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Abstract

:

Crushed dolomite stone can be used as a part of concrete for hot weather. Fine dolomite as a filler is not commonly included in Portland cement. In this paper, the properties of a blended binder based on Portland cement and dolomite filler are presented. Dolomite filler was obtained from dust grains by mechanical activation in a laboratory ball mill to increase the specific surface area and its chemical activity. It is shown that the impact of mechanical activation allows to obtain dolomite filler with a median particle size of 1.4 μm and a specific surface area of 639.9 m2/kg. The content of dolomite filler in Portland cement was 10, 30 and 50%. The main properties of blended cements, i.e., the standard consistency, setting time, compressive strength, average density, and drying shrinkage, were determined on pastes. The mineralogical composition of the hydrated pastes was determined by XRD at 28 days. The presence of dolomite filler at levels higher than 10% decreases the compressive strength of blended cements. The dolomite filler decreases the water demand, shortens the setting time, and mitigates the development of drying shrinkage in the blended binder. To prevent concrete cracking, the application of dolomite filler in blended cement is relevant in hot weather due to its reduced drying shrinkage.
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1. Introduction


A hot dry climate has a significant effect on the hardening of cement concretes at high ambient temperatures, low relative humidity, and intense solar radiation [1,2]. The strength of concrete in a hot dry climate at the age of 28 days is 10–20% lower than the strength of concrete hardening in normal temperature and humidity conditions [3]. If the wind speed increases, the influence of these factors is even greater. Temperature shrinkage deformations with a network of microcracks occur in the inner and outer layers of concrete construction exposed in hot dry climates. Temperature and relative humidity changes, as well as strong cyclic heating of open surfaces, negatively affect the durability of concrete [4,5]. Therefore, increasing the service life of concrete in hot weather is a relevant task [6].



The processing of dolomite rocks generates a huge amount of waste. The production of carbonate aggregate forms about 30% of dolomite quarry waste. It is noted that waste from dolomite quarries can be used as a filler and aggregate in concrete [7].



Supplementary cementitious materials based on industrial waste are used in Portland cement to reduce clinker consumption and environmental impact [8,9,10,11]. Various industrial wastes are used as fillers in concrete. Fillers play an important role in concrete mixtures [12,13]. The most commonly applied component in cement-based binders is ground calcium carbonate, whose market share is 34% [10]. According to the author of [14], it is recommended to consider filler materials with a particle size of less than 90 μm, but others refer to particles with a size of less than 125 μm.



Numerous studies have established that the limestone filler participates in hydration reactions and is not inert. The limestone filler accelerates the rate of hydration [15] and reacts with calcium aluminates to form calcium carboaluminates, especially in cements with a high content of C3A [16]. The reaction products are hemi- and monocarboaluminate phases. These components make the structure of cement paste denser, reduce the capillary porosity, and improve the surface structure of the interfacial transition zone between the aggregate and cement paste [17]. Finely ground limestone particles increase the hydration rate caused by the nucleation effect. Furthermore, with the presence of limestone particles, the hydration of cement (alite) is accelerated [18]. There is an interaction between calcium silicate (alite) and calcium carbonate; the latter accelerates the hydration of C3S and modifies the Ca/Si ratio of C-S-H [19]. During the reaction between the calcium carbonate filler and silicate phases, small amounts of filler are incorporated to the C–S–H [20] and the formation of a carbonated hydrated calcium silicate compound occurs [18]. As shown in [21], calcium carbonate does not dissociate under any conditions and does not dissolve in water, even in the pore solution alkalinity of cement paste, which is inherent in the pore electrolyte of cement paste. Reactions of dissolution of calcium carbonate in the presence of sulfate and nitrate ions are also thermodynamically impossible. Chemical interaction of CaCO3 is possible with aluminum ions AlO2− dissolved in pore solution alkalinity of cement paste, which is formed in a high pore solution alkalinity during the hydration of calcium aluminates of Portland cement. The authors have shown that, based on the values of the isobaric-isothermal potential, the presence of CaCO3 in the reaction enhances the hydration of both tricalcium silicate and dicalcium silicate, which is confirmed by an increase in the Gibbs energy of reactions in comparison with the hydration reactions of pure clinker minerals.



