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ABSTRACT: It had been substantiated the cementless recipes of backfilling mixtures for eliminating the underground voids based on the research of ash and slag suspension properties. It had been provided the technological advices on the formation of backfilling mass, which solve the technical-economic and environmental problems of coal-producing regions.
1   INTRODUCTION

The coal and metallurgical industries are leading in the industry of Ukraine. Currently in the technological process of mining and metallurgy 10…90% of the initial raw materials become wastes. For example, annually the coal industry produces about 1.3 billion tons of rock and about 80 million tons of coal wastes and the output of the ferrous metallurgy slag is about 80 million tons, the ash-slag wastes of HPS are about 70 million tons. Thereby, recycling and disposal of the industrial wastes is a serious environmental problem.

The other hand, during the underground coal mining it had been formed the opening space that causes a deformation of rocks and surface, especially when watering openings. It is known that the coefficient of void residual after the roof collapse of the lava rock is 0.22…0.4 for Donbass mines. For example, for an average mine which is excavated layers with capacity of 0.8…1.2 m the amount of developed space is about 20 million m3. Therefore it is the very perspective direction of recyclable slag waste is making on the basis of their tamping-backfilling materials. It is caused by that blast-furnace slag, as granular and dumping, includes a wide range of hydraulically active minerals and could be used as an astringent. This question is very important for Ukraine, because there is a deficit of raw materials for the cement production (Kipko, Spichak, Dolzhikov, Pozhidaev & Umanskiy 1998).
2   PURPOSE AND OBJECTIVES OF THE SCIENTIFIC RESEARCH
This article is dedicated to the justification of resource-saving filling mixes based on slag wastes with high rheological and structural and mechanical properties.

Obtaining a new cementless composition of filling mixtures using only slag wastes unites the solution of problems of coal and metallurgical industries and provides decrease of environmental damage from a harmful production.

The following research objectives are solved in the article:

- The study of the properties of slag wastes;

- The study and the analysis of the rheological and strength properties of slag suspensions;

- The justification of the recipe of ash-slag filling mixes and the technological scheme of their preparation.
3   MATERIALS UNDER ANALYSIS
The research was carried out on the carryover of ash and ash-slag of wet removal on Luhansk HPS and also on the blast granulated and dumping slag on Alchevsk Metallurgical Plant. Representative samples were taken in accordance with the rules and techniques of the research are in full compliance with the standards (DSTU B.V 2.7-86-99 1999).

The analysis of the granulometric composition of HPS ash and slag revealed that fineness modulus of dry ash is M = 0.063 mm, which corresponds to the grinding fineness of the cement. However, for the ash-slag of wet removal the module is M = 2.75 mm at a fraction of up to 10 mm. It had been required screening and selection of the fractions smaller than 1 mm. That had been provided the fineness modulus: M = 0.134 mm.
The results of chemical analyzes of ash-slag are illustrated in Table 1.
Table 1. The chemical composition of ash and slag, %.
	Sample
	SiO3
	SO3
	Fe2O3
	Al2O3
	CaO
	MgO
	K2O
	Na2O
	TiO2
	l b

	Dry ash
	56.3
	0.68
	8.48
	23.48
	4.38
	1.25
	0.8
	0.22
	0.34
	4.0

	Ash of wet removal
	57.1
	0.51
	7.24
	22.99
	3.34
	1.31
	0.7
	0.25
	0.36
	6.2


The blast furnace slag of metallurgical production is a lump material that is why the slag was sieved with the selection of fractions less than 2.5 cm. The slag density is 2.6…2.8 g/sm3, the mound density is 1.3…1.5g/sm3. To be used as an astringent the slag was ground in a ball mill to the specific surface of 4000 sm2/g.
The chemical composition of blast furnace slag AMP is presented in Table 2.
Table 2. The chemical composition of blast furnace slag, %.
	Sample
	SiO2
	CaO
	Al2O3
	MgO
	MnO
	FeO
	TiO2
	Si
	Mn
	S
	Ti
	l b

