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ABSTRACT

The report contains 64 pages, 8 figures, 14 tables, 20 sources and 7 appendices.
PROPPANT, MAGNESIAN SILICATES, FORSTERITE, ENSTATITE, SPINEL, STRENGTH, BULK DENSITY
Research aim: Compositions based on the overburden serpentinite rocks found at the mined Kempirsay chromite ore deposits.
Project objective: Development of a technology to obtain magnesia-silicate proppants used in hydraulic fracturing to increase oil production.
The research was built on compositions obtained by synthesis from overburden serpentinite rocks using the methods of pressing samples on a hydraulic press, as well as granulation from ceramic powders, followed by roasting. The principal physical and chemical properties of the compositions were determined according to the requirements stipulated in GOST R 54571-2011 for magnesia-quartz proppants.
The Project results and their novelty
- Developed magnesia-silicate compositions based on the overburden rocks found at the Kempirsay chromite ore deposits with the addition of 20% quartz sand, or refractory clay, red mud, and bauxite;
- A developed resource-saving technology to obtain proppants used in hydraulic fracturing based on natural raw materials and waste of alumina production with energy-saving roasting;
- Performed high-level laboratory tests of the technology to obtain magnesia-silicate proppants with the optimization of the process parameters, such as the drum inclination angle (30о), the rotation speed of the drum and swirler, respectively: 170 and 3000 rpm, and sample testing for compliance with the requirements stipulated in GOST R 54571-2011 for magnesia-quartz proppants.
The practical significance lies in the development of ceramic compositions with a predetermined structural-phase composition that provides low-temperature sintering roasting in the range of 1250-1350°C.
Application area: Ceramic, refractory, metallurgical, and oil and gas industries.
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INTRODUCTION

Current state assessment of the scientific and technical issue addressed. The intensified hydrocarbon production in the oil and gas industry is steadily leading to a decrease in the number of high-rate oil wells and to an increase in low-permeability oil wells. Therefore, a further increase in oil production is possible through the introduction of advanced technologies, including hydraulic fracturing in hard-to-develop deposits.
Oil recovery in such deposits is increased with the help of a high-performance technology for hydraulic fracturing (HF), which has various technical solutions [1-2].
Hydraulic fracturing involves injecting fluids into an oil or gas-bearing subterranean formation at high enough velocities and pressures to create fractures in the formation that increase the flow of fluids from the oil or gas reservoir into the well.
Mechanically strong propping agents that do not interact with the borehole fluid are introduced into them to maintain the fractures open. They are spherical granules (proppants), which, penetrating with the liquid into the fracture and filling it, create a strong proppant framework that is permeable to oil and gas released from the formation [3-4].
The propping agent, which is a natural or artificially obtained granular material (proppant) of 0.5-1.5 mm fraction, fixes fractures in the open state and after the hydraulic fracturing process. Solutions containing high-molecular-weight polymers, process, or formation water, as well as solutions of acids, alkalis, their salts, or crude oil are usually used as an HF carrying fluid [5-7]. Therefore, proppants must be not only high-strength but also corrosion-resistant. 
The HF technology makes it possible to “revive” idle wells, where oil or gas production by traditional methods is no longer possible or unprofitable. On top of all that, at present, the HF technology is also used to develop new oil formations, the recovery of oil from which is not efficient with the traditional methods due to low production rates.
The world experience in oil and gas production shows that when using HF, the resulting highly conductive hydraulic fractures can increase the productivity of wells by 2-3 times.
In Kazakhstan, the interest in using the HF technology is also attributable to the growing trend in the structure of oil reserves found at low-permeability wells. In the future, such reserves in the industry are expected to grow up to 70% or more.
In this regard, HF is the only way in which the Republic can economically advance, develop, and drill new wells. Therefore, Kazakhstan envisages a further increase in oil production by improving the operation of oil wells and introducing advanced oil production technologies, including HF.
In this regard, the demand for propping materials, namely proppants, will increase. Ceramic proppants are large tonnage products. The need for proppants for one HF operation is from 200 to 500 tons, so the development of their production is economically profitable.
The key global manufacturer of ceramic proppants is the American company CARBO Ceramics. This company has subsidiaries in China and Russia. In Russia, the primary proppant producers are Borovichi Refractories Plant JSC, Nika PetroTech LLC, Fores Ltd, and Krasnoyarsk Proppant Plant LLC.
Kazakhstan does not have proppant production. The republic’s enterprises, which represent the oil and gas industry, import such ceramic materials from foreign countries. At the same time, Kazakhstan has all the resources (raw materials, infrastructure, and scientific potential) necessary to create its production of this widely demanded product. This would provide means for the import substitution of propping ceramic materials, namely proppants, and creating badly needed additional jobs in the republic.
The basis and initial data for the topic development. Millions of tons of overburden serpentinite composition have accumulated at the mined Kempirsay chromite ore deposits. Taking into account the demand for ceramic proppants while implementing the HF technology in hard-to-develop oil deposits, these wastes would serve as a raw material base for creating a proppant production in the republic. The basis for the topic development arises from the need to create a resource-saving technology to obtain proppants using overburden serpentinite rocks with properties that meet the requirements stipulated in GOST, as well as
the State order for the purchase of “scientific research on Grant funding of projects for 2018-2020” under contract 80/7 “Development of a technology to obtain magnesia-silicate proppants used in hydraulic fracturing to increase oil production” dated March 3, 2018.
Justification of the need for the research. To develop a resource-saving technology to obtain ceramic proppants based on the overburdened serpentinite rocks with the desired properties, it is necessary to research to determine the optimum compositions and process parameters to obtain a granular product. In this regard, the scientific and technological need for project implementation is obvious.
Information on the planned scientific and technical level of development, patent research, and conclusions 
A review of scientific and technical literature and patent research in the field of creating ceramic proppants indicate the novelty of the proposed scientific project, the implementation of which will provide means for developing a resource-saving technology to obtain magnesia-silicate proppants exhibiting properties that meet the requirements stipulated in GOST, and concerning the stability of the phase composition and structure, even surpassing the ones existing in the proppant market.
Patent research has shown that industrialized countries, such as the USA, Russia, and China, are engaged in creating ceramic proppants.
Ceramic proppants differ in composition and properties. For a long time, alumino-silicate proppants prevailed in the world market [8-13]. However, for the last decade, magnesia-silicate proppants have been gaining more and more confidence from consumers [14-19]. The prospect of such proppants lies in the fact that the primary raw materials for their production are available natural magnesia-silicate rocks (dunites, olivinites, talc, and serpentinites), waste from refractory and metallurgical industries, as well as accompanying materials in the mineral development [14, 15, 20].
In works [15-19], the researchers use magnesia-quartz mixtures to obtain magnesia-silicate proppants. These developments have a disadvantage expressed in the formation of a significant amount of cristobalite in the proppant granule structure. During operation, proppants of this composition lose their strength properties over time.
A distinctive feature of the magnesia-silicate compositions developed by us is that all quartz is bound into magnesia and alumino-magnesian silicates in the structure of proppants, and the primary component of the raw material, magnesium oxide with impurity aluminum and iron oxides, forms complex spinel compounds and their solid solutions, the properties of which are stable in operation with increasing time.
In 2020, the studies include conducting high-level laboratory tests of the technology to obtain magnesia-silicate proppants, optimizing the process parameters, and testing samples for compliance with the requirements stipulated in GOST R 54571-2011 for magnesia-quartz proppants. It is planned to carry out work on the preparation of raw materials, their preliminary heat treatment, and the preparation of mixtures for the manufacture of ceramic proppants; to conduct high-level laboratory tests of the developed technology with obtaining prototypes of proppant granules; to optimize the process parameters to obtain magnesia-silicate proppants and test proppants for compliance with the requirements stipulated in GOST R 54571-2011 for magnesia-quartz proppants.
The new resource-saving technology that has been developed in this project applied to obtain magnesia-silicate proppants for the oil and gas industry, including preliminary thermal activation of overburden serpentinite rocks, as well as to use multi-component mixture compositions, which made it possible to reduce the temperature of sintering roasting to 1250-1300°C, is competitive.
Metrological support of the research. The performance of the research work included metrological support determined by the availability of a certified laboratory of chemical analysis and a laboratory of physical methods of analysis. Calibrated instruments and meters were used to conduct metrological measurements.
IMOB JSC National Science Laboratory in the priority area “Technologies for hydrocarbon and mining sectors and their related service branches” was accredited for technical competence in the National Accreditation Center of the Committee for Technical Regulation and Metrology (Accreditation Certificate No. KZ-I.02.1138 dated 23 February 2016, valid until February 23, 2021) for compliance with the requirements stipulated in GOST ISO/IEC 17025-2009 “General requirements for the competence of testing and calibration laboratories.” 
IMOB JSC has the following permissions: the State license for operation with precursors No. 16011676 as of July 21, 2016, the State license for operation with poisons No. 16011643 as of July 20, 2016.
The project executives have been provided with the necessary normative and methodological materials, instruments determined by GOST, and certification methods for conducting experimental work. The instruments and equipment are systematically calibrated, which ensures the reliability of the outcomes and analyses obtained. Standardized measurement systems were used during experimental tests.
Relevance and novelty of the topic. Hard-to-develop deposits that require the use of hydraulic fracturing (HF) technology hold a high position in the structure of the oil and gas industry in Kazakhstan. This, in turn, is associated with the huge consumption of ceramic proppants of various compositions. Due to the lack of its own proppant production, the republic is forced to import expensive proppants from abroad. Meanwhile, Kazakhstan has enormous raw materials, scientific potential, and infrastructure to create its own production of this demanded product. In this regard, the research work on the topic: “Development of a technology to obtain magnesia-silicate proppants used in hydraulic fracturing to increase oil production” with its subsequent implementation is relevant.
The topic novelty lies in establishing the regularities of the physical and chemical processes occurring during the synthesis of magnesia-silicate compositions based on overburden rocks using multi-component mixtures, as well as the influence of these processes on sintering and the formation of predetermined phase composition, structure, and mechanical properties of a ceramic matrix.
The relation between this project and other research works. IMOB JSC is actively developing the direction of creating ceramic proppants for the oil and gas industry of Kazakhstan. Previous developments included technology to obtain ceramic proppants based on natural and industry-related alumino-silicate raw materials with the desired properties for the oil and gas industry within the framework of the program “Grant funding of scientific research”.
This work is the final part of Project No. AP05131248. The inventory numbers of previous interim reports are 0218РК00361 and 0219РК00674.
The results obtained in the course of this project made it possible to develop a technology to obtain magnesia-silicate proppants used in hydraulic fracturing to increase oil production and to conduct high-level laboratory tests with producing full-scale proppant granules.
The project goal is to develop a technology for producing ceramic magnesia-silicate proppants based on the overburden rocks found at the Kempirsay chromite ore deposits to enhance oil recovery with HF in hard-to-recover oil and gas wells.
The way to achieve the project goal: The project goal may be considered achieved due to the developed magnesia-silicate compositions based on the overburden rocks found at the Kempirsay chromite ore deposits, developed resource-saving technology to obtain proppants used in hydraulic fracturing, conducted high-level laboratory tests of the technology to obtain magnesia-silicate proppants, optimized process parameters, and tested samples for compliance with the requirements stipulated in GOST R 54571-2011 for magnesia-quartz proppants.
List of the project tasks:
1 Development of magnesia-silicate compositions based on the overburden rocks found at the Kempirsay chromite ore deposits.
2 Development of a resource-saving technology to obtain proppants used in hydraulic fracturing.
3 High-level laboratory tests of the technology to obtain magnesia-silicate proppants, optimization of the process parameters, and sample testing for compliance with the requirements stipulated in GOST R 54571-2011 for magnesia-quartz proppants.


MAIN SECTION

1 Development of magnesia-silicate compositions based on the overburden rocks found at the Kempirsay chromite ore deposits

1.1 Studying the chemical and mineralogical composition of overburden rocks and physicochemical processes occurring during the raw material roasting

This work included studying a sample of overburden rocks taken at the mined Kempirsay chromite ore deposit. The overburden sample comprised lumpy materials of various sizes and colors.
Despite the color difference, all types of lumps were ultrabasic rocks, namely serpentinites.
The principal raw material mineral is serpentine, a transparent anisotropic phase (Nm=1.56) with low birefringence and wavy extinction. The grains are fibrous (chrysotile) and lamellar (antigorite).
Among the impurities, there were olivine, brucite, carbonates (magnesite, dolomite, calcite), hydromica, talc, quartz, chromespinelide, iron oxides, and hydroxides (hematite, goethite, hydrogoethite).
Physical and chemical processes occurring during the heat treatment of raw materials
Overburden rocks are polymineral raw materials and show physical and chemical processes during heat treatment that are associated with changes in the structure and composition of the original minerals. Various directions of these processes will form certain phases determining the properties of future ceramics.
Studying the physical and chemical processes occurring during the heat treatment of raw materials included an averaged sample of overburden serpentinite rocks with the following chemical composition % wt:  MgO – 37.6, SiO2 – 34.61, Fe2O3 – 6.59, Al2O3 – 0.82, CaO – 0.67, Cr2O3 – 1.46, and LOI – 15.26.
Using powders obtained by crushing and grinding pieces of overburden rocks, the samples were molded with subsequent heat treatment in the range of 400-1400°C.
Roasting the samples to a temperature of 600°C removed adsorption moisture, dehydrated brucite, and iron hydroxides. No unusual structural changes were observed at low temperatures. An increase in temperature from 600 to 1000°С led to the removal of crystalline hydrate water from the serpentine lattice with the formation of a metastable intermediate compound metaserpentine according to the reaction:

>600°С
3MgO 2SiO2 2H2O → 3MgO 2SiO2  +   2H2O			(1)

The removal of hydroxide ions distorted the serpentine loop structure and was accompanied by a slight decrease in the refractive index from 1.57 to 1.55. 
An increase in temperature to 1000°С intensified phase and structural changes in the material. The silicate grains acquired a fine-crystalline structure and were colored reddish-brown due to the oxidation of iron oxides.
In the range of 700-900°C, the intermediate phase structure (Mg3Si2O7) showed an abrupt change. It seems that at the same moment, bonds redistributed between the ions of magnesium, silicon, and oxygen, followed by forming a stable lattice of forsterite and clinoenstatite according to the equation:

 >700°С
3MgO 2SiO2 → 2MgO SiO2  +    MgO SiO2			(2)

The average light refraction index for fine intergrowths of forsterite and clinoenstatite was equal to Nav.=1.630-1.635.
An X-ray diffraction analysis revealed these phases with a corresponding set of lines (forsterite: 5.10, 3.85, 2.52, 2.46, clinoenstatite: 3.18, 2.88, 2.57, 2.43, 2.21, etc.). The forsterite amount in the sample was approximately 20% at 1000°C. The presence of a glass phase with N=1.518 was also noted.
Redox reactions associated with the decomposition of iron hydroxides and oxides, which are isomorphically present in serpentine and olivine, and the formation of secondary spinels on their basis with the assimilation of trivalent cations from chromespinelide, also took place up to a temperature of 1000°C. This was evidenced by the formed areas of periclase grains with segregations of secondary spinels (Figure 1).
In the samples roasted at 1300-1350°C, forsterite constituted the bulk (approximately 50-60%). Its crystals were small, transparent, up to 12-16 microns in size. No interaction of iron oxides with silicates was noted; forsterite had its usual optical properties (Ng=1.670, NP=1.635). 
The phase composition of roasted products at 1400°C comprised forsterite, clinoenstatite, altered chromespinelide, secondary spinel, and glass phase. The dark-colored samples had a dense and sintered structure.
[image: ]
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Figure 1 – Microstructure of samples following heat treatment at 1000-1400°C

Thus, the conducted studies showed that the heat treatment of an overburden composition belonging to the heterogeneous MgO-SiO2 system causes complex structural-phase transformations associated with the decomposition of source minerals such as serpentine, olivine, carbonates, chromespinelide, quartz and the formation of new ones: forsterite, clinoenstatite, enstatite, and secondary spinels.