The addition of a limestone filler reduces the water demand and segregation of concrete mixtures, increases their water-retaining capacity and uniformity, reduces shrinkage, and improves the water and frost resistance of the concrete [22].



The use of a dolomite filler in concrete, as well as limestone, leads to a rapid growth of strength, which is associated with an increase in the number of the nucleation points of crystallization [23,24]. It not only accelerates the formation of hydration and carbonation products, but also improves the size of crystalline grains. The addition of dolomite filler in concrete with a content of 5–20% accelerates the hardening and can serve as a potential substitute for cement [25].



It has been established that finely ground dolomite can be used to produce dolomite Portland cement due to its sufficient durability, leaching resistance, carbonation, and chloride penetration [26]. The addition of a dolomite filler causes the formation of hemi- and monocarboaluminate phases and the stabilization of ettringite. Moreover, hydrotalcite is formed in dolomite cement, which occurs at elevated temperatures and long-term hardening. The formation of hydrotalcite in dolomite cement can improve the pore structure of the mortar and, thus, increase its compressive strength [27,28,29].



If limestone is added to the cement mill, the specific surface area of limestone fraction in Portland cement is in the range of 800 to 1100 m2/kg, and the clinker fraction is within 400 m2/kg. Limestone can be grinded separately and added to Portland cement [30]. The minimum fineness of the limestone filler in blended cement determined by the Blaine method should be equal to 600 m2/kg or more to ensure the necessary workability and reactivity. The median size of the limestone should be less than 5 μm [18]. Its effectiveness in cement depends not only on the degree of grinding, but also on the content of aluminate and SO3 [21,31].



The limestone filler reduces the water demand of cement-based Portland cement [32]. The presence of small clay particles in the limestone filler [32], as well as a denser packing of particles in the blended binder [33] affect the flowability of the mortar, which can either decrease or increase depending on the origin and amount of carbonate filler. This is due to a small roughness of surface, which reduces the friction between the particles. In this case, the natural carbonates, such as calcite, chalk, and dolomite, are round-shaped and close to spherical-shaped.



In hot weather, concrete is exposed to early cracking. To reduce shrinkage cracking, the water–cement ratio and the content of cement paste should be decreased. This problem can be solved by reducing the amount of cement paste with a partial replacement in the blended binder of a dolomite filler obtained by activating the dolomite quarry waste. The objective of this study is to investigate the influence of the dolomite filler on water demand, setting time, compressive strength, and shrinkage during drying in accordance with the standard requirements, and to compare its performance with pure Portland cement.




2. Materials and Methods


2.1. Materials


In the present work, the following materials were used:




	-

	
A Portland cement CEM I 52.5N “Heidelbergcement”, in accordance with [34] with a specific surface area of 377.3 m2/kg; density of 2.9 g/cm3; standard consistency of 30.2%; initial setting time 150 min; end of setting time 175 min; compressive strength at the age of 2 days 29.9 MPa; compressive strength at the age of 28 days 62.6 MPa. Table 1 shows the chemical and mineralogical composition of the clinker.









	-

	
Dolomite quarry waste was formed during the production of coarse aggregate in Kamensky Mining Quarry LLC with a density of 2.65 g/cm3. The particle size distribution of screenings is given in Table 2; the phase composition is shown in Figure 1. Crushed dolomite is a sedimentary carbonate rock; it consists of 90% mineral dolomite (CaCO3·MgCO3) and contains 10% calcite (calcium carbonate CaCO3). Table 3 shows the chemical composition of dolomite quarry waste.








2.2. Methods


The dust grains of dolomite quarry waste were crushed by grinding in a laboratory ball mill with dimensions of 680 × 580 × 550 mm for 420 min to obtain the filler. The specific surface area of dolomite filler was determined according to the Blaine method with the ToniPERM Standard equipment. Before measuring, the test filler was dried at the temperature of 60 °C for 1 h.



