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ESSAY
Report 115 p., 1 book, 17 figures, 10 tables, 8 sources, 9 applications.
CLAY ROCKS, GRANULAR BLAST-FURNACE METALLURGY-CHESKY SLAG, CHPP ASH, THERMAL CONDUCTIVITY COEFFICIENT, COMPRESSION STRENGTH, AVERAGE DENSITY, KERAMDOR, OPTIMAL COMPOSITION, ENERGY SAVING.
The object of the study is the clay rocks of the West Kazakhstan, Atyrau regions and granulated metallurgical slag of the Karaganda plant of JSC "Alselor Mittal Temirtau" and the ash of the thermal power station Ekibastuz SDPP.
The purpose of the work is to select the most rational technological equipment for the production of ceramdor according to the technology developed by us, taking into account their technical characteristics, to carry out work on the production of a pilot batch of ceramdor based on the developed optimal compositions of raw materials systems, to test the physical and mechanical properties of an experimental batch of ceramdor.

Research methods: determined the physical and mechanical properties of ceramdor.

For 2018-2020, as a result of the conducted research:

- selected the most rational technological equipment for the preparation of raw materials at the stage of dosing, mixing, molding and granulating;

- selected the most rational technological equipment for the preparation of raw materials at the stage of drying, roasting, screening and storage;

- Experimental batches of ceramdor and light heat-insulating and structural concretes were produced in the conditions of the research and production center WKATU named after Zhangir khan, together with the use of the technological equipment of INNOTECHPROEKT LLP, and tests were carried out to determine the physical and mechanical properties.
It has been established that the creation of materials for various functional purposes with a high level of operational properties is the main task of modern materials science. This approach makes it possible to implement fundamentally new technological schemes and scientific solutions in obtaining new effective materials. It was found that the replacement of natural crushed stone with ceramdor is very effective, which ensures a reduction in the weight of the structure by 20-50%. At the same time, the heat transfer of buildings decreases, their level of heat protection and vapor permeability increases, which leads to an increase in the comfort of living.

The developed technologies were introduced on the basis of INNOTECHPROEKT LLP.
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LIST OF ABBREVIATIONS AND SYMBOLS
In this research report, the following abbreviations and symbols are used:
WKO - West - Kazakhstan region

GRES - State District Power Plant

CHP - Thermal power plant

DTA - Differential Thermal Analysis
INTRODUCTION
In house-building factories for the production of reinforced concrete structures, crushed stone is used as a coarse aggregate in the manufacture of foundations for supporting and enclosing structures, such as floor slabs and roofs, roof beams and trusses, columns and wall panels, as well as for the construction of highways. The share of crushed stone in the composition of concrete and asphalt concrete is 60 - 75%, i.e. occupies the main volume in materials and structures of road pavement.
The western region of the Republic of Kazakhstan, including the Atyrau region, is provided only by the crushed stone plant of the Aktobe region, operating on the basis of the Mugaldzhar deposit, i.e. the nearest distance for the West Kazakhstan region is about 600 - 650 km, and for the Atyrau region it is more than 1000 km. Due to the high cost of transportation of crushed stone, lead to an increase in all types of building reinforced concrete structures and materials and the cost of road construction work in the whole region, not only urban, but also for the construction of roads in remote settlements. Hence the high prices per square meter of real estate and one kilometer of the road of all categories. crushed stone as the main component in the composition of materials for industrial, civil and road construction, including rural ones, is very expensive and scarce in the Western region of Kazakhstan [1-8].
At present, the need for crushed stone for the needs of construction is covered by crushed stone plants of the Republic of Kazakhstan operating on the basis of natural rocks and they are mainly concentrated unevenly.

However, crushed stone produced by traditional technology has a number of disadvantages. First, their average density is 2200 - 2500 kg / m3, which belongs to the categories of heavy materials. Therefore, on the basis of crushed stone based on natural rocks, it is used only for the production of heavy concrete.
The relevance and novelty of the project is based on the implementation of the following ideas:

The development of rational technological parameters for the production of ceramdor based on the processing of readily available and widespread clayey rocks, allowing them to be used instead of natural crushed stone, used as bulk heat-insulating material and opens up a wide opportunity for organizing the production of lightweight and heat-insulating-structural concretes.

In order to achieve the integrated use of natural and man-made raw materials and to achieve energy efficiency of technology and the quality of the final product, carry out scientific and experimental work to involve large-scale industrial waste in the raw material composition of keramdor in the form of blast furnace slags and ash from thermal power plants, etc. The presence of these components makes it possible to reduce energy costs, increase the operational properties and expand the scope of their application.
To produce prototypes of ceramdor and carry out scientific and experimental work on their use to obtain heat-insulating structural concrete and in the construction of the roadbed.

On the basis of the complex work carried out, to develop scientifically - based recommendations for implementation in production with the aim of further commercializing the technology.

The developed resource and energy saving technologies for the production of keramdor should be replicated and adapted to the local raw materials of the regions of Kazakhstan and specific recommendations for the production of keramdor should be developed instead of traditional crushed stone.

A distinctive feature of ceramic road material (keramdor) is that, on the basis of the proposed material, there is a wide possibility of producing not only heavy concrete, but also a whole range of building materials based on lightweight concrete, which makes the material multifunctional.
In the course of preparing the final report, materials of interim reports for 2018, 2019 were used:

1) rational technology of ceramdor based on the processing of clay rocks for heat-insulating and structural concrete and road construction: research report (interim) / NJSC “WKATU im. Zhangir Khan": hands. S.A. Montaev - Uralsk, 2018. - 69 p. - No. GR 0118RK00854. Inv. N 0218RK00814;

2) rational ceramdor technology based on processing of clayey rocks for heat-insulating and structural concrete and road construction: research report (interim) / NJSC “WKATU im. Zhangir Khan": hands. S.A. Montaev - Uralsk, 2019. - 93 p. - No. GR 0118RK00854. Inv. N 0219RK00830. 
The research report was heard and approved by the Academic Council of the University on September 24, 2020 (Appendix J).
MAIN PART R&D REPORT
1 Selection of the most rational technological equipment for the production of ceramdor according to the technology developed by us, taking into account their technical characteristics
The most rational type of technological equipment for the production of ceramdor has been selected, according to the technology developed by us, taking into account their technical characteristics, the main types of technological equipment have been determined that ensure high-quality production of ceramdor using blast furnace slags and ashes from the thermal power plant. Analysis of the obtained results of studies of the effect of the degree of grinding, crushing, mixing time and pressing pressure on changes in the physical and mechanical properties of ceramdor allowed us to select the following main technological equipment for the manufacture of ceramdor using blast furnace slags and ash from thermal power plants:

- for crushing large fractions of clay rocks, it is necessary to use a clay-breaker or a two-shaft K50 grinder, designed for preliminary loosening of clay with a compressive strength of pieces of no more than 2.5 MPa and a size of no more than 500 mm;

- for crushing pre-crushed clayey rocks to fractions less than 1.0 mm, fine grinding rollers (finishing rollers KROK 45) are selected.
1.1 Selection of the most rational technological equipment for the preparation of raw materials at the stage, crushing, grinding, grinding, etc.
The most rational technological equipment was selected for the preparation of raw materials at the stage, crushing, grinding, grinding, etc.

Analysis of the natural state of clay rocks forms hard lumps with sizes from 5 to 25 cm, which requires preliminary crushing to a fraction of less than 5 cm.After preliminary crushing of clay rocks, it is necessary to grind to a fraction of less than 1.0 mm, to crush pre-crushed clay rocks up to fractions less than 1.0 mm fine grinding rolls are selected
1.2 Selection of the most rational technological equipment for the preparation of raw materials at the stage of dosing, mixing, molding and granulation
The most rational technological equipment for the preparation of raw materials at the stage of dosing, mixing, molding and granulation has been selected.

According to the proposed technology, the following technological production parameters have been developed at the stage of dosing, mixing, molding and granulating: first, loess-like loam is fed from the raw material warehouse using a belt conveyor to the clay ripper, where loam is to be loosened to form fraction 20- 40 mm, then with the help of a box feeder it is fed into the coarse grinding rollers, where the loam is ground until a fraction of 2-3 mm is formed.

After that, the loam powders are fed by a belt conveyor to the fine grinding rollers, where they are finely ground to form a fraction of less than 1 mm.
After this technological operation, loess-like loam is dosed with additives in the form of granular metallurgical slag from the Karaganda plant of JSC Alselor Mittal Temirtau and fly ash from the Ekibastuz SDPP TPP. After this technological operation, the dosed raw materials are fed with the help of volumetric or weighing batchers and also with the help of a belt conveyor into a roller mixer, where they must be mixed together until a homogeneous mass is obtained.

The mixed homogeneous composition is fed into a clay mixer with parallel moistening by means of a belt conveyor to transform them into a ceramic mass.

After that, the ceramic mass is fed into the T-100 disc granulator, where granules with fractions of 5-40 mm are formed. The resulting granules are dried and fired in one unit (rotary kiln).
1.3 Selection of the most rational technological equipment for the preparation of raw materials at the stage of drying, firing, sieving and storage
The most rational technological equipment for the preparation of raw materials at the stage of drying, roasting, screening and storage has been selected.

Drying and firing of granules is the most critical operation in the production of products using the proposed technology. Therefore, drying and firing is carried out in two stages: the first stage is a relatively slow heating of the granules to a temperature of 200-500 ° C and the second stage is rapid heating to a temperature of 1000-1100 ° C and holding at this temperature for 3-10 minutes.

At the first stage of heating the granules, drying processes are completed with the removal of significant amounts of bound and partially chemically bound water of individual clay minerals. To prevent the destruction of the granules during this period, they must be heated relatively slowly at a rate of up to 30 deg / min.

For sieving the finished product, a GIL 14.000 RE screen was selected, the function of which is to separate the ceramdor granules into fractions. Fractions with diameters of 5-10 mm, 10-20 mm, 20-40 mm were taken as the optimal keramdor fractions, since these fractions are most in demand in the construction of civil, industrial buildings and structures, as well as in road construction.

It has been established that the most rational way of storing finished products of ceramdor is to use silos. At the same time, the possibility of automated shipment of ceramdor to consumers by weight and by fractions is achieved.

According to the adopted technological scheme, technological equipment was selected, operating according to the scheme:
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Below is a list of selected basic rational technological equipment for the production of ceramdor using the technology developed by us, taking into account their technical characteristics (table 1). The list of equipment is designed for the production of ceramdor with a capacity of 100 thousand m3 per year
Table 1 - List of equipment for the production of ceramdor with a capacity of 100 thousand m3 per year
	№
	Equipment identification
	Specifications

	1
	2
	3

	1
	Feeder
	supply voltage, V - 380, three-phase; power, kW - 10; productivity, t / h –17-100.

	2
	Granulator T-100

(rounding plate with plate diameter 1000 mm)
	plate drive motor power, kW - 2.2;

plate rotation frequency, rpm -20.25.30 "

plate diameter, mm - 1000;

plate board height, mm -200.

	3
	Toothed roller crusher,
for crushing coarse fractions -250-500mm

	performance, м³/ч, 1 м³/ч;

performance, кг/ч, не более 1000 кг/ч;

loading window dimensions 150х250 мм;

source material size, no more 130 мм;

	4
	Belt conveyor
	length - 5 m; power, kW - 10;

	5
	Coarse rolls

Brand: CM - 12.

	- productivity: 8 - 25 t / h;

- the largest size of the loaded piece: 40 mm;

- the size of the crushed pieces: 2 - 10 mm;

- roll dimensions (diameter x length): 600 x 400 mm;


Continuation of table 1
	1
	2
	3

	6
	Fine rolls

Brand: CM 1096.
	Roll length, mm: 700

Roll diameter, mm: 1000

Rotation frequency, rpm: 185/160

Productivity, t / h: 45

Compression force, t: 12

	7
	Hopper storage
	Volume - 200 m3

	8
	Belt conveyor
	Length - 20 m; power, kW - 10

	9
	Belt weighing batcher
	Productivity, t / h -10-100

	10
	Dryer drum

	Furnace diameter, mm - 1 800; furnace length, mm - 12,000; power, kW - 18.5; productivity, t / h –18 -20.

