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ESSAY 

Есеп 50 бет, 1 кітап, 9 сурет, 8 кесте, 64 әдебиет көзі, 3 қосымша.

ӨНДІРІС ҚАЛДЫҚТАРЫ, УТИЛИЗАЦИЯ, ФОСФОГИПС, ЖЕР АРШУ ЖЫНЫСТАРЫ, КҮЙДІРІЛГЕН ҚОРАМА ЖАСАУҒА ДАЙЫНДАЛҒАН ҚҰМ, ӘКТАС ӨНДІРІСІ ҚАЛДЫҚТАРЫ.

Зерттеу нысаны: фосфогипс, жер аршу жыныстары, күйдірілген қорама жасауға дайындалған құм және әктас өндірісі қалдықтары 

Жұмыс мақсаты: үш және төрт компонентті құрамды үлгілердің құрамы мен қасиеттерін зерттеу.

Зерттеу әдістері: Philips / Panalytic рентгендік флуоресценция анализі, PW2400 моделі, рентген-дифрактометр, FEI Quanta 200 LV сканерлейтін электронды микроскоп, Оксфорд энергиясын дисперсиялық әдіс (Penta FET-Precision) X-ACT, LAMMA-1000 лазерлік микро-масса анализі, X-ACT моделі, дифракция бөлшектердің лазерлік мөлшерін Granulometer CILAS 1064 анализаторына үлестіру әдісі [1-9].
2020 жылы құрастырылған композициялардың қасиеттерін зерттеу 730 күнге дейін сынамалардың қатаюының әр түрлі кезеңдерінде жалғасты. Судың 28-ші күнінде сынамаларды бір осьтік қысу кезіндегі күші 4,1 - 6,8 МПа, 180 күнге - 12,7 МПа, 270 күнге - 13,8 МПа, 365 күнге - 14,4 МПа және 545 күн - 15,5 МПа, 730 күнге 16,0 МПа, бұл Қазақстан нормаларының (6,0 МПа) талаптарының максималды деңгейінен 2,6 есе жоғары.

Бұл зерттеулер төрт компоненттегі материалдардың жоғарыда аталған қасиеттерінің барлығын анықтады (үстіңгі қабат, күйдірілген жер, фосфогипс және әк өндірісі қалдықтары), кристалды калицит CaCO3 аз қосындылары бар CaO SiO2 H2O (CSH) тобының неоплазмаларының негізінен аморфты құрылымдарының пайда болуымен түсіндіріледі.

Материалдардың карбонат құрамындағы өзгерістердің нәтижелерін талдау алғашқы қоспалардағы СО2 мөлшерінің 180 және 270 тәулікке гидраттану және қатаю кезінде салыстырмалы түрде аз (3-4%) жоғарылауын көрсетеді. Сонымен қатар, 1 және 9 композицияларының үстіңгі қабаттың үш есе айырмашылығы бар (17 және 51% КҚЖДҚ) CO2 құрамында алғашқы құрғақшылықта да, 180 күндік гидратациядан кейін де аздап ерекшеленеді. Бұл факт үстіңгі қабаттың (P.P.P. = 36.23%) және фосфогипстің (P.P.P. = 18.93%) құрамындағы жоғары карбонат құрамымен түсіндірілетіні анық.

Қолдану саласы: құрылыс индустриясы, экология, металлургия, тау-кен ғылымдары.
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INDUSTRIAL WASTE, DISPOSAL, PHOSPHOGYPSE, OVERFLOW, BURN MOLDING LAND, KAZAKHSTAN LIME PRODUCTION WASTE

Research object: phosphogypsum (PhG), overburden (OB), burnt molding earth (BME) and lime production waste (LPW).

Purpose of the work: to study the composition and properties of samples of three- and four-component compositions.

Research Methods: Philips / Panalytical X-ray fluorescence analysis, model PW2400, X-ray diffractometer, FEI Quanta 200 LV scanning electron microscope, Oxford energy dispersive method (Penta FET-Precision) X-ACT, LAMMA-1000 laser micro-mass analysis, model X-ACT, diffraction method of laser particle size distribution on the Granulometer CILAS 1064 analyzer [1-9].
In 2020, the study of the properties of the developed compositions was continued at various periods of hardening of the samples up to 730 days inclusive. The strength under uniaxial compression of samples on the 28th day of hydration is 4.1 - 6.8 MPa, by 180 days - 12.7 MPa, by 270 days - 13.8 MPa, by 365 days - 14.4 MPa, and by 545 days - 15.5 MPa, by 730 days 16.0 MPa, which is 2.6 times higher than the maximum level of requirements of the norms (6.0 MPa) of Kazakhstan.

These studies have established that all of the above properties of materials from four components (overburden, burnt molding earth, phosphogypsum and lime production waste) are explained by the formation of predominantly amorphous structures of neoplasms of variable chemical composition of the CaO SiO2 H2O (CSH) group with small inclusions of crystalline calicite CaCO3.

Analysis of the results of changes in the carbonate content of materials shows a relatively small (3-4%) increase in the CO2 content in the initial mixtures during hydration and hardening of the samples by 180 and 270 days. At the same time, compositions 1 and 9 with a threefold difference in overburden (17 and 51% OB) have a slight difference in the content of CO2 both in the initial dry and after 180 days of hydration. Obviously, this fact is explained by the high carbonate content of both the overburden (P.P.P. = 36.23%) and phosphogypsum (P.P.P. = 18.93%).

Applications: construction industry, ecology, metallurgy, mining sciences.
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INTRODUCTION
“If the traditional economy combines labor, technology and resources to produce end-use goods and waste, then the green economy should return waste back to the production cycle, causing minimal harm to the environment,” said Pavan Sukhdev.

From the speech of the President of the Republic of Kazakhstan N.A. Nazarbayev at the III Astana Economic Forum “The world needs new, environmentally friendly technologies, their rapid exchange and wider use of renewable energy sources. In this regard, at the recent Session of the Economic and Social Commission for Asia and the Pacific (UNESCAP), the Republic of Kazakhstan came up with an initiative to create a new environmental declaration, the so-called "Green Bridge" between Europe and Asia. This will bring closer and accelerate the processes of ensuring environmental safety and the formation of a "green economy".

The relevance of issues related to production and consumption waste accumulated during the period of the unified state activity of the USSR persists every year, increases and requires an immediate solution.

First of all, this is due to the fact that the susceptibility of underground and surface waters, land resources of almost all regions of the Republic to intensive pollution remains. Until now, many cities, regional and rural settlements are in the zone of influence of accumulated waste.

Among them, a special place is occupied by large-tonnage waste, which was formed as a result of many years of industrial and agricultural activities of enterprises in the territory of the Republic of Kazakhstan. Predominantly, the resource-raw material management system without taking into account natural conditions and environmental restrictions when locating industrial enterprises and active land use in the agricultural industry, led to the formation of zones and regions of increased anthropogenic impact.

In the 90s of the last century, some enterprises of the mining and processing industries were liquidated, and the entire burden of problems with dumps and abandoned mine workings, tailing dumps, sludge accumulators, substandard remnants of mineral processing was laid on the shoulders of the state in the form of historical / "ownerless" pollution. The specified waste, including toxic, was stored and stored, basically, without observing environmental standards and requirements. The central aspect of the Republic's transition to a "green economy" should be the creation of a basis for attracting environmentally friendly technologies to the disposal of historically accumulated waste and the replacement of outdated technologies with modern sustainable alternatives. All of these can save money, improve human health, create green jobs and, at the same time, have a beneficial effect on the environment.

Currently, the country has accumulated more than 22 billion tons of waste, of which more than 16 billion tons of technogenic mineral formations and about 6 billion tons of hazardous waste. About 700 million tons of industrial waste are generated annually, of which about 250 million tons are toxic. All industrial wastes used in this project as raw materials for the production of construction materials pollute the environment of Kazakhstan and cause significant damage to the health of the population and the nature of the country.

For these purposes, work has begun on the integrated use of waste from the production of phosphate fertilizers (Kazphosphate LLP), large-tonnage waste of metallurgical production in the form of burnt molding earth (LLP KSP Steel) (BME), lime production waste (JSC Keregetas deposit) (LPW) and overburden (OB) of coal mines enterprises (LLP "Corporation" ON-OLZHA").
In the 2018 annual report, inventory number 0218РК00905, the following results were obtained: Samples of new building materials were developed from overburden, burnt molding earth, phosphogypsum and lime production waste. The study of their properties has begun at various periods of specimen hardening up to 180 days inclusive. The strength under uniaxial compression of the samples on the 28th day of hydration is 4.1 - 6.8 MPa, and by 180 days it reaches 12.7 MPa, which is twice the maximum level of norms (6.0 MPa) in Kazakhstan.