A particle size distribution analysis of the fillers was conducted using a laser diffraction analyzer HELOS Sympatec GmbH. The microstructure of the dust grains of dolomite crushed stone was analyzed using a FEI Quanta 200 scanning electron microscope. An X-ray phase analysis of the blended binder samples was performed in accordance with [35] The phase composition of the samples was carried out using the method of corundum numbers determination [36].



The chemical composition of Portland cement and dolomite filler was studied using the Bruker S4 Pioneer and Bruker S8 Tiger X-ray analyzers. The mineralogical composition of Portland cement was carried out on a Bruker D2 Phaser diffractometer.



The influence of the specific surface area and the content of the dolomite filler in the blended cement on standard consistency, setting time, and strength in accordance with [37] was researched. The hardening of the samples was carried out under standard curing conditions at the ages of 2, 7, 21, and 28 days.



The drying shrinkage of the blended binder was determined in accordance with [38]. The samples of the blended cement paste in sizes of 40 × 40 × 160 mm were prepared. After curing in chambers for 24 h, the drying shrinkage of the samples was measured at a relative humidity of 26% and a temperature of 27 °C to obtain maximum shrinkage value.





3. Results and Discussion


3.1. Dolomite Quarry Waste


It is necessary to reduce the environmental impact and the level of waste associated with dolomite rock extraction and aggregate processing. Dolomite quarry waste is often represented by a granulometric composition that does not meet the requirements of Russian standards for use in concrete. The increased content of large grains more than 5 mm can reach up to 15%, and the content of dust grains can reach 18%. Grains with large size and dust grains should be removed.



The granulometric composition of dolomite quarry waste is represented in Table 4. In this work, dolomite residues were subjected to additional screening for use in concrete as a dolomite fine aggregate to meet the requirements of the Russian standard [39]. The obtained fine dolomite aggregate was characterized as “very large” with a modulus of fineness Mk = 3.8 (Table 4) and can be used as a partial replacement of fine aggregate to improve the granulometric composition of fine quartz sand.



The microstructure of the dust grains of dolomite quarry waste was analyzed in this work (Figure 2). The analysis of scanning microscopy data shows that the particle size of the dust grains is within wide limits; there are particles ranging in size from 32 to 365 μm. The use of dust grains as a filler in this form is impossible due to the presence of inhomogeneous particle sizes and the impossibility of their uniform distribution over the entire volume of the cement paste. The stabilization of the filler properties based on industrial waste includes mechanical activation in a ball mill. The result of the activation is an increase in the reactivity and homogeneity of the filler, and chemical reactions between both solid-phase and solid and liquid components accelerate. A change in composition and structure of the activated substance occurs. However, activation in a ball mill is inevitably accompanied by the opposite process of aggregation of small particles—flocculation. The production of finely dispersed and chemically active dolomite filler for use in concrete in hot weather can be achieved precisely by the use of activation in the form of grinding.



To increase the specific surface area of dust grains and obtain chemically active dolomite filler, directed mechanical activation was carried out in a laboratory ball mill SLM-5. Metal balls with a diameter of 30 mm were used as grinding media. The volume of the grinding chamber was 5 L. The volume of balls filled into the mill was 40% of the volume of the drum. The volume of the material was 10% of the volume of the drum, that is, 1260 g of dolomite quarry waste per 1 L. The mill’s operating mode was shock-abrasion with a frequency of 40 Hz. A dry activation method was used. Dolomite quarry waste was pre-crushed to pieces less than 5 mm in size before being loaded into the mill. The specific surface area was determined every 30 min of activation for 420 min [40].




3.2. Particle Size


Carbonate rocks are crushed more easily in comparison with Portland cement clinker. It is possible to obtain particles with a size of less than 10 μm; they densify the cement paste and increase its durability [41]. The reactivity of limestone filler to the aluminate phase of Portland cement clinker appears precisely in a highly dispersed state.



The activation of the fillers is performed to enhance their adhesion to the binder and increase the structure-forming role. The selection of the fillers and the determination of the ways of their activation preferably lead to the formation of chemically non-equilibrium systems with high adhesive strength. In non-equilibrium systems, a chemical reaction occurs at the interface with a partial rupture of interatomic bonds in the volume of each phase. Intermediate compounds of various types are formed, and then diffusion of one phase into another and dissolution occur. In this case, the initial boundary between the phases is blurred, and a new one is often formed, for example, between one of the phases and a layer of an intermediate chemical compound. In adhesive systems, the substrate is a particle of powdered filler (chalk, soot, glass), glass and textile fibers, or polymer film.



