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Effects of finely dispersed filler on the B-CzS and CaO formation

Abstract. The article discusses the results of the study of joint heat treatmentmarlarls
and ground quartz sand. It was shown that the optimum sand content in the raw mix
should be 10 %, with such proportions of heat-treated raw material components, their
interactions result in the formation of a relatively large amount of belite.
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Introduction

Researches aimed at the comprehensive and rational use of local raw materials are rrelevant since
after the collapse of the USSR, economic relations between the former soviet republics were broken and the
national economic need of the republic for industrial products, especially building materials, should be
satisfied mostly through local production. Output products based on local raw materials in terms of quality
and other parameters should not be inferior to imported products, to ensure full import substitution.

The Republic of Karakalpakstan is rich in natural minerals that serve as raw materials - gypsum,
ganch, limestone, including marls, which are represented by Mo‘ynoq, Ustyurt, Porlytau, Agborili,
Khodzhakul deposits, of which the Agborili and Porlytau fields are the most promising.

At the same time, these marls are practically not studied and are not used in the national economy,
although they can be excellent raw materials for the production of binders, widely used for the production of
silicate blocks (wall materials), bricks, antifiltration coatings on side channel walls. A premise for such
judgments is the presence in the literature of studies carried out with marls from deposits of various other
regions in order to obtain binders.

This work is devoted to the development of ways to control the processes of obtaining lime-belite
binders with the highest content of belite, based on marls of the Agborili and Porlytau deposits of
Karakalpakstan and to study the phase composition of the obtained products.

Materials and methods

Marls from the Agborili and Porlytau deposits of Karakalpakstan were used for obtaining a lime-
belite binder material, various local minerals were used as fillers to control the properties of the obtained
binders.

Chemical (Table 1), X-ray phase, thermogravimetric, petrographic, and IR-spectroscopic analyses of
marls were carried out.
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Table 1. Chemical composition of marl samples, %

ignition
Marl deposit S5i02 | ALOs |Fex0s |CaO MgO |[SOs Na:O [K:0 >
losses
Agborili 748 12,08 0,79 48,18 1,03 10,23 (1,03 043 39,65 100,9
Agporili 7,50 2,07 0,84 47,27 1,17 10,20 0,94 049 39,53 100,01
Agborili 7,55 12,03 0,80 47,75 1,20 (0,21 (0,92 0,50 39,24 100,18
Porlytau 9,70 3,67 1,01 44,95 069 10,10 0,80 0,73 38,45 100,10
Porlytau 9,86 |3,54 0,96 45,24 0,71 |Cae. |0,95 0,62 |3791 99,79
Porlytau 991 |3.51 0,89 45,20 0,78 |Cae. |0,97 0,58 |38,06 99,90

As can be seen from the chemical analysis data, the samples used in the analysis belong to lime marl.
Chemical-mineralogical composition of marls is a mixture of calcium and magnesium carbonates, silica
compounds, alumina, and iron hydroxide in the composition of montmorillionite, a certain amount of
calcium sulfate in the form of gypsum, a small number of soluble salts of sulfuric and hydrochloric acids.

Physico-chemical studies of marls from the Agborili and Porlytau deposits of the Republic of
Karakalpakstan show that they can be excellent raw materials for obtaining binders widely used in the
national economy.

For research, washed and processed Volga sand was used as quartz sand. According to chemical
analysis, the used quartz sand has the following composition, %: SiO2- 99,60; (Fe20s+Al20s)-0,63; CaO-traces;
Na:0 - 0,08.

Colloid-chemical, chemical-analytical, as well as physico-chemical methods of phase analysis were
used, which make it possible to establish the relation between the phase composition of the initial product,
hydration processes features, and the kinetics of formation and strength of hydration hardening structures
arising on its basis.

X-ray phase analysis was used to study the structure, composition and properties of raw materials and
calcinates. It was used to study the qualitative, mineralogical and phase compositions [1,2]. The studies were
carried out on a desktop X-ray diffractometer MINIFLEX-600.