In the annual report of 2019, inventory number 0219RK00109, the following results were obtained: The properties of the samples were studied at various hardening periods up to 365 days inclusive. The strength under uniaxial compression of samples on the 28th day of hydration is 4.1 - 6.8 MPa, by 180 days it reaches 12.7 MPa, by 270 days - 13.8 MPa, and by 365 days it is 14.4 MPa, which is more than 2.4 times higher than the maximum level of norms (6.0 MPa) of Kazakhstan.
In 2020, the study of the properties of the developed compositions was continued at various periods of hardening of the samples up to 730 days inclusive. The strength under uniaxial compression of samples on the 28th day of hydration is 4.1 - 6.8 MPa, by 180 days - 12.7 MPa, by 270 days - 13.8 MPa, by 365 days - 14.4 MPa, and by 545 days - 15.5 MPa, by 730 days 16.0 MPa, which is 2.6 times higher than the maximum level of requirements of the norms (6.0 MPa) of Kazakhstan.

These studies have established that all of the above properties of materials from four components (overburden, burnt molding earth, phosphogypsum and lime production waste) are explained by the formation of predominantly amorphous structures of neoplasms of variable chemical composition of the CaO SiO2 H2O (CSH) group with small inclusions of crystalline calicite CaCO3.
Analysis of the results of changes in the carbonate content of materials shows a relatively small (3-4%) increase in the content of CO2 in the initial mixtures during the hydration and hardening of samples by 180 and 270 days. At the same time, compositions 1 and 9 with a threefold difference in overburden (17 and 51% VP) have a slight difference in the content of CO2 both in the original dry and after 180 days of hydration. Obviously, this fact is explained by the high carbonate content of both the overburden (P.P.P. = 36.23%) and phosphogypsum (P.P.P. = 18.93%).
The implementation of this project will demonstrate in practice the possibility of solving such environmental problems with high economic efficiency.
MAIN PART OF THE R&D REPORT
1 Investigation of the processes of structure formation of the developed compositions in the process of hydration and hardening of samples for 550 and more days

Based on the results of the study of the feedstock in 2018-2019, the process of forming samples in different percentages of components after hydration with different amounts of water was continued. Samples are pressed under a pressure of 10 MPa in a cylindrical shape with dimensions of 20 x 20 mm (figure 1) and stored in the open air.

Changes in the mechanical properties and physicochemical processes of hydration and hardening of the samples will be studied in the following periods: 3, 7, 14, 28, 60, 90 and 180 days, 1 year, 1.5 and 2 years.
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	Figure 1 - Photos of samples from a mixture of phosphogypsum,

overburden, burnt molding earth and lime waste


1.1 Mechanical properties of developed materials 

The technical conditions of the state standard of the Republic of Kazakhstan ST RK 973-94 "Stone materials and soils treated with inorganic binders for road and airfield construction" for strengthening soils with slags, approved by the Main Department of Standardization and Metrology of the Republic of Kazakhstan, impose a number of technical requirements for the bases of road pavements, reinforced with industrial waste. The main ones are the requirements for uniaxial compressive strength and frost resistance of materials (table 1).
Table 1 - Physical and mechanical properties of soil reinforced with slag binders
	The name of indicators
	Strength class

	
	I
	II
	III

	Compressive strength of water-saturated samples, MPa
	6,0 – 4,0
	4,0 – 2,0
	2,0 – 1,0

	Frost resistance coefficient, not less
	0,75
	0,70
	0,65


1.2 Uniaxial compressive strength of materials from overburden, burnt molding earth, phosphogypsum and lime waste
The study of the mechanical properties of the developed composite materials (table 2) showed the possibility of obtaining results that meet the requirements of ST RK 973-94 when using industrial waste such as overburden (17 - 51%), burnt molding earth (25-35%), phosphogypsum (20 - 30%) and lime production waste (2 - 6%). The strength of materials at 3 days of age is in the range of 1.2 - 3.5 MPa, at 7 days of age it reaches a level of 2.3 - 3.8 MPa, by 60 days it reaches a level of 5.7 - 7.3 MPa, by 180 days - 6.3 - 12.7, and 270 days it reaches 13.8 MPa. The greatest strength at all ages (except for 3 and 7 days) has a composition of 6 with 32% of overburden, 30% of burnt molding earth and phosphogypsum (PhG) and 6% of lime production waste.

Comparison of the dynamics of hardening of compositions 3 and 6 with the same 6% lime production waste (LPW) content (6%) with an increase in the lime production waste (LPW) content by 10% and phosphogypsum by 5% and a decrease in overburden (OB) by 15% demonstrates a very strong increase in the hardening rate, especially clearly visible in 180 and 270 - the daily ages of the samples - from 9.7 to 12.7, and on the 270th day - from 11.3 to 13.8 MPa. By the age of one year, the growth of strength noticeably slows down, reaching the level of 11.5-14.4 MPa. At the same time, a composition of 6 with 32% of overburden, 30% of phospho-gypsum and burnt molding earth and 6% of lime production waste has the maximum strength at the age of materials. By the age of one and a half years (545 days), composition 9 becomes a slightly stronger material, with a strength under uniaxial compression of 15.5 MPa. Two-year-old samples continued to gain strength, but noticeably slower than during the first year.

All compositions already by 7 days of hydration of materials showed their compliance with the requirements of ST RK 973-94 to the second class of strength of road bases. In addition, they can be recommended as building materials such as bricks, blocks, etc.
	Table 2 - Change in strength during hydration of materials from overburden, burnt molding earth, phosphogypsum and lime production waste
№ sample
	Composition of materials (wt%)
	Strength (MPa) at uniaxial compression after hydration (days)

	
	OB
	PhG
	BME
	LPW
	3
	7
	14
	28
	60
	90
	180
	270
	365
	545
	730

	1
	51
	25
	20
	2
	1,2
	2,3
	3,4
	4,1
	5,7
	7,4
	8,3
	9,8
	11,5
	13,8
	14,5

	2
	49
	
	
	4
	1,9
	2,9
	3,8
	4,6
	6,4
	8,2
	8,7
	10,4
	12,0
	14,3
	14,8

	3
	47
	
	
	6
	2,5
	3,1
	4,4
	5,1
	6,6
	9,4
	9,7
	11,3
	12,6
	14,2
	14,7

	4
	36
	30
	30
	2
	2,8
	3,2
	4,3
	5,8
	6,2
	8,0
	8,6
	10,2
	11,8
	14,6
	14,9

	5
	34
	
	
	4
	2,5
	3,3
	4,2
	5,3
	7,4
	8,9
	9,5
	10,6
	12,7
	14,9
	15,3

	6
	32
	
	
	6
	3,2
	3,7
	5,5
	6,8
	7,6
	10,4
	12,7
	13,8
	14,4
	15,2
	15,7

	7
	21
	35
	40
	2
	2,9
	3,9
	4,2
	5,5
	6,7
	8,2
	8,7
	10,0
	12,6
	14,0
	14,4

	8
	19
	
	
	4
	2,6
	3,7
	4,5
	6,3
	7,5
	8,8
	8,7
	10,3
	13,0
	14,8
	15,3

	9
	17
	
	
	6
	3,5
	3,8
	5,2
	6,7
	7,3
	7,8
	8,4
	10,5
	13,4
	15,5
	16,0


1.3 Coefficient of linear expansion of samples from overburden, burnt molding earth, phosphogypsum and lime waste
The value of the linear expansion of the samples (table 3) during their hydration up to 365 days, as well as the values ​​in the strength of these composites (Table 2), depends on the ratio of the percentage of their components. An increase in the content of LPW, PhG and BME with a decrease in the amount of OB causes expansion of the samples. Obviously, this is due to an increase in the number of neoplasms filling the pore space between the particles of the components, expanding the samples and binding the particles of the components, which leads to an increase in the strength of the materials (table 2).