The creation of a strongly pronounced adhesive interaction between cement and filler is possible only if the surface energy of the filler is significantly higher than that of the cement. This conclusion is based on the thermodynamic concept of adhesion [42]. In accordance with the thermodynamic theory of adhesion, the main role for building adhesive strength is assigned to the ratio of the values of the surface energy of the adhesive Wad and the substrate Ws. In this case, the mandatory condition is


Wad < Ws



(1)







Mechanical treatment is an effective way to activate fillers by increasing surface energy. The increase in the specific surface of the solid filler acquires a significant reserve of surface energy. It is known that the surface energy increases due to the rupture of the interatomic bonds of the solid structure. The work expended during the activation of a substance to break the bonds between molecules is converted into the potential energy of unsaturated bonds at the interface of phases. Due to the increase (many times) of the interface during the grinding of the substance, this excess surface energy reaches a significant value. Having more energy in the finely dispersed state, the crushed substance, therefore, has more activity than the non-crushed one. Mechanical activation increases the reactivity of the material due to the combined effect of an enlarged surface area and physico-chemical changes. These changes occur both inside the body in the entire volume and on the surface of the substance as a result of high-energy grinding in a mill [42,43]. For example, mechanical activation of fly ash is aimed to increase the amorphous content [44], and enlarge the specific surface area and fineness [45].



The surface energy is increased by breaking the interatomic bonds of the structure. This occurs during crushing, grinding, and abrasion of the solid state. Newly formed surfaces have significantly higher values of surface energy, which causes their higher adhesive activity. The special energetic state of the new surfaces of crushed mineral materials (quartz, limestone, magnesite, gypsum, etc.) can be explained by the formation of a large number of unsaturated valence bonds. Mechanical processes during the grinding of mineral and organic materials cause, along with an increase in their surface energy, an increase in the isobaric potential of fillers and, accordingly, their chemical activity. This ensures the creation of a high adhesive strength of the contact of the filler with the binder [32].



The influence of mechanical activation on particle size distribution was analysed. There is a change in the specific surface area and particle size of the dolomite filler. The specific surface area of the dolomite filler with 474.2, 557.4, and 639.9 m2/kg was obtained by grinding for 120, 180, and 360 min respectively. Figure 3 shows the influence of grinding time change on the specific surface area of the dolomite filler. The initial specific surface area of the dust grains was 206.3 m2/kg.



Grinding in a ball mill is necessarily accompanied by the flocculation of particles. The smaller the product becomes, the larger a floccule is obtained. It follows from Figure 3 that after the filler reaches 639.9 m2/kg, the specific surface area decreases with the grinding time. This indicates the appearance and development of agglomeration processes of fine particles. Further mechanical activation and energy costs are technically and economically inappropriate.



The particle size distribution analysis of Portland cement, the dust grains of dolomite quarry waste before activation, as well as the dolomite filler after activation in a ball mill were studied using the HELOS Sympatec GmbH laser diffraction granulometer. The granulometric analysis of dispersed components shows the main fractions of cement and dolomite filler. The ratio of the three main fractions and the presence of a plateau on the distribution curve affect the rate of hydration of Portland cement and its strength formation.



The results of the granulometric composition of Portland cement, the dust grains of dolomite quarry waste before activation, and the dolomite filler with specific surface areas of 474.2, 557.4, and 639.9 m2/kg are presented in Figure 4. Cumulative particle size distribution curves of dolomite filler with a specific surface area of 639.9 m2/kg show the presence of fine size particles of up to 5 μm. It was determined what size of particles dominates the sample of fine components.



In Portland cement, 29.07% consists of small particles up to 5 μm in size. This fraction provides the strength in two days of hardening; the content of fraction 5–30 μm in cement is 57.56%, which gives the strength at the age of twenty-eight days of hardening. The content of fraction larger than 30 μm in cement is 13.37%, which provides strength at the long term of hardening. The obtained data show that Portland cement contains particles ranging in size from 0.67 to 79.69 μm. The highest content in Portland cement are particles with a size of 22.91 μm, which can be seen at the peak of the distribution curve. The estimated specific surface area of Portland cement is 377.3 m2/kg.