	11
	Apron conveyor
	Width - 400 mm; length - 5,000 mm; power, kW - 75;

	12
	Rotary kiln Nabertherm RSR 120-1000/13
	Furnace diameter, mm - 2,000; furnace length, mm - 40,000; the angle of inclination of the furnace, deg. - productivity, t / day - 100; power, kW - 37

	13
	Refrigeration recuperator
	Diameter - 1200 mm; length - 5000 mm - 10 pieces

power, kW - 18.5;

	14
	Apron conveyor
	Width - 400 mm; length - 25,000 mm; power, kW - 75;

	15
	Bolt
GIL 14.000 RE
	Number of sieves, pcs - 4; sieve holes, mm - 5 - 40; power, kW - 18; productivity, t / h –50.

	16
	Apron conveyor
	Width - 400 mm; length - 5000 mm; power, kW - 75;

	17
	Belt conveyor
	Length - 20 m; power, kW - 10

	18
	Silage
	Volume - 120 tons - 4 pieces


2 Release of an experimental batch of ceramdor in the conditions of the research and production center WKATU im. Zhangir Khan, together with the use of technological equipment of INNOTECHPROEKT LLP and testing to determine their physical and    mechanical properties
As a result of the release of a pilot batch of ceramdor in the conditions of a research and production center together with the use of technological equipment of INNOTECHPROEKT LLP, tests were carried out to determine their physical and mechanical properties, the analysis showed that changes in the physical and mechanical properties of prototypes of ceramdor, depending on changes in the component composition and the technological conditions of heat treatment revealed the following regularities: with the addition of granular metallurgical slag to the component composition of ceramdor samples in an amount of 10% to 30%, a significant reduction in the time of preliminary drying is observed. The duration of drying ceramdor samples without the addition of granulated metallurgical slag to a temperature of 80-90 ° C to a residual moisture content of 7-8% was 120 minutes. The addition of granulated metallurgical slag in an amount of 10% to 30% helped to reduce the drying time by 15-25 minutes in comparison with the control samples.
2.1 Preparation of raw materials for the release of a pilot batch of ceramdora

Raw materials were prepared in the form of clays, granulated blast-furnace metallurgical slag and ash by crushing, grinding and mixing for the release of an experimental batch of ceramdor were carried out according to the following sequence:

1) first, the raw materials were dried in an electric drying cabinet at a temperature of 70 - 80 ° C to a residual moisture content of 5 - 7%;

2) dried clays of the Chagan and Pogodaevskoe deposits and corrective additives in the form of granular metallurgical slag from the Karaganda plant of JSC Alselor Mittal Temirtau were ground in a laboratory ball mill. And the corrective additive Ash from the Ekibastuz SDPP, due to its natural fine particle size, was used without preliminary grinding.
2.2 Carrying out works on the release of an experimental batch of ceramdor based on the developed optimal compositions of raw materials systems. Tests of physical and   mechanical properties of an experimental batch of ceramdor
To carry out work on the release of an experimental batch of ceramdor based on the developed optimal compositions, the technological equipment of IN-NOTECHPROEKT LLP was used. The release of an experimental batch of ceramdor was carried out according to the following technological sequence:

1) preparation of clay raw materials by crushing and grinding. For crushing of coarse fractions of clay rock, a jaw crusher of the DLSCH 80x150 brand was used;

2) after crushing the coarse fraction of clayey rocks, grinding was carried out using a ball mill MShL 250x100 until it passed through a 1 mm sieve;

3) modifying additive in the form of fly ash Ekibastuz GRES was used without preliminary grinding;

4) modifying additive in the form of granular metallurgical slag of the Karaganda plant of JSC Alselor Mittal Temirtau was subjected to preliminary grinding in a ball mill MShL 250x100 until it passed through a 1 mm sieve;

5) according to the developed optimal compositions, the components were dosed and mixed in a two-shaft mixer until a homogeneous raw mixture was obtained;

6) ready homogeneous raw material mixture was fed into the feeder of the T-100 disc granulator and the granulation process was carried out using water spraying through special nozzles;

7) the resulting granules were fired in a Nabertherm RSR 120-1000 / 13 rotary kiln without preliminary drying at a temperature of 1000-1100 ° C (Figure 1);
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Figure 1 - Fragments of finished samples of ceramdor after firing in a rotary kiln Nabertherm RSR 120-1000 / 13
A pilot batch of ceramdor was produced on the basis of the developed optimal compositions of raw materials systems. The volume of the released batch of ceramdor is 10 m3. Fired ready-made ceramdor granules were subjected to testing to determine the physical and mechanical properties. The optimal component compositions of the raw mixtures used for conducting pilot tests are presented in Table 2.
Table 2 - Optimal compositions of raw mixes
	№
composition
	Component content, wt. %

	1
	Loess loam
Chagan field
	Fly ash at Ekibastuz State District Power Plant

	
	85 %
	15%

	2
	Loess-like loam of the Chagan deposit
	Granulated metallurgical slag of the Karaganda plant of JSC "Alselor Mittal Temirtau"


	
	75 %
	25 %


The indicators of the physical and mechanical properties of the pilot industrial batches of ceramdor are presented in Table 3.
Table 3 - Physical and mechanical properties of pilot industrial lots of ceramdor
	№
	Indicators
	Unit.
	Composition
№ 1
	Composition
№ 2

	1
	Firing temperature
	º С
	1100±20
	1100±20

	2
	Compressive strength in the cylinder
	МПа
	85,4-91,2
	95,6-98,2

	3
	Bulk density
	кг/м3
	750-850
	850-900

	4
	Water absorption
	%
	14,5
	12,6

	5
	Frost resistance
	cycles
	more 50 

	more 70


3 Carrying out scientific and experimental work on the use of ceramdor to obtain light heat-insulating - structural concrete, as a bulk heat-insulating material and suitable for road construction
To carry out scientific and experimental work from an experimental-industrial batch of ceramdor on the basis of DSK "Bolashak-T", tests were carried out in the composition of concrete for the production of light heat-insulating-structural concrete for the construction of residential buildings. According to the results of the tests carried out, it was found that the samples of composition No. 1 correspond to the concrete grade in terms of strength M 350, and the samples of composition No. 2 correspond to the concrete grade in terms of strength M 400. The content of ceramdor in composition No. 1 is 500 kg, and composition No. 2 is 600 kg. The decrease in the content of crushed stone in the composition of concrete was reduced by 400 - 500 kg per 1 m3 of concrete. This is due to the fact that the bulk density of ceramdor is 35 - 40% lower than natural. In this case, the saving of aggregate for the preparation of 1 m3 of concrete in a weight ratio is 40 - 50% (Figure 2-3).
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Figure 2 - Fragments of the preparation of a concrete mixture using ceramdor and tests in the laboratory on the basis of DSC "Bolashak-T"
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Figure 3 - General view of ceramdor and concrete samples on

their basis in the form of a cube with dimensions of 10x10x10 cm
Carrying out works on testing ceramdor for road construction.

To carry out scientific and experimental work from the pilot industrial batch of ceramdor on the basis of JSC "Uralskdorstroy", tests were carried out as part of asphalt concrete for the construction of highways. As a result, it was found that the ceramdor developed by us meets the standards of ST RK 1218-2003 GOST 12801-98;

To carry out this work, an agreement was concluded with an accredited laboratory of JSC "Uralskdorstroy". Checking the suitability of ceramdor for road construction was carried out in the following areas:

1) use of ceramdor for road foundations (Figures 4-6);

2) using ceramdor in asphalt concrete (Figures 7-9).
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Figure 4 - The process of preparing an asphalt concrete mixture according to the 
developed recipe
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Figure 5 - The process of forming samples - cylinders of asphalt concrete with ceramdor
[image: image17.jpg]’
]
p— =



 [image: image18.jpg]



Figure 6 - The process of pressing samples
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Figure 7 - The process of extrusion of samples
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Figure 8 - Formed samples of ceramdor for testing
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Figure 9 - Strength test of ceramdor samples
The following tests of ceramdor were carried out:

- on the basis of the RSU "BatysZholLaboratory" tests of ceramdor were carried out in accordance with the norms of ST RK 1218-2003 GOST 12801-98.

- work was carried out to create an industrial prototype of ceramdor at the base of IINOTEKHPROEKT LLP. Industrial samples of lightweight heat-insulating-structural blocks based on ceramdor were produced using the equipment “Mastek-Meteor” small-sized molding complex purchased for grant funds;

- an industrial prototype of products was created on the basis of an experimental - industrial batch of ceramdor. For this purpose, preliminary in laboratory conditions, the compositions of raw mixtures were designed to achieve effective physical-mechanical and thermal-physical properties of an industrial design;
- work was carried out to produce light heat-insulating - structural blocks using the purchased equipment "Mastek-Meteor". To solve this problem, a concrete composition was designed, consisting of the following components: cement - 250 kg, ceramdor fraction 10-20 mm - 660 kg, sand - 340 kg, water - 95 - 100 liters;

Initially, work was carried out to produce light heat-insulating - structural blocks using the purchased equipment "Mastek-Meteor". To solve this problem, a concrete composition was designed, consisting of the following components: cement - 250 kg, ceramdor 10-20 mm - 660 kg, sand - 340 kg, water - 95 - 100 liters.

The calculation was made for the preparation of 1 m3 of concrete.

A pilot batch of ceramdor was released in the conditions of the scientific and production center of the WKATU named after Zhangir khan, together with the use of the technological equipment of INNOTECHPROEKT LLP, and tests were carried out to determine their physical and mechanical properties.
First, the components were dosed using a scale and fed into the mixer of the “Mastek-Meteor” compact molding complex, where the raw mixture was mixed with the addition of water until a semi-dry homogeneous mass was obtained. Then the mixed mixture was fed by means of a conveyor into the dispenser hopper of the installation "Complex molding small-sized" Mastek-Meteor "" (Figure 10).
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Figure 10 - General view of the "Mastek-Meteor" molding complex
After that, the mixture was dosed directly to fill the mold block. The products were formed by vibrocompression on the Mastek-Meteor installation. 3 blocks with voids were molded at the same time. The formed blocks were manually removed using a pallet and sent to the warehouse for natural hardening (Figures 11-17).
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Figure 11 - Processes of mixing and feeding the raw mix for molding.
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Figure 12 - The process of forming light heat-insulating - structural blocks
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Figure 13 - Molded lightweight thermal insulation - structural blocks
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Figure 14 - Curb molding process
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Figure 15 - The process of forming paving slabs
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Figure 16 - Finished products based on ceramdor
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Figure 17 - Processes for determining the thermal conductivity and strength of products on

on the basis of ceramdor - by methods with the help of devices purchased with the funds of the grant
Indicators of physical and mechanical properties of products based on ceramic road material are presented in table 4.
Table 4 - Physical and mechanical properties of products based on ceramic road material
	Name

products
	Strength

at compression,

MPa
	Density, кг/м³
	Thermal 
conductivity, W / mK
	Water 
absorption,%

	Lightweight thermal insulation and 
structural blocks
	20,2-22,3
	800-950
	0,45-0,5
	23-25

	Curbs
	17-17,5
	1100 -1200
	-
	10-15

	Paving slabs 15-16
	15-16
	1100 -1200
	-
	10-15


4 Analysis of the technical and economic efficiency of the production of ceramdor and products based on them
To analyze the technical and economic efficiency of the production of ceramdor and products based on them according to the developed technological scheme, loam of the Chagan deposit of WKO and fly ash from the Ekibastuz GRES were selected as the main raw materials.

Workshop and general plant costs are taken according to the data of an operating ceramdor production plant based on Stroykombinat LLP.

Information on the raw materials for the production of keramdor.

Loess-like loam of the Chagan deposit is located at a distance of 1.5-2.0 km south-south-west of the river. Chagan, stretches within about 8-12 km. According to the geography of the location of mineral deposits in Western Kazakhstan, the reserves of this raw material amount to 6084 thousand m3.
Fly ash from Ekibastuz GRES is located in the city of Ekibastuz and is a large-tonnage waste generated during coal combustion. Ekibastuz GRES-2, 50% of which is owned by JSC Inter RAO UES and JSC Samruk-Energo, invested 2 billion 238 million tenge in the development of an environmental project. We are talking about the production of fly ash - large-scale waste of the company, which, with certain technologies, can be used in construction. The ash generated by the combustion of coal is captured by electric filters from the flue gases. For its disposal, an ash disposal system is used, where ash enters through a pipeline. Water is used to transport it to the storage device.
Up to a million tons of ash is shipped annually at the nominal load of the two power units; about six million cubic meters of water are used for its transportation. Ash disposal requires constant reconstruction and expansion of the areas used for ash dumps, and, thus, leads to increased operating costs of the plant and inefficient use of the territory. Judging by the offers on the Internet for the sale of fly ash, the demand for the product is great, this is a whole industry. Now Pavlodar region is included in it.
In European countries and Japan, the share of useful ash use (mainly in construction) reaches 90-95%. With the use of fly ash, such objects as the world's largest skyscraper Burj Khalifa in the UAE, one of the longest bridges in the world - the Great Belt in Denmark, a tunnel under the English Channel, as well as a number of large dams, cooling towers of power plants , airfields and other critical engineering structures and industrial buildings.

Capital investment
The volume of capital investments includes expenses for equipment, construction and installation work.

Determination of the volume of capital investments:
1) equipment - 511.6 million tenge

2) construction and installation work - 486.25 million tenge.

Total: 997850 thousand tenge

Depreciation and repair costs

Table 5 - Calculation of the volume of capital investments
	Name
	PF value, million tenge
	Depreciation rate,%
	Amount of depreciation, million tenge
	Repair fund, million tenge-70% of the depreciation amount

	Main fund:
	997,850
	
	
	

	1) Buildings and structures
	486,25
	7
	34
	23,8

	2) Equipment
	511,6
	10
	51,16
	35,8


The depreciation rate is determined in accordance with the Order of the Minister of Finance of the Republic of Kazakhstan dated February 10, 2016  №59.

Calculation of the required materials and resources
Table 6 - Calculation of the need for material resources
	Name

material
	Unit

rev.
	Price per unit, tg
	Specific consumption

mater. resources,%
	Annual demand
	The cost of the mat.

resources, million

	1) Main raw materials:

	loam
	т
	280
	90,0
	16000
	4,48

	Zola-entry
	т
	700
	90,0
	1300
	0,9

	water
	m3
	
	0,151
	4500
	0,005

	2) Fuel for technological

needs: gas
	thousand m3
	
	0,1
	2715
	42

	3) Electricity for technological needs
	thousand kWh
	25850
	0,025
	740
	19,12

	Total
	66 665 000 тг.


Calculation of the number of personnel and payroll
To implement the technological process of obtaining lightweight aggregates and its maintenance, 17 people are required, including:

- personnel of the main production - 10 people,

- personnel of auxiliary production - 2 people,

- workers of the repair department - 3 people,

- engineering and technical workers and employees - 3 people.

Total: 17 people.


The annual salary fund of the personnel was 22.92 million tenge.
Table 7 - Calculation of the payroll of production personnel
	Name
	Number, people
	Average annual salary, thousand tenge
	Annual salary fund, million tenge

	The number of production personnel
	17
	5220
	22,92

	–  main workers
	10
	1200
	12,0

	–  auxiliary workers
	2
	1140
	2,28

	– repair personnel
	3
	1200
	3,6

	–  Engineers and employees
	3
	1680
	5,040


Expenses for maintenance, operation of technological equipment amount to 42.44 million tenge for a plant with a capacity of 200,000 m3 per year (table 8).
Table 8 - Calculation of costs for maintenance, operation of technological equipment  
	№
	Name
	Amount, million tenge

	1
	Depreciation of equipment
	34

	2
	Equipment content - salary
	1,2

	3
	Equipment repair fund
	5,4

	4
	Fuels and lubricants
	0,17

	5
	Occupational Safety and Health
	0,17

	6
	Other costs
	1,5

	Total
	42,44


The cost calculation for 10 m3 of ceramdor based on the developed compositions of ceramic compositions is shown in Table 9.