At 28 and 60 days of age, a uniform increase in the linear expansion coefficient is replaced by the same relatively uniform decrease, which is most likely caused by the gel syneresis process studied in the technical literature (Mymrin, 1998, 2015). The presence of 17 - 51% overburden leads to a decrease in the values ​​of expansion of the samples due to ion exchange between the soil on one side of the PHG and lime on the other side. Obviously, this is accompanied by the adsorption of Ca and Mg ions by clay particles, which slows down the synthesis of new formations and changes in all characteristics of the samples, in particular, an increase in the volume and strength of the samples. This process of linear shrinkage with increasing strength of materials is observed up to and including the 730-day age of their hydration (tables 2 and 3).
Table 3 - Change in the coefficient of linear expansion of samples of composites from overburden, burnt molding earth, phosphogypsum and lime production waste in the process of their hydration and strengthening
	№ sample
	Composition of materials (wt%)
	Linear expansion of materials (%)

in the process of hardening (days)

	
	OB
	PhG
	BME
	LPW
	3
	7
	14
	28
	60
	90
	180
	270
	365
	545
	730

	1
	51
	25
	20
	2
	0,43
	0,85
	1,11
	1,28
	1,27
	1,25
	1,22
	1,20
	1,19
	1,16
	1,15

	2
	49
	
	
	4
	0,49
	0,98
	1,24
	1,34
	1,32
	1,30
	1,28
	1,25
	1,23
	1,20
	1,18

	3
	47
	
	
	6
	0,51
	1,01
	1,25
	1,44
	1,44
	1,41
	1,36
	1,34
	1,30
	1,28
	1,27

	4
	36
	30
	30
	2
	0,48
	0,67
	0,98
	1,32
	1,30
	1,27
	1,22
	1,20
	1,19
	1,15
	1,13

	5
	34
	
	
	4
	0,47
	0,78
	1,00
	1,35
	1,35
	1,32
	1,29
	1,34
	1,32
	1,28
	1,24

	6
	32
	
	
	6
	0,55
	0,94
	0,95
	1,34
	1,35
	1,31
	1,26
	1,22
	1,22
	1,21
	1,20

	7
	21
	35
	40
	2
	0,66
	0,83
	0,80
	1,56
	1,56
	1,53
	1,47
	1,45
	1,41
	1,38
	1,35

	8
	19
	
	
	3
	0,70
	0,85
	1,15
	1,61
	1,63
	1,59
	1,55
	1,52
	1,48
	1,46
	1,45

	9
	17
	
	
	6
	60,7
	0,91
	1,28
	1,72
	1,74
	1,68
	1,64
	1,60
	1,55
	1,51
	1,55


Comparison of the dynamics of changes in compositions 3 and 6 with the same content (6%) of LPW with an increase in the HFZ content by 10% and phosphogypsum by 5% and a decrease in overburden by 15% demonstrates a significant lag in the dynamics of change both at the first stage of sample expansion and at the second. at the stage of their shrinkage after 28 and 60 days of hydration.

The analysis of the results given in tables 2 and 3 shows that the processes of changing the values ​​of strength during axial compression and linear expansion-shrinkage can be conditionally divided into two stages.

At the first stage, the strength increased to 6.8 MPa (table 2) due to the synthesis of a large number of neoplasms, which filled the pores between solid particles and glued and partially moved them apart with their volume, which led to a noticeable increase in the diameter of cylindrical specimens, increasing to 1.28 - 1 , 72% of the coefficient of their linear expansion (table 3).

During the course of the second stage, gel neoplasms shrank to 1.15 - 1.51% due to their transition to a stone-like state and compaction with an almost double increase in strength to 13.8 MPa by 270 days of age, 14.4 MPa by 365 days and 15.5 MPa by 545 days.
1.4 Change in water resistance of materials over time
In accordance with the requirements of the Technical conditions of the state standard of the Republic of Kazakhstan ST RK 973-94 "Stone materials and soils treated with inorganic binders for road and airfield construction" for strengthening soils with slags, approved by the Main Department of Standardization and Metrology under the Cabinet of Ministers of the Republic of Kazakhstan (table 1) the change in the water resistance of materials after hydration and hardening after 28 and 90 days was determined.
Table 4 - Change in the water resistance of samples of composites from overburden, burnt molding earth, phosphogypsum and lime production waste in the process of their hydration and strengthening
	№ sample
	Composition of materials (wt%)
	Strength and water resistance of samples (MPa)

in the process of hardening (day)

	
	OB
	PhG
	BME
	LPW
	28 days
	90 days

	
	
	
	
	
	R, 

MPa
	R water pump., MPa
	R, 

MPa
	R water pump., 

MPa

	1
	51
	25
	20
	2
	4,1
	2,30
	7,4
	4,8

	2
	49
	
	
	4
	4,6
	3,40
	8,2
	6,64

	3
	47
	
	
	6
	5,1
	4,34
	9,4
	8,08

	4
	36
	30
	30
	2
	5,8
	4,47
	8,0
	6,16

	5
	34
	
	
	4
	5,3
	4,29
	8,9
	7,57

	6
	32
	
	
	6
	6,8
	7,68
	10,4
	12,17

	7
	21
	35
	40
	2
	5,5
	5.61
	8,2
	8,61

	8
	19
	
	
	4
	6,3
	6,80
	8,8
	9,50

	9
	17
	
	
	6
	6,7
	7,72
	7,8
	8,58

	Note:
Where: R - strength of air-humid samples;

Rwater - strength of water-saturated samples after 24 hours of complete immersion in water;

Sv - coefficient of water resistance of sample materials, calculated by the formula:

Sv = Rv / R


Analysis of the results of water resistance of materials table 4 is in good agreement with the results of tables 2 and 3 - the strength of water-saturated samples at 90 days of age significantly exceeds the strength of 28-day samples. The water resistance of materials increases simultaneously with an increase in their strength and changes in the coefficient of linear expansion of the samples. In particular, the previously compared composites 3 and 6 with an equal (6%) content of lime production waste (LPW) demonstrate an increase in water resistance in parallel with a decrease in the amount of overburden (OB), and an increase in the content of phosphogypsum (PHG) and burnt molding earth (BME). Only a composition with the same 6% amount of LPW but with 40% HFZ, 35% PHG and a minimum (17%) overburden (OB) content by 90 days of hydration significantly (by almost 1 MPa) reduces the strength of water-saturated samples, but significantly exceeds the strength air-humid samples. A similar slowdown in the growth rate of the strength of water-saturated samples at 90 days of age compared to air-humid samples of the same age is characteristic of compositions 7, 8, and 9. It can be assumed that this phenomenon is explained by a sharp decrease (by 11% between compositions 6 and 7) the content of overburden (OB) in them with its relatively high content of clay particles, which are excited faster than other components of the initial components of this study in the alkaline medium of the initial mixtures and transform into sol-gel transformations of neoplasms. 
1.5 Change in frost resistance of materials over time
The study of frost resistance of the developed compositions was also studied in accordance with the requirements of the Technical conditions of the state standard of the Republic of Kazakhstan ST RK 973-94 "Stone materials and soils treated with inorganic binders for road and airfield construction" for strengthening soils with slags, approved by the General Directorate of Standardization and Metrology under the Cabinet of Ministers Republic of Kazakhstan (table 1) after hydration and hardening after 28 and 90 days.

Comparison of changes in strength and coefficient of frost resistance of water-saturated samples in the process of their hardening is also in convincing agreement with the data of studies of the strength of air-dry and water-saturated samples of all mixtures of Tables 2 and 3, as well as their linear expansion coefficient (table 3). The main difference from these results is an increase in the strength of the samples after 50 thermal shocks from + 25 ° to -25 ° C and vice versa (25 cycles in total) with an 8-hour shock duration. At the same time, only the first composition by the age of 90 days almost meets the requirements of the technical standards ST RK 973-94 for the first category (Smr. = 0.74 instead of the mandatory 0.75). All other formulations significantly exceed this requirement, and formulations 6, 7, 8 and 9 exceed the Smrz value. = 1.0 up to Smrz. = 1.17 for composition 6.
Table 5 - Change in frost resistance of samples of composites from overburden, burnt molding earth, phosphogypsum and lime production waste in the process of their hydration and strengthening
	№ sample
	Composition of materials (wt%)
	Frost resistance of water-saturated samples

in the process of hardening

	
	OB
	PhG
	BME
	LPW
	28 days
	90 days

	
	
	
	
	
	Rwater., MPa
	R frost.,

MPa
	C frost.
	Rwater.,

МPA
	R frost,

МPa
	С frost.