1.2 Substantiation and calculation of the synthesized compositions based on overburden rocks. Synthesis of ceramic compositions

The compositions were chosen from considerations of obtaining ceramics with the primary form of magnesian silicates (forsterite, enstatite, clinoenstatite) and accompanying complex alumino-magnesian silicates such as cordierite, mullite, and spinel compounds.
The synthesis of magnesia-silicate compositions included the source materials with the chemical composition shown in Table 1.

Table 1 – Chemical composition of source materials, wt%
	
	SiO2
	Al2O3
	Fe2O3
	MgO
	CaO
	K2O
	Na2O
	TiO2
	Cr2O3
	l.o.i

	Serpentinite
	34,8
	0,9
	7,3
	39,0
	0,8
	-
	-
	-
	1,5
	17,2

	Arkalyk clay 
	37,2
	40,4
	1,9
	< 0,1
	0,8
	0,3
	0,1
	2,7
	-
	16,4

	Quartz sand
	71,3
	13,9
	2,7
	2,0
	1,7
	3,1
	3,4
	0,5
	-
	1,1



Two-component compositions were synthesized in the presence of the principal component – the overburden, and the second one – quartz sand or refractory clay.
Introducing quartz sand into the mixture composition provided for the formation of magnesium metasilicate (protoenstatite, clinoenstatite, and enstatite) in the synthesized ceramics, while introducing refractory clay resulted in forming complex alumino-magnesian silicates (cordierite and mullite). Multiphase ceramics forming implied a decrease in the temperature of the product sintering roasting.
Upon analyzing the triple state diagram of MgO-Al2O3-SiO2, it was concluded that synthesis and sintering of the ceramics mentioned at a temperature of 1300°C and below require the creation of compositions with the ratio of the mixture components shown in Table 2.

Table 2 – Component composition of the mixture and the calculated phase composition of the designed ceramics
	mixture, wt. %
	calculated phase composition, %

	
	forsterite
	clinoenstatite
	fayalite
	mullite
	othets

	1 serpentinite - 100
	70,92
	13,67
	11,42
	1,40
	2,59

	2 serpentinite - 90, sand-10
	43,48
	40,00
	10,19
	4,00
	2,33

	3 serpentinite -80, sand - 20
	16,63
	65,83
	9,00
	6,53
	2,01

	4 serpentinite -90, clay-10
	30,64
	46,83
	9,38
	10,62
	2,53

	5 serpentinite -80, 
clay – 10, sand - 10
	57,95
	20,50
	10,59
	8,12
	2,85



Depending on the composition and the ratio of the components in the source mixture based on overburden serpentinite rocks, from 16 to 71% forsterite and 14 to 65% clinoenstatite should form in the structure of the ceramics being created. In a real situation, during the synthesis of the designed ceramics, the phase formation may differ.
Synthesis of ceramic compositions
Samples were molded from the powders obtained by crushing, chipping, and grinding the raw mixture (Table 3) followed by roasting at 1300°C. The phase constitution of the synthesized compositions was studied by X-ray phase analysis of roasted products.
As follows from the results of the X-ray phase analysis of the synthesized composition based on the overburden rocks (Composition 1, Table 2), 80-84% forsterite was present. A solid solution of forsterite and fayalite was also established. The ceramic structure contained up to 9% magnesioferrite.  Insignificant amounts of clinoenstatite and complex silicate containing cations of magnesium, calcium, and iron were found.
The introduction of 10 to 20% quartz sand into the mixture composition promoted the formation of the clinoenstatite phase in the ceramic structure. Pyroxenes of complex composition containing iron cations were found. Forsterite in the sample amounted to 20-30%. Free quartz and a complex spinel phase were also present. With the introduction of an alumina-containing component into the mixture, the formation of a significant amount of complex spinel phases was observed. However, the principle phases were magnesium ortho- and metasilicates (forsterite, clinoenstatite, protoenstatite, and enstatite).
1.3 Determining the sintering range for magnesia-silicate compositions of predetermined proportions

To determine the sintering range and the sintering roasting temperature, the molded samples were roasted in the temperature range of 1100-1300°C after drying in natural conditions. The properties of ceramic samples after roasting are shown in Table 3.
Experiments have shown that roasting ceramic samples based on overburden at 1100°C led to an intensive loosening of the material structure, as a result of which the open porosity and water absorption of all compositions had high indicators (open porosity of 31 to 37%, water absorption 15-19% respectively). The samples underwent some shrinkage and showed low strength values.

Table 3 – Content and properties of magnesia-silicate compositions based on overburden rocks
	mixture, wt %
	open porosity, %
	water absorption, %
	apparent density, kg/cm3
	total shrinkage, %
	compressive strength, MPa

	1100 °С

	1 serpentinite - 100
	33,07
	15,06
	2,20
	9,64
	20

	2 serpentinite - 90, sand-10
	34,25
	16,74
	2,05
	8,13
	18

	3 serpentinite -80, sand - 20
	34,85
	17,69
	1,97
	6,63
	19

	4 serpentinite -90, clay-10
	35,5
	17,90
	2,18
	8,15
	20

	5 serpentinite -80, 
clay – 10, sand - 10
	36,77
	18,90
	1,95
	8,13
	10

	1200 °С 

	1 serpentinite - 100
	25,09
	10,13
	2,48
	12,65
	30

	2 serpentinite - 90, sand-10
	21,33
	8,69
	2,45
	11,14
	50

	3 serpentinite -80, sand - 20
	18,62
	7,66
	2,43
	11,75
	30

	4 serpentinite -90, clay-10
	27,35
	11,90
	2,3
	8,13
	31

	5 serpentinite -80, 
clay – 10, sand - 10
	22,55
	9,54
	2,36
	11,75
	40

	1300 °С

	1 serpentinite - 100
	14,36
	5,01
	2,87
	15,66
	55

	2 serpentinite - 90, sand-10
	11,02
	4,50
	2,45
	11,75
	50

	3 serpentinite -80, sand - 20
	19,12
	9,27
	2,06
	8,13
	40

	4 serpentinite -90, clay-10
	21,31
	8,62
	2,4
	11,14
	47

	5 serpentinite -80, 
clay – 10, sand - 10
	15,49
	8,84
	1,76
	6,63
	50



With an increase in the sintering roasting temperature, the sample structure gradually became denser, and the maximum thickening was observed on the samples of compositions with the addition of quartz sand. This may probably be explained by the fact that magnesium metasilicate was synthesized to a greater extent in the structure of ceramics of these compositions, and the temperature of 1200°C resulted in sintering, thickening, and strengthening of the sample structure. The samples based on overburden and overburden with the addition of 20% quartz sand were characterized by a higher open porosity and lower strength.
It appears that forsterite, which is sintered at higher temperatures (1300-1500°C), was mainly formed in the ceramic composition in the first case, and the formation of a magnesia-cristobalite structure was noted in the second case.
The strength recorded in the samples of compositions 2 and 3 was 50 MPa, and of compositions 1 and 4 – significantly lower than 30 MPa. At a roasting temperature of 1300°C, ceramic samples of compositions 1-3 acquired a sintered appearance, had a dense and strong structure. Sample 4 that contained the addition of 20% quartz sand showed a less strong structure. This is because a significant amount of cristobalite was formed in the structure, the presence of which lowers the strength properties of ceramics.
A rise in the temperature while sintering roasting ceramic compositions to 1350°C led to the appearance of signs proving deformation and fusion of samples from overburden rocks and quartz sand. Therefore, the synthesis temperature of this composition can be roughly considered 1300°C. The sintering range of compositions based on overburden and overburden with the addition of refractory clay is 1300-1350°C.
The research also identified the effect exerted on the properties of magnesia-silicate ceramics by the temperature of preliminary thermal activation of raw materials. The crushed overburden was heated at various temperatures, taking into account the results of X-ray and thermal analyzes of the raw material sample. Samples were made from preliminarily heat-treated raw materials and roasted at a sintering roasting temperature of 1300°C. Table 4 presents the properties of ceramic samples.

Table 4 – Properties of magnesia-silicate ceramics from pre-heat-treated raw materials
	heat treating temp., °C
	open porosity, %
	water absorption, %
	apparent density, kg/cm3
	total shrinkage, %
	compressive strength, MPa

	0
	14,36
	5,01
	2,87
	15,66
	55

	600
	20,30
	8,00
	2,54
	12,5
	41

	700
	18,90
	7,31
	2,59
	12,5
	50

	800
	18,12
	6,98
	2,60
	10,6
	50

	1000
	16,79
	6,39
	2,63
	9,4
	74



The research results showed that the samples obtained based on raw materials thermally activated at 1000°C had a higher compressive strength. Therefore, raw materials thermally activated at 1000°C were used for further experiments.

1.4 Determining the optimum magnesia-silicate compositions Studying the properties of synthesized compositions

This section describes the work carried out to determine the optimum magnesia-silicate compositions based on overburden serpentinite rocks with the addition of quartz sand or refractory clay to use them in the future to obtain ceramic proppants. The mixture compositions are shown in Table 5.
Overburden serpentinite rocks were used as the principal component of the mixture; the second component comprised previously used quartz sand and refractory clay.

Table 5 – Mixture content and properties of synthesized magnesia-silicate ceramic compositions
	Составы шихт, мас. %
	open porosity, %
	water absorption, %
	apparent density, kg/cm3
	compressive strength, MPa

	1250°С

	1 serpentinite - 100
	25,89
	10,98
	2,36
	50

	2 serpentinite - 90, sand-10
	20,31
	8,43
	2,41
	50

	3 serpentinite -80, sand - 20
	17,46
	7,38
	2,37
	56

	4 serpentinite -90, clay-10
	21,03
	8,88
	2,37
	47

	5 serpentinite -80, clay-20
	20,61
	8,72
	2,36
	55

	6 serpentinite -80, 
clay – 10, sand - 10
	15,52
	6,56
	2,37
	45

	1300°С

	1 serpentinite - 100
	21,65
	8,90
	2,43
	61

	2 serpentinite - 90, sand-10
	13,29
	5,28
	2,52
	70

	3 serpentinite -80, sand - 20
	2,64
	1,11
	2,39
	74

	4 serpentinite -90, clay-10
	11,39
	4,53
	2,51
	55

	5 serpentinite -80, clay-20
	7,35
	3,49
	2,10
	43

	6 serpentinite -80, 
clay – 10, sand - 10
	3,82
	1,73
	2,21
	50



Ceramic samples of the indicated compositions were obtained by the previously described method. Since the sintering range of magnesia-silicate ceramics is narrow (20-30°C), the molded samples were roasted at two temperatures of 1250 and 1300°C to determine the optimum sintering roasting temperature.
The experimental results have shown that the samples with the addition of refractory clay are less strong (Table 5). Presumably, these samples require a higher sintering roasting temperature.
The activities performed testify that all-ceramic compositions are suitable to obtain magnesia-silicate proppants; however, in this experiment, compositions based on overburden rocks containing additives of quartz sand showed the best performance. It should be mentioned that in further studies, it is necessary to repeat the composition roasting with the addition of a clay component at a higher temperature.

Conclusions for Section 1:
1. The research included studying the chemical and mineralogical composition of overburden rocks found at the mined deposits of chromite ores and the physicochemical processes occurring during the roasting of raw materials.
The principal mineral of overburden is serpentine which is present in the form of fibrous chrysotile and lamellar antigorite; iron oxides and hydroxides, carbonates, quartz, hydromagnesite, talc, etc. can be observed in the form of impurities. When raw materials are heat-treated in the range of 600-1400°C, the source minerals undergo structural-phase changes with the formation on their basis of the principle phases, namely forsterite and clinoenstatite. Iron oxides and spinel of complex composition are impurities.
2. The project included substantiation and calculation of the content, as well as the synthesis of magnesia-silicate compositions related to the domain of magnesium ortho- and metasilicate according to the state diagram of the MgO - Al2O3 - SiO2 system.
3. The research provided means for determining the sintering range for magnesia-silicate compositions of predetermined proportions based on overburden rocks, which is 1250-1350°C. The optimum temperature for sintering roasting the overburden ceramics was 1350°C.
4. It was shown that all compositions based on overburden with the addition of 20% quartz sand or refractory clay can be tested to obtain magnesia-silicate proppants.


2 Development of a resource-saving technology to obtain proppants used in hydraulic fracturing

The development of a resource-saving technology to obtain proppants used in hydraulic fracturing suggested determining the optimum mixture composition to obtain ceramic proppants, optimum granulation parameters (the rotation speed of the swirler and granulator drum, the drum inclination angle, the optimum type and amount of binder), optimum drying modes and roasting temperature for granular material to obtain proppants with the desired properties.

2.1 Determining the optimum mixture composition to obtain ceramic proppants

The material mixture composition is fundamental in forming the properties of ceramic proppants while roasting granules. The mixture compositions were chosen to obtain multiphase magnesia-silicate ceramics. The multiphase structure of the produced ceramics should facilitate obtaining products with a wide range of technical properties. Furthermore, the polymineral mixture contributes to the formation of low-temperature eutectic in the roasting process, which will reduce the temperature for the sintering roasting of proppant granules.
The principal phases of the originating ceramics are magnesium silicates (forsterite, clinoenstatite, and enstatite), and the accompanying ones include minerals formed due to the interaction of the principal and impurity mixture components, such as spinel cordierite, mullite, and other complex silicates.
Works to determine the optimum mixture composition to obtain magnesia-silicate proppants were guided by the results received at the first stage of the research under the project. Previous research synthesized magnesia-silicate compositions based on overburden with additions of quartz sand and refractory clay. This section additionally considers bauxite from the Krasnooktyabrsk deposit and red mud produced by the Pavlodar Aluminum Plant as the second component of the mixture.
Table 6 provides the chemical composition of the source materials. The material and chemical compositions of the designed magnesia-silicate proppants are shown in Table 7.

Table 6 – Chemical composition of source materials, wt%
	
	SiO2
	Al2O3
	Fe2O3
	MgO
	CaO
	K2O
	Na2O
	TiO2
	Cr2O3
	l.o.i

	Serpentinite
	34,8
	0,9
	7,3
	39,0
	0,8
	-
	-
	-
	1,5
	17,2

	Arkalyk clay 
	37,2
	40,4
	1,9
	< 0,1
	0,8
	0,3
	0,1
	2,7
	-
	16,4

	Quartz sand
	71,3
	13,9
	2,7
	2,0
	1,7
	3,1
	3,4
	0,5
	-
	1,1

	Red mud
	17,8
	20,0
	25,9
	
	0,6
	-
	12,4
	2,9
	-
	19,6

	Bauxite
	7,6
	47,8
	17,3
	< 0,1
	1,1
	< 0,1
	< 0,1
	3,5
	-
	22,5



Table 7 – Component and chemical composition of the designed proppants, wt%
	mixture
	SiO2
	Al2O3
	Fe2O3
	MgO
	CaO
	K2O
	Na2O
	TiO2

	1 S
	42,03
	1,08
	8,82
	47,1
	0,97
	-
	-
	-

	2 SS
	48,05
	3,68
	7,6
	38,1
	1,12
	0,63
	0,7
	0,12

	3 SC
	42,52
	10,53
	7,51
	37,68
	1,0
	0,08
	0,03
	0,65

	4 SR
	38,05
	6,02
	13,5
	37,68
	0,93
	-
	3,08
	0,74

	5 SB
	35,58
	13,23
	11,52
	37,68
	1,09
	-
	-
	0,9


S - 100% serpentinite, SS - serpentinite + 20% quartz sand, SC, SR, SB - respectively serpentinite + 20% clay, red mude, bauxite.