The granulometric composition of the dust grain fraction of dolomite quarry waste showed that the content of the particles up to 5 μm is 15.23%; that of medium particles from 5 to 30 μm is 28.17%; and that of particles larger than 30 μm is 56.6%. It was determined that the dust grain component has particles ranging in size from 0.67 to 160.39 μm. The highest content are particles with a size of 55.78 μm. The estimated specific surface area of the dust grain fraction of dolomite quarry waste is 206.5 m2/kg.



It was determined that the dolomite filler with a specific surface area of 474.2 m2/kg has particles up to 5 μm with a content of 37.84%. The highest content are particles with a size of 32.86 μm.



The granulometric composition of the dolomite filler with an estimated specific surface area of 557.4 m2/kg shows that the content of small particles up to 5 μm is 44.13%; that of medium particles from 5 to 30 μm is 41.15%; and that of particles larger than 30 μm is 14.72%. It was stated that the dolomite filler has particles ranging from 0.67 to 94.66 μm. The largest particle content in the filler is a fraction of 27.39 μm in size.



It was found that the dolomite filler with an estimated specific surface area of 639.9 m2/kg contains 90.09% of particles less than 30 μm in size. According to the data, it can be seen that there are particles ranging in size from 0.67 to 79.69 μm, similar to the size of Portland cement. However, the highest content in the filler are fine particles with a size of 1.4 μm.




3.3. Water Demand


The influence of mechanical activation on the properties of blended cement was researched. Figure 5 shows the effect of the dolomite filler on the water demand of the blended cement. It was found that an increase in the filler content leads to a decrease in the water demand.



The water demand of the fillers is an important property when the composition of concrete is designed. Portland cement and the fillers have the strongest influence on the water demand of the concrete mixture.



There are different approaches to assess the water requirements of the binders. The spreading test is a classic method for determining the water requirement for powder materials used in SCC [46]. The Puntke test is a method developed by Puntke for the rapid testing of fly ash [47].



The Vicat test is still the most commonly used method for the quantitative assessment of cement paste properties. The modified Marquardt test is suitable for powder materials, building mixes, and also for whole concrete mixtures. There are a number of alternative testing procedures, such as centrifugation and variants of the Proctor compaction test [14].



According to the Vicat test, the water demand of cement is equal to a certain amount of water to obtain the standard consistency of cement paste. The data show that despite the presence of the dolomite filler, less water is required to obtain the standard consistency of cement paste (Figure 5). The presence of fine particles less than 5 μm and the widening effect of the filler have a significant effect on the water demand of the binder, which corresponds with the data of other researchers [48].



The maximum reduction in water demand is observed when the binder contains 50% of the filler with a specific surface area of 639.9 m2/kg. The content of the water is 20% less (24.2%) in comparison with plain cement paste, which corresponds with the data of other researchers [49].



It was estimated that plain cement has a water demand of 30.2%. The addition of 10% of the filler with a specific surface area of 474.2 m2/kg does not significantly influence the water demand of the blended binder (1–3%). However, when 30–50% of the filler is added, the water demand decreases by 7–13%. If 30–50% of the filler with a specific surface area of 557.4 m2/kg is introduced, the water demand is reduced by 10–17%. With the addition of 30–50% of the filler with a specific surface area of 639.9 m2/kg, the water demand decreases by 13–20%, which can be confirmed by the data of other researchers [50]. This is due to the presence of particles smaller than 30 microns in the amount of 90.09%; it is the highest content of fine particles with a size of 1.4 microns. The decrease in the water demand can be explained by a better particle packing density, which corresponds with the data of other researchers [51].