	1
	51
	25
	20
	2
	2,30
	1,29
	0,56
	4,8
	3,55
	0,74

	2
	49
	
	
	4
	3,40
	2,52
	0,74
	6,64
	5,38
	0,81

	3
	47
	
	
	6
	4,34
	3,69
	0,85
	8,08
	7,19
	0,89

	4
	36
	30
	30
	2
	4,47
	3,44
	0,77
	6,16
	4,74
	0,77

	5
	34
	
	
	4
	4,29
	3,47
	0,81
	7,57
	6,43
	0,85

	6
	32
	
	
	6
	7,68
	8,68
	1,13
	12,17
	13,63
	1,17

	7
	21
	35
	40
	2
	5.61
	5,62
	1,02
	   8,61
	   9,04
	1,05

	8
	19
	
	
	4
	6,80
	  7,34
	1,08
	9,50
	10,26
	1,08

	9
	17
	
	
	6
	7,72
	8,88
	1,15
	8,58
	9,44
	1,10

	Note:

Where: R water. - strength of water-saturated samples after 24 hours of complete immersion in water;

R frost - strength of water-saturated samples after 25 freezing cycles for 8 hours at minus 25 ° С and thawing for 8 hours in water at + 25 °,

  R water - strength of water-saturated samples after 24 hours of complete immersion in water;

  C frost - coefficient of water resistance of sample materials, calculated by the formula:

C water = R frost / R water


This means that during each of the 25 expansion of the samples due to the crystallization of water into ice particles, expanding the volume of materials and forming microcracks and microvoids throughout the volume of the samples. In the next 25 processes, when immersed in water from + 25 ° C, melting ice crystals leave pores that are filled with water within 8 hours and hydrate new amounts of alkaline elements, causing a second wave of synthesis of sol-gel neoplasms that strengthen the samples. This rather rare phenomenon was studied in detail by Mymrin (1987) in his doctoral dissertation devoted to the development of methods for strengthening various types of soils with all types of slags from the ferrous metallurgy of the USSR as slag-soil foundations of highways, which in large numbers were built on the territory of the USSR as test sites and after numerous checks, their quality was included in the all-Union GOSTs and SNIPs.
1.6 Physicochemical processes of formation of the structure of materials from overburden, burnt molding earth, phosphogypsum and lime production waste

The study of the processes of forming the structure of the materials developed in this project was carried out by the following analyzes:

- determination of the mineral composition of the samples during their hydration and strengthening by means of X-ray phase analysis (XRF) by the method of powder changes;

- change in carbonate by calcimeter method;

- pH change;

- change in the morphology of the structure of the samples by scanning electron microscopy (SEM);

- microchemical analysis of neoplasms that strengthen materials by methods:

- energy dispersive spectroscopy (EMF);

- laser micro-mass analysis (LAMMA).

All processes of the formation of the structure of materials were studied on composition 6, consisting of 32 weight percent of overburden, 30% of burnt molding earth, 30% of phosphogypsum and 4% of lime production waste due to the maximum values ​​of mechanical and physical properties at almost all ages of the samples, which should facilitate clarification these processes.

1.6.1 Changes in the mineral composition of materials during their hydration and strengthening

1.6.1.1 Mineral composition of materials of the initial dry mixture of composite 6

Study of the mineral composition (figure 2) of the dry mix of overburden, burnt molding earth, phosphogypsum and lime production waste showed that the highest crystalline peaks are the peaks of two clay minerals - kaolinite Al4Si4O10 (OH) 8 and illite KAl2Si3AlO10 (OH) 2. They are followed by intensity peaks of ackermanite Ca4Si3O10, anatase TiO2, and quartz SiO2. In addition, the content of the amorphous fraction in the initial mixture is very high, as in all raw materials of the present study.
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Figure 2 - Diffractogram of the initial dry mixture of composition 6 - overburden, burnt molding earth, phosphogypsum and lime production waste
1.6.1.2 Mineral composition of composite 6 after 180 days of hydration and hardening
When comparing two diffractograms of the initial dry mixture with the same mixture after 180 days of hydration (figures 2 and 3), the disappearance of all peaks of kaolinite Al2 (Si2O5) (OH) 4 and the almost complete disappearance of illite KAl2Si3AlO10 (OH) 2, which in the initial dry mixture was the main mineral. Now quartz has the highest peaks due to the dissolution of its surface destroyed layer in an alkaline medium and the exit into a reflective position of the unbroken core of quartz particles.
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Figure 3 - Diffractogram of a mixture of overburden, burnt molding earth, phosphogypsum and lime production waste, composition 6, on the 180th day of hydration and exit to the reflecting position of the core of monocrystalline quartz structures that diffuse X-ray radiation
1.6.1.3 Mineral composition of composite 6 after 270 days of hydration and hardening
The 270-day diffraction pattern of composition 6 shows (figure 4) that the intensity of the CaCO3 calcite peaks becomes very close to the intensity of the quartz peaks. This fact indicates the synthesis of a significant amount of crystalline calcite during 270 days of hydration of the mixture, not previously detected on the diffractogram of the initial mixture (figure 2), but in a significant amount synthesized during periods of 180 and 270 days. The amount of amorphous materials practically did not increase, which indicates a slowdown in the gelation processes. Obviously, an increase in the strength and physical properties of the material (tables 2, 3, 4 and 5) occurs as a result of the synthesis of crystalline and amorphous carbonates and the sol-gel transformation of new formations.  
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Figure 4 - Diffractogram of a mixture of overburden, burnt molding earth, phosphogypsum and lime production waste, composition 6, on the 270th day of hydration and exit to the reflecting position of the core of monocrystalline quartz structures that diffuse X-ray radiation
1.6.1.4 Mineral composition of composite 6 after 365 days of hydration and hardening
Comparison of diffractograms of composition 6 after 270 and 365 days of hydration and hardening (figures 4 and 5) show a clearly noticeable increase in the intensity of X-ray reflections of almost all peaks of calcite with a constant intensity of quartz peaks.
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Figure 5 - Diffraction pattern of a sample from a mixture of overburden, burnt molding earth, phosphogypsum and lime production waste, composition 6, on the 365th day of hydration
This means the completion of the process of alkaline destruction of the surface mechanically disturbed layers of quartz grains by the 270-day period of forming the samples. Obviously, the completion of this process is associated with the absence of a noticeable increase in the X-ray background, which indicates a slowdown in the formation of the amorphous component of new formations, mainly due to the transition of a significant amount of quartz to the X-ray amorphous state. The continued growth of the intensity of calcite peaks in the diffractogram of 365-day samples suggests the possibility of the process of its crystallization and in subsequent periods with a gradual slowdown of this process. The intensity of the anatase and ackermanite peaks remained practically unchanged, which most likely indicates their chemical inertness in this alkaline medium and their role in the hardening of comnosite as an inert filler.
1.6.1.5 Mineral composition of composite 6 after 545 days of hydration and hardening
When decoding the diffractogram of the sample of composition 6 (figure 6), an increase in the intensity of calcite peaks was found, noticeable on the vertical scale of the graph. At the same time, the intensity of calcite exceeded the intensity of the main peak of the diffractogram of a quartz sample at the age of 365 days (figure 5). The intensity of the other calcite peaks also increased markedly by 545 days of hydration and hardening.
[image: image9.png]ql{s © Q - Ksap
C - Kanpiut
8 A - Anata3s
4004 Ax - AKepMaHHT
Q
Q
9 © ac ¢ 9
Ce C Ak 3
|Ak|
N o |ax
A A
1004 A
o] [
] J W g
0 T T T T T T £
10 20 30 40 50 60 70

20° ) Cu-Ka




Figure 6 - Diffractogram of a mixture of overburden, burnt molding earth, phosphogypsum and lime production waste, composition 6, on the 545th day of hydration
1.6.1.6 Mineral composition of composite 6 after 730 days of hydration and hardening

After 730 days of hydration of the mixture of composition 6, one can clearly see (figure 7) a slight increase in the intensity of most quartz peaks, especially at 2 уг ° λ Cu-Kα angles equal to 24.5 °, 29 °, 37 °, 44 °, and 61 °. Such an increase in their intensity indicates a continuing increase in the carbonate content of materials and confirms the fact that their strength increases at two years of age (table 2) to 14.9 MPa.
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Figure 7 - Diffractogram of a mixture of overburden, burnt molding earth, phosphogypsum and lime production waste, composition 6, on the 545th day of hydration

1.6.2 Change in the carbonate content of materials during hydration
Analysis of the results of changes in the carbonate content of materials (table 6) shows that the change in CO2 content by 365 days of hydration in all compositions ranges from 6.64 to 8.05%, which in terms of CaCO3 is 15.1 to 18.3%. Such an increase in only carbonates, the simultaneous synthesis of sol-gel neoplasms and the inevitable change in the structure of materials can explain the increase in all mechanical and physical properties of materials.

The maximum increase in the CaCO3 content belongs to composition 6, which reaches the level of 18.3% by 730 days of hydration and hardening, and has the maximum values ​​of all mechanical and physical properties of this study. This increase in calcite confirms the conclusion drawn from the calculations of X-ray diffraction patterns (figures 2-6).