Differential thermal analysis of minerals and binders was carried out on a simultaneous thermal
analyzer STA 449 F1. The simultaneous thermal analysis combines the methods of differential scanning
calorimetry and thermogravimetry in one measurement. With the help of STA, measurements of heat fluxes
and mass measurements are carried out under completely identical conditions.[1,3].

Electron microscopy studies were carried out using a JEOL Ltd. JSM-6490 (Japan) scanning electron
microscope. This method was used to study both minerals and the products of their interaction with water.

IR absorption spectra were obtained on a Specord 75 JR spectrophotometer. Samples of minerals were
mixed in an agate mortar with potassium bromide (chemically pure) and pressed in a special mold under a
specific pressure of 5 t/cm? during pumping for 12-15 minutes.

Discussion

As noted earlier [4,5], the optimum temperature for heat treatment of marls is 1000 °C with a holding time of
90 min. In this mode, in the products of heat treatment, the largest amount of 3-C2S belite is formed (30.37
and 28.09%, respectively, for each deposit). But for the formation of a sufficient amount of belite in the
calcinates, the amount of SiO:z in the raw marl is not enough. It was shown in [6] that during the heat
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treatment of marl, up to 70.45% of belite can be obtained. In order to increase the content of 3-C25 in the heat
treatment products and at the same time obtain a high-strength binder, 5.10 and 20% of ground quartz sand
(washed Volga sand) were intjected into the composition of the raw material.

The surface of quartz grains is inhomogeneous and consists of two qualitatively different sites with
different energy and adsorption properties: silanol sites, in which surface silicon atoms are bonded to
hydroxyl groups, and siloxane sites, in which silicon atoms are not bonded to hydroxyl groups. For a real
quartz surface, the ratio between these areas can be different depending on its structure.

The properties of the silanol sites depend on the distribution of OH- groups on the surface. The most
chemically active are the sites where the OH- groups are located most densely. The siloxane sites are less
active than the silanol ones.

According to different authors, as a result of mechanical treatment, a destructured layer 50-100 um
thick appears on the surface of quartz, but the surface layer 0.5 um thick is most strongly amorphized [7,8].

In addition to defects caused by mechanical processing, the quartz surface can also have other various
kinds of defects: point, one-dimensional (dislocation), two-dimensional (boundaries between blocks),
various inclusions, and others. Point defects are revealed when the crystal is exposed to various types of
irradiation and decoration methods. Research [8] showed that in natural quartz there are from one to four
varieties of aggregates of point defects that differ in activity and symmetry.

Quartz sand was crushed in a laboratory porcelain ball mill until it completely passed through a sieve
No 008. The specific surface area (according to Tovarov) was in the range of 2500-3200 cm?/g. Quartz sand
was added to the marl, the resulting mixture was thoroughly mixed in closed flasks, then in a porcelain
mortar until a homogeneous product was obtained. After that, the mixture was subjected to heat treatment
in a laboratory silite furnace at 1000 °C with an exposure of 90 minutes. The composition of the products
after heat treatment of the mixture is determined by X-ray phase (Figure 1,2,3) and mineralogical (Table 2)
analysis.

X-ray diffraction patterns show that with the injection of 5% quartz sand, the intensity of the lines
characteristic of belite (0.274 and 0.217 nm) increases (Figure 1) compared to the lines of belite without the
addition of sand. The lines characteristic of free calcium oxide (0.239 and 0.169 nm) are reduced. At the same
time, there are preserved lines characteristic of calcium aluminates and ferrites.

An increase in the input amount of sand to 10% (Figure 2) does not make any special changes, only the
intensity of the belite lines increases.