Introducing quartz sand into the mixture composition provided for the formation of magnesium metasilicate (protoenstatite, clinoenstatite, and enstatite) in the synthesized ceramics, while introducing refractory clay was aimed to obtain spinel and silicate phases in the presence of magnesium, aluminum, iron, and calcium.
Bauxite was used to form magnesium alumino-silicate compounds, such as cordierite, which have a positive effect on thermal stability and a decrease in the roasting temperature due to the formation of low-temperature eutectics and an increase in the strength properties of proppants.
Red mud is a waste of alumina production containing both alumina and silicon and iron oxides. The regularity with which phases and properties of ceramics form in its presence in the roasting process is not predictable; therefore, research in this direction is of interest. In the case of a positive research result, they can be proposed for use in the technology to obtain ceramic proppants.
Determining the sintering range and optimum roasting temperature of magnesia-silicate compositions
To determine the sintering range of ceramic samples taken from mixtures (Table 7), considering the previously obtained data in Section 1, the molded samples were heated in the range of 1100-1400°C after being dried in natural conditions.
It has been established that the samples based on overburden serpentinite rock were sintered in the range of 1200-1400°C. The optimum roasting temperature for ceramics of this composition is 1350°C.
Introducing 20% quartz sand into the mixture composition made it possible to slightly reduce the sintering range of ceramic samples (1200-1300°C). The addition of refractory clay in an amount of 20% expanded the sintering range (1200-1400°C). The sintering range of compositions with the added bauxite or red mud was 1200-1300°C.
The research included clarifying the optimum roasting temperature of the tested compositions. Table 8 details the results.

Table 8 – Properties of magnesia-silicate compositions after sintering roasting
	mixture
	firing temp, °С
	properties of proppants

	
	
	water absorption, %
	apparent density, kg/cm3
	compressive strength, MPa

	1 S
	1350
	5,30
	2,75
	67

	2 SS
	1300
	1,20
	2,67
	74

	3 SC
	1350
	4,28
	2,78
	85

	4 SR
	1240
	1,49
	2,74
	70

	5 SB
	1280
	0,68
	2,80
	90



2.2 Determining the optimum rotation speed for the swirler and granulator drum to obtain proppants with the desired properties

Proppant granules were obtained by the rolling method in a laboratory mixer-granulator manufactured by EIRICH.
The determination of the optimum rotation speed for the swirler and granulator drum to obtain proppants with the desired properties comprised testing of a reference mixture based on overburden serpentinite rock (Table 7, Mixture S).
The granulation process took place at two speeds applied to rotate the steel drum (85 rpm and 170 rpm) and 3 speeds applied to rotate the swirler (1000, 2000, and 3000 rpm).
The resulting granules were dried under natural conditions, then roasted at a temperature of 1350°C. After cooling, the roasted proppant granules were fractionated to recover the 16/20 fraction, which was tested for properties. Table 9 provides details on the properties of overburden proppant samples obtained at various granulation parameters.

Table 9 – Properties of proppant granules based on overburden serpentinite rock depending on the granulation parameters
	№
	drum rotation speed, rpm 
	swirler rotation speed, rpm
	crush resistance at 34.5 MPa, %

	1
	85
	1000
	25,3

	2
	85
	2000
	23, 7

	3
	85
	3000
	18,7

	4
	170
	1000
	17,2

	5
	170
	2000
	15,3

	6
	170
	3000
	8,1




The experimental results have shown that the strength of proppant granules depends on both the drum rotation speed and the swirler rotation speed. Granules obtained at a drum rotation speed of 170 rpm and a swirler rotation speed of 3000 rpm are characterized by maximum strength. The higher the speed of the swirler is, the denser and stronger granules are obtained.

2.3 Determining the optimum drum inclination angle to obtain proppants with the desired properties

Mixture S, namely serpentinites, was chosen to carry out the work (Table 7). 3 positions of the drum inclination (0, 10, and 30°) were tested at the optimum drum and swirler speeds (170 rpm and 3000 rpm, respectively) set in Section 2.2.
Table 10 specifies the properties of the obtained proppants.

Table 10 – Properties of proppant granules based on overburden serpentinite rock depending on the granulation parameters
	№
	drum inclination, degree
	drum rotation speed, rpm
	swirler rotation speed, rpm
	crush resistance at 34.5 MPa, %

	1
	0
	170
	3000
	21

	2
	10
	170
	3000
	13

	3
	30
	170
	3000
	8,0



The experimental results have shown that with an increase in the drum inclination angle, the structure of the resulting proppants becomes denser and stronger. The proppant granules obtained with the drum inclination angle of 10 and 30° meet the requirements stipulated in GOST in terms of strength (Table 10); however, the proppant granules obtained with the drum position of 30° have higher strength characteristics.
Thus, to obtain proppants, granulation must take place with the position of the granulator drum at an angle in the range of 10-30°, the rotation speed of the drum and swirler are 170 and 3000 rpm, respectively.

2.4 Determining the optimum drying modes and roasting temperature for proppants

In the technology to obtain ceramic materials, in particular proppants, a significant production stage is finalized from the moment the molding is completed (obtaining raw material). However, the products in this state do not yet possess the properties that are necessary for their operation. First of all, they are not sufficiently strong. To acquire strength and other operational properties, ceramic semi-finished products are subjected to drying and roasting processes. 
Mixture compositions and proppant samples were prepared to determine the optimum drying regimes and clarify the temperature for the sintering roasting of proppants, as shown in Table 11.

Table 11 – Properties of magnesia-silicate proppants based on Kazakhstani raw materials
	mixture
	Firing temp, °С
	bulk density, kg/cm3
	breakage ratio, %

	1 S
	1350
	1,59
	15,1

	2 SS
	1250
	1,57
	12,9

	3 SC
	1350
	1,61
	12, 0

	4 SR
	1240
	1,65
	13,6

	5 SB
	1280
	1,67
	13,1



In this work, based on powders of raw materials, heat-treated at 1000°C with fractions less than 0.063 mm, magnesia-silicate proppants were obtained taking into account the optimum parameters of the granulation process established above.
When receiving granular material from heat-treated non-plastic raw materials, such as serpentinites, quartz sand, alumina production waste (red mud), as well as heat-treated kaolinite clay and bauxite, special recommendations for the drying operation are not required.
To speed up the process of removing moisture from the granules after air-drying under natural conditions, the granules were dried in an electric dryer at a temperature of 105-115°C to a residual moisture content of 1-3%. Thereafter, the granules were roasted.
The granular material was roasted at the temperatures recommended in Section 2.3, taking into account the composition content (Table 7). Samples of all compositions had a sintered appearance, dense and strong structure.
According to the bulk density, the resulting granules belong to the class of medium density proppants (1.57-1.67 g/cm3). The share of destroyed fraction 16/20 granules at a load of 34.5 MPa does not exceed 15%. The tested proppant samples of all compositions comply with the requirements stipulated in GOST R 54571-2011 in terms of technical properties.
Conclusions for Section 2:
1. The research determined the optimum mixture composition to obtain ceramic proppants. The project included developing mixture compositions based on the serpentinite rock found at the Kempirsay chromite ore deposits in combination with 20% quartz sand, or refractory clay, red mud, and high-ferrous bauxite. 
2 The research determined the optimum rotation speeds for the swirler and the granulator drum to obtain proppants with the desired properties. To obtain proppants of medium density (bulk density – 1.57-1.65 g/cm3) and the fraction of destroyed granules no more than 15% with a compressive force of 34.5 MPa, the granulation process must proceed at a drum rotation speed of 170 rpm, and at a swirler rotation speed of 3000 rpm.
3 The research determined the optimum drum inclination angle to obtain proppants with the desired properties. To obtain proppants with a strength that meets the requirements stipulated in GOST, the granulation process must proceed at a drum inclination angle within 10-30°.
4 The research determined the optimum drying modes and roasting temperatures for proppants. To obtain defect-free proppants from compositions based on serpentinites in combination with quartz sand, refractory clay, or their mixture, raw materials must be dried in a natural air environment, then in a dryer at a temperature of 105-115°C to a residual moisture content of 1-3%. The temperature of sintering roasting to obtain proppants based on serpentinites in combination with quartz sand was 1250°C, in combination with refractory clay – 1350°C, with bauxite – 1280°C, and with red mud – 1240°C.

3 High-level laboratory tests of the technology to obtain magnesia-silicate proppants, optimization of the process parameters, and sample testing for compliance with the requirements stipulated in GOST R 54571-2011 for magnesia-quartz proppants

3.1 Preparation of raw materials, their preliminary heat treatment, and preparation of mixtures to produce ceramic proppants

This research stage addresses the conduct of high-level laboratory tests of the technology developed earlier in 2019.
This work included the use of raw materials with the chemical composition shown in Table 6.
Raw materials were prepared according to the sequence outlined in the process flowsheet (Figure 2).
This work included high-level laboratory tests of the technology to obtain magnesia-silicate proppants based on two-component mixture compositions developed at the previous research stages of the project.
A sample of the overburden serpentinite rock found at the Kempirsay chromite ore deposit was used as the principal mixture component.
The principal raw materials (overburden serpentinite rocks) are polymineral, and physicochemical processes occur during heat treatment; these processes are associated with changes in the structure and composition of the original minerals. Various directions of these processes will form certain phases determining the properties of future ceramics. The awareness of the regularities characterizing these processes, and the use of various methods of influencing them, will make it possible to create ceramics with a predetermined set of performance properties.
The introduction of the second component was provided for adjusting the mixture to obtain ceramics with the planned structure and phase composition. Namely, the maximum possible formation of magnesium metasilicate in the ceramic system and the binding of quartz and other impurities of raw materials into stable phases.
Since the principal raw materials (serpentinites) contain hydration moisture, they must be subjected to preliminary heat treatment.
The previous research stages established the optimum range of preliminary heat treatment applied to the source raw materials; it equals to 900-1100°C. To carry out high-level laboratory tests, overburden serpentinite rock was pre-roasted at 1000°C in an electric furnace (Figure 3).
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Figure 2 – Process flowsheet to obtain proppants
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Figure 3 – Heat treatment of raw materials in an electric furnace at 1000°C

Then the heat-treated raw materials together with the second mixture component were subjected to coarse grinding, medium grinding in a roller, and fine grinding in a ball mill until the powder passed through a sieve with a mesh size of 0.063 mm. In the case of using refractory clay as the second component, wet grinding of the raw mixture was applied, since refractory clay, being a highly plastic material, was difficult to finely grind by dry method.
When using wet grinding, the materials were ground until the slip passed through a sieve with a mesh size of 0.063 mm. The mass was evaporated, then dried at a temperature of 105-110°C in an electric dryer. The dry mass was passed through a sieve. The particle sizes were additionally monitored under a microscope.
The minimum particle size was 0.5-1.5 microns, the maximum – 20-30 microns. Up to 80% of the powder was made up of particles with a size of 7-15 microns.
At the previous research stage, the development of process parameters to obtain magnesia-silicate proppants established the expediency of using the compositions indicated in Table 7.

3.2 High-level laboratory tests of the developed technology to obtain proppant granule prototypes

The purpose of this research stage is high-level laboratory tests of the developed technology and obtaining proppant prototypes.
The laboratory tests of the developed technology relied on the raw materials with the chemical composition shown above in Table 6.
The laboratory tests of the developed technology followed the process flowsheet shown in Figure 2.
To carry out high-level laboratory tests, two mixture compositions were used: the first composition was based on the serpentinites with the addition of refractory clay (Composition SC, Table 7), and the second composition was based on serpentinites with the addition of high iron bauxite (Composition SB).
A 1.5% solution of carboxymethyl cellulose (CMC) amounting to 40-45% of the mixture weight was used as a binder to obtain proppant granules. Granulation took place in an Eirich mixer-granulator (Figure 4).
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Picture 4 – Eirich mixer-granulator

The mixer-granulator consists of a 1-liter steel drum and a turboprop swirler equipped with a blade scraper. The swirler speed may vary from 100 to 6000 rpm. The drum has two rotation modes – clockwise and counterclockwise. The drum inclination angle is regulated in the range of 0-30°.
Based on the mixtures prepared in Section 3.1 (Table 7, Mixtures 3 and 5), magnesia-silicate proppants were obtained taking into account the optimum parameters of the granulation process established in Section 2 (research stage of 2019): drum inclination 30°, drum, and swirler rotation speed, respectively – 170 rpm and 3000 rpm. The experiments included the drum and swirler rotating in opposite directions.
To obtain proppant granules, 500 g of Composition 3 (SC) or 5 (SB) powder heat-treated at 1000°C was poured into the mixer-granulator. At the rotation speeds of the drum and swirler, 170 rpm and 3000 rpm respectively, a binder component was introduced – a 1.5% aqueous solution of CMC amounting to 20% of the total mixture weight. The mass was stirred for 30 seconds, then the rest of the bundle was gradually introduced. After feeding the entire volume of the binder component, the mass was stirred for another 1 minute to uniformly moisten and thicken the mass.
At the appearance of small granules (0.1-0.3 mm), the rotation speed of the swirler was reduced to 700 rpm. At this time, the crushed powder for dusting in an amount of 10-15 % wt by the mixture weight was additionally evenly introduced into the granulator.  After dusting, the swirler rotation speed was increased to thicken the structure of the resulting granules of a predetermined size. After 1-3 minutes, the raw granules were unloaded, dried under natural conditions for a day, then dried at a temperature of 105-115°C to a residual moisture content of 1.0-3.0 % wt.  Proppants were roasted at a sintering roasting temperature, which depends on the mixture composition. In this experiment, using a mixture of SC composition, roasting took place at a temperature of 1350°C with a holding at this temperature for 1 hour. Magnesia-silicate proppants based on serpentinites and high iron bauxite were obtained according to the above procedure. The proppant granules were roasted at a temperature of 1280°C. After cooling, the roasted proppant granules were fractionated in a unit (Figure 5) to isolate the 16/20 fraction, which was tested to determine properties.
In total, 1 kg of magnesia-silicate proppants of different compositions was granulated and obtained.
The content and properties of the obtained magnesia-silicate granules are shown in Table 12. 
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Figure 5 – Sieve analyzer

Table 12 – Content and properties of magnesia-silicate proppants based on Kazakhstani raw materials
	mixture
	firing temp, °C
	proppants properties
	wt. %

	
	
	bulk density, kg/cm3
	breakage ratio, %
	

	
	
	
	
	SiO2
	Al2O3
	Fe2O3
	MgO

	3 SC
	1350
	1,65
	11,5
	42,52
	10,53
	7,51
	37,68

	5 SB
	1280
	1,69
	12,5
	35,58
	13,23
	11,52
	37,68



According to the bulk density, the resulting granules belong to the class of medium density proppants (1.65-1.67 g/cm3). The share of destroyed 16/20 fraction granules at a load of 34.5 MPa did not exceed 15% with sphericity and roundness of 0.7-0.9. The proppant solubility in 10% hydrochloric acid was 5.0-9.1%.
The research included studying the structure and phase composition of the obtained magnesia-silicate proppants based on the serpentinites found at the Kempirsay deposit with the addition of 20% refractory clay or high-ferrous bauxite (Figure 6).
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Figure 6 – Microstructure of magnesia-silicate proppants based on overburden serpentinite rock

The research results showed forming mainly magnesian silicates (forsterite, clinoenstatite, enstatite) in the structure of proppants based on serpentinites with the addition of refractory clay or high-ferrous bauxite. Oxides of aluminum and iron with magnesium oxide form complex alumino-magnesian silicates. The project also established the formation of complex spinel phases in the presence of impurity minerals of the raw materials: secondary altered chromespinelide and complex spinel phases in the presence of oxides of magnesium, aluminum, and iron. For detailed description of the phase composition content, see Appendix D.
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3.3 Optimization of the process parameters to obtain magnesia-silicate proppants

The process parameters were optimized to produce ceramic magnesia-silicate proppants on a mixture containing 80% of overburden serpentinite rock and 20% of Arkalyk clay.
Raw material preparation as well as mixture composition followed the above-described methods (Sections 3.1, 3.2). The granulation process proceeded in a laboratory Eirich mixer-granulator (Figure 4) according to the method described above in Section 3.2.
The previous studies revealed that to obtain proppant granules closest to a round shape, the drum should be at an angle of 30°, and the drum rotation speed should be 170 rpm. In this case, the most optimum swirler speed should be 3000 rpm. 
The granulation process was optimized with the drum position in the range of 10-30° and the drum rotation speed of 170 rpm. The swirler rotation speed varied from 2000 to 4000 rpm. 
To obtain proppant granules, 500 g of the raw mixture was poured into the mixer-granulator. Mixing the mass for 30 seconds at a swirler rotation speed of 1000 rpm. Then a binder was introduced – a 1.5% aqueous solution of CMC in an amount of 20% of the total mixture weight. The mass was stirred for 1 minute, then the rest of the bundle was gradually introduced. After feeding the entire volume of the binder, granulation took place at different densification speeds of the molding mass until the appearance of the primary granules.
At the appearance of small granules (0.1-0.3 mm), the rotation speed of the swirler was reduced to 1000 rpm. At this time, crushed powder for dusting in an amount of 10-15 % wt of the mixture weight required to obtain granules of a predetermined size was additionally evenly introduced into the granulator.  1-3 minutes after dusting, the raw granules were unloaded, dried under natural conditions for a day, then at a temperature of 110-300°C for 40-60 minutes to a residual moisture content of 1.0 % wt.  Proppants were roasted at a sintering roasting temperature, depending on the mixture composition, in the range of 1280-1350°C for 1 hour. After cooling, the roasted proppant granules were fractionated and tested to determine their properties for compliance with the requirements stipulated in GOST R 54571-2011 for magnesia-quartz proppants. Table 13 specifies the properties of the obtained proppants.