For a comparative analysis, the cost of ceramdor produced at an operating plant based on Stroykombinat LLP was selected.
Table 9 - Calculation of the cost per 10 m3 of ceramdor based on the developed compositions of ceramic compositions
	Name of cost items
	Unit

measurements
	Plant cost
	Cost of ceramdor based on the developed composition

	Raw materials
	tenge
	1350
	1480

	Fuel
	tenge
	8250
	5010

	Electricity
	tenge
	3250
	2005

	Basic salary

and additional
	tenge
	13210
	13210

	Equipment maintenance and operating costs
	tenge
	6700
	6700

	Workshop costs
	tenge
	3420
	2420

	General plant costs
	tenge
	2340
	1475

	Full cost
	tenge
	38520
	32300


The main technical and economic indicators are shown in table 10.
Table 10 - Main technical and economic indicators
	Name
	Unit
	Factory indicators
	Indicators of the proposed technology

	Factory capacity
	m3
	30000
	30000

	Cost of raw materials
	tenge
	1350
	1480

	Equivalent fuel consumption per 10 m3 of keramdor
	m3
	458
	278

	Electricity consumption for 10 m3 of ceramdor
	kWh
	250
	154

	The number of employees, incl. major
	people
	15
	17

	Capital investments, total
	thousand tenge
	
	997850

	Specific capital investments per 10 m3 of keramdor
	tenge
	45,1
	45,1

	Cost price per 1 m3 of ceramdor
	tenge
	3852
	3230

	Wholesale selling price

for 10 m3 of ceramdor
	tenge
	70 000
	65 000

	Economic effect
	thousand tenge
	
	18 652,95

	Factory profit
	thousand tenge
	
	980 400

	Return on capital investment
	year
	
	1,1


The profit of the plant when using the developed ceramdor:

1) wholesale selling price of 1 m3 of ceramdor - 6500 tenge.

2) the cost price of ceramdor based on the developed compositions of ceramic compositions is 3230 tenge.

3) annual production output - 30,000 m3.

4) the profit of the plant is determined by the formula:
                                         П= (Цот - С2 )х А
                                                           (1)

where P is the profit of the plant, thousand tenge.

Tsot - selling price of 10 m3 of keramdor,

С2 - cost price of 10 m3 of ceramdor,

A - annual production output,
              П = (65000 - 32300) × 30000 =980400 тыс. тенге.

5) The return on capital investments is determined by the formula:
                                          Окв = КВ/П
                                                             (2)

where OKV is the return on investment, year

        КВ - capital investments, thousand tenge

         P is the profit of the plant, thousand tenge.

         Okw = 997850/980400 = 1.1 year.
Economic effect:

1) the cost price of 1 m3 of ceramdor at the plant - 3852 tenge

2) the cost price of 1 m3 of ceramdor based on the developed compositions

ceramic compositions - 3230 tenge

3) specific capital investments per 10 m3 of keramdor - 45.1

4) the capacity of the ceramdor plant is 200,000 m3

5) the economic effect with a coefficient of comparative economic efficiency of capital investments of 0.15 will be:
                                                     Э = (31 - 32)хА или                                                             (3)

                                             Э = (С1+ ЕК1) - (С2+ЕК2)хА                                                      (4)


where E is the annual economic effect, thousand tenge,

З1, З2 - reduced costs per expanded clay,

C1, C2 - cost of ceramdor, tenge,

К1, К2 - specific capital investments per 1 m3 of keramdor, tenge,

Е - standard coefficient equal to 0.15.
Э= (3852+ 0,15х45,1) - (3230+ 0,15х45,1)х30000 =18 652,95 тыс. тенге                   

5 Development of a recommendation for the implementation and commercialization of the technology
            Recommendations have been developed to introduce and commercialize the technology, taking into account the results of scientific and experimental work. Appendix С.
CONCLUSION
Research conducted in 2018-2020, the rational technology of keramdor based on the processing of clay rocks for heat-insulating structural concrete and road construction, allows us to draw the following conclusions:

1) The current state of current trends in research concerning technologies for the production of natural and artificial aggregates in the form of ceramdor and ceramdor has been established;
2) The main research of scientists in the production of ceramdor is aimed at the use of various types of natural raw materials and man-made resources;
3) It has been established that the production of ceramdor is highly promising on the basis of easily accessible clay rocks and large-capacity secondary resus;
4) When creating resource- and energy-saving technology for the production of ceramdor, non-traditional raw materials are increasingly used, including waste from various industries. Therefore, additional research is required taking into account the properties and specific features of the raw materials used;
5) Based on the results of the study of the physical-mechanical and chemical-mineralogical properties of clay rocks of the West Kazakhtan, Atyrau regions, the possibility of using them as the main raw material for the production of ceramdor was established;
6) It has been established that the use of large-capacity secondary resources of Kazakhstan as granular metallurgical slag of the Karaganda plant of Alselor Mittal Temirtau JSC and the ash of the Ekibastuz SDPP TPP as modifying components improves the physical, mechanical and technological properties of ceramdor;
7) Optimal component compositions have been developed with the following limiting concentrations of constituent components (wt%):
- loam of the Chagan deposit 70 - 80% - granulated metallurgical slag 20 - 30%;

- Clay of Pogodaevskoe deposit 70 - 80% - Ash of TPP Ekibastuz GRES 20 - 30%. The developed compositions for the production of ceramdor meet the requirements of energy efficiency and resource conservation;
8) To develop a technological scheme for the production of ceramdor based on the processing of clayey rocks and taking into account the use of corrective additives, the main technological redistributions have been established, including the organization of transportation of raw materials from the quarry and dump of industrial waste, preliminary preparation of raw materials, dosing, mixing the mixture, molding granules , accelerated drying and firing;
9) The existing similar technological schemes of ceramdor production are analyzed. It has been established that the creation of materials for various functional purposes with a high level of operational properties is the main task of modern materials science. This approach makes it possible to implement fundamentally new technological schemes and scientific solutions in obtaining new effective materials;
10) It has been established that replacing natural crushed stone with ceramdor is very effective, which ensures a reduction in the weight of the structure by 20-50%. At the same time, the heat transfer of buildings decreases, their level of thermal protection and vapor permeability increases, which leads to an increase in the comfort of living;
A technological sequence for the production of ceramdor with the use of the developed compositions of ceramdor in the systems clay - granulated metallurgical slag of the Karaganda plant JSC "Alselor Mittal Temirtau" and clay - ash from the Ekibastuz SDPP CHPP and indicating the necessary parameters of the technological equipment has been developed.
11) Selected the most rational technological equipment for the preparation of raw materials at the stage of dosing, mixing, molding and granulating;

12) Selected the most rational technological equipment for the preparation of raw materials at the stage of drying, roasting, screening and storage;

13) Experimental batches of ceramdor and light heat-insulating and structural concretes were produced in the conditions of the research and production center WKATU im. Zhangir khan, together with the use of the technological equipment of INNOTECHPROEKT LLP, and tests were carried out to determine the physical and mechanical properties.
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APPENDIX A

Work schedule
TECHNICAL CHARACTERISTICS AND CALENDAR WORK PLAN

____________________ 2018 № _____ under the contract

1. NJSC "West Kazakhstan Agrarian and Technical University named after Zhangir Khan"

1.1 By priority: 1. Rational use of natural resources, including water resources, geology, processing, new materials and technologies, safe products and structures.

1.2 By sub-priority: 1.28 New building structures of buildings and structures, technologies for the production of building materials and products, earthquake-resistant construction and safety of structures, the latest architectural forms.

1.3 On the topic of the project: No. AP05133360 "Rational technology of ceramdor based on the processing of clay rocks for heat-insulating structural concrete and road construction."

1.4 The total amount of the project is 19,932,000 (nineteen million nine hundred thirty-two thousand) tenge, including with a breakdown by years, for the performance of work in accordance with clause 3:

- for 2018 - in the amount of 6,600,000 (six million six hundred thousand) tenge;

- for 2019 - in the amount of 6 659 400 (six million six hundred fifty nine thousand four hundred) tenge;

- for 2020 - in the amount of 6 672 600 (six million six hundred seventy two thousand six hundred) tenge.

2. Characteristics of scientific and technical products by qualification characteristics and economic indicators

2.1 Field of Work: Applied Research

2.2 Scope: Production of lightweight and heat-insulating structural concrete, industrial, civil, agricultural and road construction.

2.3 End result:

- for 2018: The properties of raw materials will be investigated and laboratory prototypes of ceramdor will be created;

- for 2019: Technological parameters of ceramdor production and selection of rational technological equipment for their production will be developed;

- for 2020: Release of a pilot batch of ceramdor and testing them as part of the production of lightweight heat-insulating structural concrete and road construction. Development of a recommendation for the implementation and commercialization of technology.

2.4 Patentability: The results of scientific research are patentable. It is planned to apply for a patent for a utility model or an invention.

2.5 Scientific and technical level (novelty):

- New rational component compositions and new technological solutions for the processing of clay soils and their compositions with modifying additives will be developed.

- New patterns of change in physical and mechanical properties and processes of structure formation from the component composition and firing temperature will be established. These regularities allow developing and optimizing the technological parameters of ceramdor production in order to ensure the resource and energy efficiency of the technology.

- The ceramdor material we offer differs in a relatively low bulk density of 700 - 900 kg / m3 (that is, 1 ton of ceramdor occupies a volume equal to 1.2 m3), in comparison with crushed stone of natural rock 1400-1800 kg / m3 (one ton of natural crushed stone occupies a volume equal to only 0.5-0.6 m3), thus ceramdor occupies 2 times more volume in the composition of concrete, asphalt concrete and in road structures. Consequently, from one ton of ceramdor it is possible to produce products, materials and road structures 2 times more than in comparison with one ton of natural crushed stone. As a result, the project contributes to a 2-fold increase in production profitability.
2.6 The use of scientific and technical products is carried out by: Enterprises for the production of building materials, national and foreign companies engaged in the construction of buildings and structures and highways.

2.7 Type of use of the result of scientific and (or) scientific and technical activities: As a resource and energy saving technology for the production of building materials, as well as projects corresponding to the principles of "green economy" and improving the energy efficiency of buildings and structures.

3. Name of work, terms of their implementation and results
	Job code, stage
	Name of work under the Agreement and the main stages of its implementation
	Period of execution
	Expected Result

	
	
	Start
	ending
	

	1
	Conducting a literature review and patent search in the direction of research
	January 2018 
	March
2018
	A literature review and patent search will be conducted in the direction of research

	1.1
	Working in libraries
	January 2018
	January 2018
	Work will be done in libraries. Selection of articles, scientific papers and patents in the direction of research

	1.2
	Working on the Internet
	February 2018
	February 2018
	Internet work will be done. Extended review of articles, scientific papers and patents of domestic and foreign scientists in the direction of research

	1.3
	Generalization of the received materials
	March 2018
	March 2018
	The materials received will be summarized. analysis of the materials received on the literary review and patent search

	2
	Sampling of clay rocks of the West Kazakhstan and Atyrau regions, as well as corrective additives in the form of granulated blast furnace slag of Alselor Mittal Temirtau JSC (Temirtau) and ash from the TPP of Ekibaztu GRES
	April 2018
	June 2018
	Work will be carried out to take samples of clay rocks of the West Kazakhstan and Atyrau regions and work on the delivery of blast furnace slag and ash from Alselor Mital Temirtau JSC (Temirtau) and ash from the Ekibastuz TPP

	2.1
	Research of clay deposits in West Kazakhstan and Atyrau regions
	April 2018
	May 2018
	Studies of clay deposits in West Kazakhstan and Atyrau regions will be carried out. Works on sampling and delivery of clay rocks for research will be carried out

	2.2
	Negotiating with the companies Alcelor Mittal Temirtau JSC (Temirtau) and the Ekibaztu GRES TPP
	May  2018
	June 2018
	Negotiations will be held with the companies of Alselor Mittal Temirtau JSC (Temirtau) and the ash of the Ekibastuz SDPP TPP. Reaching an agreement on the selection and delivery of granulated blast furnace slag and ash for research

	3
	Investigation of the physical-mechanical and chemical-mineralogical properties of the compositions of the selected raw materials
	July 2018
	September  2018
	The physical and mechanical properties of the compositions of the selected raw materials will be investigated. Physicomechanical, chemical and rheological properties of clays, blast furnace slags and ash will be investigated

	3.1
	Preparation of laboratory equipment for carrying out the physical, mechanical, chemical and rheological properties of clays, blast furnace slags and ash, including taking into account the equipment of public laboratories of other universities
	July 2018
	July 2018
	Laboratory equipment will be prepared for the physical, mechanical, chemical and rheological properties of clays, domains, as well as laboratory equipment for public laboratories of other universities

	3.2
	Carrying out scientific and experimental work to determine the physical, mechanical, chemical and rheological properties of clays, blast furnace slags and ashes
	July 2018
	September  2018
	The main physical-mechanical, chemical and rheological properties of clays, blast-furnace slags and ash will be determined for further experimental work. 2 articles will be published in scientific journals of the Russian Academy of Natural Sciences

	4
	Development of optimal compositions of ceramic masses for obtaining ceramdor that meet the requirements of energy efficiency and resource saving
	October  2018
	Until November 1, 2018
	Optimal compositions of ceramic masses will be developed and studies of the physical and mechanical properties of ceramdor that meet the requirements of energy efficiency and resource conservation based on clays and corrective additives in the form of granular blast furnace slag and ash

	4.1
	Preparation of raw materials for scientific and experimental work by grinding, crushing, sieving and mixing
	October 2018


	 October 2018


	Raw materials will be prepared for further scientific and experimental work by crushing, crushing, sieving and mixing.