3.4. Setting Time


The results of the setting time of cement paste with dolomite powder are shown in Table 5. Dolomite filler is less reactive in comparison with limestone filler [52]. It is determined that the addition of the filler to Portland cement affects the setting time. The acceleration of the initial setting time is noted with the presence of the filler in the blended binder, with a specific surface area of 557.4 and 639.9 m2/kg in comparison with pure Portland cement. However, the most rapid acceleration is observed with the presence of 10 and 50% dolomite filler and a specific surface area of 639.9 m2/kg. It was found that with the substitution at the range of 50% with a specific surface area of 639.9 m2/kg, the blended binder has the shortest setting time with an initial time of 125 min and a final time of 170 min. Such results correspond with the studies of other authors concerning limestone fillers [53]. The reduction in setting time can be explained by the acceleration of hydration of Portland cement, which is caused by the nucleation and growth sites offered by the fine dolomite particle surfaces, the formation of nuclei, and the short distance between the particles due to the inclusion of fine particles [54,55].




3.5. Compressive Strength


The effect of the specific surface area of the filler and its content in the blended cement on the compressive strength at the ages of 2, 7, 21, and 28 days of hardening is presented. The content of the filler in blended cement was 10, 30, and 50%. According to [33], blended cements with 20% dolomite and limestone filler have lower compressive strengths than the reference binder, at any age, as reported in previous studies. It was found that the highest strength at the age of 28 days is achieved with 10% dolomite filler with a specific surface area of 639.9 m2/kg (79.9 MPa) compared to pure Portland cement (76.0 MPa). The specific surface area has a strong influence on the properties of the blended binder.



It can be concluded that the use of 10% dolomite filler with a specific surface area of 639.9 m2/kg increases the strength of the blended cement in 2, 7, and 28 days of hardening (Figure 6). Moreover, 10% of dolomite filler increases the strength after 2 days by 5%, after 7 days by 3%, and after 28 days by 1.5%. The replacement of cement with 10% dolomite filler does not significantly reduce the compressive strength, although the number of particles of chemically active clinker decreases. When the content of dolomite filler is 30 and 50%, as expected, the compressive strength decreases (Figure 7 and Figure 8). The same strength properties are observed for coarser ground dolomite filler with a specific surface area of 557.4 and 474.2 m2/kg. The increase in strength of blended cement is explained by the occurrence of chemical activity in the dolomite filler. This is due to the presence of calcium carbonate (CaCO3) in dolomite (Figure 1). Some studies show that calcium carbonate in small dosages can react with the aluminates of the clinker to form hydrocarbonates [54,55,56], which, in turn, increase the resistance of ettringite [57].



The interaction between the tricalcium aluminate of cement and finely ground calcium carbonate forms calcium hydrocarboaluminate 3CaO·Al2O3·CaCO3·12H2O [58], which assists to form the crystalline structure of the hardened cement matrix. The occurrence of additional crystalline crystallohydrates in the initially forming cement structure ensures the formation of a more dense, hardened cement paste structure, reduces the capillary porosity, and improves the surface structure of the interfacial transition zone between the filler and the cement paste [17]. This statement may explain the increase in strength.



The decrease in strength is due to the high content of the filler, and the “dilution” effect can be observed. If the content is high (30 and 50%), the dolomite filler plays the role of cement replacement at any specific surface area (639.9, 557.4, and 474.2 m2/kg), and the strength of the blended cement reduces after 2, 7, and 28 days by 10% and 24%, respectively (Figure 7 and Figure 8). The dolomite filler acts as an inert material, which loosens the initial cement structure and leads to a decrease in strength.




3.6. Drying Shrinkage


Drying shrinkage of concrete in hot weather is significant. It causes the early cracking of concrete. The combined use of a water-reducing admixture and a dolomite filler with low water demand and increased water retention capacity could save the water loss of concrete mixture, and maintain its desired properties under the influence of elevated temperatures and low relative humidity. This may ensure favorable conditions for the hydration of the binder, reduce shrinkage during hardening and heat generation, and affect the formation of the initial structure of hardening concrete.



The results of shrinkage tests are shown in Figure 9, Figure 10 and Figure 11. It was determined that linear shrinkage after 35 days for cement containing dolomite filler is lower than for pure Portland cement. The composition with 50% filler with a specific surface area of 639.9 m2/kg has the minimum shrinkage. In this case, the shrinkage index is 21% less than the pure cement. The maximum linear shrinkage is demonstrated by Portland cement and a composition with 10% dolomite filler with a specific surface area of 474.2 m2/kg.