Table 13 – Influence on the properties of magnesia-silicate proppants exerted by the swirler speed and drum inclination angle
	drum inclination
	swirler rotation speed, rpm
	proppants properties

	
	
	bulk density, kg/cm3
	breakage ratio, %

	10
	3000
	1,65
	13,3

	30
	2000
	1,60
	15,8

	30
	3000
	1,69
	10,8

	30
	4000
	1,73
	17,8



The results of this work showed that an increase in the rotation speed of the swirler from 2000 to 3000 rpm promotes the granule structure thickening and thereby increases the resistance to compressive pressure equal to 34.5 MPa. 
The proppant granules made at a 10° drum position had a smaller roundness in shape (0.7) than granules made at a 30° (0.9) drum position.
With an increase in the rotation speed of the swirler to 4000 rpm, the granulated material after drying and sintering roasting at a temperature of 1350°C had external defects in the form of cracks and notches. Besides, a wide variation in granule sizes was noted.
According to the results obtained, we carried out work on the production of proppants of all five compositions under Table 7. The granulation process took place at optimum parameters: the drum inclination angle was 30°, the drum and swirler rotated in opposite directions, the drum and swirler rotation speed was 170 rpm and 3000 rpm, respectively. The sequence of operations to obtain granules complied with the above procedure.
The resulting granules of magnesia-silicate proppants were tested to determine properties.

3.4 Testing proppant samples for compliance with the requirements stipulated in GOST R 54571-2011 for magnesia-quartz proppants

The prototypes of magnesia-silicate proppants were tested for compliance with the requirements stipulated in GOST R 54571-2011 for magnesia-quartz proppants. The following properties of the experimental proppant granules were determined: bulk density, crush resistance, sphericity and roundness, chemical resistance (solubility in 10% hydrochloric acid).
The bulk density was determined in a 100 cm3 volumetric glass vessel. Two parallel samples were tested.
The method is based on weighing proppants in a calibrated metallic measuring cylinder made of non-magnetic metal after determining its capacity using a special device.
A dry empty calibrated cylinder was weighed, then filled with a sample of granules and weighed again with an error of no more than 0.1 g. The bulk density was calculated by the formula:

рbulk=(m1-m2)/V				(3)

where m1 is the mass of a calibrated cylinder with a test sample, g;
m2 is the mass of a dry empty calibrated cylinder, g;
V is the capacity of the cylinder, cm3.
Crush resistance. The method is based on determining the mass fraction of granules destroyed by a predetermined compressive load of 34.5 MPa.
To carry out the test, a sample of 100 g of fraction 16/20 proppants was used. The project used a steel mold made of steel grade C45.
A weighed portion of the granules was placed in a steel mold, then a compressive load of 34.5 MPa was applied to a hydraulic press. The load was maintained for 2 minutes and then the broken granules were sieved. The mass fraction of destroyed granules (crush resistance), %, was calculated by the formula:

f=mdestr./m*100				(4)

where mdestr. is the mass of destroyed granules, g;
m is the sample mass, g.
Sphericity and roundness are determined using a digital camera by comparison with the Crumbien-Schloss diagram (Figure 7). Fraction 16/20 granules were used to determine the sphericity and roundness. The sphericity and roundness of the granules ranged from 0.7 to 0.9.
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Figure 7 – Crumbien-Schloss diagram for visual assessment of granules

Chemical resistance was assessed by exposing a sample of proppant granules to 10% hydrochloric acid.
To determine the solubility in hydrochloric acid, a weighed portion of 5 g of proppant granules was used. The weighed portion was placed in a beaker, and 100 cm3 of the working solution of hydrochloric acid was poured. The glass with the contents was placed in a water bath and kept for 30-35 minutes. Then filtering and washing with distilled water three times. The test sample was dried to constant weight, and the weight loss was determined.
Table 14 specifies the properties of the proppants.



Table 14 – Properties of magnesia-silicate proppants based on Kazakhstani raw materials
	mixture
	bulk density, kg/cm3
	breakage ratio, %
	solubility in HCl solution,%
	sphericity
	roundness

	1 S
	1,62
	14,1
	8,0
	0,9
	0,7

	2 SS
	1,61
	11,7
	5,0
	0,7
	0,7

	3 SC
	1,67
	11,5
	7,8
	0,9
	0,9

	4 SR
	1,68
	12,5
	9,1
	0,7
	0,7

	5 SB
	1,70
	11,8
	8,9
	0,9
	0,9



The magnesia-silicate proppants obtained by us were assessed according to the requirements stipulated in GOST R 54571-2011 for magnesia-quartz proppants. According to the bulk density, the resulting granules belong to the class of medium density proppants (1.57-1.67 g/cm3). The share of destroyed fraction 16/20 granules at a load of 34.5 MPa does not exceed 15%. Chemical resistance to hydrochloric acid ranged from 90.9 to 95.0%, sphericity, and roundness – 0.7-0.9. The microstructure of the obtained proppants was studied by the SEM method and is shown in Figure 8.

 [image: C:\Users\админ\Desktop\Отчет 2020\2020 Заявка №808_Джиеналыев\1 вскрышные\COMPO250.jpg] [image: C:\Users\админ\Desktop\Отчет 2020\2020 Заявка №808_Джиеналыев\3 + песок 20%\COMPO250.jpg]
S					SS
[image: C:\Users\админ\Desktop\Отчет 2020\2020 Заявка №808_Джиеналыев\2 + огн глина 20%\COMPO250.jpg] [image: C:\Users\админ\Desktop\Отчет 2020\2020 Заявка №808_Джиеналыев\4 + шлам 20;\COMPO250.jpg]
SC					SR
[image: C:\Users\админ\Desktop\Отчет 2020\2020 Заявка №808_Джиеналыев\5 + боксит 20%\COMPO250.jpg]
SB
Figure 8 – Microstructure of proppant granules according to SEM data

Conclusions for Section 3:
The research included conducting high-level laboratory tests of the technology to obtain magnesia-silicate proppants, optimizing the process parameters, and testing samples for compliance with the requirements stipulated in GOST R 54571-2011 for magnesia-quartz proppants.
3.1 Raw materials were prepared, preliminary heated, and the mixtures were compiled based on overburden serpentinite rock with the addition of 20% quartz sand, or refractory clay, red mud, high-ferrous bauxite.
3.2 The project provided for conducting high-level laboratory tests of the developed resource-saving technology to obtain magnesia-silicate proppants based on overburden serpentinite rock with the addition of 20% refractory or high-ferrous bauxite, taking into account the optimum granulation parameters. Proppant prototypes with a bulk density were obtained for a composition with an additional refractory clay of 1.65 g/cm3, with the addition of bauxite – 1.68 g/cm3, and a fraction of destroyed granules at a compressive pressure of 34.5 MPa, respectively: 11.5 and 12.5%.
3.3 The project provided for optimizing the process parameters to obtain magnesia-silicate proppants. It was found that to obtain proppant granules based on overburden serpentinite rock with the addition of 20% quartz sand, or refractory clay, red mud, and bauxite, the granulation process must take place at a drum inclination angle of 30°, with its rotation of 170 rpm and a swirler rotation speed of 3000 rpm.
3.4 Proppant prototypes were tested for compliance with the requirements stipulated in GOST R 54571-2011 for magnesia-quartz proppants. It was found that the properties of the proppant ceramic prototypes correspond to the requirements stipulated in GOST, namely proppants refer to proppants of medium density in terms of bulk density. The resistance to destruction at a compressive load of 34.5 MPa does not exceed 15%, the sphericity and roundness are 0.7-0.9. Chemical resistance to 10% of hydrochloric acid is 90.9-95%.


CONCLUSION

The work performance resulted in developing a technology to obtain magnesia-silicate proppants, which are used in hydraulic fracturing to increase oil production.
1 The project included the development of magnesia-silicate compositions based on the overburden rocks found at the Kempirsay chromite ore deposits.
2. The project included the development of a resource-saving technology to obtain proppants used in hydraulic fracturing.
3. The project provided for conducting high-level laboratory tests of the technology to obtain magnesia-silicate proppants, optimizing the process parameters, and testing samples for compliance with the requirements stipulated in GOST R 54571-2011 for magnesia-quartz proppants.
3.1 Raw materials were prepared, preliminary heated, and the mixtures to produce ceramic proppants were compiled.
The testing included crushing, grinding, and chipping of raw materials, followed by heat treatment at a temperature of 1000°C. Mixtures were compiled based on overburden serpentinite rock with the addition of 20% quartz sand or Arkalyk clay, bauxite, and red mud.
3.2 The research included conducting high-level laboratory tests of the developed technology to obtain proppant granule prototypes.
The project provided to obtain granule prototypes of magnesia-silicate proppants based on overburden serpentinite rock with the addition of 20% quartz sand, Arkalyk refractory clay, red mud, and high-ferrous bauxite using the optimum granulation parameters: a drum inclination angle – 30°, a drum rotation speed – 170 rpm, and a swirler rotation speed – 3000 rpm.
3.3 The research included optimizing the process parameters to obtain magnesia-silicate proppants based on overburden serpentinite rock. The optimum values of the granulation parameters have been confirmed; they are as follows: a drum inclination angle of 30о, a drum rotation speed of 170 rpm, and a swirler rotation speed of 3000 rpm. The temperature range for sintering ceramic proppants is 1200-1350°C. The sintering roasting temperature of the magnesia-silicate proppant prototypes depends on the mixture composition.
3.4 Proppant samples were tested for compliance with the requirements stipulated in GOST R 54571-2011 for magnesia-quartz proppants.
It was found that the obtained magnesia-silicate proppants were based on overburden serpentinite rock with the addition of 20% quartz sand, refractory clay, high-ferrous bauxite, and red mud with performance indicators correspond to the requirements stipulated in GOST R 54571-2011 for magnesia-quartz proppants.
According to the bulk density, the resulting granules belong to the class of medium density proppants (1.57-1.67 g/cm3). The share of destroyed fraction 16/20 granules at a load of 34 MPa does not exceed 15%. Chemical resistance to hydrochloric acid ranged from 90.9 to 95.0%, sphericity, and roundness – 0.7-0.9.
Samples of all compositions had a sintered appearance, dense and strong structure.
Completeness of the solution found for the project tasks. The tasks set in terms of the volume and content of research have been fully solved under the schedule.
Recommendations and initial data on the specific use of research results.
The research results made it possible to develop a technology to obtain magnesia-silicate proppants used in hydraulic fracturing to increase oil production. It is recommended in the future to draw up process regulations for the production of magnesia-silicate proppants based on Kazakhstani raw materials and propose the technology introduction to interested parties.
Technical and economic efficiency of implementation.
The introduction of the developed energy and resource-saving technology in the future (the temperature of sintering roasting is 1240-1300°C, instead of 1350 1400°C) will make it possible to create competitive high-strength proppants for the oil and gas industry based on waste overburden serpentinite rocks found at the Kempirsay chromite ore deposit, natural alumino-silicate raw materials, and alumina waste products. 
The scientific and technical level of the performed research work in comparison with the best achievements in this field. The research work holds a high scientific and technical level, which is currently not inferior to the best achievements in the world in the creation of functional ceramics with desired properties for the oil and gas industry.
The established physical and chemical laws governing the processes of phase and structure formation during the heat treatment of multi-component compositions containing magnesia and alumino-silicate raw materials will make it possible to carry out physicochemical modeling of the processes of creating new ceramic materials with a predicted structure and performance properties.
The economic feasibility of the requested funding for the research implementation. 
R&D funding complied with the project cost estimate approved by the National Science Council. The project costs include the following items: wages, deductions from wages (social tax, social insurance), travel expenses, acquisition of materials, others (translations, registration fees), maintenance of equipment and other fixed assets, project support.
Organizational, material and technical endowment for R & D performance 
Scientific and research work on the program was carried out in the laboratory of metal science of IMB JSC.
The executors of the project, including 1 doctor of technical sciences, 1 candidate of technical sciences, 2 researchers and 1 leading engineer have extensive experience in the field of creating ceramics and refractories with specified functional properties, based on natural and technogenic raw materials, conducting industrial tests and the implementation of developments in production.
There is a necessary research infrastructure to implement the project: production facilities, modern research equipment, access to sources of scientific and technical information.
Research work was carried out under the international standard ISO 10006 “Administrative Quality Management. - Guidelines for the quality assurance of project management”.
The certified quality management system was implemented in IMB JSC and applied to scientific research and training of specialists for compliance with the requirements of ST RK ISO 9001-2009 “Quality Management System” (Certificate of Compliance No. KZ 7500729.07.03.00578 dated July 27, 2016).
To implement the project tasks successfully, we have laboratory areas of 160 m2 with laboratory facilities equipped with the appropriate infrastructure, as well as experimental metallurgical production with the total area of 12,000 m2 for large-scale laboratory tests.
The research is supplied with patents and licenses with the relevant service of the organization at all stages of project implementation.
The organization has a chemical analysis laboratory and an analysis physical methods laboratory equipped with modern analytical and research equipment.
The following equipment was used during scientific and technological research:
- High-temperature chamber furnace 1600 °С, НТС 08/16 (Nabertherm GmbH, Germany),
- Hydraulic press of high power, PSU-125;
- Hydraulic press of medium power, PSU-10;
- Jaw breaker, DMD 160/100 Kyrgyzstan;
- Ball grinder, 40ML-000PS Russia;
- Mechanical grinding, MM-1;
- Analytical scales, SARTORIUS;
- Drying cabinet, SNOL
- Technical scales
- Electronic focused beam microscope with analyzer, JEOL JXA-8230 (JEOL, Japan;
- X-ray diffractometer, D8 ADVANCE (Bruker) with α-Cu-radiation;
- Synchronous thermal analysis (STA 449 F3)
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APPENDIX B

Certificate of conducting high-level laboratory tests of the technology

To test the technology to obtain magnesia-silicate proppants developed at the IMOB JSC, proppant prototypes were prepared.
The source materials with the chemical composition shown in Table 1.
Table 1 – Chemical composition of source materials (wt%)
	
	SiO2
	Al2O3
	Fe2O3
	MgO
	CaO
	K2O
	Na2O
	TiO2
	Cr2O3
	l.o.i

	Serpentinite
	34,8
	0,9
	7,3
	39,0
	0,8
	-
	-
	-
	1,5
	17,2

	Arkalyk clay 
	37,2
	40,4
	1,9
	< 0,1
	0,8
	0,3
	0,1
	2,7
	-
	16,4

	Quartz sand
	71,3
	13,9
	2,7
	2,0
	1,7
	3,1
	3,4
	0,5
	-
	1,1

	Red mud
	17,8
	20,0
	25,9
	
	0,6
	-
	12,4
	2,9
	-
	19,6

	Bauxite
	7,6
	47,8
	17,3
	< 0,1
	1,1
	< 0,1
	< 0,1
	3,5
	-
	22,5



The proppants were produced according to the developed process flowsheet (Figure 1).
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Figure 2 – Process flowsheet to obtain proppants

The properties of the obtained magnesia-silicate granules are shown in Table 2.
Table 2 – Properties of magnesia-silicate proppants based on Kazakhstani raw materials
	mixture
	Firing temp, °С
	bulk density, kg/cm3
	breakage ratio, %