	4.2
	Preparation of various compositions of raw materials and molding of prototypes to determine the physical and mechanical properties of samples
	October  2018


	Until November 1, 2018
	Various compositions of raw materials will be prepared and prototypes will be formed to determine the physical and mechanical properties of the samples. Regularities of changes in the physical and mechanical properties of samples of various compositions of raw materials will be determined

	4.3
	Analysis of changes in the physical and mechanical properties of prototypes depending on the composition of raw materials in order to optimize them
	October  2018


	Until November 1, 2018
	An analysis of changes in the physical and mechanical properties of prototypes will be carried out depending on the composition of raw materials in order to optimize them. Rational compositions of raw mixes for the manufacture of ceramdor will be determined

	5
	Establishment of the main regularities of changes in physical and mechanical properties and processes of structure formation depending on changes in the component composition and technological conditions of heat treatment
	January 2019
	April 2019
	The main regularities of changes in physical and mechanical properties and processes of structure formation will be established depending on changes in the component composition and technological conditions of heat treatment. Technological parameters for the manufacture of ceramdor based on clays and corrective additives in the form of granulated blast furnace slag and ash will be determined

	5.1
	Studies of the influence of the degree of grinding, crushing, mixing time and pressing pressure on changes in the physical and mechanical properties of ceramdor
	January 2019
	February 2019
	The influence of the degree of grinding, crushing, stirring time and pressure of the physical and mechanical properties of ceramdor will be investigated.

The main technological factors affecting the operational properties of prototypes will be determined in order to select technological equipment for the production of ceramdor

	5.2
	Analysis of the results obtained in order to select the main technological equipment for the manufacture of ceramdor using blast-furnace slags and ashes
	March 2019
	April 2019
	The analysis of the results obtained will be carried out and the main technological equipment will be determined, ensuring high-quality production of ceramdor using blast-furnace slags and ashes.

	6
	Development of rational technological parameters for obtaining ceramdor at the stage of raw material preparation, dosing, mixing, molding, drying and firing
	May 2019


	August 2019
	Rational technological parameters of ceramdor production will be developed at the stage of raw material preparation, dosing, mixing, molding, drying and firing. Technological parameters for the manufacture of ceramdor based on clays and corrective additives will be established to obtain light heat-insulating-structural concrete, bulk heat-insulating material and material for road construction

	6.1
	Studies of the influence of the degree of grinding, crushing, mixing time and pressing pressure on changes in the physical and mechanical properties of ceramdor
	July  2019
	June 2019
	The degree of grinding, crushing, mixing time and pressing pressure for grinding the physical and mechanical properties of ceramdor will be investigated. The main technological factors influencing the performance properties of the samples will be determined

	6.2
	Анализ полученных результатов с целью выбора основного технологического оборудования для производства керамдора
	July 2019
	August 2019
	An analysis of the results obtained will be carried out and the main types of technological equipment and its parameters will be determined, ensuring high-quality production of ceramdor

	7
	Development of a technological scheme for the production of ceramdor based on the processing of clay rocks and taking into account the use of corrective additives
	September 2019
	Until November 1, 2019
	A technological scheme for the production of ceramdor based on clays and corrective additives in the form of granulated blast furnace slag and ash will be developed. 2 articles will be published in a peer-reviewed foreign scientific journal included in the Scopus database

	7.1
	Analysis of existing similar technological schemes for the production of ceramdor
	September 2019
	October   2019
	The closest analogues of ceramdor production technological schemes will be analyzed

	7.2
	Разработка технологической последовательности производства керамдора с использованием новых составов керамдора и указанием необходимых параметров технологического оборудования 

Опубликовать в отечественных или зарубежных рецензируемых научных журналах.
	October  2019
	Until November 1, 2019
	A technological sequence for the production of ceramdor will be developed with the definition of new compositions for determining the parameters of technological equipment.
Will be published: 1 article in a domestic and 1 article in a foreign peer-reviewed scientific journal and a non-zero impact factor

	8
	Selection of the most rational technological equipment for the production of ceramdor according to the technology developed by us, taking into account their technical characteristics
	January  2020
	April 2020
	The most rational type of technological equipment for the production of ceramdor will be selected according to the technology developed by us, taking into account their technical characteristics

	8.1
	Selection of the most rational technological equipment for the preparation of raw materials at the stage, crushing, crushing, grinding, etc.
	January  2020
	January  2020
	The most rational technological equipment will be selected for the preparation of raw materials at the stage, crushing, grinding, grinding, etc.

	8.2
	Selection of the most rational technological equipment for the preparation of raw materials at the stage of dosing, mixing, molding and granulation
	February  2020
	February 2020
	The most rational technological equipment will be selected for the preparation of raw materials at the stage of dosing, mixing, molding and granulating

	8.3
	Selection of the most rational technological equipment for the preparation of raw materials at the stage of drying, roasting, sieving and storage

	March
  2020
	April 2020
	The most rational technological equipment will be selected for the preparation of raw materials at the stage of drying, roasting, sieving and storage


	9
	The release of an experimental batch of ceramdor in the conditions of the research and production center WKATU named after Zhangir khan together with the use of the technological equipment of INNOTEKHPROEKT LLP and testing to determine their physical and mechanical properties. Registration of an application for a patent for a developed technology
	May
2020
	June  2020
	An experimental batch of keramdor will be produced in the conditions of the research and production center of WKATU named after Zhangir khan, together with the use of the technological equipment of INNOTECHPROEKT LLP, and tests were carried out to determine their physical and mechanical properties.

	9.1
	Preparation of raw materials for the release of an experimental batch of ceramdor
	May
2020
	May
2020
	Raw materials will be prepared in the form of clays, granulated blast furnace slag and ash by crushing, grinding and mixing for the release of a pilot batch of ceramdor

	9.2
	Carrying out works on the release of an experimental batch of ceramdor based on the developed optimal compositions of raw materials systems. Tests of physical and mechanical properties of an experimental batch of ceramdor
	May
 2020
	Июнь 2020
	An experimental batch of ceramdor will be produced on the basis of the developed optimal compositions of raw materials systems. The physical and mechanical properties of the ceramdor of the experimental batch will be determined

	9.3
	Registration of an application for a patent for the developed technology of ceramdor production
	May
2020
	June 2020
	A patent search will be conducted to identify the closest analogue.
An application will be filed for a patent for an invention

	10
	Carrying out scientific and experimental work on the use of ceramdor to obtain light heat-insulating - structural concrete, as a bulk heat-insulating material and a material suitable for road construction

	July 2020
	August 2020
	Scientific and experimental work will be carried out on the use of ceramdor to obtain light heat-insulating-structural concrete, bulk heat-insulating material and material suitable for road construction

	11
	Analysis of the technical and economic efficiency of the production of ceramdor and products based on them
	September  2020
	October  2020
	An analysis of the technical and economic efficiency of the production of ceramdor and products based on them will be carried out

	12
	Development of a recommendation for the implementation and commercialization of technology.
It is planned to publish articles in the following editions: "Science News of Kazakhstan", "Bulletin of the National Engineering Academy"
	October 2020
	Until November 1, 2020
	A recommendation will be developed for the implementation of the developed technology in the production and commercialization of the technology

	13
	Development of a recommendation for the implementation and commercialization of technology.
It is planned to publish articles in the following editions: "Science News of Kazakhstan", "Bulletin of the National Engineering Academy"
	October  2020
	Until November 1, 2020
	The results of the research work will be published: 1 article in the scientific publication "Science News of Kazakhstan"; 1 article in the scientific publication "Bulletin of the National Engineering Academy"; 1 article in the journal recommended by the KKSON MES RK. 1 monograph will be published.
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APPENDIX B
Implementation act
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OIBITHO-IIPOMBIIITIEHHOTO BHE/PEHUs TEXHOJIOTHH H COCTaBa CHIPhEBBIX CMecei
TS TIONy4YeHHs Kepamaopa, paspaboTaHHOro 3anajHo-Ka3axcTaHCKUM arpapHo-
TeXHUYECKUM yHUBEPCUTETOM UM. JKaHrup xana

Mpsi, mwxenommucapmumecs, ot TOO «MHHOTEXITPOEKT» umxeHep
Bakymes A.A., Texnonor Anminosa H.B., ot 3amamHo-KaszaxcTaHCKOro arpapHo-
TeXHHYECKOro yHHBepcuTeTa uM. JKaHrup xaHa A.T.H., mpodeccop C.A.Monraes,
k.T.H. llakemes B.T., PhD XKapsuranos C.M., PhD Prickamues M.XK., PhD
Iuaryxuesa A.B. u gokropant JJoco K.JK. cocTaBuiyi HaCTOSIIIAA aKT O TOM, 4TO
¢ 07 nmo 18 cents6pss 2020 roma mpoBeNeHBl INPOMBILIICHHBIE UCHBITAHUS JUIS
BHeJPEHHs TeXHOJOTHH COCTABOB M CHIPBEBBIX CMeCell pa3paboTaHHBIX 3araiHo-
Ka3axcTaHCKHM arpapHO-TEXHUYECKIM YHUBEPCHTETOM WM. JKaHTup XaHa.

DBbUld NpOBENEeHbl paboThl 110 BBEIMYCKY JIETKAX — TEIUIOU30ISAIMOHHO-
KOHCTPYKIIHOHHEIX ONOKOB C HCIOJb30BAHUEM IPHOOPETEHHOro 0O6OpYAOBaHMS
«Mactek-Meteopy. s pelueHust 5Toid 3a7a4y IPOEKTUPOBAINCH COCTaB OETOHA,
COCTOSIIIMH U3 CIEAYIONUX KOMIIOHEHTOB: lleMeHT — 250 KT, kepamaop ¢paxuui 10-
20 MM — 660 kr, mecox — 340 xr, Boga — 95 — 100m;

Buauasie ObLIH TIPOBEIEHBI paOOThI IO BBIITYCKY JIETKUX TEIIOU30JIIIAOHHO -
KOHCTPYKIMOHHBIX OJIOKOB C HCIOJb30BaHHEM NPHOOPETEHHOro 00O0pPYAOBaHUL
«MacTtek-MeTeop». Jlist pemnenus 3Toi 3a1a4y IPOEKTHPOBATHCH COCTaB OeToHa,
COCTOSIIIH U3 CIeIyIOMUX KOMIIOHEHTOB: [ieMeHT — 250 kr, kepamzaop 10-20 mm —
660 xr, mecox — 340 xr, Boga — 95 — 10051.

Pacyet mpou3BeleH Ul IPUrOTOBIEHHUS | M’ GeTOHa.

IpoBeneHbl UCIBITAHKS [0 ONPEIEeTCHAIO HX GU3UKO-MEXaHUIECKUX CBOUCTB.

CHavana KOMIIOHEHTBI JO3HPOBAIKCH C IIOMOLIBIO BECOB M IIOJABAIINCH B
cMecuTenb ycraHoBkd «KomIuiekc (pOpMOBOUHBIN MaiorabapuTHBIH «MacTek-
Merteop»», Tlie ChIpbeBas CMeCh [epeMellrBanach C J00aBleHHEM BOIBI JIO

[OJIyYEeHHsT IIONyCYyXOH OJHOPOJHON MacChl. 3aTeM IepeMellaHHas CMeCh C
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Pucyrok 1 - O6mwmii Bun GpopMoBoYHOro KoMILiekca «Mactek-Merteop»

ITocne 3TOro CMech [JO3MPOBAHHO II0JABajlach HEMOCPEACTBEHHO UL
3aIONHEHNs MaTpHIbl (opMOBOYHOro Gioka. M3memns GopMoBalMCh METONOM
Bubponpeccopanus Ha ycraHoBke «Mactek - Merteop». OnHOBpeMeHHO
(popmoBauch 3 6110ka ¢ mycroramu. OThopMoBaHHBIE GJOKH C IIOMOLIBIO OJJOHA
CHUMAJIACh BPYYHYIO W OTIPABISIACH HA CKJAA Uil €CTECTBEHHOIO TBEPACHHUS

(pucysku 2 - 8).

Pucynoxk 2 —TIpouecch nepeMeInuBaHus 1 OJaqy ChIPhEBOM CMECH IS
¢dbopmoBaHuUs
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Pucynoxk 5 — ITpouecc hopMoBanus 60pmrop
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Pucynok 8 — I'lporieccs! onpeneneHus TeIUIONPOBOAHOCTH ¥ MPOYHOCTH U3/IEIMHA Ha
OCHOBE Kepamopa — METOIaMH C [IOMOIIBIO IIPUOOPOB IPHOOPETEHHOTO Ha
CpezacTBa rpaHTa
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Tabmuma 4 — Ou3MKo-MexXaHWYEeCKHe CBONCTBa M3J€IMM Ha OCHOBE
KepaMH4YeCKOro JOPOXKHOI0 MaTepuaa
HaunmenoBanue [pounocts | [TnotHocTs | Temnonposox | Boxonorio-
76691 (5117 Ipu , KO/M? -HOCTB, menue, %
CXKATUH, B1/MK
Mna
Jlerkue 20,2-22,3 800-950 0,45-0,5 23-25
TETIOU30JIIIIUOHHO—
KOHCTPYKIIMOHHEIE
OJI0KH
bopmopst 17-17,5 | 1100 -1200 - 10-15
Tporyapnas mmurka 15-16 1100 -1200 - 10-15

Cornacio TOCT 33126-2014 «Bioku KepaM3UTOOETOHHBIE CTEHOBBIE.
TexHuueckue yCNOBHMs» H3IENMsl COOTBETCTBYIOT Mapkam M200 (B15).
PaspaboTaHHass TEXHOJIOTUS JIETKOTO  TEIUIOM30JIALHMOHHO-KOHCTPYKIIHOHHOIO
670Ka Ha OCHOBE KepamJopa IPHHSATHl K BHEAPEHHIO, TaK KaK OHH ITO3BOJISIOT
OGECIEUnTh  CTPOMTENCTBA 3JAHMH W COOPYXEHHH  Temno3d(eKTHBHEIM
MaTepHaioM.

