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Abstract. Magnesium silicate waste from the mining industry occurs in substantial volumes and is 
almost never used. This paper outlines that the waste can be used as a mineral additive in the 
production of Portland cement. The influence of the quantity of troctolite additive and the specific 
surface area on the mechanical properties of cements has been analyzed. The technological 
parameters in cement production with mineral additive are determined. The study also found that 
the introduction of troctolite in quantity of 25 % at a specific surface area of 450 kg/m2 leads to 
improved strength characteristics of cement compositions. The use of magnesium silicate waste in 
cement production can reduce the environmental impact of cement manufacturing by reducing the 
consumption of natural resources, electricity and by decreasing of carbon dioxide and dust 
emissions. The study concluded that it will also help to solve environmental problems of mining 
industry. 

1. Introduction and Background 
In the world there is a huge number of mining waste including overburden rocks and adjacent strata 
formed during the development of mineral deposits. Most of them are silicate rocks consisting of a 
considerable number of magnesium silicate rocks which are used in the construction engineering. 

Among them are basalts used for the purpose of mineral fiber production [1–6]. These rocks can 
replace crushed stone and sand which are traditional aggregates in the preparation of concrete mix [7, 8]. 
To obtain fibrous concrete [9–12], foam fibrous concrete [13, 14] and fiber-cement boards [15] basalt 
fiber is added to the cement which improves its quality. Moreover, the use of basalts as an additive in 
cements allows not only to improve their physical, mechanical and operational characteristics [16–20], but 
also to reduce the share of natural resources included in the raw material mixture. Serpentinite can be 
introduced into the binding material to increase the strength and durability [21, 22]. In addition to these 
rocks in the overburden dumps magnesium silicate rocks are located in the form of trotolites, which are 
not used but remain in the dumps and damage the ecological environment. Therefore, the use of 
magnesium silicate rocks in the production of new outputs is an urgent problem for the geoecological 
safety of the planet. The aim of current study is to develop the technological basis for the use of 
magnesium silicate waste of the mining industry in the production of mixed cements. 

http://creativecommons.org/licenses/by/3.0
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2. Materials and Methods 
The following raw materials were used in the current research: Portland cement clinker of Temlyakov 
cement plant and inorganic mineral additive. Magnesium silicate wastes of the mining industry were used 
as an additive. They are the overburden rocks and adjacent strata of the North Baikal ore zone in the form 
of troktolites of the following chemical composition, wt. %: SiO2 – 40.6; Al2O3 – 12.0; MgO – 28.6; CaO 
– 5.6; (Fe2O3 + FeO) – 10.6; (Na2O+K2O) – 0.1. 

The method of mechanical activation was used in the work. Grinding of raw materials was carried out 
in a vibrational shredder of 75T-DRM brand with their maximum loading in the amount of 0.5 kg. 

Physical and mechanical characteristics of the obtained materials met the requirements of State All-
Union standard 310.1-76 "Cements. Methods testing. General ", State All-Union standard 310.2-76 
"Cements. Methods of tests of fineness of grind", State All-Union standard 310.3-76 "Cements. Methods 
of tests consistency, times of setting and of soundness", State All-Union standard 310.4-76 "Cements. 
Methods of bending and compression strength determination". 

3. Experimental Section 
There are large volumes of waste materials that are produced by mining industry and accumulated on the 
territory of Russia. The fact demonstrates that there is a need of their reduction through the application in 
the production cycle of new products. One of the promising areas is the production of construction 
materials, particularly cement. 

As far as is known, cement production is expensive and hazardous process for the environment. It 
requires a large number of natural raw materials and consumes a significant amount of electricity and 
releases a huge amount of carbon dioxide and dust into the atmosphere. Reduction of these figures can be 
achieved by using as a mineral additive magnesium silicate waste in the form troctolites. Troctolite 
additive is potentially active and can be used cement production. 

The main technological parameters of cement production are the specific surface area [23] and the 
quantity of the additive to be added. In order to determine the dependence of physical and mechanical 
characteristics of cement on the technological parameters of their preparation, samples from paste of 
normal consistency were prepared – cubes with the size of the ribs 2 cm. The samples were kept for 3, 7, 
14 and 28 days in the container with hydraulic gate, and then tested according to State All-Union standard 
310.4-76. The results obtained after hardening of cements with the addition of troctolite for 28 days under 
normal humidity conditions are presented in table 1. 

