccnefoBaHNAX:

- Ob6xurosas ycagka.

- [MoTteps Beca B 06ure (NoTeps Npun NpoKaMBaHUN).

- ®OPMOBOYHASA BAXXHOCTb OTHOCUTENIbHO 0BOXOKEHHOrO Beca.

- BopgonornouieHne 060XKeHHOro MaTepuana.

- NOTHOCTL 06OXOKEHHOr0 Matepuana.

- MexaHunueckas NPOYHOCTb 0OOXOKEHHOIO MaTepuana.

TepmognnaToMeTpuyeckne NUCCnefoBaHNs: 415 BbISBEHNA 0ObEMHbIX M3MEHEHWIN MaTe-
puana npu 06Xxure 1 NPOEKTUPOBAHWS Ha 3TON OCHOBE ONTMMa/bHOW TeMMepaTypHOU KpUBOiA
o6xwvra.

Ha ocHoBe pe3ynbTaToB, NOYYeHHbIX MOC/e NPOBEAEHNS BbilLeyKa3aHHbIX UCMbITaHWUN,
OblNIN UCCNefoBaHbl Be CMECK:

Cmecb-1 kHnker: JaHHasa cMeCb npefHasHayeHa A/ U3rOTOB/IEHNSA KIVHKEPHOrO Kup-
MnYa, a UMEHHO A/18 NIMLEBOr0 KMpnuya, 6pycyaTki, Kepammyeckom NanTKM 1 Yepenuubl BbICO-
KO NMIOTHOCTW, HWU3KOW BOAOMOr/OLLAEMOCT M BbICOKO MPOYHOCTM npu cxartuu: > 500
Kr/cm2

Mo BeCOBOMY COCTaBY AjaHHas CMeCb COCTOMUT U3:

75 % - Tyronnaekas rnnHa

25 %- LLlamoT (nepemosnoTast 060XO>KeHHas rmHa)

0.5 % -BaCO3 6bI1/10 MCNOML30BaHO A1t HEMTPan3aLUmm cynbhaTHbIX NATEH.

Cmecb-2: bloke: [laHHaa cmecb npefHasHayeHa A1 U3roTOB/IEHNA KepaMUYecKux Tep-

MOG/IOKOB U MYCTOTHbIX KPYMHO(OPMATHbLIX M3[eNnii C BbICOKO MOPUCTOCTLIO, HWU3KOM NoT-





HOCTbO U [OCTATOYHON MeXaHWYeCKOM NPOYHOCTLIO A5 UX UCMO/Mb30BaHWSA B XWMbIX NMOMeLLe-
HUAX W 41 NEPEropooK.

Mo BecoBOMY cOCTaBy AjaHHas CMeCb COCTOMUT U3:

97 % - cocTtaBa (90 % bypas rnvHa + 10 % Tyronnaekas rnmHa)

3 % -ApeBecHble ONMUKK, NepepaboTaHHble Ha Me/lbHULLE, OCHALLEHHOW CUTOM C OTBep-
ctnamum 0,5 mm.

0.5 % - BaCO3 ona yaaneHus nossfieHus CynbaTHbIX MATEH.

WcnbiTaHns o6pasua corfacHo nporpaMmmbl UCMbITaHUIA M X Pe3yNbTaToB Nokasann Tex-

HUYECKYI0 BO3MOXHOCTb W3rOTOBNEHWUSA CTEHOBbIX KepaMWUYecKUX W3Aenuidi ¢ NpYMeHeHVeM

CBblLLUE YKa3aHHbIX COCTaBOB.

PA3OEN I
BbiBO/bI 1 NpeanoxXeHns. CTeHOBble KEPaMUYECKUE M3AENNiA, M3TOTOB/IEHHbIE C MPUME-
HEHVWeM TYronniaBKUX W 6YpbIX NMH, CYF/IMHOK , a B KadyecTBe fo6aBKM LWamoT , BaCO3 u
OMW/KM MO OCHOBHbIM CBOACTBAM COOTBETCTBYHOT TPEGOBaHMSAM HOPMATMBOB. TEXHOMOMVS Npo-

n3BOACTBa CTEHOBbLIX KEPAMMNYECKNX I/I3,CI|EI'II/II7I PEKOMEHAYETCA K BHEAPEHNIO B NMPON3BOACTBO.

Mpeacenatenb KOMUCCUM

UneHbl KOMUCCUM

oT TOO «FOKHIMTO «HYP/1bl LLUAMAEAT»
PykoBoauTeNb 0roBOpa
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