TMoxmucu:

7
Umxenep TOO «<MHHOTEXIIPOEKT» @4& - Baxymres A A.
Texnomnor TOO «<MHHOTEXIIPOEKT» @i—! Anunosa H.B.

J.1.H., mpodeccop 3KATY um. JKanrup xana L’,’ % Momntaes C.A.
K.1.H., n.0. nouenta 3KATY um. XKaurup Xaﬂaﬁéfzj;;zg{f ~Iakemes B.T.

PhD, cr.mpen. 3KATY uwm. XKanrup xama = XKapsinranos C.M.
PhD, cr.mpen. 3KATY um. JXKanrup xana Q/Zﬂ/c/%@’ Prickames M.OK.
PhD, ct.mpen. 3KATY um. JKaurup xana g/ ' IIunryxuesa A.b.

Joxtopant 3KATY um. Xaurup xana Jocos K. K.




APPENDIX С
A recommendation was prepared as a result of the implementation of the NTP project
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Certificate on the use of research materials in the preparation of a doctoral 
dissertation
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06 Henoapsosannn Gpparmenton Anccepramun Jocosa K.IK. na remy: «Texnosorust u pusuko-
MEXAHHIeCKHe CBOHCTBA KEPAMUUECKOI0 J0POKHOr0 MATEPHAIA (KepamMIop) Ha 0CHOBe
nepepaloTKi JHH 3anafnoro pernona Kasaxerana» B 10Ar0TOBKe 0THETA HAY1HO-
HeCaeN0BaTeNbLCKOro mpoexTa 1o Teme: AP05133360 «Paunonanbnasi TEXHOJIOIHSI KepaMaopa Ha
ocHOBe TepepadoTKU IJIMHHCTBIX OPO/I AJIst TEIUIOH30/ISHONIO-KOHCTPY KIHOHHBIX 6GeToHOB H
JOPO/KHOr0 CTPOHTENBLCTBAY 10 pecnybInKrancKoii G1o1KeTHOl nporpamme 217 «Pa3BuTHE HAYKI
102 «'panToBoe GUHAHCHPOBAIIE HAYUNBIX HCCIE0BAHUMIDY Neroc.perucrpaunu 0118PK 00854

Juccepraunontas padora Jlocosa K. na remy: «Texnonorns u (P U3MKO-MEXaHHUECKHE CBOHCTBA
KepaMHUECKOro I0pOIKHOIO MaTepuasa (Kepamaop) Ha OCHOBE 1epepalboTkH IJIMH 3alaiHoro peruoHa
KaszaxcraHa» HAXOIMT HAYYHOE OTPaKeHHE W COOTBETCTBYET B METOAUYECKOM M MPAKTHYCCKOM IIAHe
HAYYHOMY HAIPABJIEHUIO, PelaeMbIX Hay4HO-TIPAKTHIECKNM 3a/1a HayYHO-HCC/IEI0BATeIILCKOrO
npoekra 110 Teme: AP05133360 «PaunonanbHas TeXHOJIOTHs KEpamaopa Ha OCHOBE nepepaboTKu
[IMHKECTBIX TIOPOJI L1 TENIIOM30/ALIMOHHO-KOHCTPYKUMOHHBIX GETOHOB 1 JOPOZKHOT0 CTPOUTENLCTBAY
110 pecityGuKaHckoH 610/ukeTHOM nporpavme 217 «Passurne nayku» 102 «'panToBoe (pMHAHCHPOBAHHE
HAyUHBIX Mce10Bannuiby Neroc.peruerpatin 0118PK 00854

5 /
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APPENDIX G
List of published works for 2018-2020
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INTRODUCTION

The rates of residenil, industisl, oad and sgrcultral construcion in Kazakhsian sre ineessing

. Inaiion, e ol s gas deposisax developed,new il an gas pipelines s constuctd.

In onder 1o successflly IR these global state targes, i i requird (o apply inpovative scenific
approsches to produstion o efficient buiding matrisls. The major portion in construction i that of osrse and

ine fllesfor production of conerets,reinfored coneret structures, bitmen coneretes, ballast of sd sructur
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‘utomobile and il oads, is sbout 65-45%. Howeer, depoit of rocks siabl for production of coare and fine fillers in

Kazakhstan re distributed non-uniforly,

As & consoquence, coarse and fine fillrs are delivrsd to remote regions by raibway and sutomobiles
“Transporation of high amounts o these materials significanty increases thee prime cost.For instance,grave produced n
Aktyubinsc i sod at the price of 1,000-1,500 enge per 1 . Transpotaion ofthis gravel to Urslsk (West Kazskhstan
blast, 5504600 k) ncreases the prie 0 5.500-6,500 enge per 1 ¢, that s, he prie ncrsass more than by 5 times. Such

tation leds o genral increas i prime costs ofall rscted fcltie androsd constcion.

In the sseas where rocks for production of coare snd fine illrs are unavailble, it is necessary to devel

{nnovativestificial mateisl based on wascs, nonconveatonsl local feedtosks of natural and manimade oign

Therefors, the issues of improvement o production of aificial illers ae urgent with egard o involvement of

new eedstock, improvemen ofproces ouput i terms of ecrgy eficincy and rsource saving

One ofthe promising mterals providing partal o complee eplacement of ntursl oarse flers i ceramic rosd
constnuction material (keramdor). This s sntered (hermally treated) granlated material wih various parile sizes

produced by proessing of ocl clay rock

Numerous vrsaie studis in this feld ar available (Galuzin, 1969; Trasov, 1972; Beskzovayi cal, 1970), Al

these sudies ae devoted t develapment of prodution of keramdorbase o clays from various dep

“The reseacher in (Soloveetal, 1984) suicd clay feedstock in areas with scace rscrves of non-rock mtersls
siming st deteminaion of is suitabilty fo production of high srcngthcsramicfiller. On the basisof the bisined reul
a new type of high stength coramicmateril was developed based on clay fecdstock Kown as keramlit gravel
Chasctrized by acive shell on it grsins with the thickness of 0.1-0.15 mm comprised of mix of carbonate rock

(imestone) with clay

At prese, the investigtions devotcd t the wse of bulk wastes for production of lght filers become more and

more imporaant (Abramoveal, 2013; Sharonovacal, 2006).

“The new develope technology is basd on spprosches to procssing of fie wasts of cosl bensficiation for
production of ly sh aggregat. Fly ash aggregat as porousfiler i cffcent in constrution light concretes and in road

In comparison with lightweight expanded clay agaregas, the fly ssh sggregate producad by the developed
techmology i charsctrized by increased srcngth and low aversge density. Morsover, final prodiucts ae charscteized by

o pricedue o production o the bass of wasies s the main fesdstock

In (Dengetal, 2015), ssh is uscd as the main fecdstock fo production of ceramicbricks. The produed ceramic

bricks e charactrized by improved physicochemical properis and do not evalv harmflcnvironmental pollutans

“The fiekd ofashspplicaton becomes wider and wider. AS & consequence of combined sintering ofah and cla, it

s possible to obisin micro-Gilering mermbrane for purifcaion of il-in-vater cmulsion. Mllte iber crystals provide
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xcellnt heat resistance and stcady shinkage, improving porosty and tnsile sircngth of substrat. As @ consequence, the

prce, cnrgy consumptions,and drston ofprduction of cersmic mermbrancssee decrsssed (Zouscal, 2019,

Ash,ogether with othe industial wastes wasused for production of paraly lassy porous ccramicmaterial. The
xperimental esulshave demonstrated tha incrcase i sntcring emperatre can acceleate formation of liquid phase and
increas por size, which provides higher porosity and lower bulk density. Wi ssh addition, the porous st is
Charscterized by uniform sze and disribsion, Thereore, it i possibl to achieve good disrbuion, high porosty, and
High compresion strngth. Morcover, paial glass formation of ceramic foamed materias improves ther chenvical

resistance (Taoyong Liusctl 2019

One of promising trends of ash spplication is production of light fillrs in combinaion with gass wases
Powdered glass produced by milling of window glass wastesare mixed with ash and snired  produce light llers. Air
intring of the mix at 1050°Cand 1250°C, new crystalline phases ar produced, such as diopside (MECaSiO,) and

‘wollstoite (€S0, whic improves sintering du to relatively low fusing points and porous rysaline srctur ofight

Y u-Ling Weital, 2016),

One of strsegic trnds of moden industrial consiuction i Kazaklstan s improverment of cnergy cfcency of
buidings and siructres by decrease in weight of precast concete and reinforeed concree stmctures and their heat

conductance,

I this regard, substtusion of natrs gravel with light arfcia porous flers i highly cficicnt decessing the
sncture wight by 20-50%. Hercwith, heat loss of building deceasss, th evel of their heat protection and stcam

permesbility improves, thus improving th standard of iving (Y srmakovskiital, 201

“Therefors, development of mateials of various purposes with high kvel of operstional properis i the min sk
of modem materials science. Such approsch makes it possbl to mplement cardinally novel cagincering approsches o

production of efcint mateias

“This work s amed astdying compositions based on clay rocks and ash of power sations for producton of

intredimicro-porousgranulatedeeramiciller. The formulted target was based on solution of the fllowing task
Selection ofrescarch methods and fcdstocks forproduction of sinteredmiero-porous granulated
ceramictiler;
Studying chemical mincralogicaland physicochermical properties of the seectd fedstoe
Development ofceramic composiions based o clay—ash system and
Studying major vriaions of physicochemical propertes of sineredmico-porousgranuatdecramic
lkras a function ofsiring emperature and composiion.

MATERIALS AND METHODS

“The msin fodstock was the clay of West Kazakisan deposit,and the modifing agent was th ash of Ekibasuz

Power Staton. Clay was sampled diretly a the deposit, snd the ash of Ekibasuz Power Statonwas tken fom waste

aumps
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(Clys were sampled and thei propertis in aborstory wer determined sccording o the approprst regultons

State siandard GOST $150, st sandard GOST 12248, Stste standard GOST 12536, St stndard GOST 22733, Sste
sandsxd GOST 23161, Stte standard GOST 23740, Stte stndard GOST 24143, St standard ¢ 63, nd St
sandsrd GOST 30416,

Ash of Ekibastz Povwer Station was sample, and tsproperis in aborstory were determined ccording o the

Sppropriste regultins: State stndsrd GOST 25815-91 Fly ash ofthermal power station fo concretes. Spcifcation:

“The deiversd sampls of cly and ash wre analyzed in order o deermine their physicoshemical properics and
chemical mincrlogical composition siming st revealing their suisbility for produston of sineredmico-

porousgranulatdecramicfiler

ray phase anlysis was performed using DRON-3 diffractometer with Cuki mdiston i the ange range of 5
64 Sensiiviy of the method was from 1 to 2%. Xoray phase analysis was performed with powdered clays pasing

through 0.315sev

Chemicsl mincrlogical compositon of the considered components was determined wsing 8 JSM-6390LV
scanning cectron microscope cquipped with cnergy dsperson analyzer, an XPert PRO MPD X-ray diffacometer, an

1CP-MS Agilent 7500cx nductively coupled plsia massspectrometer (JEOL, Jpan)
“The West Kazakbstancly s harscterized a ollows
cocfficient of sensiiviy to Chizhsky dying: 6
plasticty mumber 10-11
average density, kg’ 1210-1,240;

chemical minealogial omposion of West Kazakhstan clay i charsctr sce of monmorilnit.

“There ar mived layersd formations it hydrous mica and kol

“The following crysaline phass exist n the clay: quarz, 10°0%, edspar,

S.18:2286910°°Y,caleite, dn = .02 2018; 1912010, and hemaite, din= 1.539; 16865 1.590%10™™

Figure 1 ilfustats the experimental el of West Kazakhstancly obtsned using scanning clectron microscope
(sEM)
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Figure 1: Anlysis of West Kazakhstan Clay by Scaning Electron Microscope (SEM)
“The other onsiderd substanc, the ssh of Ekibastuz Power Statio, in il form i loose povwdered mateial of
gray color, Under microscope,the ash is comprised of microsphere. U-bumt coal patces can be seen between the

microspheres (Figure

-
2 Natural Form ) Macrostructure By Microscope (50%)
Figure 2: Morphology of Ash of Ekibastuz Power Station
“The ash patcle size distribution, mm: o than 0.25: .98%; 0.35-0.05: 34.8% 0.05-0.01: 43075 0.01-0.005

6.55% 0.005-0.001: 6.40%; lss than 0.001: 435

Specifc surface res, cng: 200-3700;

Rl density,
Bk density, kg 675740,
Chemicslcompositon of the sshof Elibasuz Power Ststions sammarized n Table 2.

“Table 2: Chemical Composition of Ash of EXibastuz Power Station

s
mmmmmmmﬂmnmm
B o pel Joefefo | Lol To] |

ay phase and SEM anslyss:amorphosclay sggregates— 65-T0%, glasy phases —10-15%,organic matcrs 10-12%

eldspar 5-7%, hydrogarne, mallt, ron oxde
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RESULTS AND DISCUSSIONS

The ceramic composting was studicd in the following range of ulimste concentrations, wt %
West Kazakbstan clay: 70-9

Ash of Ekibastuz Power Staton: 10:30.

Reference sampls withoutsditves were used fr comparative anslys

Fecdstocks forsudying physicoshemical propetes wereprepardas follow

At first, the fsdstocks were drid in cltric drir at 70- 80°Cto residual moistur content of 5-7%. The dricd
clay was milled i Iborstorybal mill o the parile size les than I, The s of Ekibastuz Power Stationdue o s fine

disprsity was used withoutprsiminary milling.

The obtained povwdered fedstocks were weighed using clectronic scles. Weighed foedstocks were placed to
metllic spheica cup fo subscquent miing with waer
It spherical cup th feedstocks were dy mixed i onder 1o obiain homogeneity. n the dried mix, water was

‘adde in smount of 20-28%of weightof dry mateia,

After aditon of wte,the fesdstock was sgitated to homogeneous ceraic pase. The obtsined ceramic paste
was used fo production of granues with the following sizes: -10 mm, 10-20 mim, 20-40 mm. Then the granules were

i 3t T0-80°C o constant weight

The dricd granules were anncsled i otay kil at 1000°C (Figare 3),

Aficr buming. the granules wer esed.