	1 S
	1350
	1,59
	15,1

	2 SS
	1250
	1,57
	12,9

	3 SC
	1350
	1,61
	12, 0

	4 SR
	1240
	1,65
	13,6

	5 SB
	1280
	1,67
	13,1



The data in Table 2 show that the proppants obtained by the developed technology meet the requirements stipulated in GOST for magnesia-quartz proppants.
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[bookmark: _GoBack]Certificate of testing prototype proppants

The obtained fraction 16/20 granule prototypes were tested to determine the properties: bulk density, crush resistance, sphericity and roundness, chemical resistance (solubility in 10% hydrochloric acid).
Table  – Properties of magnesia-silicate proppants based on Kazakhstani raw materials
	mixture
	bulk density, kg/cm3
	breakage ratio, %
	solubility in HCl solution,%
	sphericity
	roundness

	1 S
	1,62
	14,1
	8,0
	0,9
	0,7

	2 SS
	1,61
	11,7
	5,0
	0,7
	0,7

	3 SC
	1,67
	11,5
	7,8
	0,9
	0,9

	4 SR
	1,68
	12,5
	9,1
	0,7
	0,7

	5 SB
	1,70
	11,8
	8,9
	0,9
	0,9



The results of the tests showed that the obtained proppant granules meet the requirements of GOST R 54571-2011 for magnesia-quartz proppants.
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SEM images
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Time schedule

Appendix 1.7
to Agreement No.____ as of _______ 2018 
for grant funding

TECHNICAL SPECIFICATION AND 
TIME SCHEDULE

According to Agreement No._____ as of __________________2018

1. EXECUTOR’S NAME
Institute of Metallurgy and Ore Beneficiation JSC

1.1 Priority: Natural resources conservation, including water resources, geology, recycling, new materials and technology, safe products, and structures.
1.2 Subpriority: New multi-purpose materials based on natural raw materials and industrial wastes. 
1.3  On the subject of the project: No. AP05131248 – Development of a technology to obtain magnesia-silicate proppants used in hydraulic fracturing to increase oil production.
1.4 Total project amount: 15,100,000.0 (fifteen million one hundred thousand) tenge, including with a breakdown by years, for the execution of work under Clause 3:
- for 2018 – in the amount of 5,000,000.0 (five million) tenge;
- for 2019 – in the amount of 5,045,000.0 (five million forty-five thousand) tenge;
- for 2020 – in the amount of 5,055,000.0 (five million fifty-five thousand) tenge.

2. Characteristics of scientific and technical products based on qualification and economic indicators
2.1 Direction of work: Development of applied research and development on the priorities of forced industrial-innovative development.
2.2 Application: refractory, oil and gas, and metallurgical industries
2.3 Outcome:
- for 2018: the project included the development of magnesia-silicate compositions based on the overburden rocks found at the Kempirsay chromite ore deposits. 1 article will be published in a peer-reviewed domestic scientific journal with a non-zero impact factor. 
- for 2019: the project included the development of a resource-saving technology to obtain proppants used in hydraulic fracturing. 1 article will be published in a peer-reviewed foreign scientific journal with a non-zero impact factor. 1 application for an invention will be filed.
- for 2020: the results obtained from the high-level laboratory tests of the technology to obtain magnesia-silicate proppants that comprises optimizing the process parameters and obtaining proppant samples that meet the requirements stipulated in GOST R 54571-2011 for magnesia-quartz proppants. 2 articles will be published in peer-reviewed foreign scientific journals indexed in the Scopus database, with a non-zero impact factor (presumably in the following journals: “Refractories and Industrial ceramics”, “Glass and Ceramics”, and “Ceramics-Silikáty”). 1 patent of the Republic of Kazakhstan will be received.
2.4 Patentability: the research outcomes are patentable.
2.5 Scientific and technical level (novelty): it is planned to develop a technology to obtain ceramic proppants used in the oil and gas industry during hydraulic fracturing in hard-to-recover oil and gas wells.
2.6 The scientific and technical products are used by the Executor.
2.7 Type of use of the result obtained from the scientific and (or) scientific and technical activities: The results obtained will form the basis for the development of technological solutions for the production of ceramic proppants with increased operational properties.

3. Name of work, deadlines for their implementation, and results

	The code of the task
	Name of work
under the Agreement and the main stages 
of its implementation
	Deadline
	Expected result

	
	
	beginning
	ending
	

	1
	Development of magnesia-silicate compositions based on the overburden rocks found at the Kempirsay chromite ore deposits.
	January,
2018
	November 1,
2018
	The project provides for developing magnesia-silicate compositions based on the overburden rocks found at the Kempirsay chromite ore deposits.


	1.1
	Studying the chemical and mineralogical composition of overburden rocks and physicochemical processes occurring during the raw material roasting
	January,
2018
	March, 
2018
	The project provides for studying the chemical and mineralogical composition of overburden rocks and physicochemical processes occurring during the raw material roasting.


	1.2
	Substantiation and calculation of the synthesized compositions based on overburden rocks. Synthesis of ceramic compositions.
	April,
2018
	June, 
2018
	The project provides for substantiating and calculating the synthesized compositions based on overburden rocks. It is planned to synthesize ceramic compositions.


	1.3
	Determining the sintering range for magnesia-silicate compositions of predetermined proportions.
	July,
2018
	September,
2018
	The project provides for determining the sintering range for magnesia-silicate compositions of predetermined proportions.


	1.4
	Determining the optimum magnesia-silicate compositions. Studying the properties of synthesized compositions
	October,
2018
	November 1,
2018
	The project provides for determining the optimum magnesia-silicate compositions. It is planned to study the properties of synthesized compositions.
1 article will be published in a peer-reviewed domestic scientific journal with a non-zero impact factor. 



	2
	Development of a resource-saving technology to obtain proppants used in hydraulic fracturing.

	January,
2019
	November 1,
2019
	The project provides for developing a resource-saving technology to obtain proppants used in hydraulic fracturing.

	2.1
	Determining the optimum mixture composition to obtain ceramic proppant granules.
	January,
2019
	March, 
2019
	The project provides for determining the optimum mixture composition to obtain ceramic proppants.


	2.2
	Determining the optimum rotation speed for the swirler and granulator drum to obtain proppants with the desired properties.
	April,
2019
	June, 
2019
	The project provides for determining the optimum rotation speeds for the swirler and the granulator drum to obtain proppants with the desired properties.


	2.3
	Determining the optimum drum inclination angle to obtain proppants with the desired properties.
	July,
2019
	September,
2019
	It is planned to determine the optimum drum inclination angle to obtain proppants with the desired properties.


	2.4
	Determining the optimum drying modes and roasting temperature for proppants.
	October,
2019
	November 1,
2019

	The project provides for determining the optimum drying modes and roasting temperature for proppants.
1 article will be published in a peer-reviewed foreign scientific journal with a non-zero impact factor.
1 application for an invention will be filed.



	3
	- for 2020: high-level laboratory tests of the technology to obtain magnesia-silicate proppants, optimization of the process parameters, and sample testing for compliance with the requirements stipulated in GOST R 54571-2011 for magnesia-quartz proppants.
	January,
2020
	November 1,
2020
	The project provides for conducting high-level laboratory tests of the technology to obtain magnesia-silicate proppants, optimizing the process parameters, and sample testing for compliance with the requirements stipulated in GOST R 54571-2011 for magnesia-quartz proppants.

	3.1
	Preparation of raw materials, their preliminary heat treatment, and preparation of mixtures to produce ceramic proppants
	January,
2020
	March, 
2020
	It is planned to prepare raw materials, conduct their preliminary heat treatment, and prepare mixtures to produce ceramic proppants.


	3.2
	High-level laboratory tests of the technology to obtain proppant prototypes
	April,
2020
	June, 
2020
	The project provides for conducting high-level laboratory tests of the developed technology to obtain proppant granule prototypes.


	3.3
	Optimizing the process parameters to obtain magnesia-silicate proppants.
	July,
2020
	September,
2020
	The project provides for optimizing the process parameters to obtain magnesia-silicate proppants.
2 articles will be published in peer-reviewed foreign scientific journals indexed in the Scopus database, with a non-zero impact factor (presumably in the following journals: “Refractories and Industrial ceramics”, “Glass and Ceramics”, and “Ceramics-Silikáty”). 1 patent of the Republic of Kazakhstan will be received.


	3.4
	Testing proppant samples for compliance with the requirements stipulated in GOST R 54571-2011 for magnesia-quartz proppants.
	October,
2020
	November 1,
2020
	The project provides for testing proppant samples for compliance with the requirements stipulated in GOST R 54571-2011 for magnesia-quartz proppants.
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Additional Agreement No. 5   
to Agreement No. 80 for grant funding 
dated March 02, 2018

Nur-Sultan	“____”  “__________” 2019

The state institution “Science Committee of the Ministry of Education and Science of the Republic of Kazakhstan”, hereinafter referred to as “the Customer”, represented by Zharkenov A.B., Acting Chairman, being guided by the Regulations on the Science Committee approved by the Executive Secretary’s order dated July 10, 2018, No. 169-K, and by the Executive Secretary’s order on assigning duties dated February 26, 2019, No. 128-K, on the one hand, and Institute of Metallurgy and Ore Beneficiation JSC, hereinafter referred to as “the Executor”, represented by Kenzhalyiev B.K., Director General and Chairman of the Management Board, being guided by the Charter approved through a protocol decision No. 9, dated June 17, 2016, by Kazakh National Research Technical University named after K.I. Satpayev NJSC acting as the Sole Shareholder, on the other hand, hereinafter collectively referred to as “the Parties”, based on Articles 386, 401 of the Civil Code of the Republic of Kazakhstan, subparagraph 40), Article 394 of the Code of the Republic of Kazakhstan “On taxes and other obligatory payments to the budget (Tax Code)”, subparagraph 23-1), Article 1 of the Law of the Republic of Kazakhstan “On Science”, and the Budget Code of the Republic of Kazakhstan dated December 4, 2008, the Law of the Republic of Kazakhstan “On Science” dated February 18, 2011, the decisions of the National Scientific Council on program-targeted funding on the priority “Natural resources conservation, including water resources, geology, recycling, new materials and technology, safe products and structures” (Minutes No. 2 dated January 25, 2018, Minutes No. 3 dated February 21, 2018, and Minutes No. 3 dated April 29, 2019) concluded this Additional Agreement to Agreement No. 80 for grant funding dated March 02, 2018 (hereinafter referred to as “the Agreement”) and came to an understanding on the following:   
1. Clause 3.5 of the Agreement shall be revised to read:
Under subparagraph 40), Article 394 of the Code of the Republic of Kazakhstan “On taxes and other obligatory payments to the budget (Tax Code)” dated December 25, 2017, the Executor shall be exempt from value-added tax.
2. In Appendix 1.7 (Grant AP05131248) of the Agreement, Section 2. Characteristics of scientific and technical products based on qualification and economic indicators, Clause 2.3 (for 2020), and Section 3. Name of work, deadlines for their implementation and results, Clause 3.3 shall be revised to read:  
2.3 Outcome:
- for 2020: the results obtained from the high-level laboratory tests of the technology for producing magnesian silicate proppants that comprises optimizing the technological parameters and obtaining proppant samples that meet the requirements of GOST R 54571-2011 for magnesian-quartz proppants. 2 articles will be published in peer-reviewed foreign scientific journals indexed in the Scopus database, with a non-zero impact factor. 1 patent of the Republic of Kazakhstan will be received.
	3.3
	Optimizing the technological parameters for obtaining magnesian silicate proppants.
	July,
2020
	September,
2020
	The project provides for optimizing the technological parameters for obtaining magnesian silicate proppants.
2 articles will be published in peer-reviewed foreign scientific journals indexed in the Scopus database, with a non-zero impact factor. 1 patent of the Republic of Kazakhstan will be received.
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APPENDIX G

Extract from the protocol of the Academic council
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VTBEPXJIAIO

3am. I'eHepanbHOTO IUPEKTOP
. AO «IMuO»

Anmater -

AKT
0 TIPOBEJICHUH YKPYITHEHHBIX JIa00OPAaTOPHBIX HCIIBITAHHIT
Pa3paboTaHHO} TEXHONOTHH C MOTYYEHHEM OIBITHBIX 00PA3II0B MPONTAHTOB

MBI HHKETIONHCABIIHECs], 3aBe/IyIolas 1abopaTOpHH METAIOBEIEHHs K.T.H. MamaeBa
A.A., Bellymmii Hay9HBIH COTPYIHHK K.T.H. BupiokoBa A.A., Bexymuii nurkerep [[KreHabIeR
T.JI. cocTaBMIM HACTOSIIME aKT O TOM, 4TO B jaGopatopun MerauoBenerns AO «HCTHTYT
MeTaLTypruu W oboramenus» B mepuoX ¢ 17 mo 20 aBrycra GbUIM IPOBENEHbI YKPYITHEHHO-
I[a60paT0pHHe HCIIBITAHUS TEXHOJIOTUHU TIOJTYYCHHUS MarHe3UaJIbHOCHJTMKATHBIX TPOIIIAaHTOB.

B paGote ObUIM HCMONB30BaHBI HCXOIAHBIE MATEPHAIBl C XHMHYECKAM COCTABOM,
TIPUBEICHHBIM B Tabuuie 1.

Ta6mima 1 — XuMudeckHil cOCTaB HCXOHBIX MATEPHAIOB

Hanmenosanne ConepkaHne KOMIIOHEHTOB, Macc. %

Matepuana SiO; | ALOs | FeyO5 MgO | CaO | K;O |Na,O | TiO; | mmu
CeprientuanToB | 34,8 0,9 73 39,0 0,8 - - - 172
ast opoja

KaonmuautoBas 37.2 40,4 1,93 <0,1 0,83 | 0,32 | 0,12 2.7 16,40
TJIHHA

Ksapuensrit 7133 | 13,92 2,7 2,05 1,7 3,1 3,48 | 0,57 1,14
MECOK
KpacHsiii miam 17.8 20,0 25,9 0,62 124 | 2,96 19,6

Beicokoxkenesuc 7,6 47,8 17.3 <0,1 1,14 | 0,03 | 0,03 3.5 225
ThIH OOKCHT

Conepxanue Cr,O; B ceplieHTHHHTOBO mopoze - 1,46 %

HpHMeH}UII/ICL JABYXKOMIIOHCHTHBIC IIHXTHI. B kauecTBe OCHOBHOTO KOMIIOHEHTA LIAXT
MCIIOJIB30BANI  BCKPBILIHYIO CEPIEHTHHUTOBYIO MOPOIy, oOpasyromeicss mpu paspaboTke
XpoMHTOBBIX pyn B Kemmupcaiickom pernose peciyGuku Kasaxcran.

B xadecTBe BTOpPOTO KOMIIOHEHTa WIMXT OBUIM MCIIONB30BAaHBI KBApLEBBIA IIECOK,
OTHEYIOPHAs [TIMHA APKAITBIKCKOTO, G0KCHT KpacHOOKTAOPECKOr0 MECTOPOXKICHHI M KPACHBIH
miam [laBroapckoro amOMHHHEBOrO 3aBOJA. BellecTBEHHBI W XMMHUECKH# COCTABEI
TIPOEKTHPYEMBIX MarHe3UabHOCHIIMKATHBIX TIPONIIaHTOB IIPHBEICHBI B TaOHIE 2.

M3roToBNIeRMEe TPONITAHTOB MPOBOMMIM 10 Pa3pabOTaHHON TEXHOIOTHYECKOH cXeme

(pucyHok 1).
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Tabmma 2 —  BemecrBeHHBIi M XHMHYECKHMH ~ COCTaBEI  TPOEKTHPYEMBIX
MarHe3uaTbHOCHIMKATHBIX [POIIIAHTOB

Indp CozeprkaHie KOMIIOHEHTOB, Macc. %
X TH* SiO, AL O3 Fe,03 MgO CaO K;0 | NayO | TiO,
1C 42,03 1,08 8,82 47,1 0,97 - - -
2¢€T1 48,05 3,68 7,6 38,1 1,12 0,63 0,7 0,12
atl 42,52 10,53 751 37,68 1,0 0,08 | 0,03 | 0,65
4 CIIL 38,05 6,02 13,5 37,68 0,93 - 3,08 | 0,74
5CB 35,58 13,23 11,52 37,68 1,09 - - 0,9

* C — cepnenturnt 100%, CII — cepnentunut + 20 % kpapueBoro mecka, CI, CLI, Cb —
COOTBETCTBEHHO CepIeHTHHHT + 20 % IIIHHEL, mIaMa, G0KCHTa.

