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Анотація 

Проаналізовано утворення золо-шлакових відходів енергетичної галузі промисловості закордоном та в 

Україні. Розглянуто механічні, хімічні та термічні методи активації сировинних матеріалів та відходів 

виробництва. Запропоновано механо-хімічну активацію золи-винесення для отримання золоцементних 

в’яжучих систем 

Ключові слова: будівельні матеріали, методи активації, відходи, механічна активація, хімічна 
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Abstract 
The formation of ash and slag wastes of the energy industry abroad and in Ukraine is analyzed. Mechanical, 

chemical and thermal methods of activation of raw materials and production wastes are considered. Mechanical 

and chemical activation of fly ash for production of gold-cement binder systems is proposed 

Keywords: building materials, activation methods, waste, mechanical activation, chemical activation, thermal 

activation. 

 

Introduction 

Annually, 370 million tons of ash and slag waste are generated in the world, including 10 million tons 

in Ukraine and dumps contain - 50 million tons. During the combustion of coal at thermal power plants in 

Ukraine, ash and slag are generated annually, 7-9 million tons ( 50 - 200 grams of ash per 1 kW / g of 

electricity produced) [1-3]. 

Solving the environmental and economic problems of Ukraine related to the use of energy waste in 

construction requires the development of effective methods for activating the inert part of waste, which 

will improve the degree of utilization and quality of building materials where they will be used [4-6]. 
 

Results of the research 

Effective methods of introducing a significant amount of ash and slag waste into various types of 

construction materials, including concrete mixtures, can be implemented by using modern technologies 

for low water binders, finely ground cements and intensive technology of separate preparation of concrete 

mix components, production of composite cements and others [5-8]. 

The idea of ash activation has been actively studied for the last 50 years. Analysis of works [9-12], 

which have already become classics, allows us to identify three main types of activation of fly ash (or 

binders based on it): mechanical, chemical and thermal. 

Mechanical activation is to increase the specific surface area of the original ash by grinding it. For 
grinding use: ball mill, vibrating mill, hammer mill disintegrator. The disintegrator is one of the best units 

for ultra-fine grinding of ash. [13-15]. This contributes not only to the quantitative increase of the 

reactivity of the reagents, but also has a qualitative effect: the formation of new active surfaces of the 

aluminosilicate phase, containing microdefects, which have high surface energy and, accordingly, 

reactivity [16-19]. 

Chemical activation of ash is most often associated with the dissolution of aluminosilicate ash in a 

lukewarm medium. Acid activation, which is sometimes used in chemical technology, is not widely used 

in the field of construction materials due to the high cost of both materials and the process, as well as 

unsafe for personnel and equipment. Today, there are several ways of chemical activation: lukewarm 

earth, sulfate and lukewarm. 

Among the activation agents, mechanochemical methods of activating mineral binders as polymineral 
polydisperse systems occupy a special place. As a result of the collision and friction of two solids in the 

local zone, as shown by studies of physicists, there is an emission of electrons, the destruction of the 



crystal lattice, temperature rise, the development of plastic deformations and microcracks. In 

combination, this leads to increased chemical activity of binders and acceleration of diffusion processes, 

which leads to a qualitative change in the structure and improve the quality of the final product. 

As a result of reviewing the literature and conducting previous experimental studies, we have put 

forward the following scientific premise: the destruction of surface films on fly ash can be carried out by 

combined grinding in runners Portland cement, fly ash and bauxite sludge, which in turn will increase the 

mechanical properties of complex astringent. In this case, bauxite sludge acts as an abrasive material in 

relation to fly ash and Portland cement. This, we believe, will increase the physical and mechanical 

properties of the composite binder obtained from industrial waste. 

Activated ash-taking away more intensive co-operates with hydroxide of calcium with formation of 

hydrosilicates of calcium and etringitis, period of intensification of pozzolanic reaction of cooperation of 

Са (ОН)2 from reactive  of Al2O3 and SiO2 activated ash-removal away accelerated on a 12 twenty-four 

hours. High operating properties of the modified cementing systems are provided due to the directed 

forming of microstructure of cementing matrix, acceleration of hydration processes of the astringent 
systems, compression of unclinker part of cement stone as a result of clogging of the pores  by the 

hexagonal crystals of hydroxide and hydroaluminates of calcium. 

Conclusions 

There is an analysis of researches in area of development of cements with enhanceable maintenance 

of ash-taking away and domain granular slags, and also data of conformities to law of gelation of the 

multicomponent astringent systems show that making of cements with the improved building-

technological properties is possible by activating of ash and rational selection of complex chemical 

additions of multifunctional  action. 
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