The anncald samples were dense sinered grames oflght rd coor (Figure 4).
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»
Figure 4: General View of Granules: ) Green Granues, b) Anncaled Granules
The following propertis o th samples were considere bulk density, g/, compresson srength i cylinder,
MPa,watersbsorpion?e, and hest condutance, W/nK. Compositons ofthe ceraic st e summarized in Table 3.

Physico-mechancal properis of the samples ae luststed n Fgures 5,6

“Table 3: Compositons of Ceramic Pastes

e — e —
o o o P P S 0

s of Ekastus Power Staton -20%

-

B

Figure S: Average Density (a) and Compresson Strengh (5) 25 a Function of Clay-Ash Compositions

»

Figure : Water Absorpiion (3) and Heat Conductance (5) As a Function of Clay-Ash Compositions
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“The following regulrtes have been revesid based on varitions of physicochemicl properties of the consdered

Samples 2 a funcion of fesdstock composiions:the keramdorsamples based on pure clayscan b sntered and form strong

rctur at ,000°C. This s evidenced by sirength properties a mximum anncaling terperatue (7.36-1.5 MP),

With additon of the ash of Ekibsstuz Power Sstonin smount from 10 to 30%, the ssength properties of
smdor samples s increase. Ths,at anneling st 1 000FC, the srength propericsincrease to 12.4 MPa.

Herewith, versge densty ofthe sampls decesses and equals 0 from 1350kg/m'to 910k’

“The experimental et ks evidence intensifiction ofsntcring snd erystllztion inceramic pastes contining

e ash of Exibasuz Power Sation

conding to X-ray phase snd SEM anslyses, it has bcn cstablishod thatthe crystalline phases arc comprised of

qart, mllit necdle ke erystals, fused grain of fldspar, and hematie. The content of glass phases icreass due

partisl mehing ofcly mineral. Formation of crystaline and glas phsses st 1,000°C promotss formstion of porous szong

microstrcture o granule

Decreas in average density can be atibuted to formation of porous siructure n samples due to buming of
burt col parices contined i th ash. This s cvidenced by anaysis of microsructure of granuls without ash and of

eranuls with addd ash i amount 1o 30

“The samples without ah ar charcteized by dense sintred trctur with insignificant microporss. The sumples

it sh i amount p o 0% characteized by developed sntred porous sructure (Figre 7).

Figure 7: Microstructure of Granules: 2) w/o Ash ) with Ash up (0 30%

As s consequence, the sinersd poroussimeure desreased significanty the cocfTicent of heat condutanee, The

decrease was from 048 0 0.1 Wink.

CONCLUSIONS

« Present stte of stdics devoted o production of naural and arificialfillers i the form o ceramic fillers and

Hightweight cxpanded clay agregate as been reviw

It has becn cstablishod tht the msin cffors in the fiekd of producion of csramic filrs are simed st the use of

vrious atura and manmade
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« Development of resource and caergy saving production of ceramie fillrs is more and more widely based on
monconventions fesdstocks incling various industrial wasts. Hence, it is requird to study in more detsil

specific festurs of the spplicd fecdsto

n the basis of experimental studies of physico-mechanical and chemmical mincrlogica propertes of West

Kazakhstan clay rock, it s been csisbiished that they can be used as main fosdstock for production of

sranultedsiered ceramic illers

1t has becn establishe that the us of bulk scondary fcdstocks,fo insisnce, ssh o Ekibastuz Powsr Station, s

modifices improves physicochemical and engincering properics of sitered ceranic illes

According to X-ay phase and SEM analyses,it s been cstablishd that the crysalie phases are comprised of
quarz, mullit -k crystals,fusd grsins of fldspar, an hematite. The conent of gass phases ncreaes
e o partia meling of clay minerls. Formation of crystallne nd glss phases t 1000°Cpromotcs formtion of

porous strong microsructurs of granues

1t has becn established that the use of ssh of Ekibastuz Power Statioin ceramic pastc cahances heat conductance
of sinered microporous granulated ceramic flr. The use of such matersl improves cnergy cffiiency upon

constructon ofbuilding
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e il recnts th et o  comprehensive sty o th chomicl and mineralgical composition and the physical
nd mechenical popetes of rew matrials i the form of granslatd astfurnace slog wsed ot the Kareganda
metlrsical plnt of 5C Arsclottl i, clay il ock — i nd Beonite cla rom the Pogodacrsk
ld o Westen Kazakhstan. Thecomposion of o binds of v materals s i 1 Loam 70-90%; lassfurnace
ot sl 10-30% and 2 Gaize 75-97%: Bentoite rry 3-25%. The it composiion i nended for obaining
ceramic fllr, he sccond compesiion for obsinin. heainslatin sirucaral wall ceramics. Based on the sudicd
compesiions, pelletsample wene prspersd leng with creic ubes The ebened samples were anwceld in o loctic
Jurmace a LOOO-1,100°C and 950-1,000°, rspecvl. The heatrcted sample wee subjced o physice ad
mechanical st or deermining the vere denis, compresin sirength,water absortion,and hermal conducivi
Pl sampleshad the compresivesrngth o .3-11.4 MPa, an the samples of insalatin ceamics - 9.6-142 MPa.
The heat condactiviyfo the filer s 0124 Wi 0, for the il coramics - 0.2 10 0.52 Wi ). Thus,the
bl o obtinin. th fficintand hihl ncedd materss i he form of cramic illrand nsulain srucrurel

wll ceraics bsed o he deelped composites hasbee found

KEVWORDS: Cley, G, oraics, erumic Fillr & Hes Condctiviy
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INTRODUCTION

“The rowing volum: of constrction of housing and industril, rosd, and sgrculual fcilites in Kazakhsian

consumes huge amounts of mtersls, poducts, and simctres manfctured fom w mateils of the minersl

origin. At he same time, echnogencous mincral wasts n the Republic of Kazakhstan today amount 0 almost 20
bilion tons, which detrioat th cavironment and occupy larg arcas o the dump sits,although they could be &
cheap raw materisl for manufacturing building mateisls that are ot readly avaiabl. The successful use of
technogencous mincral wastes requirs developing scieifically substantiated innovative soluions for crating

resource-saving technoloicsfor obaining high-quait matcrial
With tht, the s demsnded materias i the moder roads constrcton ar coare aggregae inth form
of crushed stone and arfcal aggregacs, and i ivil engincering - wal ceramics
In Kazskhstan, dump st with the accumulaed millions of tons of unused blst fmsce sag st JSC

ArslorMitl Temitau approach the maximum permissible amount and e consumed n very small smouns for

the nosds of the cnteprise.





[image: image82.png]“The rescreh perfomed by the suthors, Netinger <t al. (2016), Aghacipour and Madhkhan (2017), Nguyen ot o
(2015), Higashiyama ctal., (2014), Ulubeyl and A (2015) proves the suitabilty ofthis indusiral byproduct in a wide

g ofcivil construction secas s a addiive o the cement and inconeree suctures

In an experimental study by Abdolahncjad <t al (2015), 2 combinaton of ceramic wastes and granulated blast

famace slag was usd fo preparing single-componcnt alkal-ativated binder

In works, Ozturks snd Gultkin (2015), Oxdemirand Yilmsz (2007), Ghosh t L., (2002), Favoni et s, (2005),
Lot sl (2019, blast furmac sl was considersd a5  potetial source of secondary ra mateial for the prodiuction of
ceramic product.

Rescarch works i the ficld of crating nev composits matrials st in progress with the aim of improving the
qalityof road pavements

“The suthors Silvestre ct al, (2013) studicd the technical fasibilty of using recyeled coramic aggregats for
parial replacement of natual aggregats in the asphalt ot mix

“The possiilty of using the s slag s coarse sgregat i the lower sructursof oads has b experimenally

proven (Kandhal, Hoffman, 1997 Collins,Ciesiclski, 2007; Waset a, 2007; Behiy, 2013).

Modem resoures and energy-saving resuirments pintt th need for switching brik production to manficture

efficient porous wal mateils

“The probicms i the production of iccnt hatinslsting wll mateilssre deterined by the insufiien

matril resourees base.

Works, Govorova t L, (2015, Darwecsh (2001), Ve L. (2010) e devotd sy the possibily of impoving

the siength and charctrsticsofcrsmi brick mads ofow meling lays with th s o s e msteral v

Inthe Westof Kazakhsan,there is e of the largest deposits f silicsous rock, gaize, which can be used as the

main raw mateials resource in the production of wll ccramics

“The suthors, Kotlyar et sl (2017) have develops  technoloy for obtsning highperformance cerumic product

it the averng density not e than 700-500 kg’ andth conductviylss than 0.15-0.20 WAm “C) t te ininum cost.

Thus, developing innovativ technologis for obiining composit mtcrials with various functionality and

mproved charsctristic s an importan sk of modern mateils sien

“The purpose ofthe eseach sty raw mateils and developing v formlations of ceramic flrsand heat

insulaing strucural wal ceramics

MATERIALS AND METHODS

Wit the aim of obaining an ficient compositon fo producing ceramic fller, the clay from the Chaganskoe fild in
Western Kazakhstan and wastes of blas furmace slag from JSC "ArcelorMital Temirtau” were studied as the msin raw
matrialcomponents. Samplesof clay raw mateials wers taken, and the mcthods for studying thei propertes wers chosen

ance with GO \, GOST 22733, GOST 23161, GOST 23740, GOST

24143, GOST 26263, GOST 30416, and
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For studyingthepropertie of ganulted blstfonace slag, GOST 3476 was use,

“The microstrucure of th ceramic compositons was sudid on raster lectronie micro 390LY and on

device JEM-G610LA (made by JEOL, Japan)
“The clemental compositions wer: analyteallystdied on X-ray difractometer X'Pert PRO (apan)

“The locs loam from the Chaganskoe fied (West Kazakhtan egion) was uscd s the oamy component.figure
oves the resuls of stdying the clay from the Westem Kazakhstan fekd by the method of scanning clecton miroscopy
(SEM). Table 1 shows the clemental composiion ofcay

The granulated blast fumsce slag from the Karsganda metallrgical plant of JSC ArceloMital Temirtau

(Termirtsu) was usd as the modifying addive. It s a granular gy matrial. Finencss modulus i 3.9-4.1.

Rapid cooling of the malten slag durin the granultion process mainly determinss s virous strctue. The
comtent of the glass phas s 65-97%. The erystallized part of the slag is mainly represenied by pscudowolasionite

G-Ca0*Si0; with  efscive index sble
120.0015; Np = L60820.0015

Inthe naurs sat,the slag is X-ray-amorphous.

Studying the macrostuctur of granulatd blast furnace slag (fgure 2 has shown tha the slag pariles i theie

st state s threaded with micro and macropors

Figure 1: The Resuls of Stdying the Clay rom the West Kazakhstan Field using the
‘Method of Scanning Flectron Microscopy (SEM)

e Karaganda
Imctalurical
[pant
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“The esuls of X-ray phase analysis of the samples conaning various amounts of granulated blast furace slag
and smesled st 500, 900 and 1,000 °C showed tht a S00°C the min crysaline phases i all ssnpls were i,
anorite and feisobalite (Montayev, Suleymeno, 2006). Wit the incress i th tempersture of anncaling.the mount
of sl crystalline phases increass, a evidenced by increas ntensity of the iffaction pesks. In addifon, diffsction

pesks of minar ineasity were obseved, which were harscterisic by wollastoit

Silicsous rock (gaize) and bentorit clay rom Western Kazakhistan were stdied s th raw materials componcats

inthe compositon for manufucuring hes insulating sircturs cramic bicks.

During the sty it has becn found that clay-conaining gaizes (fom the Taskala icld) of light gray and dark
yellow color ar fily srong, and, when weted, acquire the grayish-greenish hue. The siucture is usually massive. Along.

sl baely emerging cracks, the oncentration of iron hydroxides i ot abserved

“The results of the anaysis show that the main opaine mass ofth rock is lierally saturated” with the clay-
like substance This makes it diffcut to deermine th refsctive index of the main mass. At high magnification,the
mostly nesdie-like and table-fke strcture of the main mass of clay minsrals i observed. The clay component is
present in the amount f 2 casional organogenous residucs i the form of spong spiculs are abserved.
The slistone materal is represenied maialy by unrounded quartz grains (up (0 15%) and glauconie grains (about
5%) of brightgreen color. Relatively large (upto 0.5 mm) flskes of mica are observed quite ofien. Along the

mictocracks, the concentration of iron hydroxides i clearly visible. The elemental compositon i show n table 3

and figure 3

“The cly from the Pogodacvsk feld, by itsrefsctory propertie, belongs o fusible clays, by the content of
Fe203 o clays with a high content of coloring axides, and by the content of AL203 — 1o the group of sour

mateials tabe 4.