Figure 1. X-ray diffraction patterns of the products of heat treatment of marls with the addition of 5% quartz sand from the
Agborili (1) and Porlytau (2) deposits
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Figure 2. X-ray diffraction patterns of the products of heat treatment of marls with the addition of 10% quartz sand from the
Agqborili (1) and Porlytau (2) deposits

With the injection of 20% quartz sand (Figure 3), the intensity of the belite lines slightly increases, as
well as the lines characteristic of quartz itself (0.198 nm). At the same time, the intensity of the lines
characteristic of free calcium oxide remains unchanged. For complete binding of SiO2 with calcium oxide, in

this case, either exposure or temperature is not enough. This is confirmed by the mineralogical (Table 2)
composition of the resulting lime-belite binder.
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Figure 3. X-ray diffraction patterns of the products of heat treatment of marls with the addition of 20% quartz sand from the
Agqborili (1) and Porlytau (2) deposits
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Table data shows that the basicity constant Keas decreases with increasing sand content, while the
content of aluminates, ferrites and calcium sulfates practically does not change, since there are no clay
components in the composition of the sand.

Table 2. Mineralogical composition of products of heat treatment of marls with quartz sand

Marl deposit Addition of | CGA | CF CasO: | C:S
sand

Agborili 5 5,52 6,60 3,11 0,43 38,05
Agborili 10 3,24 6,60 3,11 0,43 48,31
Agborili 20 3,07 6,60 3,11 0,43 64,27
Porlytau 5 2,89 10,06 3,11 5,80 38,29
Porlytau 10 2,37 10,06 3,11 5,80 45,67
Porlytau 20 1,75 10,06 3,11 5,80 61,33

The content of dicalcium silicate increases proportionally with an increase in the amount of additives
introduced, respectively, the amount of free calcium oxide decreases (Figure 4).
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Figure 4. Relation of the content of free calcium oxide on the amount of lime-belite binder additive based on Aqborili (1)
and Porlytau (2) marls

This is due to the interaction of quartz with calcium oxide, followed by the formation of bicalcium
silicate. Figure 4 confirms the data of X-ray analysis and mineralogical composition.

Conclusion
The study results of joint heat treatment of marls and ground quartz sand suggest that the optimum
sand content in the raw mix should be 10 %. With such proportions of heat-treated raw material
components, their interactions result in the formation of a relatively large amount of belite which will
provide the high strength properties of products based on this binder.
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BansiHIIE TOHKOAMICIIEpCHOTO HaIOAHNTeAs Ha IIponecchl oopasosanmst B-C:S n CaO

AHHOTanms. B cratbe paccMaTpuUBaIOTCs pe3yAbTaThl MCCA€A0BaHUII COBMECTHON TepMOOOpaboTKM
Meprezel ¢ MOAOTBIM KBapIieBbIM IleckoM. IlokasaHo, uyTO onTmMaAbHOe coJeprKaHMe Iecka B CBIPheBOI
cMecn A0AKHO ObITh 10%: IpM TaKMX COOTHOIIEHNSAX KOMIIOHEHTOB TepMOOOpabaThIBaeMOIO CBHIPbA
IIPOMCXOASAT B3aIMOJENICTBI ¢ 00pa3oBaHeM OTHOCHUTEABHO HaOOABIIIeTO KOANdecTsa OeanTa.
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XKyxka ToareipremmThig B-C25 xome CaO Tysiay mportecTepine acepi

AnHoTanua.Makadaga MepreabAepdi YHTaKTaAfaH KBapll KYMbIMeH Oipaecill TepMOeHAeyAl 3epTTey
HOTIDKeAepi KapacTeipblaadsl. ImkisaT KocmachIHAAFbI KYMHBIH OHTaiasl Meamepi 10% 0Ooayel Kepek
eKeHAIri KepceTiareH, XXblAy ©HJeATeH IIMKi3aT KOMIIOHEHTTepiHiH OChIHAAlM KaThIHACH Ke3iHAe OeANTTiH eH
KOIT MeAlllepiHe KaThICTh ©3apa apeKeTTecy XYy peai.

Tyitin ce3aep. Mepreap; TepMoOeH4ey; YHTaKTaAraH KBapll KyMbl; 0OeamuT; oKk-Oeaut
0al11aHBICTBIPFHIII.
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