3.7. Average Density


Figure 12 shows the effect of the specific surface area of the filler and its content in the blended binder on the average density of cement paste. The use of dolomite filler reduces the average density of blended cement if the substitution rate is 30 and 50%. The average density of blended binder with a specific surface area of 639.9 m2/kg increases if the content of the filler is 10%. This can be explained by the chemical activity of the dolomite filler and the formation of a more dense cement paste structure that corresponds with an increase in strength (Figure 6). If the content of the filler is 10% and its specific surface area is 557.4 and 474.2 m2/kg, the composition has a similar average density as pure Portland cement.




3.8. Hydration Products


The phase composition of hydration products of Portland and blended cements with 10 and 30% dolomite filler with a specific surface area of 639.9 m2/kg was researched. The analysis of the XRF data showed that at the age of 28 days of standard curing condition, in addition to hydrate phases, such as Ca(OH)2 and X-ray amorphous calcium hydrosilicates, the main clinker minerals alite (C3S) and belite (C2S) are present in all samples (Figure 13, Figure 14 and Figure 15).



A quantitative phase analysis showed that the sample with 30% dolomite filler contains 26% Ca(OH)2; 19% C3S (alite); 22% C2S (belite); and 8–10% amorphous phase. The sample with 10% dolomite filler contains 28% Ca(OH)2; 21% C3S (alite); 26% C2S (belite); and 15% amorphous phase. The pure Portland cement sample consisted of 33% Ca(OH)2; 21% C3S (alite); 28% C2S (belite); and 18–20% amorphous phase.



The content of Ca(OH)2 in pure Portland cement is increased, while its content in samples with 10 and 30% dolomite filler is reduced. Adding 10 and 30% of dolomite filler to Portland cement binder leads to a decrease in the content of the minerals alite (C3S) and belite (C2S), which indicates the influence of the dolomite filler on the acceleration of the hydration reaction of minerals with water.





4. Conclusions


The following conclusions can be drawn from this study:



Dolomite quarry waste activated in a laboratory ball mill can be used as a filler in blended cement. The necessary fineness of the dolomite filler is achieved by regulating the activation time. It was found that dolomite filler consists of ultrafine particles with a predominant size of less than 5 μm. The effect of the partial replacement of Portland cement with dolomite filler on the properties of blended binder was researched.



It was found that water demand decreases despite the presence of ultrafine particles of the filler. This can reduce water consumption and shrinkage deformation in hot weather.



The presence of dolomite filler in blended cement showed the influence on strength properties. If the content of the filler is low (10%), the strength will slightly increase, same as the average density of the cement paste. This enhancement can be explained by the particle size effect of the filler, which provides the additional nucleation sites. If the content of the filler is high, the strength of the binder decreases, and the “dilution” effect can be observed.



It was found that substitution of Portland cement with a filler up to 50% by weight leads to a decrease in drying shrinkage that can be explained by the low water demand of the blended binder.



It was found that the presence of the filler decreases the setting time of the blended binder, which can be explained by the acceleration of the hydration of Portland cement. The temperature and shrinkage deformations of the concrete can be reduced due to the rapid setting of the concrete mixture.



The results presented in this article clearly show that dolomite filler produced better properties in reference to pure Portland cement. The use of the filler must be limited in freeze–thaw environments. Future research should focus on the effect of the dolomite filler on concrete durability in hot weather with necessary properties. The influence of the filler on heat evolution during hardening, setting time, slump loss, and uniformity at elevated temperatures and low relative humidity should be researched.
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Figure 1. XRD pattern of dolomite quarry waste. 
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Figure 2. Microstructure of dust grains of dolomite quarry waste. 
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Figure 3. The effect of activation time on the change in the specific surface area of the dolomite filler. 
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Figure 4. Particle size distribution curve at different activation time of dolomite filler. 






Figure 4. Particle size distribution curve at different activation time of dolomite filler.