Table 3: Elemental Compsition o Gaize

Inpact Factor (1CC) 83746 NAS Rting: 111
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The Result of Analyzing the

Figure 4: The Microstructure of the Bentonite Clay from the
Pogodacssk Fild

“Table 4. The Chemical Compositon o the Bentonite Cay from the
Pogodacvsk Field in West Kazakhstan Compression Strength, MPa

“The mincrslogcal composiion of the clay (fgurs 4 is mainly represcatod by mortmoriloit 06, 446

RESULTS

“The are of studying th component compasitonsof the ceramie fle consists of the folowing msximum concentrsions

of componeats, w6
“The clay from the West Kazakhstan field
Blast-furmace granulated sag - 10-30.

oot mixing ws performed in & two-shat mise it the adiion of water, followed by forming gramles with

dimensions f S-10 mm, 10-20 e, and 20-40 . The granles were e inaiyingcsbiet a the tempestre of T0-80°C

The composit structure of the insulting structural wall mateial was studied n the raw materials system

Gaize-Bentonite slury,
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The siic rock-gaize was subjectd 1o grind the specific surfce ara of 1.200-1,500 e, From the benonite

clay  suspension with the densty of 1314 g’ wasprepared.The raw material mixture was molded by dy presing

atthe presurs of 15-20 MPa. The molded products were anncaled withou pre-drying. The following maximum contents

of componcats 1 L) were chosen forthe sudy
Silic ock - Gaize - T0-95
Bentonite sy - 3-309
For the study,th following most importan performance charsctersis of the ceraic formed by hest wcatment
were chosen: compresive sirength, average density, wate absorption abilty, and thermal conductiviy (ble 5)

CONCLUSIONS
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found that blast formace granulacd slag is widely used in civl engncering. However, i is wsed a5 8 full seale
additiv for reinforcing the strcture of osmy raw mateils ad obaining high-qualty ceramic fller has been
nsuffcicaty studid.
The raw materisls have becn comprehensivly studiod with the aim of determining the chemical and
mincralogical composiion and the physical and mechanical propert

The possibilty of bisining the cfficicnt and highly nesdd mateials i the form of ceramic fller and nsulting

ructurs wall cramics basd o the developed composits his been found.

The formation of stucure-einforsing minerals in the clay-lag cersmic composiions that improve theic

physicomechanical properics has been e

The postive cffctof ading bentonite sy ito the crsmic mass has becn stdied and prove, It improves the

‘mechanicaland hest-condusting properties of hatinsulting strctural wal mateia,

Pracical implementtion of the reseach results il promote the ecyeling of granulted blst fumace ssg up 0

30% and expanding the raw mateial resources base n theceramic industy
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PA3PABOTKA COCTABOB KEPAMUYECKOW KOMMNO3ULIMK
ANnA NONYYEHUA KEPAMOOPA

AHOTaUMS. PacoMaTPMBAIOTCH BOMPOCS 10 PAIPaGOTKE COCTABOB KEPAMMYECKD/
KOMTIO3MLIU Ha OCHOBE NECCOBMAHOTO CyryHKa 3anaakoro Kasaxcraka  vcront-
30BaHUEM [OMEHHETO MPaHYTIMDOBAHHOMO Lnaka KAparaHaUHCKOM MeTannyp-
recoro sasona «Apcenop Mwtran Tewwpray» (r.Temupray) Ans nonysess
KEPAMMECKOTO MATEDUANa, NDUTOZHOTO K WCHONbI0BaHMI0 B3aMEH NPUPOTHOTO
WEGHS. PACCMOTPEHS! HayMHLIE TDY/Ib! YHEHBIX, HANPABNEHHLIE HA MCCTIENOBAHS
C UeNbio NONYYeHNS WIEGHS W3 PA3NMIHBIX FOPHBIX MIODOA: U3BEPKEHHLIX, KaPGO-
HaTHBiX 1 Ap. IPUBEIEHS! PE3YLTATS Hay<HO-OKCTEpAMEHTAbHAIX PABOT 10 CO3-
2410 KEDaMUECKOTO [IOPOXHOTO MATEPWANA B CLiDLEBO0/i KOMTOSMLIAM CYFTIMHOK
= AOMEHHAI TPaHYNNDOBAHHLI LNAK. Pe3yNTATH WOCHEA0BAHM CIYXAT 0CHO-
B0/ 7715 PA3PAGOTIN PECYPCO - W IHEPrOCGEPAraIoILEN TEXHONOIH IPOMIBOACTEA
KEPAMMECKOTD IOPOXHOT MATEDUANA Ha OCHOBE NEPepasoTKM MPUPOTHLIX 1 Tex
HorenHuIX pecypcos Kasaxcraka.

Kniouesbie CioBa: KepaMUEckwi A0POXHLIA MATEpHAN, TeMnepaTypa OGTa,
KEPAMUECKER KOMTIOINLUS, CYITIMHOK, TEXHONOTUS, (PaHYMMPOBAHHEIA IOMEHHSIA
WINEK, MAKPOCTPYKTYP, MPONHOCTS.

Tyiiinaeme. Maxanana «Kaparauast Metannypris saybimsi» AK-HuiH «Ancenop
Murran Tewipray» AK (Temipray &) TAGWU KMPUWK TACTSH OpHbIHA
naiinanawyra GOnaTLM KEPAMMKENGIK MATEPWANASPAS GHAIDY VLM HOMEH
TYApWIKTENTeH KOXAbI nAAanaHa OTWpeIN, BAThC KasaKCTaWeei waH-
TONLIPAKTS CAIAAFHIHA HEFI3IENTEH KEPaMUKALIK KOMTIOSULIMANADALIH KYPaMBH
Xacay GoiiiMua Mecenenep TanKunaHnl. FankMaapasK epTypni  amanki
KGpGOHATTHI ¥aHe T.6. Tay KbHLICTApHIHAH KULIDLULIK TCTS Ny MAKCATHIHAA
Xyprisinires 3epTeynepre GarwiTTantaM eGeKTepi KapacTuipbinmsi. Cadnak
OMeHzi TYAIDWIKTENTeH WNaK WWKIZATLMAA KEDAMUKANILIK KON MATEpHanti
Xacayaia  FunbiMA-SKCIEDUMENTTIK  XYMLCTApIbIH  HOTWKENEpi  Kenipinren
3eprey HeTwkenepi Kasakcrawaarsi TaGWFU KeHe TEXHOTEHAIK PECYCTApab
eHey HeriainE KeAMUKANLIK XON MaTEDANLiH SHAIDY YLLiH PECYDCTS KaHe
SHEDrUSHbI YHeMey TEXHOMOTUSICLIH AaMLITYFa Heri3 Goribin TaGeinans!

TyAinA Ce3nep: KepAMMKANLIK XON MaTepUansi, KyWLpy —TemnepaTypacki
KEPAMVKaNLIK KOMNOIMLIMS, Ca3AAK, TEXHOMOTUS, TYWIpUIIKTENTeH AOMeHz wrak
MaKpOKYPLIIM, GepiKTiK.
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1o cpasnenuo ¢ xoumpossusi ofpazyau mo nossuenue cocmasxiem om 0,5 do 1,4 Mila. Ilpu
amox ofpazyw, codepxcaue Gulpn Uz wepcmu, coxpautiom npowlocmue noKaamen ua
Cocamuie nowni ua mow dce ypowue Kax Koumpoisisie ofpaz. Imo caudemeincmayem o

npucymema apaupyiousezo bexma Guiipn uz oseubets wepemu @ cocmase yevenmo-necua

Kuoueawe  crosa:  ucpa . yewenmno-necuanan  cxece,

uauo-exanuieckue cooricmaa

B nacrosinee spews 5 Kajxcrane ompeieiensi NPHOPHTETHbE HANDABACHIS
PAIBATHS HOYIHHX MCCASNOBAHMIL, CPEAH KOTOPHX 0COGOE MECTO 3amHMAET
SHEPrOOXD(EKTHBHOCTS  TEXHOTOTMH B Chepe  IPAKIAHCKOTO, MPOMBILIEHHOTD
CTpouTenkCTRA, rIYGOKAS MepepaGoTKA CHpbS M NPOIYKIH, PALMOHATEHOE it
KOMIUIEKCHOE HCHOTB30BAMHE MPHPOTHEIX W TEXHOTCHRSX pecypeos. Tlpu >rom
KAECTBO  BHITYCKAEMO/ MPOAYKIHH COOTBCTCTROBATO KDHTEPHSM JKOHOMMNHOCTH,
KOTOTHYHOCTH, ZOArOBEIHOCTH i TexHonorHoCTH [1, 2]

JloMMHMDYIOIIEE  MECTO B CTpOTENCTBS  OGBEKTOB  IPIAIGHCKOTO,

IPOMBINICHHOTO, CEBCKOXOIICTRRHHOrO HATHAYCHNS WIPAIOT PMMPOBAHHHIE i

CORIH C TeM, 'TO HEKOTOPHIE (HIMKO-MEXAHMUECKHE MOKAATETH TAKIX
MITEpHATOR HU3KH, HEOGXONMO NPOBOTHTE HAYWHHE PA3ABOTKM IS MOTYUeHHS
HOBHX  CTPOWTENSHIX MATEPHATOB C YIYWCHHBMIH CBOWCTRANK. OmEM W3
HEZIOCTATKOB SBIOTCS HIKHE NPOTHOCTHBIE NOKANATENH Ha

CymectayioT npoGieMs: i yeTpolicTae GeTORHbX KORCTpyKIii 13-3a padoTs!
Ha Mopose, w3-3a macTHtECKoii yoamki. Tlp nOCHCAYIOmEH SKCnIyaTaNH HMEIOT
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Montaev S.A., Shakeshev B.T., Shinguzhieva A.B., Montaeva N.S., Dosov K.Zh. Prospects for the use of loess-like loams of Western Kazakhstan in the technology of ceramdor production // Traditions and innovations in construction and architecture. tour "Building technologies". - Samara, 2019 . - P. 158 - 163. 
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Monmaes C.A., Hlaxeues B.T., Hlunzyxcuesa A.5., Monmaesa H.C.,
Jocos KIK.
3anadno-Kasaxemanckuil azpapio-mexnuueckuil ynusepeumem uv. JKanzup
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Sxudacmyscxoii TPOC. ToKasano, 4o  YeeluhenieN codepcaiia 301 o cocmase kepavisieckors
cut natiodaeme yeerutente npowiocn npu cocamui  yunnope ¢ 6.8 do 7,25 MIla. Ipu
amox nokasameneodonoztouenin maxce cuusawmes ¢ 4,1 0o 38 %. mu usvenens
coudemencmayiom o o cenenu chexaesocm Kepavieckoi Kounomuu. Hacwmiax
aomocns oGpazios maxace cuuscaemen om 2,21 00 1,96 2/ewb. Chuscerute nacwnioi niomuocmi
ofiadaiousei ezKols Nacw s miomHocbo, ex seccoauduni cyznunox. Kpoxe mozo, « npoecce
oociza npoticxodum eweopaie Neccopeauss “acmisy e, codepocauusca ¢ sote TILL

B pesyasmane o KepANILUECHKL CheUeN HEPENOK ¢ MUKpONOpUCTIT: cpyKIYPOL

Kitoueasie c10aa: xepaudop, eccosuonnii cyenunox, mexuoiozus, s01a T, mexnepamypa,

TpaswTensersom PecniyGnkn Kasaxcrai MOCTABTCHS! TOCYIAPCTBEHHO BAKHEIE
3110'H, HAMPARTEHHHIE HA CTPOWTENECTBO HOBHIX H PEKOHCTPYKIMIO ACHCTBYIOUINY
BToZOpOr. JIiA pelleHWA STHX TIABHBX 30109 TPEGYIOTCA HOBHE HEZODOTHE
KaUECTBCHHEIE MATEPHATH, KOTOHE OB OTBEATH HOPMATHBHBIM TPEGOBAHWAM,
NETHABIAEMSIM K IOPOKHEM MaTepuanay. OTMETHM, §TO He BCE PerHOHH
PecnyGmukn Kasaxcran WMEIOT NDHPOTHHE KAMEHHME MATEDHATH W Ke He
oGnanator TpeGyenbivi croiicreavi. B 3anammyio oGnacts Kasaxcrana npHBosHTcs
meGens ¢ 3aBofa AKTIOGHHCKOH OGTACTH, KOTOPS HCMOTE3YET MCCTHHIE TOPHSIC
NOpOAM A713 €ro mpowsBOZCTRA. JIATHHAA NEPEBOIKA MATEPHATA yBeTHINBAET
CTOMMOCTS MATEpHATA B ashi i COOTBETCTBEHHO CTOHMOCTS /I0POKHO-CTPOHTETHHEIX
pacor.

Tlo>ToMy  HCCTCTOBANNS, HATPARICHHME Ha PaspaGOTKY PpAUHOHATHHIX

TeXHOIOTHIi TIPOU3BOZICTEA KEPAMIOPA HA OCHOBE NEpePAGOTKH JIETKOAOCTYIHBIX ¥
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S.A. Montaev Investigation of ceramic masses in the raw material system loess-like loam - ash of the Ekibastuz SDPP in order to obtain a microporous ceramic filler. Vestnik. Kazakh head architectural and construction academy. Science Magazine. - 2020. - N2 (76). - S. 1163-168.
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CTPOMTENHBIE KOHCTPYKLIMA Y MATEPYHATIS!

VJIK 552.524+624.138.231.2

C.A. Mouraer
(* 3anaso-Kasaxcrancxuii arpapHo-Texmueckuii ynusepeurer um. JKaurup xaa,
. Vpankek, PecnyGauka Kasaxcras)

MCCJIEJIOBAHHE KEPAMHYECKHX MACC B ChIPLEBOIT
CHCTEME JIECCOBH/IHBIi CYTJIHHOK - 30.1A SKHBACTY3CKO#
TPAC C UEABIO NIOJIYYEHHSI MUKPOTIOPHCTOTO
KEPAMHYECKOT O 3ATIOJIHHTEIS

AUNOTAUMR. B cambe npuscOHS PeyTAmAMI HaYUHO-KCREPUNERmATAH PaGom 1O
paspalomie cocmason Cupuea0il KONROTU @ CUCEME. JeCCOIOANIS CYENOK. ~ 300
Exubacmyscxoii [PIC ¢ yermio noyueiun »fbesmuenozn wusponopucmozo Kepasieckozn
Janosuume . MusponOpuCTIGA CrpYKmYPa KEpaNIIECKo2o Sancumein docmuzaemca 3 ciem
weopanus ecopeaune acmy y213, codepeauen s 01e. leccomuonniscyzmunox « npoecee
e WmENCUUpYEm TPOYECE. CnEKaA 4 ofcnewisen OGpIAIILE KepaNINECKOZD
eneenozo wepensa ¢ ssponopucmors cnpymypor.
KHOUCHC CI0BAT KEPUMIECK SNOUMESD, TeCCOmVAN CyETON, Cuphesds
cucmena, o Exubacmyacroii TPIC,  susponopucmocms,  mexnepamypa  oGoeica,

ppexmuaocs.