	Blast furnace slag
	39.41
	45.44
	7.17
	5.14
	0.17
	0.34
	0.42
	0.52
	0.17
	1.05
	0.02
	1.15


According to hydraulic properties the slag refers to a solid grade with quality coefficient of 1.2 and the basicity module is 1.25.
Hence the injection of ash and slag suspensions in a watered underground space will not have an ecologically harmful effect on the rocks and hydrosphere.
The development of filling mixes on the basis of slag waste was performed by techniques of complex methods of tamping (Kipko, Dolzhikov, Dudlya & etc. 2004). Based on the theoretical and experimental results of the researches of clay-cement slurries it have been developed cementless recipes of backfilling suspensions for filling underground cavities, the main parameters of which are the density of the base suspensions, rheological properties and plastic strength (Kipko, Dudlya, Telnikh, Popov & Caplin 2008). An important feature of slag suspensions is their sedimentation stability, provided that the addition of bentonite mud powder. Studies of the rheological characteristics of suspensions proved that the developed backfilling mixtures are viscoplastic liquids, i.e. are obeyed the Shvedov-Bingham model (Figure 1).
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Figure 1. The rheological characteristics of ash-slag suspensions: 1 – suspension: slag – 60%, ash – 10%; 2 – suspension: slag – 60%, ash – 20%; 3 – slag-clay suspension: slag – 63%, clay – 0.6%.

The recipes of developed of ash-slag tamping-filling mixes and their properties are shown in Table 3.
Table 3. The compositions and properties of the filling mixes.

	#
	The parameters of mixtures
	The values

	
	
	Ash-slag
	Blastfurnace slag

	1
	The amount of slag, kg/m3
	825
	820

	2
	The water volume, kg/m3
	625
	625

	3
	The amount of ash or ground slag, kg/m3
	120
	40

	4
	The quantity of bentonite, kg/m3
	–
	10

	5
	The density of base suspension, kg/m3
	1450
	1450

	6
	The density of mixture, kg/m3
	1490
	1460

	7
	The spreadability, sm
	11
	10

	8
	The dynamic shear stress, Pa
	5
	22

	9
	The structural viscosity, Pa·s×10-3
	43
	54

	10
	The plastic strength on the 10th day, kPa
	200
	420

	11
	The shrinkage, %
	12
	2


The investigations of the kinetics of filling mixes solidification were performed to increase the plastic strength in time. The dependences of plastic strength on time and composition for slag clay mixtures are shown in Figure 2. They are subject to general regularity of the solidification of viscoplastic liquids (Kipko, Dolzhikov, Dudlya & etc. 2004).
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Figure 2. The dependence of the plastic strength of filling mixes on time: 1 – cement 40 kg/m3; 2 – no cement; 3 – clay 10 kg/m3; 4 – clay 20 kg/m3.

The analysis of the obtained dependencies revealed that they are satisfactorily described by the power equations. For example, for the curve 3 in Figure 2, the equation is:
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On the basis of the survey it was determined that ash and slag cementless suspensions start to be structured in the first 4-5 hours and then regardless of the number of clay supplement are gaining the plastic strength over 300 kPa, which fully satisfied the requirements of the filling operations.

Based on the research results it was developed the design technique of parameters suspensions and technological scheme of their filing to the developed-out space (Figure 3).
The main technological operations are: mechanical crushing and sieving of slag wastes; preparation of the slag suspension and the introduction of bentonite; transportation and stacking of backfill material; quality control. The transportation calculations of ash and slag mixtures in gravity flow mode through the pipeline with a diameter of 200 mm at a distance of 2 km demonstrated that the production of backfill complex is 300 m3 per hour.
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Figure 3. The block-diagram of the design technique of ash-slag backfilling suspensions’ recipe.

4   CONCLUSIONS
From the results of the development of filling mixes based on slag wastes it follows: the application of ash and slag suspensions for tamping-filling operations satisfies the technological requirements of filling a developed-out space and solves the disposal problem of metallurgical companies’ and power plants’ wastes.
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