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Abstract. This research is done for the purpose of the sustainable development of the society through using the approach based on the principle «technology – ecology - economics». The wastes of the mining and metallurgical sector, which contain in their chemical composition the compounds with the elements s,- p,- d-, constitute a valuable feedstock for obtaining “glass-steel” composites. The received results show that the frit manufactured with utilization of industrial wastes, and subsequently the enamel slip made on its basis, as well as the characteristics of such enamel slip, by the results of the laboratory research, are on a par with reference specimen. Introduction of wastes to the technological cycle will allow to expand the base of raw materials for production of protective coatings simultaneously ensuring meeting the requirements of the environmental safety and protection of the environment. 

1.   1. Introduction
Sustainable development of the society is one of the strategic goals of the humanity.  By means of solving this task, it is possible to achieve a radical improvement of the environmental condition through the ecologization of the industrial activity, in particular, by way of managing the level of use and disposal of the production wastes.  This will allow to keep the impact of the industrial manufacturing within the limits of the capacity of the ecosystems, taking into account the needs of future generations [1].100% use of the natural raw materials is not achieved in the manufacture of the end product, because the existing technologies are imperfect, due to the structural features of any given apparatuses, plants, or another processing equipment [2]. 

This results in creation of huge amount and diversified chemical composition of   production-induced wastes, which, in the context of the present terminology, are commonly referred to as disperse systems of technogenic origin. The term “production wastes” covers not only the wastes generated as a result of mechanical and physical-chemical processing of raw stock and materials, but also the wastes generated during mining and enrichment of minerals [2]. The great chemist, D.I. Mendeleev, expressed an idea that «wastes are also raw materials, but not used in the given production» [2, 3]. In our opinion, by further developing the ideas of D.I. Mendeleev, we treat the production-induced materials as mineral and energy raw materials capable of providing new bonds, disperse structures, but with other physical, mechanical and chemical characteristics.
2.   Relevance 
Raw materials are very important for the sustainable functioning of modern societies. Accessibility and affordability of the mineral raw materials are of crucial significance for healthy functioning of the economy. A growing demand for raw materials increases concern regarding the quantity of mineral resources and especially the availability of metals. Besides, many metals, metalloids or rare earth elements, which have not been utilized in the past, are now being used for manufacture of value-added products, especially in the sphere of the new and green technologies. Many of them are byproducts of manufacturing base metals, and their reserves are very limited [4, 5]. 
Mining industry has been inflicting damage on the environment for thousands of years. Thus, the scientists in Spain are conducting comparison of research regarding the impact of the ancient mining operations, in the watershed rock, and the modern mining production. This will allow to forecast a long-term behavior of the modern sediments in this area contaminated with metals [6]. An enormous quantity of the so-called overburden rock is created in the course of mining the mineral deposits. The authors of the scientific paper [7] offer to return such rocks to the place of their extraction after finishing exploitation of a deposit. However, it is not always expedient, since they might contain a considerable number of elements, so it is not necessary to perform extraction again. 
Accumulation of mining wastes is typical for various countries [8-10]. The main obstacles for efficient use of wastes have been identified and broken down by the authors [4] into several constituent parts. One of such constituents is efficient use of the byproducts of such production. Mining and metallurgy sector wastes are given attention for the purpose of assessing their influence on the components of the environment, as well as for a feasible recovery from them of valuable metals. In France, a recently started project is aimed at identifying on a nationwide scale interesting mining wastes from the old deposits and assessing the metal recovery potential of these wastes. On a first step, it focuses on previous sites that need to be rehabilitated. [4]. Thus, the author [11] states that the wastes from manufacturing electrolytic manganese dioxide can be used in the production of enamels and in this way to obtain decorative coatings with stable processing parameters. In fact, the recycling of wastes generated by one kind of production in another kind of manufacture, will allow to speak about the desire to reduce the amount of waste generation, taking into consideration the fact that in the opinion of the authors [12-13], it would be reasonable to speak only about low-waste production, which is not treated as an «intermediate step» to achieving a «practically waste-free production», but as a final goal. The disperse structures, as is known from the papers of A. A. Appen, F.D. Ovcharenko, N.N. Kruglitsky [14-16], cover the compounds, synthesized under the conditions not only of the nature-and-raw materials formation of certain minerals, but also in the real technologies in processing of the mineral raw materials in recovery of the metals (Ti, Al, Zr, Fe, Mn), and also the oxide compounds in the form of titanium pigments; ceramic and glass-enamel dampers.
According to the modern physical and chemical views, the glass-like state is an amorphous non-equilibrium condition, occurring as a result of liquid overcooling or increasing the impact of pressure on it.  The glassy state, being metastable, differs from the crystalline state by the surplus amount of internal energy. The spatial distribution of the substance particles in the glassy state is disordered. The specific feature of the glass structure is the presence of the short-range order only, which, in case of oxide glasses (they include the majority of glass frits) characterizes the location of the oxygen anions, halogens relative to the cations, for example, in the groupings [SiO4]4– or [SiO3]3–. The specific properties of glasses include the lack of the definite temperature of hardening or melting. When assessing the tendency of the materials to glass formation, it is a common practice to take into account crystalline and chemical notions on the composition and structure of glasses and atomic characteristics of cations and anions [17]. The glasses intended for protection of the steel substrate, contain a great number of components that include glass formers (B3+, Si4+, Ge4+ ), modifiers (Li+, Na+, K+, Ca2+, Mg2+, Fe2+ ) and glass former-modifiers (Al3+, Ti4+, Zr4+ ). Numerous industrial compositions of glasses for protection of steel are synthesized on the basis of glass formers, modifiers and create complex systems of alkali alumina-borosilicate nature. The glass-like structures have their specific properties due to the presence in their composition of several anions: oxygen, fluorine and chlorine [18].