Brenenne

KOMILICKCHOE H DALHOHATHOE HCTIOTB3OBAHHE TDHPOTHBIX M TEXHOTCHH
PECYDCOB ABIAETCA OXHH H3 IPHODHTETHBIX HaywHBIX. HanpamieHuii PecyGami
Kasaxcran. T1o710My BOSHHKACT OGHEKTHBHAL HEOOXOTMNOCTS PASBHTHS HayIHBX
HeCne1oBaNMi OBCCTICUMBAIOIX. BHCOKYIO CTereHb HpeKTHBHOCTH KacaTensHo
pecypeo-  dHeprocOepesens.

'BobIast 10715 IDH CTPONTETLCTE TPIKAIHCKIX, IPOMBILICHHSX 1 CETHEKO-
XossHcTaenBX 31amHli H COOPYAeHIi IDHXOTHTCA Ha KEPAMHUECKHE MATEPHATS!
'BHINOTHAONI (PYHKIMH OTPEAIAIOIIX 1 HECYLEX KOHCTPYKIINH, B BUAE TErKHX
HOPHCTHX 3AMOTHHTENEH U TEIOHIOAIHOHHO-KORCTPYKUMOHKEIX GTOHOB, &
TAKKE B B TENIONIONAIMORKEIX IUTHT, OBCCTICIHBAIOUIX, B KOHEUHOM CUETe,
meprosddexTHBHCTS 1aHHi M COOpYKCHMH

Pewenme nocTamientoli 3AIaUM BOMOKHO MyTew paspaGOTKH  HOBHX
KOMIOSMIMH_KEPAMHYECKX Mace s monyuenns SpOEKTHBHBIX KepaHieCKiX
anonmwTenel ¢ MUKDOTOPHCTOli CTPYKTYpOIL.

B NpOMIBOICTBE KEAMHUECKUX MATEPHAIOB NOTYICHHE TAKHX MATEPHATOD
'BOSMOAHO 33 CHET CO3AAHIA IOPHCTON CTPYKTYDB KEPAMHIECKOTO HEperTKa.

Kax npasuio, GopumpoBaHHe TaKoli CTDYKTYDH! OCYUICCTBIHETCH myTen
BBECHIS B COCTAB CHIBCBOM CMECH IOPOOGPAI0BATEICH, BHIOPAIOIX 106aBOK,
nopueTsix sanomumreneii u .. [1-3].
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BOILIOE WIS B TEXHOIOIIM YLK MEET HOKD-XHNINICCKES MEXBIKD -
nepensix CrpyKTyp — Hosas oGaacrs Hays, coraaas axaexkon TLA. PeSMACPON,
Cylocts, KuTOpOil SaKHOWACTCA B YCTIORICHMI CBACH MEKIY TENHOIOHCCKIN
CROCIEaMH MTEPIION  TPOUECCAMH X HEPEPABOTIN b YCIOBIAX CORMECTHOTO Ak
T TEpISECKIE, IEAKD-XUMIIECKIX i MEXaHIHCCKIX (akTopon. Jlnoe Hanpas-
e
caofCraaM M CTPYKTYPOIi  ONEAEACHIS OITHMATLHX TEXHOIOTHHCCKIX PRI
o ducnt-xuniccsolt MEXaIKE FUCEPEHIX. CTPYSTYP B TEXHOI0FN CTPONTEA-
ol KEpANHEI HACCTCA PAX HCCAEORINMI, HACT 3 KOTOPLDX NOCRALIEHE HCCAEAORLAD
MEXICCKIN CBOICTR ROUrYIIIOHHLX CTPYKTYP FU 1t REPIMMIECKI MACE B0 BRI
MOCHN ¢ X TeteHeN B TPOUSCEE BOPMORIINA, YT SACTS — HCCACAORIIO CTPYK-
TYPOOGPIIORINIS b REOKYLIX CHCTENIX BHCHNANILS 1 RIUAHHS €10 1) FPOUSCE CYLIK
e CTPYXTYPHO-MEKAICCKIX XAPUKTEPICTIK KEPAMIECKI MACC B TPOUECCE.
Y CARNO ¢ INCHENHEN TEMIEPTYPH 1 BIAFOCOTEpkAI NATEpI. [TpH HCCIEAD-
B HTORD BOIPOCA HCTATIOT CIELILIMO TPHIOTORIEHE OOPAS, CTPYTYP -
CTAB KDTOPLEX b QTGO CTETCH CTIOTCA OF CTPYXTY CACKEOTfOpORAILILX B
3ab0RCKIR A0S MuAE . JlpYie HCCACAOBETE M HETQTSI0BH OB, BUPEHIHLE
3 ABOICRIX CheROTIOpMOBHLD MIAEAT, HF0 T e GHOKD K PEAILHLD YCIOBUOL
TIpouece GopupORIIS CTPYKTYPH KEPAMISECKORD IEII NpH CYLIKE OTAIMACT-
o8 GOILuOf CAKHOCTHO H e1le HEAOCTETOWIO Xopowo ryen. Ha ero ovieicrayior
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MPHTH 67,1547
C.A Monmaes', KK. [locos’, A5, lunzyuesa’, H.C. Monmaesa’
BananHOB3BHCTAHCKR BIPAPHOTEX AL
yuBepCUTET i, KaHTup XaHa, [ Ypanscx, Kasaxcran
BIUSHWE AUCNIEPCHOCTU AOMEHHOTO
FPAHYSIMPOBAHHOIO LUMAKA AO «ATICENOP MUTAMA
TEMMPTAY» HA ®U3UKO-MEXAHUYECKUE CBOVCTBA
KEPAMUYECKOTO AOPOXHOTO MATEPUANA

AMHOTAUMA. B CTaTbe MDHSEIoHLI PESyTITATS Hay“HO-3KCHePUMBHTAN S
PAOT N0 YCTRHOBNEHINO OCHOBHLIX SBKOHOMEPHOCTER USMEHEHHS CUSUKO-Ve-
XaMRCKIX CROTCTR. fPaHYTWPOBAHX OBPIAUOB KEPAMHBCHDNO AOPONHOTD
MaTEpHana . SABUCHVOCTA OT AUCNEPSHOCTA LINAKA 8 WHTEpBANe Teuneparyp
oBHwra 950-1000°C. B Kauecrse OGLeKTa HCSNRAOBaHAR Ba6paK CYITUHOK
ATSIPaYCHOrO MECTOPOXIEHA U AOEHKSIA (PaKHYIAPOBANHLI Wnax ATGenop
MuTran Tewupray. [0 pesynuTaram aHATUTUHECKOTO 053093 TPYA0B OTeve-
CTBEHHbIX 1 33PYGEXIHBK yeHX YCTaHOBH 0COGEA TYATHOCTS KCTors-
503U KPYTHOTORHANHBIX. OTHOMOB. NPOVIINEHHOCTH W _NeTKOOCTYTIHGK
PMPOZHSIX MECTHX PecyPcoB, 05ecnew/8ai0uX PecypocSepexeHie i Ho-
TOTHUECYI0 HADDEXTUEHOCTE AOPOXHOT M MPOVBILTHHO-TPAXAIHEHOFD CTPOU-
TOLCTBa. CPABHMTsHsIA KNI NOKIIIBIET, STO POCT MOSHOCTH OBPAI08
PW CAGBIMBAHWA & UATWHEPE NPW TewnepaTyPe OBKUTa 1000FC  WielolnX
BMCTIOPCHOCTS TpaHy MPOSAHHOTO LUNAKA MPOLIAALIX |40pe3 CATO 0,315 CocTas-
‘nseT nowTu 8 2 pasa.

Kiioueasie cRosa: JUCrepcHoCTs, Kepawisecksl AOpOXHsil MaTpHan, Tew-
PepaTYDa COKUIa, KEPaMMECaRn KOMMOSHLIAS, CYTIWIHOK, TPaHYIMPOBaHHSIA 70~

“Tywmpewe. AvoTaLAs. Maxanana 950-1000°C Kygipy TenepaTypack: apa-
MM KOG AUCTEPCTINK ToYeNAINT] GOMbIHIa, KepaMKaTIK KO Tecem
MTEPHANIHH TYFIPLIITOATeH YTTBpIHIH OHSAKG-MEXAHAGLI KBCABTTEPIIH
‘S3MEICKE YLIpayLIHblH HeTIST SBHASITIKTEPIH BHEIKTaY GO Pl iMi-SHC-
PepUMEHTTIX XYMBICTEpR&H HaTWXGREPI KeFTpinTer. JepTTey OBLeITICi paTinae
ATaipay KeH OpHHH Ca3aAKTaps! Xae "Ancenop MiTTan Tewiptay AK-1bi
BOVHATIIK TYIPUIKTENTEH KOs TaHRAN BNHEb. OTRHRSIK XOHe WSTENGK Fa-
ToMAAPAH eHESKTEpIHe BHATUTHKAIK IOy XACaY KaTHXETep] GOfsiua XOn
X6He BHEDKOCITIK-SaMATTLI KYPSITLICTLI PECYDC YHEMTeY e HONOTMANK
TMIMBITITH KaMTaMCH3 ETTIH EHEpAECITTIH i TOHHAXE KATSKTaps! MK Kon-
XETIME) XEPTIIKTI TAGHTM PECYPCTADA! NAWANSHYASH SPEKILS SISKTINI aHSK-
Tankin Kobinas. CanCTaipwan CapanTauasii Kepceryi Gofiikiua 1000°C
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MPHTH 67.15.47
C.A. Motmaes', A. Taydaesa’, H.C. Monmaesa’, MJK. Poickanues’

“BanagHo-KasaXCTaHCKHR aTPaPHOTeXHMYeCK
yHuBepCHTET . Haurwp xana, r Ypansck, Kasaxcran

PA3PABOTKA COCTABOB CbIPLEBOW KOMMO3ULINN
HA OCHOBE IMIMHUCTbIX MOPOA 3ANAIHOMO
KA3AXCTAHA [N151 ONYYEHMS SODEKTUBHbIX
KEPAMUYECKUX MATEPUAIIOB

/AuHOTauMR. B CTaTue NpuBe/ieHbl PE3yNTATS! Hay|HO-3KCNIEPUMEHTAmIbHLIX pa-
607 N0 paFPABOTHE COCTaBOB CHlpLCEO KOMTOLY & CHCTEw T7Wa - 3073
Eacyscion [POC - KpeMHHICTan NopoRa - ook ¢ el nonyuere -
PEXTHEHX KoPAMHBHX MATSPHAATOS. YCTaHOBNOHS OCHOSHYG SHOHOMGPHO-
TN MaMEHEHHS HMKO-MEXaHHNCOHIK CROCTD 0BPaZOB TEPHOOGPABOTaHHX
i TewnepaType 1000°C Ha OCHOSE COCTAR0G CHPLESOI! KOMMGaULIY OTpaH-
eHHX CTGRYOUM NPERMLHSA KOHUSHTHAUNTWA KOMTOREHTOS, 3o
onora 30.50, rrura 30-40, sona 10-40. YeTaHOBREHO, 0 NPOACIOAALINE -
MOHEKIR COMUOMEXGHI-CCHU CEOICTR & UCCTGAYEMBX KOPAMMIECHIE ac-
X CaRsaHO, DX BCErO. © XHNNKO-VIUHEPaNOTeCu XaPaKTEPACTAKENA
HMEHREMAX ClpLEELIX MaTSPHaNDS. [OMyHHE PESyeTaTe! UCCSA0RaH
CyXaT OCHOBO AT PAIPIBOTIN TERHONCIA NPONSBOACTS ScbDEICHEHSX U Bl
50K0 BOCTPEGOBHHLX CTPOMTELHLIX NATEp/an LIPOKCRO CreKTPa (KEpam-
48CI00 AOPOKIG MTEPHGITS, TOTIOAIOTFOHHO HOHCTPYIHOHHE CTEHOSHE
KEPaMIECIOIS METEPHAL, TETMOIONALUIOHKLE KEPAMINIECKHE T ercre
nopucTe sanorTen)

KIioueBble CnoBa: chpseeas KOUNO3S, 30Ma ENGACTYScHoR TPIC, Kpe-
FUGTaR NOPOAR, oK, ScbhEITYBHOCTS, FTWHa, TEXHONON, MAGOCTPYKTYPS.

“Tywmgowme. MaKaraga Tz KEPAMHKATISK MATSPAGIVZAP 3T VWK Ca3 -
ENACTYS MEMIGKETTIC MEKTD CTaHMSCHHSH KV - EMHHS Xbibbic- 0ok
HYAGCIHAE LWMKSAT KYPAMHLH KYPAMsi Xacay OMHLLA FoiMi-ToX pHO K
HYMSCTap M HoTWKenepI KerTipiTen. UAKSAT KYPaMb! HENSIHAS KYPaMAac
GeIKTEPAH eH XOraps! KOHUSHTPANACHNEH WeITeTen Macea Gomiua %
onoka 30-50, ca3 30-40, ky 10-40 xare 1000°C TenepATYpaRa KYHARINTCH Cbi-
HAMAaPALH MAK-MEXGHAKAITSI KACHETTEDIIH S3rEpyIHI HENaN SaHALITLK-
Tapsl @MLK TN, 3epTTENSTIN KepaNVIKAISI, WACCATPAAFbI HONKa-MEKGHKa-
K KGCHETTEPIH S3TEPYi, 4 NALIMEH, KOMAAHAITATLIN LIAGSATTIH XAMARISIK
XoHe MMHEPANOTUANL CHTGTTAMANapsiHG GAANGHUCTS GHEH AHLIKTANAHL.
'ATbiHgaH 6PTTeY HOTWKEIISP! KoH aYKWMbI TWIMA X3S XOFaPbl CYPaHHICKA HE
KUPHINC MTEpAGIZAPSH (KEPaMMKATIK XON MATEPUANIADH, Xein OKILAYTa-
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