Strengthening of materials for the same period by 15.5 MPa (table 2) can hardly be explained only by this amount of carbonate growth. It is possible to assume the synthesis of other new formations, such as amorphous compounds of the CSH group (CaO · SiO · H2O) with a changing ratio of chemical elements. On X-ray diffraction patterns, they appear only in the form of an X-ray background, but, being compacted in pores, can significantly increase the strength of the samples (Mymrin, 1987).
Table 6 - Change in carbonate content of materials from overburden, burnt molding earth, phosphogypsum and lime production waste (calcimeter method)
	№sam
	Sample composition, wt. %
	CO2 content (wt%) during hardening (days)

	
	OB
	PhG
	BME
	LPW
	The original
	3
	7
	14
	28
	60
	90
	180
	270
	365
	545
	730

	1
	51
	25
	20
	2
	11,5
	12,3
	13,3
	14,1
	14,4
	14,7
	14,8
	15,0
	15,3
	15,4
	15,6
	15,7

	2
	49
	
	
	4
	11,7
	12,5
	13,8
	14,4
	14,8
	15,0
	15,2
	15,4
	16,0
	16,1
	16,2
	16,4

	3
	47
	
	
	6
	11,8
	12,5
	13,9
	14,8
	15,5
	15,7
	16,0
	16,5
	16,7
	16,8
	17,0
	17,5

	4
	36
	30
	30
	2
	12,7
	13,4
	15,2
	15,2
	15,5
	15,8
	16,0
	16,3
	15,7
	15,7
	16,4
	16,5

	5
	34
	
	
	4
	12,8
	13,8
	15,5
	15,3
	15,8
	16,0
	16,1
	16,2
	15,9
	16,1
	17,4
	17,4

	6
	32
	
	
	6
	12,9
	13,9
	15,6
	15,7
	15,8
	16,2
	16,6
	17,5
	17,9
	18,3
	18,7
	19,0

	7
	21
	35
	40
	2
	13,4
	14,5
	16,3
	16,0
	16,0
	16,2
	16,4
	16,5
	16,7
	16,7
	17,0
	17,1

	8
	19
	
	
	4
	13,7
	14,8
	16,4
	16,4
	16,6
	16,7
	16,7
	16,8
	17,1
	17,3
	17,5
	17,7

	9
	17
	
	
	6
	13,9
	14,9
	16,8
	16,7
	17,0
	17,1
	17,2
	17,4
	17,6
	17,7
	18,0
	18,3


1.6.3 Changes in the structure of materials during hydration
The accumulation of predominantly amorphous neoplasms in the pore space is clearly visible when examining samples of the four-component system in a scanning electron microscope (figure 8).
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Figure 8 - Microstructure of samples of composition 6: A, B and C on day 180,

D, E, and F on day 270 and G, H and I on day 365 of hydration (by SEM)
It is clearly seen that all surfaces of solid particles of composition 6 are covered with drip cloud-like formations (figures 8 - B and C). Most of them are interconnected and are like a common surface (figures 8-A, B and C) with pores of different sizes and configurations. By 270 days of hydration, drusen of microcrystalline neoplasms appear at certain points on the surface of the samples, which are especially clearly visible in the micrograph at a maximum magnification of 8500 times (figures 8-F). By 365 days of hydration, the dimensions of these crystal-like neoplasms increase to 5-7 microns in length and 0.5-1.0 microns in diameter, which makes it possible to study their micro-chemical composition at magnification and 4000 times and especially at 8.500 times (figures 8-H and I). The chemical composition of points 7 and 8 is determined on one of these needle-like forms, and point 9 on a neighboring druse particle is a crystal of similar new formations. The calcium content in these particles ranges between 43.78 and 45.36%, which gives rise to calcite with large inclusions of silicates (20.92 - 22.10% silicon) and aluminates (11.92 - 12.16% aluminum). A very high sodium content (11.03 - 12.46%) predetermines the high alkalinity and reactivity of composition 6 with 30% phospho-gypsum and 6% lime production waste, and therefore the highest mechanical properties of the samples of composition 6.

The study of the chemical composition of these drip neoplasms by the EDS and LAMMA methods showed a high level of their chemical heterogeneity at the microlevel (table 6) both at the nearest points 1, 2, and 3, and at a considerable distance from each other (points 4, 5 and 6). In addition, both methods have demonstrated high levels of heavy metals: Cr, Cu, Zn, As, Sn, Pb, etc.
	Table 7 - Chemical elemental composition of points of neoplasms of composition 6 by 180 (points 1-6) and 365 (points 7-12) days of hydration days (by the EMF method)
№ sample
	Состав химических элементов, wt. %

	
	Na
	Al
	Si
	Ca
	Cr
	Fe
	Cu
	Zn
	As
	Sn
	Pb

	1
	1,08
	24,21
	4,85
	3,26
	50,16
	14,02
	0,70
	0,30
	0,52
	0,48
	0,42

	2
	4,23
	3,50
	3,29
	0,66
	71,23
	14,41
	0,05
	0
	1,21
	1,30
	0,12

	3
	2,11
	4,12
	20,24
	1,54
	53,44
	11,27
	0,91
	2,44
	1,14
	1,37
	0,05

	4
	2,84
	17,57
	11,62
	53,49
	3,29
	6,83
	1,54
	0,42
	0,79
	0,91
	0,70

	5
	3,60
	2,56
	32,79
	55,53
	0
	0,52
	0,94
	2,34
	0,25
	0,24
	1,23

	6
	5,34
	6,79
	35,52
	26,45
	0,53
	0,34
	0,73
	0,40
	0,53
	5,63
	7,75

	7
	11,03
	12,00
	22,10
	45,36
	1,53
	5,41
	0,05
	0
	2,10
	0
	0,42

	8
	11,43
	11,92
	21,52
	44,45
	1,43
	6,55
	0,73
	0,40
	0,53
	0
	1,04

	9
	12,46
	12,16
	20,92
	43,78
	1,92
	5,82
	0,71
	0,14
	0,29
	0,43
	1,37

	10
	0
	22,27
	25,65
	2,86
	49,59
	14,72
	2,66
	0,84
	0,72
	0,89
	0

	11
	2,77
	3,62
	4,04
	25,40
	50,35
	10,58
	0,82
	0
	0
	1,78
	0,64

	12
	2,44
	15,73
	19,87
	37,98
	5,25
	9,33
	0,41
	3,46
	1,25
	3,11
	1,17


Studies of the same samples by laser micro-mass spectroscopy (LAMMA, 9) confirmed the results obtained by the EMF method (table 7), since the is otc LPW composition, even at the nearest points of the new formations that strengthen the materials, has a very large difference both in the weight of isotopes and in their percentage ratio (in the height of the peaks).
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Figure 9 – Isotopic composition of different points of new formation in samples 6: A, B, and C at 270 and D, E, F - at 365 and G, H, I - at 545 days of hydration (by the LAMMA method)
A similar heterogeneity was noted for all the initial components, and after their chemical interaction in a highly alkaline medium of composition 6, this heterogeneity could only increase, which is confirmed by the results of these studies.
1.7 Environmental properties of the developed materials
The study of the chemical composition of the initial components, and then of their mixtures by the EDS and LAMMA methods, shows the presence of a noticeable amount of heavy metals. It is well known that their very presence does not pose a threat to the environment and living organisms in the event that heavy metals are in a chemically bound state. Hygienic standards for the safety of the environment (soil), approved by the order of the Minister of National Economy of the Republic of Kazakhstan dated June 25, 2015 No. 452, regulate the maximum permissible concentration (MPC) of metals in the soil.
Table 8 - The number of mobile forms of metals in composition 6 after 270 and 365 days of hydration and hardening of materials
	Metals
	Leaching, mg/l
	Solubility, mg/l
	MPC * (mg / kg)

	
	270 days
	365 days
	270 days
	365 days
	

	As
	0,21
	017
	< 0,001
	< 0,001
	2,0

	Ba
	< 0,1
	< 0,1
	<0,1
	<0,1
	-

	Cd
	< 0,005
	< 0,005
	<0,005
	<0,005
	-

	Pb
	< 0,01
	< 0,01
	<0,01
	<0,01
	32,0

	Cr 
	< 0,05
	< 0,05
	< 0,05
	< 0,05
	6,0

	Hg
	< 0,001
	< 0,001
	< 0,0002
	< 0,0002
	2,1

	Al
	< 0,10
	< 0,10
	< 0,10
	< 0,10
	-

	Cu
	< 0,05
	< 0,05
	< 0,05
	< 0,05
	3,0

	Fe
	   0,07
	   0,07
	< 0,05
	< 0,05
	-

	Ni
	< 0,05
	< 0,05
	< 0,05
	< 0,05
	4,0

	Zn
	< 0,10
	< 0,10
	< 0,10
	< 0,10
	23,0

	*Note: Hygienic standards for environmental safety (soil), approved by order of the Minister of National Economy of the Republic of Kazakhstan dated June 25, 2015 № 452.