Due to the combined presence of glass formers, modifiers and several anions, the glass-like materials have a number of physical and chemical properties: crystallization capacity, viscosity, surface tension, wetting ability, corrosive ability of molten mass, which determines the intensity of the interaction processes in the systems «steel – glass – coating». According to А. А. Appen [9, 14], the molten glass fixation on the steel substrate is electrochemical in nature, where the overall reaction of interaction between the molten glass and steel is divided into two phases: oxidation-recovery and local differentiation of the oxidizing (anode areas) and restorative (cathodic) processes. As this takes place, steel is subjected to oxidation, while the components of the molten glass are being recovered. The typical oxidizers relative to steel and molten glass are the compounds of groups VI and VII in the periodic table of elements (O, F, Cl, S); cations of d-elements (Ti, Fe3+, Cu2+, Zr 4+ etc.), as well as cations Ме+, Ме2+. In papers [19-20] the studies of the frit properties are given with the use of various additives, which testifies to the applicability of this line of research.

3.   Setting the Objective  
The wastes generated by Volnogorsky Combined Mining and Metallurgical Plant were the subject of the research. These wastes were used as a component part of the mix material while the glass was derived. Based on them, the slurries required for formation of the protective coatings on the rolled sheet products are made.

Thus, the final goal of the paper lies in achieving a considerable expansion of the  raw material base for manufacturing steel products with the protective coating based on the physical and chemical principle «similar substances match», in which case structural groups are formed to ensure improved mechanical and physical characteristics, and, with concurrent energy saving in the production of protective composites due to micro-alloying of the glass-forming oxides by the compounds of s1- p1- d- elements (Ti, Al, Zr, Fe, Mn etc.), contained in the products and materials of technogenic origin. Recycling of the production wastes during the new technological cycle will allow to reduce their quantity, which will have a positive effect on the quality of the environment.
4.   Theoretical Part 
Defining the terms «origin and formation» we offer to take into account the following. The nature, as it is known, is the world surrounding us in all infinite diversity of its manifestations. In parallel with this, there is a notion of the «second nature», the course of which is understood as the sum of substances, objects and phenomena, not existing in nature in a ready form, but created in the process of public production. It is known that on the territory of Ukraine there are considerable deposits of polymetallic ores, which serve as a raw stock for production of the rare earth metals, concentrates, pigments, flame-retardant additives, additives for alloying carbon steels, for producing heat-protective materials in rocket building, etc. Yet, the modern technologies applied at the plants of the mining and metallurgical sector  (Volnogorsky mining and metallurgical plant provides for manufacturing of the basic commodity products, but as a result of the plants’ operation, considerable quantities of large-tonnage, technogenic materials are accumulated, whose chemical composition contains the compounds of s,- p,- d- elements, (titanium, zirconium, hafnium compounds), which are used in the construction, hydraulic engineering and other spheres not to the full extent.
The wastes (of technogenic origin – the products of factories) – represent in our view, material and energy compositions with combination of various compounds represented by s1- p1- d- elements. Depending on the technology of processing the baseline natural raw materials, other materials of technogenic origin are generated.
5.   Practical Relevance, Results of Experimental Research 
For preparation of the feedstock mixture, in addition to the conventional materials, the technogenic wastes of the Volnogorsky mining and metallurgical plant were used, having the following chemical composition, mass. %: SiO2 - 44,2; Al2O3 – 34,8; TiO2 – 8,4; Zr2O2 – 4,6; Fe2O3 – 6,0; losses in heat treatment – 2,0.