CepnenmumuTozat noposa BTopoit KOMIOHEHT

Tepyoobpadotka TepnxootpaboTka
Jpobaenne Jpobaenne

Tonxuit momoa B maposoit
MeasHHIE, dp. Menee 0,063 s

Cesazyromee Cxemenne H rpaHyIHPOEaHHE
NpONMNaHTOB

Cymxa u pacces nmo dpaxuum

O6xur nMponmaHToR

Pacces no $pakuma

Prcynok 1 — TexHosorHYecKas cxeMa I0JTy4eHHs POTITAHTOB

1) Tepmoo6paGoTKa CHIPEEBBIX MATEPHATIOB
CormacHo ~ paspaGOTaHHOHM  TEXHONOIMH  ChIpbe  HEOGXOIWMO  IOIBEPraTh
HpeBapHTEIbHOM TepmoobpaboTke mpu 1000°C uist yRaneHHs: KOHCTHTYIIHOHHO BIIard.
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ChipbeBble MaTepHaTTbl MOJBEPraiH TepMooGpaboTke B 1aGOPATOPHOH MEKTPHYECKO
neqn npu Temneparype 1000 °C.

2) ipobrierne i H3MenbyYeHHe TePMOOGPAGOTAHHOTO CHIPhS

Kpynnbie kycku TepMooGpaborarroro mpu 1000 °C chIpbs moBepratm ApobeHHio Ha
IEeKOBOH IpobmIIKe 10 BpaKimy He Gonee 5 MM ¢ TOCTEYIOMMM CPETHAM H3MENbYCHHEM Ha
BAJIKOBOH 1poOmiike. M3 M3MeTBUCHHBIX MATEpPHAIOB TOTOBHIIH CHIPBEBYIO CMECh C 3aIaHHBIM
COOTHOIICHHEM KOMIIOHEHTOB € MOMOMIBIO BECOBEIX J03aTOPOB, 3aTEM NPOM3BOIMIH TIOMON B
BHOPOMEITBHHIIE J10 TTIOPOIIKOOGPA3HOTO COCTOSIHYS C Pa3MepOM yacTHIL He Gosee 0,063 MM.

3) Iony4eHne rpaHy I-IPOIITAHTOB

T'panyIBI-NIpoTIIaHTEI TIOJTyqaTd B CMECHTEIH-TPaHyJIATOpe upMBI
«Eirich EL1». B cMecHTelIb-rpaHyIISTOp 3arpykali BCEe CHIPhEBBIE KOMIIOHEHTHI B 3aJaHHOI
npornopuuk o6tmM Becom 500 1. Beero npousBesieHo 5 KT roToBO# MPOTyKIHH.

Jlnst monydeHHs OJTHOPOTHOM MacChl cMech IIEPEMEIIHBATH IPH CKOPOCTH BpAIICHHS
POTOpHOH  Memanku  (3aBuxpurens) 1000 o6/mme. Ilocme  HEMPOMOKHTETHHOrO
TICPEMEIIMBAHUS MACChl CKOPOCTh BPAIIEHUS 3aBUXpHTENs yBenuuuBaan 10 3000 o6/mun. J{ns
YBIIXKHEHHS] Macchl ucnonb3oBamu (1,5 % Bommsii pactBop KMII) B xonmuectBe 50 % ot
obmero o6bema cBszyiomero. Maccy mepemelnBaik B TedeHHe | MHHYTBI, 3aTeM BBOJIMIIA
OCTaNbHYIO YacTh CBA3KU. [locsie 9TOro MpOBOMMIM IepeMEINHBAHAE B TEUEHHH 5 MUHYT JUTS
PaBHOMEPHOT'O YBIIAXXHCHHS U YIUIOTHEHHS MacCChI.

B mMomenT mosmrenus memxux rparyn (0,1-0,3 MM), CKOPOCTE BpamieHHs POTOPHOI
Memanku cHwkamd 10 1000 o6/MHH M NpPOBOAWIM ONMyIPHBAHHE MACCH TOHKOMOJIOTBHIM
nopomkoM B KommdecTBe 10-15 mace. % oT Macchk! mmxThl. 1o HeTedeHHH 3-5 MUHYT mocite
OITyIPUBAHMS CBIPBIC IPAHYIIBI BBITPYXAIH M PACCEMBATH HAa (DPAKIHK C BHIIEICHHEM TPAaHYI
3aJIaHHOTO pa3Mepa.

['paHyJibl CyIIMIM B €CTECTBEHHBIX YCIIOBHSX, 3aTeM NpH Temmepatype 110-300 °C 1o
ocTarto4Hoi BraxHOCTH 1,0 macc. %. OGXHI NPONIAHTOB NPOBOAMIM TPH TEMIIEPAType
CIIEKAIOIIEro OGKHMra COryiacHo cocraBaM B HHTepBane 1240-1350 °C. Tlocrme oXmameHHs
000XOKEeHHbIE TPAHYJTBI-TIPONIIAHTE  OBUIM TOABEPTHYTHl HCHBITAHHAM JUIS  ONpEIENCHHs
cBo#CcTB. CBOKHCTBA MOy YeHHBIX MArHE3HATbHOCHIMKATHBIX TPAHYJT IPHBEICHBI B TaGIIHIe 3.

Tabsuma 3 — CBOMCTBA [OJy4eHHBIX IPONIAHTOB

Hacpmnas Hos

Iupp | Temmeparypa Pa3pyIIeHHbIX
& TUIOTHOCTb,
cocraBa | o0Oxmwura, °C ol rpanyn 1npu 34,5
MIla, %

1C 1350 1,59 15,1
2CI 1250 1,57 12,9
3CI 1300 1,61 12,0
4 ClI 1240 1,65 13,6
5CB 1280 1,67 13,1

Jlauuble TabmuIB! 3 TOKA3BIBAIOT, 9TO IPONIAHTH TOMyYEHHBIE MO Pa3paGOTaHHOK
TEXHOJIOTHH COOTBETCTBYIOT TpeGoBanusM I'OCT Ha MarHe3nasbHO-KBapLUEBbIE MPOMIAHTHL.

3aBenyromast 1abopaTopun
METAUIOBENEHNS, K.T.H. ﬁ;‘/ Manmaesa A.A.
—
Benynmit Hay4HbI COTPYIHUK, < f(?ﬂ/ i
K.T.H. Buprokosa A.A.
2

Benymmit urxenep ,7{ ww Jhxuenansies T.J1.
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VTBEPXJAIO
3am. 'eHepanpHOTO IHPEKTOD
AO «MIMuO»

Anmartst

AKT
UCTILITAHHUS ONBITHBIX 00pa3oB-TIPONIAaHTOB Ha COOTBeTCTBHe TpeGoBarusm 'OCT P
54571-2011 Ha MarHe3WaIbHO-KBapIEBbIE IPOIIIAHTHI

MBblI HIKETIOIHCABIIHECS, 3aBeIyIOlIast JTabopaTOPHH MeTalUIOBEIeH s K.T.H. MamaeBa
A.A., Benymmii HayYHBIH COTPYIHHMK K.T.H. bupiokoBa A.A., Bexymumii urkenep JkueHanbien
T.JI. cocraBrii HacTOSIMM aKT O TOM, 4TO B yaGoparopun merawiosenenusi AO «MHCTUTYT
METUTYprud M oboramenus» B mepuod ¢ 01 mo 02 oxTA6pst GBUIM MPOBEIEHB! MCIBITAHUS
OTBITHBIX 06Pa3IIOB-IPONNAHTOB Ha cooTBeTcTBHE TpeGoBammsm ['OCT P 54571-2011 ma
Marie3uajlbHO-KBAaPLIEBIC ITPOIIAHTHI.

[lomyuennsie oOMbITHEIE 06pasiBl PACKIMHHBAIOIMX TIpaHyl (pakmuu 16/20 Gbuma
MCIIBITAHBI JUIS OTIPEJIENICHHs CBOMCTB: HACHITHAS TIOTHOCTB, CONPOTHBIICHHE Pa3/aBIHBAHMUIO,
cepUIHOCTs M OKpYIJIOCTh, XHMHYECKas CTOMKOCTH (pacTBopumocTh B 10 % conmsHOM
KHCIIOTE).

Hacvinnas nnommnocms Gbiia OnpesielieHa B MEPHOM CTEKIISIHHOM COCYJI€ BMECTHMOCTBIO
100 ev®. Mcnsrrasms TIPOBEJICHBI HA JIBYX MapaUIETBHBIX IPOOax.

MGTOH OCHOBaH Ha B3BCIIMBAHWHM IIPOIIAHTOB B Ka.HH6p0B3.HHOM METAJUTHIECKOM
MEPHOM LWIMHIAPE H3 HEMAarHuTHOrO MeTajlyia II0Cie OIPEACIICHUSA €T0 BMECTUMOCTH C
HCTIOTE30BAHAEM CIICIIHAIBHOTO yCTPOICTBA.

BspemmBamu cyXxoif mycToif KanuOpOBaHHBIN WLHJIMHID, 3aTeM C HpoGO# TpaHyl: c
norpemHocTsio He 6ornee 0,1 r. Hackmayio Maccy BMuCIIsUIHM 110 hopMmysie: p=m;-m, /11

Conpomuenenue pazoagnuéanuio MeTOX OCHOBaH Ha OIEJENIEHHH MAaCCOBOH JI0JH
TpaHyl, pa3pyIIEeHHBIX 3aJaHHON CHKMMaromeR Harpy3skoi 34,5 MIla.

Jlns TpoBeNEHMs HCIBITaHHs ObLIa HCIOJNb30BaHA HaBecka B kommdectBe 100 1
nponmanToB $pakuuk 16/20. B paGote Gbuta IpUMeHeHa cTanbHas Gopma, H3TOTOBJICHHAS H3
cram mapku C45. HaBecky rpaHyn moMemand B CTalbHYIO (OpMy, 3aTeM IIPOU3BOMHIA
CKUMAIOIIYIO Harpy3Ky 34,5 MIla Ha ru/ipaBInYecKOM mpecce.

Cepepuunocmsy u okpyanocme ONpeneeHsI ¢ UCTIONB30BaHAEM THPPOBOH (GoTOKAMEPEL.
Jlns ompenenenus CHEpHIHOCTH M OKPYIVIOCTH HCIONB30BAIA TPaHyisl (pakuuu 16/20.
CdepraHOCTE H OKPYTIIOCTH IpaHyi coctaBuiu ot 0,7 10 0,9.

Xumuueckas cmotikocmp GblTa OIEHEHa BO3IEHCTBHEM Ha MPOOY rPaHyI-IPOTTIAHTOB
10% consiHOM KHCIOTOM.

JUns onpesieNieHust pacTBOPHMOCTH B COJNISSHOM KHCIIOTE HCIOJNB30BATH HABECKY 5 T
rpaHyJI-IponmanToB. HaBecKy momeman B XuMHdecknit crakaH, sammBand 100 om® pabogero
pacTBopa CONsHOH KHCIOTHL. CTakaH ¢ CONEPXKHMBIM IMOMEINAIM Ha BOASHYIO OaHIO |
BotepkuBany 30-35 MuHYT. 3aTeM (QHIBTPOBAIM W OTMBIBAIH AUCTH/UIMPOBAHHON BOXOH TpH
pasa. [IpoGy 1ocie HCIBITAHKS CYIIHIIH 0 IOCTOSHHOTO Beca W ONPENeIISUTH IOTEPIO Beca.

CocTaBBl W CBOWCTBa TIOJTyYCHHBIX MarHe3uallbHOCHIMKATHBIX TpaHyJl NPUBECIACHBI B
Tabme.
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Tabmuua — CocTaBbl M CBOMCTBA MarHe3HalIbHOCH/IMKATHBIX IPONIAHTOB HA OCHOBE
Ka3aXCTaHCKOTO CHIPbSI

CBoiicTBa IPONIIAHTOB
Mudp Hacemnas Jlons PactBopuMoOCTH
COCTaBa | IUIOTHOCTH, | PaspyMICHHBIX B pacTBOpe Cdepranocts | Oxpyriocts
/v’ rpanyr, % HCL, %

1C 1,62 14,1 8,0 0,9 0,7
2.CII 1,61 11,7 5,0 0,7 0,7
3cr 1,67 11,5 7.8 0,9 0,9
4 CII 1,68 12,5 9.1 0,7 0,7
5Cb 1,70 11,8 8,9 0,9 0,9

Ilo HacBITHOM IUIOTHOCTH IOIy9YeHHBIE TPAaHYJIBl OTHOCATCS K KJIaccy NpONITaHTOB
cpermett miotHoctn (1,57-1,67 r/em’). Jloms pa3spymIeHHBIX TpaHyn (pakuun 16/20 npu
Harpy3ke 34,5 MIla He mpeBbimaer 15 %. Xumudeckast CTOMKOCT K BO3IEHCTBHIO COJSHOM
KHCIIOTHI cocTaBuia ot 90,9 10 95,0 %, chepuunocts u okpyriocts — 0,7-0,9.

PC3yJ'II>TaTH TIPOBEACHHBIX HCTIBITAaHHH TI0Ka3ay, 4TO IOJIyYCHHBIC PACKIIMHUBAIOIINEC
rpaHynibl cOOTBETCTBYIOT TpeboBaumsM I'OCT P 54571-2011 Ha mIpoNmaHThl MarHe3HaTbHO-
KBapIIEBHIE.

3aBenyromas 1abopaTopun

METaJTOBEICHHS, K.T.H. W Mawmaesa A.A.
Benymuit Hay4HBI COTPYIHUK, =

K.T.H. {),/%L/k Buprokosa A.A.

=
Benymmit urxenep 7/ {/{/Cc’é) Jlxuenansies T.J1.
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Tlpunoxenue 1.7
x JloropopyNe ot 2018 r.
Ha IPaHTOBOE QUHAHCHPOBaHHAE

TEXHUYECKAS CHENTUOUKALS H
KAJEHAAPHBIN ILIAH PABOT

Tlo morosopy Ne (fl' or__Vd, 03 2018 rona

1, HAMMEHOBAHUE HCIIOJIHUTEJISI
AO «MHCTHTYT METANTYPIHE B 0GOTANIEHAD)

1.1 Tlo npropuTeTy: PanmomanbHOE HWCTONB30BAHWE NPHPONHBIX PECYPCOB, B TOM HHCITE
BOIHEIX PECYPCOB, TEONOTHA, NepepaloTka, HOBbIE MATEPHANE H TEXHONOTHH, Ge30MacHble H3AeHs
M KOHCTPYKIHH.

1.2 Tlo nommpuopurery: HoBbleé MaTepHanbl MHOTONEICBOTO HA3HAYEHHsA Ha OCHOBE
TPHPOJTHOTO ChIPS K TEXHOTEHHBIX OTXOIOB.

1.5 Tlo Tteme mpoexta: Ne AP05131248 «PaspaboTka TEXHOUOTHH NONYHEHMs
MAarHE3NANBHOCHIMKATABIX ~ PACKTMHWBAIOUINX TPaHyJ, HPHAMEHSIOMMXCA MpPU  TPOBEACHUH
THAPABAHYECKOTO PAa3phiBa INIACTA ¢ {ENBIO YBENHUCHI He(Teno0bIamy.