 
The results of the study of the content of mobile forms of heavy metals (еable 8) at 270 and 365 days of age for samples of composition 9 with the maximum (35%) content of phosphogypsum and burnt molding earth (40%) in an acidic medium with pH = 4.5 showed their complete chemical binding and compliance with the requirements of the MPC "Hygienic standards for the safety of the environment (soil), approved by order of the Minister of National Economy of the Republic of Kazakhstan dated June 25, 2015 № 452".


2 Preparation of recommendations on methods, compositions and technologies for waste disposal

Recycling and recycling of waste allows you to use those raw materials that were underutilized due to the imperfection of the primary technological process and passed into waste. Consider the objects of our research in this project.
2.1 Recommendations on methods, compositions and technologies of phosphogypsum (PHG) utilization
The Republic of Kazakhstan has huge reserves of phosphorite ores, concentrated mainly in the bowels of the Karatau basin, located in Zhambyl and partly in South Kazakhstan regions. Up to 50 phosphorite deposits have been identified here with recorded balance reserves in the amount of 5 billion tonnes of ore and about 1.2 billion tonnes of phosphorus pentoxide (P2O5). Therefore, the phosphorus industry has recently become one of the most promising and financially stable branches of the chemical complex. But this development of the industry also has negative features in the form of the generated large-tonnage waste (phosphogypsum, granular phosphorus slag, overburden) of the phosphorus industry. Currently, more than 30 million tons of this waste have been accumulated in the Zhambyl region, which occupy vast areas and have a negative impact on environmental components.

The production of phosphoric acid (P2O5) from natural phosphate rock, mainly apatite and phosphorite, using a wet process produces an industrial waste called phosphogypsum (PHG). This technology is currently used to produce over 90% phosphoric acid. In this case, the production of one ton of phosphoric acid is accompanied by the formation of about 5 tons of PHG. According to various estimates, the world production of PHG ranges from 100 to 280 million tons per year [10-11]. The main producers of phosphate rock and phosphate fertilizers are located in the USA, the former USSR, China, Africa and the Middle East. The phosphate industry makes a significant contribution to the national economies of many level LPW countries.

To obtain phosphoric acid, phosphate ore is processed either by the dry thermal method or by wet acid. Elemental phosphorus is obtained by dry thermal method using an electric arc furnace. The wet acid treatment of phosphoric rock, or "wet process", is widely used to produce both phosphoric acid and calcium sulfate — usually in the dihydrate form (CaSO4 2H2O).

The mineral composition of phosphate ore, as described by various researchers [12-13], is dominated by fluorapatite [Ca10F2 (PO4) 6 · CaCO3], goethite and quartz, with minor amounts of Al-phosphates, anatase, magnetite, monazite and barite. Some of them contain heavy metals and trace elements such as cadmium (Cd) and nickel (Ni). Some phosphate ores contain radioactive elements and their radioactivity comes mainly from 238U and 232Th.

This is obviously why the use of PHGs was banned in the United States in 1990 (Federal Register, 1990), and in the European Union in 1992. The presence of impurities causes many restrictions on the potential uses of PHG. Based on these prohibitions, Kelly et al. [14] believe that the total use of PHG in building materials is likely well below 15% of its global production.

To reduce the levels of metal salts, phosphates and radioactive compounds, Kovler and Somin [59] focused their work on the use of a topochemical reaction with an unspecified agent, solubilization of phosphates and radioactive and other metal salts at temperatures between 140 and 350 ° C.

Olmez and Erdem [60] studied the removal of impurities using several methods based on neutralization of water-soluble impurities in PHG with water and milk of lime, removal of P2O5 substituted in the gypsum crystal lattice, and annealing process.

Singh et al. [15] found that PHG as a by-product in the manufacturing industry contains phosphoric acid and various impurities that impair the properties of cement. Treatment of phosphogypsum with aqueous solutions of ammonium hydroxide converts phosphate and fluoride impurities into water-soluble ammonium compounds that can be removed with a stream of water.

In the world scientific and technical literature, there is a large number of research results on various methods of PHG utilization. Up to 15% of the PHG produced worldwide is used to create building materials, to consolidate soils in road construction and for the production of Portland cement [16]. Sen and Mishra [17] examined the technical, economic and environmental criteria for the use of PHG in road construction.
The remaining 85% is usually dumped into the factory dumps and is exposed to weathering processes, occupying significant areas and causing serious environmental damage, chemically and mechanically polluting the nature of industrialized regions. This extremely negative impact on the environment, as well as its rapid accumulation in waste dumps, force an intensive search for various methods of disposal as alternative raw materials.

Due to the high (more than 95%) content of CaSO42H2O gypsum, the simplest and most economically attractive method is the use of PHG instead of natural gypsum [18] in the gypsum industry for the production of gypsum plaster.

Phosphogypsum was used as a starting material for the production of non-autoclaved aerated concrete. The optimal proportion of the mixture to obtain non-autoclaved aerated concrete of the following composition: cement 15%, granulated blast furnace slag 30%, PHG 55%, lime 7%, Na2SO4 1.6%, aluminum powder 0.074%, W / T 0.45 at a temperature of 90 ° C; it was found that PHG plays not only the role of a filler, but also an activator [19].

Chen et al. [20] investigated the possibility of using phosphogypsum and phosphate tailings of rocks in the form of aggregates in mixtures with metallurgical slags and / or Portland cement as binders and CaO as an additive.

Mun et al. [21] investigated the effect of PHG treatment on the activation of spent lime-granulated blast furnace slag for the production of non-sintering cement (NSC).

Mridul et al. [22] report that a cement binder made from calcined PHG (hemihydrate), fly ash and hydrated lime in proportions of 40, 40 and 20%, respectively, and hydration at 28 days of age at 50 ° C can have various construction applications.

Sunil [23] in 2003 carried out a prospective study of PHG fired hollow blocks - fly ash and lime - fly ash as an alternative to conventional wall bricks. Weiguo et al. [24] studied the effect of the inclusion of PHG in a new type of ash binder for lime on fly ash for use in road material to replace the lime-summer ash binder with low early strength.

In research work by Degirmenci [25], cement binder samples were composed of varying percentages of PHG and fly ash and 10% hydrated lime. The efficiency of valorization of PHG as a mineralizer in the production of Portland clinker cement by improving the technological parameters of the clinker was established by Kacimi et al. [26].

Taher [27] tried to make PHG suitable for the production of Portland cement. The process consists in burning PHG for 2 hours in a muffle furnace at 200º, 400º, 600º and 800ºC with a heating rate of 10ºC / min.

Potgieter et al. [28] studied the effect of chemical and physical treatment of PHG included in clinker to obtain cement with a SO3 content of 2.3%.

In 1979 Mehta [29] proposed to lower the temperature of clinker formation by adding and mixing PHG with the initial mixture to make clinker.

The maximum compressive strength (38.90 MPa) of concrete was obtained using a mixture of Na2SO4 and FeSO4 as an activator [30].

Various authors have proposed different temperatures for the preparation of anhydrite. Manjit and Garg [31] developed the production of stable high strength anhydrite cement in accordance with US standards. The PG was exposed to 500 °, 600 °, 700 °, 800 °, 900 ° and 1000 ° C for 4 hours, and after cooling, the various anhydrites obtained were milled in a ball mill.

In 2008, Degirmenci [25] tested a stabilizing material with poor mechanical properties and low resistance to moisture and water, with PHG and natural gypsum for construction work.

Smadi et al. [32] made concrete using conventional PHG and calcined PHG at 170º, 600º, 750º, 850º and 950ºC for 3 hours after rinsing with water and unwashed.

Research has shown that phosphates and fluorides delay the setting time of concrete [33]. Thus, the processes of purification of PHGs from harmful impurities based on washing, drying, and chemical and thermal extraction were recommended by many researchers before using PHGs.

 Değirmenci [25] used a mixture of phosphogypsum with fly ash and lime in the construction industry. Phosphogypsum has been used as a raw and calcined material to make a cement binder that can be used to make interior wall materials such as bricks and blocks.

Mehta and Brady [29] recommend the addition of PHG to the initial mixture prior to clinker production. Cements obtained by grinding clinker containing 2% SO3, which is part of the PHG, had high characteristics of accelerated strength development.