[image: Buildings 13 02462 g004]







[image: Buildings 13 02462 g005] 





Figure 5. Water demand of blended cements with different contents of dolomite filler. 
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Figure 6. Influence of specific surface area and dolomite filler with 10% content in blended cement on the compressive strength. 
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Figure 7. Influence of specific surface area and dolomite filler with 30% content in blended cement on the compressive strength. 
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Figure 8. Influence of specific surface area and dolomite filler with 50% content in blended cement on the compressive strength. 
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Figure 9. Influence of specific surface area and 10% dolomite filler in blended cement on linear shrinkage. 
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Figure 10. Influence of specific surface area and 30% dolomite filler in blended cement on linear shrinkage. 
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Figure 11. Influence of specific surface area and 50% dolomite filler in blended cement on linear shrinkage. 
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Figure 12. Influence of specific surface area and content of dolomite filler in blended cement on the average density of the cement paste. 
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Figure 13. Comparative phase analysis of pure Portland cement with a card file. 
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Figure 14. Comparative phase analysis of blended cement with 10% dolomite filler with a card file. 
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Figure 15. Comparative phase analysis of blended cement with 30% dolomite filler with a card file. 
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Table 1. Mineralogical and chemical composition of the clinker.
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Components [%]






	
C3S

	
C2S

	
C3A

	
C4AF

	
SiO2

	
Al2O3

	
Fe2O3

	
CaO

	
MgO

	
SO3

	
K2O

	
Na2O

	
MnO

	
TiO2

	
P2O5

	
loi




	
64

	
14

	
7

	
11

	
21.23

	
4.78

	
3.31

	
62.95

	
1.65

	
3.22

	
0.66

	
0.12

	
0.08

	
0.28

	
0.06

	
1.60











 





Table 2. Particle size distribution of dolomite quarry waste.
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	Sieve No
	Weight of Sample [g]
	Partial Residues [%]
	Total Residues [%]





	5
	148.7
	14.7
	14.7



	2.5
	248.42
	24.5
	39.2



	1.25
	176.6
	17.4
	56.7



	0.63
	117.5
	11.6
	68.3



	0.315
	72.1
	7.1
	75.4



	0.16
	67.0
	6.6
	82.0



	<0.16
	182.4
	18.0
	100.0










 





Table 3. Chemical composition of quarry waste of dolomite.
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Components [%]






	
SiO2

	
Al2O3

	
Fe2O3

	
CaO

	
MgO

	
SO3

	
K2O

	
Na2O

	
MnO

	
TiO2

	
P2O5

	
loi




	
2.12

	
0.6

	
0.32

	
35.56

	
17.38

	
0.15

	
0.19

	
0.08

	
0.01

	
0.03

	
0

	
45.16











 





Table 4. Granulometric composition of fine dolomite aggregate after additional screening.
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	Sieve No
	Weight of Sample [g]
	Partial Residues [%]
	Total Residues [%]





	10.00
	0.00
	0.00
	0.00



	5.00
	0.00
	0.00
	0.00



	2.50
	802.30
	40.12
	40.12



	1.25
	496.40
	24.82
	64.94



	0.63
	323.40
	16.17
	81.11



	0.32
	198.60
	9.93
	91.04



	0.16
	149.10
	7.46
	98.49



	<0.160
	30.20
	1.51
	100.00



	Total weight
	2000.00
	100.00
	










 





Table 5. Setting time of blended cement with different contents of dolomite filler.
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Specific Surface Area [m2/kg]

	
Composition, Portland Cement: Filler [%]

	
Water Demand [%]

	
Setting Time [min]




	
Initial Setting

	
Final Setting






	
377.3

	
100

	
30.2

	
150

	
175




	
474.2

	
90:10

	
30.0

	
170

	
230




	
70:30

	
28.2

	
195

	
265




	
50:50

	
26.2

	
180

	
245




	
557.4

	
90:10

	
29.2

	
150

	
200




	
70:30

	
27.2

	
155

	
210




	
50:50

	
25.2

	
135

	
200




	
639.9

	
90:10

	
28.0

	
140

	
180




	
70:30

	
26.2

	
150

	
190




	
50:50

	
24.2

	
125

	
170
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