1.4 O6mas cymma mpoexta:¥]5 100 000,0 (usTHazuaTh MHIUTHOHOB CTO THICSY) menze,
B TOM UHCIe ¢ pa30UBKOI IO TofaM, I7s BBITOJHEHHS paboT COrMacHo MYHKTY 3:

-ua 2018 rox - B cym 000 000,0 (rsTh MHITHOHOB) Mmen2e;

- #a 2019 rox - B cymmed 045 000,0 (taTh MUJITHOHOB COPOK IIATh THICAY) MmeHze;

-5a2020ron-B

2. Xapaxmepucmuxa HayuHo-mexHuteckoll RPoOyKIu no KeaIu@UKayURoORHSIM
RPUIHAKAM U IKOROMUMECKUE NOKA3aMmen

2.1 Hanmpasnende paforer: PasBATHe NPUKNANHEIX HKCCIENOBAHAH ¥ pa3paboTok 1o
TpHOpATETaM (OPCHPOBAHHOTO HHAYCTPHATLHO-REHOBAIMOBHOTO PA3BHTHSL.

22 O6nactb npumeHerms: OTHeYNOpHBE, HeTerazomofhBaIOmas N METAUTyPrAYecKas
OTPACIH NPOMBIUICHHOCTH

2.3 Koreunslit pesynsrar:

- 3a 2018 roxn: PaspaGoTasbl COCTaBE MATHE3HATBPHOCHIMKATHEIX KOMIIOSHUHN Ha OCHOBE
BCKPBINHBIX TIOPOJ| MECTOPOXIeHAN KeMumpcalickux XpOMHTOBRIX pyA. Bynmer omy6muxosana
1 CTATHS B PEICH3APYEMOM OTCUCCTBEHHOM HAYYHOM H3IAHHH ¢ HEHYIEBEIM AMIIAKT-hakTOpOM.

- 32 2019 rox: PaspaGoTaHbi TEXHOJOTHYECKHE NAPaMETPhl TIONYMEHUs PACKNHHABAIONIIX
TpaHyN, NPUMEHMIOMHXCA NPH UPOBEJCHHH THAPARMMYECKOrC paspslsa Inacta. bByper
onybnuKoBaHa | CTaThd B PELECH3HPYEMOM 3apYOEHHOM HAYYHOM H3ZAHHH C HEHYJICBBIM AMIAKT-
daxropom. Byzner oopmieHa | 3aseka Ha H306peTenne;

- 3a 2020 rOX: pe3yNBTATEl YKPYITHEHHBIX NTaGOPATOPHEIX HCIBITAHUE TEXHONOTHH
NONyUeHHS MArHe3WAILHOCHIMKATHARIX —YPONTAHTOB ¢  ONTHMH3ALMCH — TCXHONOIMYECKHX
[apaMeTpoB ¥ TIONydeHHeM OOpasNOB  IPONNAHTOR, COOTBETCTBYIOMMX — TpeGOBaHHAM
TOCT P 54571-2011 Ha Marue3WanbHO-KEAPLEBEle MPOIUIAHTEL BYXyT OMyONMKOBAHEI 2 CTATHH
B DOICH3UPYEMBIX 3aPyGCKHEX HayJHBIX H3JAHMAX, MHIEKCHPYeMBX B Gase nammenx Scopus,
¢ HeHyeBBIM UMIAKT-QakTopoM (IIpeNoNoXHBTENbHO, B XypHaax « Refractories and Industrial
ceramics», «Glass and Ceramics», «Ceramics-Silikaty»). Byzer momyaer 1 ITatent PK.

2.4 [12TeHT0COCOBHOCTE: Pe3yIbTATE! HCCICIOBAHNH IATCHTOCHOCOOHEL

2.5 Hay4qHO-TeXHH4ECKAH ypoBeHs (HOBu3HA): GyneT paspaboTaHa TEXHONOTHS NOIyYCHHS.
KEepAMHYECKHX IIPONNAHTOB, IPHMEHSIOMIXCA B Hed)TerasonoOHBAlOMEH MPOMBIIIEHHOCTH TIPH
NpoBe/ieHWA TUAPABIMYECKOTO pa3peBa IUIacTa Ha TPYAHOM3BICKAMBIX HE(TEra3soHOCHBIX
CKBAKIHAX.
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2.6 Wcno:Ie30BaHHe HAYYHO-TEXHUHECKOH IPOAYKIMHA OCYILECTRIseTCS: CmonnureneM.
2.7 Bua MCTiONB30BaHMsA pesy/ibTaTa BaydHOH U (WIN) Hay4HO-TEXHUYECKON AEATEIBHOCTH:

CTAaHYT OCHOBOH /U1 pa3pabOTKH TEXHOIOTHUECKHX —peIIeHH

TIONTYHEHAS KEPAMUYECKHX TIPOIIIAHTOR ¢ NOBBIIEHHBIMU 3KCILLY ATAIHOHHBIME CBOHCTBAMH.

3. Haumenosanue patom, CpOKU ux peanu3ayuu i pesyuomampl

CpOK BHINOTHEHUS

ndp Hauwmenopanve paot
anaana, no JIorosopy u 0CHOBHEIS OxkupaeMblil pesynbTar
aTana STAIIBT €ro BHLIONHEHUS T —

1 PaspaGotka cocraBoB Marme-| suBaph | 1 HosOps |ByuyT — paspaCoTaHsl  COCTaBEL
3MATBHOCHTHKATHEIX KxoMto-| 20181, | 2018 1. | MarHe3WaTbHOCHIMKATHEIX KOMIIO-
3UIMH HA OCHOBE BCKPHIMIHEIX 3UIAH  HA OCHOBE  BCKPBILIHBIX
nopoi  MecropoxieHul Kem- nopox MecTopokaenuit  Kemmmp-
TMHPCAHCKEX XPOMHTOBEIX Pyl CaliCKIX XPOMUTOBBIX Py

1.1 |MsydeHHe XMMHKO-MHHEPaNO-| SHBAph MapT | ByAyT W3yueHH XHMHKO-MHHEDA-
THYECKOTO COCTABA BCKpBUNEBIX | 2018 r. | 2018 r. |mormyeckHif cOCTaB  BCKPHINHEIX
oopof ¥ (PH3HKO-XHMHUECKHX oopof,  H  (H3MKO-XHMHUECKHE
HPOLUECCOB, MPOTEKAOIIHX NpH TIPOLECCH],  TPOTEKAIoNe  fIpu
OGXKHTe CBIPbs OBYKHATE ChIPB.

1.2 [ OBGocHopanme h:d pacueT| ampeis MoHb | Bynyr ofocHOBaHBI H pacCUMTAHE!
COCTaBOB CHHTesHpyeMBIX | 2018 T. | 2018 T. |COCTABBI CHHTE3HPYEMBIX KOMIIO-
KOMIIO3HITHH Ha OCHOBE 3HIMA Ha OCHOBE BCKPHIIUHBIX
BCKpBIMEEIX  nopop.  CurTes mopoA.  Byayr  CHHTe3MpOBaHBL
KepaMUYECKHX KOMIOZHLIEAR, KepaMHUeCKHe KOMIIO3HITHH.

1.3 |Onpenenenne HHTEpBana| Hiomb | ceHTaAbps |Bymer oupeseneH HHTEpBaL
CIEKaHHA MarsesuanbHOCHTH- | 2018 1. | 2018T. |CMeKaHMs MarHE3HANTbHO-CHIHKAT-
KaTHRIX KOMTIO3UIWH 3aTaHHbIX BIX KOMIO3UIMHK 387aHHEBIX
COCTaBOB. COCTABOB.

1.4 | Onpezenerne onTHMaNBHBIX | OKTAGPS | 1 HOsOps | ByayT ompeneneHEl ONTHMANBHBIE
COCTaBOB MarHesuansHo- | 2018 r. | 2018T. |coCTaBBl MaTHE3HANBHOCHIWKATHEIX
| CHITMKATHBIX KOMIIO3HIH. xommozunuii.  ByayT  maydenm!
Wsyuenne CBOUCTB  CHHTE3D- CBOHCTBA CHHTE3NPOBAHHBIX KOMIIO-
POBAHHBIX KOMITO3UIAH UM,

Byaer onyGaimxkopama 1 crates
B PEHEH3UPYEMOM OTEHECTBEHHOM
HAYYHOM H3JaHUH C HEHYIEBBIM
HMIIaKT-(aKTopoM,

2 PazpaGotka pecypcoceperato- | supapb | | HosGps | Bymer paspaboTaHa  pecypeo-
el TeXHONOTHWH momyueHds| 2019r. | 2019r. |cBeperaromas TEXHONOTHS —TOIY-
PaCKTHHUBAIOLTAX TpaHyI, HYEHHs PACKIMHMBAIOUIMX TPaHyl,
TMPUMEAIOIIEAXCS npu TIPUMEHSIONHXCS pU TPOBETEHHH
TIPOBECHHH  THJPABIHYECKOr0 THAPABITHYECKOTO PA3PHIBA ILIACTA.

pa3phIBa IUIACTA.





image25.jpeg
34

2.1 |OmpemencHue  ONTHMAIBHOLO| SHBAph MapT ‘Byaer onpejeneH  oNTHManbHEIA
€OCTABA IMUXTHL I MomydeHns | 2019 . 2019T. .cocTaR TMXTH Ul TIOJTYYEHHMS
KEePaMUYECKHX PACKINHABAKC- KEPAMHYCCKHX PACKITHHHBAROIIITX
TIHX TPaHyJI — IPOLIAHTOB. TPaHyJT — MPOTIAHTOB.

2.2 |Onpeznenenue ONTHMATLHOMH | anpens mions  |BymeT ompesenena oOnTHMANBHASL
CKOPOCTH BpamieHus 3aBuxpu-| 2019r. | 2019r. |cKOPOCTH BpallleHHs 3aBUXPHTENS K
Tens W Gapabama rpaHynsTopa Gapabana TparynaTOpa st
ANg MONY4YEHHS IPOIIIAaHTOB ¢ NOTYyUECHHU TIPOIIMAaHTOB <
38TAHHBIMH CBOMCTBaMH. 3aJaHHBIMH CBOCTBAMM.

2.3 |OmpenencHne  ONTHMANBHOTO | HIOMb | CHTAOPD | ByneT OMpedeNieH  ONTHMAIBHBI
yrma Hakitona Gapalama o) 20191 | 20191 }yron HakloHa  Oapalaua v
TOTy4YeHust TIPONIAHTOR [+ TMOTy4YCHAA TIPONIIAHTOB c
3a/JaHHBIMH CBOMCTBaMH. 3aAAIIITEIMHA CBOHCTBAMH.

2.4 | Onpenencuue ONTUMATBHEIX | OKTAOPE | 1 HOAGpA - ByayT ompezaeneHs! OnTHMansHLble
pexuMoB  cymk:m u  Temme-| 2019 | 2019T. peXEMEL CYIIKH ¥ TEMIEPATYPHI
Paryphl 00KHUTa MPONIAHTOB. ofi;KUTa IPONIAHTOB.

‘Byner omyGmukoBama 1 cTaTest
B PEUCH3MPYEMOM  3apyGCHKHOM
HAYYHOM H3JGHUM C HEHY.IeBBIM
; UMIAKT-PakTopoM,

Bymer odopmimena 1 3asgBka Ha
uzobpeTeHue.

3 Yxpyunennsle  nmabopaTopwele| suBaph | | HosOps  BymyT OpOBENEHEl yKPYTHEHHBIE
HMCTIBITEHUS texsomormu | 2020, | 2020r. |nabopaTopHsie HCTIBITaHHA
NOIyHCHHA MarHe3HallbHO- TEXHOJIOTHH TIOTy4CHHA Marse-
CHTAKATHBIX MIpOIIaHTOB, 3UANBHO-CHJIMKATHLIX TIPOIIIIAHTOB,
OINTHMH3AIES TEXHOJOTHUECKHX ONTHMU3UPOBAHE] TEXHOJIOTHYECKUE
TIAPAMCTPOB M MCIBITAHHE TapaMeTpsl W MCIEITAHB! OOpasiel
OG]JZBL[UE Ha COOTBECTCTBUE Ha COOTBETCTBHE TpeGOBﬁHHﬂ'M
Tpedopanusm ['OCT P 54571- TOCT P 54571-2011 Ha MarHe-
2011 Ha MarHe3AajIbHO~ | 3UANBHO-KBApIIEBLIe TPOTIIAHTEI
KBAapIICBBIC TPONIIAaHThL ‘

3.1 |IHoaroroska CHIPBEBBIX | AHBAPH MapT iByayT IONrOTOBNEHEI CHIPHEBEIC
MaTepualoB, upeasaputenbHas| 2020r. | 2020 r.  MaTepHanbl, OPOBEIEHA NpeNBapH-
HX TepMooOpaboTka hid TembHas WX TepmooGpaboTka M
COCTABIEHHE piite st COCTABNEHE] IIATEL st
H3TOTOBJICHUS KepaMu4CCKHX H3TOTORJICHHA KepaMHYECKUX
TIPONIIEaETOB TpONNasToB.

3.2 | VKkpynHeHHBIe  JTaOOPAaTOpHBIE | ampelb HIOHb  |ByIyT [pOBeJCHBL YKpyIHCHHEIS
UCTIEITAHUS paspaGorannoii| 2020 . | 2020r. :mabopaTopHble HUCIBITAHHS
TEXHOIOTHH € TOJYYEHHEM i paspafoTaHHOH  TEXHONOTME M
ONBITHEIX ~ OOpasioB  TpaHym- {DOMy4eHBl  OIEITHBIE  OODA3IEI

TIPOTNAHTOB

| TPaHY JI-TIPOTIAHTOB.
I
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33 | OnTHM3anAs TeXHONOTHICCKAX | HMEOIb | CEHTAGPH | ByIYT ONTAMWU3HPOBAHBI TCXHOIO-
TIApaMeTpoB MONy4eHHs MarHe-| 2020r. | 2020T. THYeCKHE IApaMeTphl IMONYUYCHUs
3UANEHO-CHITAKATHEIX MarHe3HaIbHO-CHAKATHEIX
TIpPOIIIEHTOB TpONMIaHTOB.

Bygyt omybnuxoBaHsl 2 CTaTBH
B PEIEH3UPYeMBIX  3apy0eHEIX
Hay4IHBIX H31aHUSIX, HHJIEKCH~
pyemslx B Oase AaHHEIX Scopus,
¢ HEHYNEBBIM HMIAKT-(aKTOpOM
(TIpeIMONOKUTENBHO, B OKypHAIEX
«Refractories and Industrial
ceramics», «Glass and Ceramics»,
«Ceramics-Silikdty»). Byner
nomyuen 1 [atent PK.

34 |Mconranne o6pa3nos- | oxTa6ps | 1 Hoabps | ByayTt HCIBITAHEL ofpastiel-
IPONNAHTOB Ha cooTBeTcTBHe| 2020T. | 2020r. |OpOMIAaHTOB  HA  COOTBETCTBHE
1peboamuam TOCT P 54571- Tpebosanuam ['OCT P 54571-2011
2011 Ha MAaree3HaNbEHO- Ha MarTHE3HAaIbHO-KBapIICBEIE
KBApIIEBBIE MPOTITIAHTEL TTPOIII&HTEL.

Ot 3akasuuka:

Tpencegarens I'V «KomuteT Hayxn

Abapacuios B.C.

OpaszoBaHis u Haykd PK»

Or Henonuurens:

ﬁﬁéﬁﬁi?ﬁﬁi?énpe

KkPOp — Ipencenareins

5%

O3HAKOMJTEH:

HayuupIf pyKOBOJMTEND MPOEKTA

S

(noanacs)

Buprokosa A.A.
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PELIEH3USI

Ha OTYET O HAay4HO-HCCIIe/I0BATENLCKON paboTe 10 MPOeKTy:

«Pa3paboTKka TEXHOIOIHH MOJIYYeHHs MArHe3HalbHOCH/IMKATHBIX PACK/IHHHBAIOIINX IPaHyJl,
[IPUMEHSIIOLLMXCS TIPH TIPOBE/ICHHH TH/IPABIMYECKOr0 Pa3phiBa MU1ACTA C LEIILIO YBETHUCHUS
HeTe106BIMMY, BBITOMHEHHOMY 110 [ paHTOBOMY (DHHAHCHPOBAHHIO HAYUHBIX HCCIIEIOBAHMIT HA
2018-2020 r.r.