Table 1. Influence of technological parameters on the strength of cements. 

The number of 
troctolite 
additive 

Resistance to compression, MPa at specific surface area 

280 m2/kg 340 m2/kg 450 m2/kg 560 m2/kg 

0 
5 

10 
15 
20 
25 
30 
35 
40 

52.2 56.6 64.2 57.5 
52.7 57.8 65.3 58.1 
53.1 59.6 66.1 59.5 
53.4 64.2 66.9 60.8 
53.8 66.8 67.6 62.0 
57.5 67.4 69.8 63.8 
53.5 62.3 66.8 60.5 
52.2 59.8 62.1 58.7 
50.0 56.9 60.5 55.1 
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The table data demonstrate that the specific surface area has an impact on the mechanical 
characteristics of cements. The cements with the addition of troctolite crushed to a specific surface area of 
450 m2 / kg show the greatest strength characteristics. Hydration of more finely crushed material does not 
lead to an increase in the strength of the samples. Evidently, superfine fractions appear that contribute to 
the aggregation of particles and affect the hydration activity of cements. 

The quantity of magnesium silicate waste additive also affects the resistance to compression of cement 
samples which is higher than the Portland cement control sample. An increase of troctolite additive to 25 
% contributes to the increase of material strength after which this figure is reduced. 

Analyzing the curing time of samples one can conclude that the cements becomes solid in the first 
fourteen days (more than 50 %) reaching a maximum value by twenty-eight days, then the changing of  
values stops. 

The development of technological solutions for the cement production with mineral troctolite additive 
is based on technological parameters obtained in the process of investigation. The process flow diagram is 
shown in figure 1. 

 
Figure 1. The process flow diagram of the cement production with mineral troctolite additive. 

The production of cement with mineral additives excludes the introduction troctolite in the raw 
material mixture for burning that positively effects on the cost of cement and influence on the 
environment. 

4. Results and Discussion 
As far as is known, the type of mineral additive, its quantity and specific surface area have a direct impact 
on the hydration activity of Portland cement. Used as an additive, magnesium silicate waste (troctolites) 
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contains about 30 % magnesium oxide, 10 % iron oxides and consists of minerals of the olivine group as 
well as labrador, anorthite and albite. In the initial state, they are inactive and have a negative affect the 
hydration of cement. To activate them, the method of mechanical activation was used. 

Mechanical activation allows to change the particle size of raw materials leading to structural failure 
and their distribution in the ground mass. A new surface with activity centers is formed as a result of 
which the chemical activity of the fine material increases. This process also depends on the volume of the 
mineral additive. 

The quantity of added troctolite regulates the total content of SiO2 that forms the new formations of 
cement and affects the accumulation of low-basic CSH gel passing into CSH(1). In addition, an increase 
in the percentage of the additive leads to a decrease in the amount of Ca(OH)2 in the cement stone due to 
its chemical interaction with the minerals of troctolite and the new formations.  

The addition of troctolite in the quantity of 25 % to Portland cement clinker at the grinding stage 
allows to intensify the process of hydration of the ground to the specific surface area of 450 m2/kg of 
Portland cement. As a result, calcium, magnesium, iron hydrosilicates are formed as well as their mixed 
varieties with fibrous, tape and chain structures. Their type and number determines the strength of the 
resulting compositions. 

5. Summary and Conclusion 
Thus, magnesium silicate wastes that are produced by mining industry in the form of troctolites can be 
used as a mineral additive in the production of Portland cement. At the same time, the quality of it will 
depend on the technological parameters of production. The most optimal conditions are: the quantity of 
troctolite additive of 25 %, the specific surface area – 450 m2/kg when the mechanical characteristics of 
cement will be maximum. 

The addition of magnesium silicate waste allows to replace the appropriate quantity of Portland cement 
clinker at the cement grinding stage which will significantly reduce the negative impact of cement 
production on the environment by reducing the consumption of natural raw materials and electricity, dust 
and carbon dioxide emissions. The utilization of mining waste will solve environmental problems in the 
development of mineral deposits. 
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