Dumps in Lithuania have accumulated more than 8 million tons of PHG. Phosphogypsum includes volatile fluorine and phosphoric acid. Environmental pollution with waste is obvious, however, according to Lithuanian legislation, the plant does not pay any payment for damage. Blazevicius, et al. [34] have prepared several technologies for the disposal and processing of phosphogypsum waste into building materials and products.

 Yang et al. [35] developed an PHG-based cost-effective self-leveling mortar that meets the requirements of Chinese standards for flow, flexural strength, compressive strength, shrinkage, and wear resistance.

Youqiang [36] published a review of 24 Chinese consumer articles of PHG, in which it was used in large quantities to make blocks, standard bricks, cementitious materials and cement, high strength gypsum powder, environmental wall materials and other building materials, and sulfuric acid. acid and potassium sulfate using a two-step technique. Singh and Garg [37] recommended the production of anhydrite cement from phosphogypsum due to its lower energy requirements compared to traditional building materials. The potential use of PHGs with fly ash and lime in the construction industry has been investigated [38–39, 25]. A new type of binder was developed, consisting of 8-12% lime, 18-23% PHG and 65-74% fly ash [40]. A review on phosphogypsum, blast furnace slag and fly ash utilization for the production of calcium sulfoaluminate cements was prepared by Beretka et al. [61]. It discussed the main processes of synthesis, hydration and strengthening of cement stone with the inclusion of various amounts of PHG.

Most of these wastes are successfully used in crop production as a substitute for fertilizers and as soil ameliorants for agricultural monitoring [41]. Nayak et al. [42] studied the effect of PHG when used as a calcium additive in agricultural fertilizers and to improve the physicochemical properties of the soil, bacterial and fungal ratios and the activity of soil enzymes.

Papastefanou et al. [43] and Degirmenci et al. [44] also consider it expedient to use PHG for the production of agricultural fertilizers or for soil stabilization [45], as an activator of the binding properties of fly ash in the production of building materials [24].

Numerous studies show the need for research and development work on the disposal and recycling of phosphogypsum. Industrial waste is harmful to the environment of nearby settlements, and by January 1, 2025, the draft Environmental Code of the Republic of Kazakhstan provides for the transition of industrial enterprises to integrated environmental permits using the principles of the best available technologies (BAT). Thus, our research will be in demand and our recommendations on the disposal of industrial waste will be the beginning of the transition to a "green" economy.
2.2 Recommendations on methods, compositions and technologies for disposal of burnt molding earth (BME)
In the foundry of metallurgical and machine-building enterprises, in the manufacture of molded cast metal parts, molding earth is used to make casting molds and cores. In this case, burnt earth is formed, the utilization of which is of great economic importance. Molding earth consists of 90-95% of high-quality quartz sand and small amounts of various additives: bentonite, ground coal, caustic soda, water glass, asbestos, etc.

Burned molding earth (BPHG), also called foundry sand, is a waste product from the molding process where it is used to form a mold. After repeated use, HFZ changes its particle size distribution due to sharp thermal shocks. Fine sand fractions reduce the porosity of casting molds and prevent gases from escaping from them, which leads to the formation of characteristic cavities in cast parts. Therefore, fine fractions of BME are screened out and usually taken to factory dumps as waste, called burnt molding earth. HFZ usually contains an increased content of the formed metal with which it contacts during casting, as well as impurities of heavy metals.

The scientific and technical literature contains a large amount of information on the methods of using BME for various purposes. Guney et al. [46] replaced up to 15% of natural fine sand with spent BME as filler in concrete production. It was determined that concrete with 10% HFZ has very similar characteristics compared to traditional concrete. Singh et al. [47] also compared natural sand and foundry sand waste. He found that replacing natural sand with BME increased compressive strength for 28 days by 8.3-17%, tensile strength by 3.6-10.4%, and demonstrated continuous improvement in mechanical properties up to 365 days. Siddique et al. [48] ​​also concluded that foundry sand can be used to make quality concrete materials. The strength of concrete mixes increases with an increase in the content of foundry sand. Later Pathak and Siddique et al. [49] published studies on the replacement of natural sand with foundry sand and on its effect on the mechanical properties of concrete. The test results indicate a slight increase in the strength and durability of concrete due to the partial replacement of natural sand with BME as a fine aggregate. Prabhu et al. [50] and Basar et al. [51] also prepared various mixtures using foundry sand in the form of fine aggregates. The strength properties of concrete mixtures with 20% foundry sand were relatively close to the strength of the control mixture. Pathak et al. [52] studied mixtures of HFZ with fly ash in various percentages. A slight decrease in the strength of concrete was found; but it continued to remain at a high level, namely: the 28-day compressive strength of the samples was in the range of 19.8 - 30.7 MPa, the 90-day 29.1 - 39.6 MPa and by the one-year term 31.9 - 42,4 MPa. Mastella et al. [53] used BME to produce blocks. At the same time, the compressive strength reached 35 MPa by 28 days with very low leaching values ​​of heavy metals.

A large amount of research has been carried out on the use of BME to replace traditional sand in the ceramic production process. For example, Mymrin et al. [54] used foundry sand together with the addition of other industrial waste to produce ceramics. After firing at 950-1050 °C, the flexural strength of the samples reached 14 MPa, and the study of leaching and solubility of heavy metals in an acidic environment showed a high degree of ecological purity of ceramics. Research by Pytel has confirmed Mymrin's findings.

 Despite the large number of developed methods for the disposal of this hazardous waste, the amount of phosphogypsum and GFZ in open industrial dumps near these plants continues to increase rapidly, significantly complicating the environmental situation in densely populated industrial areas around the world. In addition, in the international technical literature, no publications were found containing the results of studies of composite materials from phosphogypsum and burnt molding earth for the production of cementless concrete. Thus, the recommended large-scale use of GFZ in the production of ceramics and this method is the most acceptable, and the composition of waste from domestic enterprises is suitable for such purposes.
2.3 Recommendations on methods, compositions and technologies for disposal of overburden
Open pit mining of mineral deposits is the oldest method of their extraction. The mining process is inevitably preceded by the cleaning of the ore body from the soil layer covering this deposit. The cleaning materials are called overburden (WR) and usually accumulate in close proximity to the ore body and, as the work expands, begin to interfere with technological processes. Substandard mining material is mixed with OB, which quickly increases its amount and the severity of the problem of accumulation of OB.

According to Barros and Maia [55], this process sharply worsens the ecological situation in the area of ​​work, disrupting the natural connections of the surrounding landscape established over millions of years. To minimize the environmental impact, this clean-up process needs to be carefully planned and monitored to prevent environmental imbalances from large amounts of overburden (WP).

In this study, we used the OB of a limestone quarry in Kazakhstan, contaminated with clay soil. The amount of clay soil in this material is increased due to the removal of clay from limestone by washing it. Partially, this clay material, saturated with carbonates, can be used as a soil, an underlying layer of sand at the base of roads or in the cores of earth dams made of impermeable clay, etc. But the bulk of this material will remain in the development zone of the field, significantly complicating the technological process and increasing the cost mined limestone.

Figueiredo et al, [56] investigated clayey OB mixed with demolition slurry, fortified with hydrated lime to produce limestone blocks. Lima et al. [57] studied the strength of monolithic dwelling walls made from WP mining of granite and Portland cement. The study of the properties of composites of cement bricks made of OB with the addition of demolition cuttings by Segantini et al. [58] showed positive results under uniaxial compression. Thus, the use of overburden in secondary processing and the development of new materials will make it possible to reduce the cost of the final product of the deposits.
2.4 Recommendations on methods, compositions and technologies for the disposal of clay production waste (LPW)
Lime production waste (LIC) can be formed due to the following reasons:

- Firing of substandard natural calcareous raw materials (the most common minerals of calcite and dolomite or their corresponding rocks) due to excessive contamination of these raw materials with other oxides - SiO2, Al2O3, MgO, Fe2O3, TiO2, BaO, and others, which are not included in the chemical formulas of Portland cement minerals;

- Low firing temperatures of the feedstock, which do not reach a temperature of 920 ° C, at which the final thermal destruction of the crystal lattices of calcite occurs with the release of CO2 and the transition of all material to CaO;

- Incorrect storage of burnt lime, namely, storing it with access to humid air, which causes the reverse transition of lime to calcite or dolomite;

- Or, most likely, due to the coincidence of all these reasons together in different proportions.

The most widespread and large-tonnage methods of utilization of LPW is their use to neutralize acidic soils; their use as a bactericidal material at city sanitary stations; at cement plants as a substitute for carbonate rocks for the synthesis of the main minerals of Portland cement; at metallurgical plants as a charge for the formation of a slag layer from smelting furnaces, for the production of toothpaste and cosmetic and many other materials. In the absence of these enterprises near lime factories at economically reasonable distances, LPW are thrown into landfills, causing severe damage to the surrounding flora and fauna.