[lpesicTaB/ienHas Ha pelieH3HIo PadoTa MOCBSIIEHA HCCIEIOBAHUAM B 00/1aCTH CO3aHHs
OTHEYTOPHBIX M KepaMHuecKHX (YYHKUMOHAIBHBIX MATEpPHAIOB, B YaCTHOCTH, paspaboTke
TEXHOJIOTHH HOJTyYeHHs MarHe3ualbHOCH/IMKaTHBIX PacK/IMHUBAIOLIMX rpamyi,
[IPUMEHSIOLMXCS [IPH TIPOBEJICHHH THIPABIMYECKOrO paspbiBa IJIacTa C LEJIbIO YBEITHUCHHS

. Hedre00bIuM.

UHHOBAalMOHHOE  pa3sBUTHE  COBPeMEHHON  HedrerasonoObiBaioiedl  orpacin B
Kasaxcrane rpejycMaTrpuBaer JaibHeiiliee yBelHYeHHE J00bIMM YITIEBOAOPOJOB 3a CyEeT
BHE/IPEHHSI MPOrPECCHBHBIX TEXHOJOTHH, B TOM YMCJIE THPABIMYECKOrO paspbiBa IMjacTa
(T'PII), uto 06ycI0BIMBACT yBeIHUEHHE NOTPEOHOCTH KEPAMHUYECKUX IIPOTMIAHTOB C 3a/[aHHBIMH
CBOHCTBAMH.

VkaszaHnupie 0OCTOSITEILCTBA  CO3JAIOT  TMOJIOXKHUTENbHBIE  YCIOBUSL ISl CO3JIaHMS
[IPOM3BOICTBA KEPAMHUECKHX PACKIMHMBAIOIINX MATEPUAIOB PA3IMUHBIX COCTABOB C 3a/laHHBIM
KOMILIEKCOM 9IKCIUIYaTallHOHHBIX CBOMCTB M OKOHOMHYHBIMH [0 JHEprosarparam IpH HX
Npou3BoACTBe. B 9TOi cBsi3M HaydHble HCCieloBaHMs Ha Temy «PaspaboTka TEeXHOJOrHH
[OJIyYeHHs] MarHe3MaJbHOCHIMKATHBIX PACKIMHUBAIONIMX TPaHyJl, [PUMCHSIOUMXCS MpH
IIPOBE/ICHUH THPABIMYECKOrO Pa3pbiBa IUIACTA ¢ NENbIO yBeInyeHus HedTeo0bIuu, SBIsIOTCs
AKTYaJIbHBIMH.

OTyeT COCTOMT U3 3-X pa3/IesioB:

1 PaspaboTKka COCTABOB MarHe3HalbHOCHINKATHBIX KOMIIO3HIMA HA OCHOBE BCKPBIIIHBIX
[I0POJL MECTOPOIKICHHIH KeMITHPCAHCKUX XPOMHTOBBIX Py

2 PaspaGoTka pecypcocOeperarolieil TeXHOMIOuU M0y eH!s PACKIMHUBAIOIINX IPaHyJI,
[IPUMEHSIOIIMXCS [IPH TTPOBE/ICHHH IH/IPABIMYECKOr0 pa3pbiBa 1171acTa

3 VkpynHeHHble JabopaTOpHble HCIBITAHUS TEXHOJIOTMH IOJIYYEHHs! MarHesHalbHO-
CHJIMKATHBIX [IPOMTIAHTOB, ONTUMHU3ALIHs TEXHONIOIHYECKHX T1apaMeTPoB H HCIIbITaHKE 00pa3LoB
na coorserctsue tpebosanusiv 'OCT P 54571-2011 na marne3naibHO-KBapIUEBbIE MPONIAHTDI.

[To pasaeny 1 - M3ydeHbl XMMHKO-MHHEPAJIOrMYECKHH COCTAaB BCKPBIIIHBIX TOPOJ H
(M3UKO-XUMHYECKHE TTPOLECCHI, TPOTEKAIOLIHE NPH 00IKHIE ChIPbS.

OCHOBHBIM MHHEPAIOM BCKPBILIHBIX MOPO/L SBJSETCS CEPIICHTHH, NMPHCYTCTBYIOUMI B
(GopMe  BOJOKHMCTOrO ~XpH30THJA M [UIACTHHYATOTO AHTHTOPMTA, B  BHJE NpHMeECeH
[PUCYTCTBOBAIM OKCH/BI W T'MJIPOKCH/IBI JKelle3a, KapOOHaThl, KBapll, FHAPOMArHE3UT, TalbK H
ap. Ipu tepmooGpaGorke cbipbsi B unteppaie 600 — 1400 °C Gblin OTMEUCHBI CTPYKTYPHO-
(a3oBble M3MEHEHUS HCXOIHBIX MHHEPAIOB ¢ 0OpasOBAHHEM HA MX OCHOBE OCHOBHBIX (a3 -
(opcrepuTa M KJTMHOYHCFATHTA, IPUMECHBIMH - OKCHJIbI JKeJIe3a W IITTHHEb CJIOKHOIO COCTaBa.
Onpe/ieieH MHTEPBAI CHIEKAHNs MArHe3HaJIbHOCHIMKATHLIX KOMIIO3HLMI 3a/IaHHBIX COCTABOB,
coctasssionumii 1250-1350 °C. OntumanbHas TeMIepatypa CreKalomero o0knra KepaMHKi u3
BCKPBIIIHO# 1oposibl coctauna 1350 °C.

[lo pasgeny 2 -OnpeseiieHbl ONTHMAibHBIE COCTaBbI IUHXTBI JUISL  MOJyYEHHs
KepaMHYECKHX PACKIMHHBAIOIIMX TPaHyJl — NPONMAHTOB HA OCHOBE BCKPBILIHBIX TOPOI €
J106aBKoii 20 % KBapLEBOro Mecka, Wik OrHeYOPHOH MIIMHbI, JKeJIE3HCTOro GOKCHTa H KpacHOro
LUIaMa; ONTHMAJIbHBIC [ApAMETPbl TIPAHY/ISLMH KEPAMHYECKOH Macchl IpH  MONY4YCHHH
PACKJIMHMBAIOUIMX PAHYJIC 3a/IaHHBIMH CBOMCTBAMH, TAKHX KaK CKOPOCTh BpalueHus Gapabana
W 3aBuxpuTens rpanyastopa (coorsercrserno 170 u 3000 o6/muu), yrosi Hakiona GapaGana
(30°), onTumManbHBIH MHTEpBa criekatowtero otskura (1240-1350°C).
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[lo paspeny 3 -

ITpoBe/ieHbl MOJArOTOBKA CHIPLEBBIX MATEPHAJIOB, Npe/IBapUTEIbHAs UX TepMooOpaboTKa
M COCTaBJICHBI INMXTHI JUIS TOJYYCHHs PACKIMHUBAIOLIMX IPaHy/]l MarHe3HajibHOCHIHKATHBIX
IPOMNIAHTOB; POBEJCHBI YKPYITHEHHbIE 1a00paTOpHbIE HCMBITAHUS pa3paboTaHHON TEXHOJIOrHH
C TIOJIyYEHHEM OIBITHBIX 00pa3loB rpaHyJ-nponnaitoB. ONTHMH3MPOBAHBI TEXHOIOIHYECKHE
napaMeTpbl MOJTyYeHHs MarHe3HajlbHOCHIMKATHBIX IIPONIIAHTOB, TAKHX KaK COCTAB IIMXThI, YTOJI
HakjloHa Gapabana n ckopocTH Bpamenns GapaGana i 3aBuxputens. OnbITHBIE 00pasibl rpaHyJl
NPONIMAHTOB HCTIbITaHBI Ha cooTBeTcTBHE TpeGoBanusm 'OCT P 54571-2011 na marue3nanbHo-
KBaplieBble NponnaHThl. ONbITHBIE 00pa3ibl MArHE3HAIBHOCHIMKATHBIX MPOIIIAHTOB HA OCHOBE
Ka3aXCTAaHCKOTO ChIPbSl OTHOCATCS K TPOMIAHTOM CPe/IHEeH MIOTHOCTH (HACBIMHAS MJIOTHOCTh-
1,65-1.70 r/cm), conpoTHBieHHe K paspyiieHuio npu Harpyske 34.5 MIla — ue Gonee 15%,
OKpyriocTs 1 chepuunocts — 0,7-0,9.

Hosusna uccneoosanuii 3aKkiiovaercs B yCTAHOBJICHHHM aBTOPAMHM 3aKOHOMEPHOCTEH
(HM3MKO-XMMHYECKHX TPOLIECCOB, INPOTEKAIOUIMX [IPH  CHHTE3¢ MarHe3WalbHOCHIMKATHBIX
KOMITO3HIMI ¢ TPUMEHEHHEM MHOTOKOMIIOHEHTHBIX [IMXT, @ TAKXKE BIMSHHE THX MPOLECCOB HA
criekanue M (pOpMUpOBAHKE 3a1aHHOrO (HazoBOro COCTABA, CTPYKTYPDI H MEXAHHYECKHX CBOHCTB
KEePaMHUYECKON MaTPUILBL. i
Tpakmuyeckas 3navumocms 3aKimodaercs B paspaboTke pecypcocOeperaioieii TeXHOJIOrHH
NOJTyHeHHs KepaMHUYECKHX MPOINIAHTOB /Ul HedTera3o100bBaIONIEH NPOMBILLICHHOCTH.

Texnuueckast HoBu3Ha paboTel moaTBepiieHa narentom PK Ne 34551 ot 04.09.2020 na
COCTAB MIMXTHI JUIS MOJTy4YeHNs MarHe3HaIbHOCHIMKATHBIX POIITAHTOB.

Obnacmo  npumenenus:  Kepamuueckue, OrHEyNOpHbBIC, —METALIypruyeckue M
He(Teras’oJ00bIBAIONINE OTPACIIH MPOMBIIIICHHOCTH

Oronomuveckan  shhekmuenocmo  wau  3Hauumocmv  pabomei:  3aKIOYACTCS B
npUMeHeHHH GpOCOBOrO  MArHe3MalbHOCHIMKATHOrO CHIPbS B BHJAE BCKPBIIIHBIX MOPOJL,
JIEMEBOrO MPUPOJIHONO ATIOMOCHIMKATHOTO ~ CBIPBSi M OTXOJIOB IIMHO3EMHOTO MPOH3BOJICTBA
NpH  TMOJYYEHHH KEPAMMYECKHX PACKIMHMBAIOLIMX TpaHys, 00IajalomuX OJIHOBPEMEHHO
BBICOKOH KOPPO3HOHHON CTOMKOCTBIO, BBICOKOH MEXAHMYECKOH TMPOYHOCTBIO M IIMPOKHM
JmanasonoM riy6unel npounssoanmoro I'PIT na ckaxkunne.

[To oruery omyGnmkoBano 4 crarbd B JKypHAIaX C HEHYJIEBBIM HMIAKT-(paKTOpPOM,
HHJIEKCHpYeMbIX B Oase JaHHBIX Scopus.

[o oTyeTy UMEIOTCS ClIe/IyIOlIHe 3aMeUaH sl H NOIKEa s

B paGore umeiorcs Hekotopble OMMOKH PEJAKIMOHHOIO XapakTepa M 3aMeuaHus Mo
o(hopMICHHIO OTYeTaA.

Hexoropble TaGauubl JUis  HarasgaHocTH Jiyumie Obio Obl NPEICTaBUTH B BUJE
3aBUCHMOCTEH Ha PUCYHKaX.

Pexomenoayuu no ucnonb306anuio pesyiomamos paboni.

Pexomentyercst mpoJo/okuTh paboTy B JaHHOM HANpaBlI€HHH M Pe3yJabTaThl HAYYHO-
NPUKIAIHBIX MCCIIE0BAHHH 10 pa3paboTke pecypcocOeperaiomieil TeXHOJOTHH I0Iy4eHHMs
KEPaMHUYECKMX  INpPONNAHTOB MPEIOKHTH Ul  KOMMEPLMAIH3ALHK  3aHHTEPECOBAHHBIM
CTPYKTYpam. »

3aseayrommii 1aboparopueit CBC-HOBBIX MaTepHaioB .

Hucruryra npobiiem ropenus, K.X.H. Domenko C.M

WHcTuTyT npobnem ropeHns

| Noarince __édé/:""r—-—

YyeHblit cexpeTapb
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BBIITUCKA U3 ITIPOTOKOJIA Ne 10

3aceaHusl YueHoro coseta AO «AHCTHTYT MeTaJLTyprHH H 000rameHns»

r. AlIMaThI 07.10.2020 r.

Ipencenarear — Kemxames B.K., T'enepambusii mupextop — Ilpexncenarens Ilpasnenus
AO «MMuOp», 1-p TexH. Hayk, npodeccop

Cexperaps — Temupopa C.C., pyKOBOIHTENb yIPABICHHS HAYYHO-TEXHHUECKAMH TIPOEKTAMH,
KaHJI. XHM. HayK

MpucyrerBoBann: 19 urena Yaeroro Cosera u3 21 CIMCOYHOTO COCTABA.

ITOBECTKA JIHA:

Paccmotpenne orgeToB 3a 2020 rox 1Mo mpoeKTaM, BHIIONHSIEMBIM B paMKaX FPAHTOBOTO
(MHAHCHPOBAHMS HAyYHBIX HccienoBanuit Ha 2018-2020 rr.

CIIYIIIAJIN:

IIOKJ'IHZ[ BEAYILIETO HAYYHOI'O COTPYAHHUKA na6opaTopHH METAJUIOBEACHAS KaHI. TEXH. HAYK
Buprokosoit  A.A.  «Pa3paGoTka TEXHOJIOTHH IONYYECHHS  MATrHE3HATBHOCHIMKATHBIX
PAaCKIMHUBAIOIIAX TpPaHyJ, NPUMEHSIOMHUXCA ITIpH ITIPOBEICHHH THIPABIMYECKOTO pa3pbiBa
TJIACTa C HENBIO YBEMUCHHS He(Ten00bmHm».

Bompocsr:

AbnynmsammeB P.A. k.T.H. — Kakoe BIMSHHE OKa3bBAlOT XPOMOBBIC COEIWHEHHS
CONEPIKAIIMECS B OCHOBHOM ChIphe?

Kesatkoscknit C.A. kT.H. — Kakne TpeGoBaHMs 1O (PaKIMOHHOMY COCTaBy

TIPEABSABIIAIOTCS K HpOl'[l'laHTaM?

PEIIEHUWE YYEHOI'O COBETA

Oruer mo  mpoekty  AP05131248  «PaspaGoTka  TEXHOJNOTHH  IOJyHCHHS
MarHe3HalbHOCHIIMKATHBIX PACKIMHUBAIOIINX TPaHys, MPHMEHSIOMKXCS IPH I[POBEICHAN
THIPABIMYECKOTO paspelBa IUIAaCTa C IEIbIO yBETHYeHHs HedTenoObram» (HaydHBIH
PYKOBOOMTENb: KaH/I. TeXH. Hayk bupiokoBa A.A.) yTBepIHTb.

Ilpencenartens —
TeHepalIbHBII THPEKTOP —
IIpencenarens IIpasienns
AO «MUMuOy,

JI-p TEXH. HayK, npodeccop Kemxannes Bb.K.

Cekperapb —
PyKoBOAUTENE yIIPaBICHAS
HayJHO-TEXHUYECKUMH TIPOCKTaMH,

KaH/I. XHM. HayK Temuposa C.C.
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RESEARCH REPORT

Development of a technology to obtain magnesia-silicate proppants used in hydraulic fracturing
to increase oil production

the project topic:

HIGH-LEVEL LABORATORY TESTS OF THE TECHNOLOGY TO OBTAIN MAGNESIA-
SILICATE PROPPANTS, OPTIMIZATION OF THE PROCESS PARAMETERS, AND
SAMPLE TESTING FOR COMPLIANCE WITH THE REQUIREMENTS STIPULATED IN
GOST R 54571-2011 FOR MAGNESIA-QUARTZ PROPPANTS
(final)

Scientific Project Leader: | -
Leading Researcher, Ph.D. in Engineering Science C/% P A.A. Biryukova
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