Precisely batched raw materials in accordance with the proportions given in Table 1, are being thoroughly mixed, charged into the furnace and fused for 1.5-2.0 hours at 1250-1280 °С. 
Table 1. Proportions of Raw Materials 

	
	1
	2
	3
	Reference Sample 

	SiO2
	45,3
	44,2
	35,83
	48,4

	Na2O
	23,1
	22,2
	21,09
	22,6

	CaO
	10,7
	10,1
	8,02
	14,3

	B2O3
	4,2
	5,2
	4,10
	14,2

	CoO
	0,1
	0,3
	0,5
	0,5

	MgO
	0,9
	1,5
	6,0
	--

	Wastes 
	15,7
	16,5
	24,46
	--


During the melting of frit, first of all, one should pay attention to maintaining the temperature in the furnace, whereby the uniformity of the furnace charge can be ensured. The thread testing (complete melting) shall be conducted after 1.5-2.0 hours of melting. The thread should not contain large nubs, but bubbles are allowed. A ready molten mass is tapped from the furnace to the cold water for its rapid cooling with simultaneous granulation. The obtained granules together with the required additives shall be ground in the ball mills using wet-grinding method. The obtained enamel slip is applied by way of spraying on the steel surface treated with the 10% solution of sulfuric acid with the addition of the inhibitor KX-K. After that drying and kilning are performed at the temperature of 860-870ºС for 3-4 minutes. The main mill additives are added in the following quantities: for 100 weight parts of granules one should add: water - 35-40 weight parts; clay - 5,0-7,0 weight parts; quartz sand of the Malyshevskoye deposit 10,0-12,0 weight parts; sodium borate - 0,2-0,4 weight parts. After reduction in size of the enamel slip components, it is subjected to ageing for 24 hours, then it is brought to the desired consistency 8-11 g/dm2, the specific gravity of the enamel slip being 1.666-1.72 g/cm3.
Description of the physical-mechanical and performance properties of the composition offered for the enamel frit as compared with the reference sample: impact strength, enamel coating weight loss in torsion are shown in Figures 1 and 2: where 1,2,3 - compositions of the raw materials with varying content of wastes, 4 – reference specimen (without wastes)
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	Figure 1. Impact Resistance, %.
	
	Figure 2. Enamel coating loss of weight in torsion, g/cm3 


Thus, one of the objectives of the paper has been solved, namely, scientifically qualified management over the material-resource-energy saving by means of developing a physical and chemical approach, based on the principle «technology – environment - economics».

6.   Conclusions  

Thus, on the basis of the physical and chemical interrelation of the disperse structures and materials of technogenic origin, the scientific foundations for obtaining protective coatings were created providing for the use of compositions «glass-steel substrate», based on the concept, which generalizes the regular patterns and peculiarities of the reaction progress with the processes of the directed gas generation and formation of the structure, ensuring the desired physical, mechanical and chemical properties of the product within the system «functional glass-steel substrate».

This paper has proved not only the practical relevance of using the industrial wastes, but also provided the scientific rationale for the competent usage of wastes containing the compounds of diagonal analogs and vertical homologues, elements of d- electronic family. Ultimately, thanks to the completed work, the problem of national importance is solved, because the raw material base for production of the protective coatings is expanded with the simultaneous fulfillment of the environmental safety requirements and protection of the natural environment.

Practicable and applicable result of the research in the system «natural raw materials-disperse products of technogenic origin» is synthesizing of the ground-coat enamel, enamel slip. On their basis, a flexible technology has been developed for production of steel products protected by the functional coating with the use of the wastes of the Volnogorsky mining and metallurgical plant.
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				Показники		Склади						Відомий прототип

						1		2		3

				Прочность на удар на приборе НПИ,%								92-95				Прочность на удар на приборе НПИ,%

				Потеря веса эмалевого покрытия при кручении на машине К-1(г/см3)		0.35		0.45		0.52		0,48-0,58				Потеря веса эмалевого покрытия при кручении на машине К-1 (г / см3)

																Склонность к пороку «рыбья чешуя» - время появления первой чешуйки, мин.
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		Прочность на удар на приборе НПИ,%		98		96		89		94

		Потеря веса эмалевого покрытия (г/см3)		0.35		0.45		0.52		0.53
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