Lime mixed with clay is used for the production of bricks, in mixtures with bitumen, rice husk ash and waste from construction and demolition of soil stabilization structures in Sri Lanka, to improve the mechanical properties of lime bricks from Cornitermes termite cones [59], to strengthen demolition waste and construction [56], to strengthen waste from the processing of granite rocks in Lima.

A review of the state of use of mud bricks and stabilized compacted soil blocks by Deboucha and Hashim [62] showed that mud bricks are still the cheapest and most environmentally friendly and therefore the most common building material in the world.

According to Ramesh et. al. [63] The study of tailings is an industrial by-product from the Indian mining industry. Efficient disposal of mine tailings is a major challenge for civil and mining engineers. On the other hand, red earth is a non-expansion soil that consists of kaolinite as the main clay mineral and is a natural soil available in large areas of India as well as Karnataka. The properties of the tailings were studied and treated with red soil in the presence of lime. Simple compressive strength tests were performed to evaluate the engineering properties of soil samples. The increase in resistance due to the long term pozzolanic reaction of calcium oxide present in the debris of red earth mines led to particle flocculation. This contributes to the efficient use of tailings for geotechnical applications.

According to Rahmat et al. [64], a study of the effect of sulphide from a carrier stabilized by ash from waste sludge for road construction, where the main aim of the study was to investigate the effect of maturation on the swelling properties of the stabilized clay formation of Oxford (UK), a clay-sulphate soil that in the past caused expansion versus stabilization. Two stabilizers were used, lime and the more stable stabilizer, waste sludge ash, an industrial by-product used alone and in combination with virgin lime (CaO) or granular blast furnace slag. The observed results also suggest that there are technological, economic and environmental benefits in using waste sludge ash similar to industrial by-products in stabilizing sulfates and other clay soils as an alternative to traditional lime and / or Portland cement stabilizers.


In the present project, OPI was used as a binder mixture of other components. From the literature it follows that OPI is recommended to be used in the development of materials from waste concrete, plaster, a mixture of waste from demolition of structures, dredging sediments from seaports, slags from various metallurgical processes, water treatment plants, wood ash, waste paper and cellulose production, MDF, etc.

3 Preparation of the final report. Writing articles and preparing abstracts and reports for international conferences


According to the terms of the contract and the approved schedule AP05134480 "Development of innovative composite building materials based on industrial waste from Kazakhstan", a final report on this project has been prepared.


An application was filed to the National Institute of Intellectual Property of the Ministry of Justice of the Republic of Kazakhstan for the invention "Method for processing industrial and industrial waste with continuous technology in operations performed sequentially according to the principle of logistics requirements" dated December 26, 2018 № 47497 and received the Patent of the Republic of Kazakhstan for the invention "Green technology method utilization of consumer waste during gravity descent and when managing all processes on a truck ”, № 34474, publ. In the officer. bull. from 07/17/2020.

Appendix A lists publications published for the year 2020 of the project.

CONCLUSION
Samples of new building materials from overburden, burnt molding earth, phosphogypsum and lime production waste have been developed. A study of their properties was carried out at various periods of hardening of samples up to 545 days inclusive. The strength under uniaxial compression of samples on the 28th day of hydration is 4.1 - 6.8 MPa, by 180 days - 12.7 MPa, by 270 days - 13.8 MPa, by 365 days - 14.4 MPa, and by 545 days - 15.5 MPa, by 730 days 16.0 MPa, which is 2.6 times higher than the maximum level of requirements of the norms (6.0 MPa) of Kazakhstan.

These studies have established that all of the above properties of materials from four components (overburden, burnt molding earth, phosphogypsum and lime production waste) are explained by the formation of predominantly amorphous structures of neoplasms of variable chemical composition of the CaO SiO2 H2O (CSH) group with small inclusions of crystalline calicite CaCO3.

Analysis of the results of changes in the carbonate content of materials shows a relatively small (3-4%) increase in the CO2 content in the initial mixtures during hydration and hardening of the samples by 180 and 270 days. At the same time, compositions 1 and 9 with a threefold difference in overburden (17 and 51% OB) have a slight difference in the content of CO2 both in the initial dry and after 180 days of hydration. Obviously, this fact is explained by the high carbonate content of both the overburden (P.P.P. = 36.23%) and phosphogypsum (P.P.P. = 18.93%).

Despite the large number of developed methods for the disposal of hazardous waste, the amount of phosphogypsum, burnt molding earth, overburden and lime production waste near settlements continues to grow rapidly, significantly complicating the environmental situation of the entire country. In addition, in the international scientific and technical literature, no publications were found containing the results of studies of composite materials from phosphogypsum and burnt molding earth for the production of cementless concrete from domestic waste. Thus, the large-scale use of burnt molding earth, phosphogypsum, overburden and lime production waste in the production of innovative materials is the most acceptable and the composition of waste from domestic enterprises is suitable for such purposes, and the studies carried out serve as proof of the possibility of their reuse.
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3. Name of work, terms of their implementation and results
	Task code, stage
	Name of work under the Agreement and the main stages of its implementation *
	Period of execution*
	Expected Result*

	
	
	Start
	ending
	

	1
	Collection of information on methods of disposal of industrial waste (phosphogypsum, overburden, burnt molding earth) and lime production waste
	January 2018
	November 1, 2018
	Information will be collected on the methods of disposal of industrial waste (phosphogypsum, overburden, burnt molding earth) and lime production waste

	
	Selection and study of the composition of the selected raw materials

methods of laser granulometry, X-ray fluorescence, (HRF), X-ray diffractometry (HRD), scanning electron microscopy (SEM), energy-dispersive analysis (EMF)
	
	
	The selection and study of the compositions of the selected raw materials will be carried out by the methods of laser granulometry, X-ray fluorescence, (HRF), X-ray diffractometry (HRD), scanning electron microscopy (SEM), energy dispersive analysis (EDS)

	
	Development of compositions of composite materials with different% content of raw materials and their molding
	
	
	Compositions of composite materials with different percentages of raw materials will be developed and molded

	
	Study of the processes of structure formation of the developed compositions in the process of hydration and hardening of the samples for 3-180 days.
	
	
	The processes of structure-formation of the developed compositions will be investigated in the process of hydration and hardening of samples for 3-180 days.

2 articles will be prepared and published in peer-reviewed foreign and domestic scientific journals (journals KKSON MES RK) with a non-zero impact factor.

	2
	Collection of information on methods of disposal of other industrial waste.
	January 2019
	November 1, 2019
	Information will be collected on disposal methods for other industrial waste.

	
	Investigation of the mechanical properties of samples of all compositions (strength in uniaxial compression, coefficient of linear expansion, water absorption, water and frost resistance, density)
	
	
	A study of the mechanical properties of samples of all compositions will be carried out (strength in uniaxial compression, coefficient of linear expansion, water absorption, water and frost resistance, density)

	
	Investigation of the processes of structure formation of the developed compositions in the process of hydration and hardening of samples for 270-360 days.
	
	
	The processes of structure formation of the developed compositions in the process of hydration and hardening of samples for 270-360 days will be investigated.

1 article will be prepared and published in leading international journals such as Сleaner Production, Construction and Building Materials, Hazardous Materials with non-zero impact factor (Web of science).

	3
	Study of the processes of structure formation of the developed compositions in the process of hydration and hardening of samples for 550 and more days
	January 2020
	November 1, 2020
	The processes of structure formation of the developed compositions in the process of hydration and hardening of samples for 550 and more days will be investigated

	
	Preparation of recommendations on methods, compositions and technologies for waste disposal.
	
	
	Recommendations will be prepared on methods, compositions and technologies for waste disposal.

An application for an invention in the Republic of Kazakhstan patent will be prepared.

	
	Training

the final report. Writing articles and preparing abstracts and reports for international conferences.
	
	
	Will be prepared

final report. Work will be done on writing articles and preparing abstracts and reports for international conferences. 1 article will be prepared and published in leading international journals such as Сleaner Production, Construction and Building Materials, Hazardous Materials with non-zero impact factor (Web of science).

	

	From customer :                                                                                      

Chairman of the State Institution "Science Committee of the Ministry of Education and Science of the Republic of Kazakhstan"
______________ Abdrasilov B.S.
Stamp 
	From the Contractor :

President-Rector of JSC "Kazakh University of Technology and Business"
________________Omirserikov M.Sh.
Stamp 
Acquainted :

Scientific supervisor of the project
___________Aibuldinov Ye.K.
(signature)
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