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Abstract

This study investigates carbonate-containing solid waste generated at Ferganaazot JSC as a
secondary mineral raw material for dry construction mixtures based on local quartz and cement
binder. The objective was to substantiate the rational use of the carbonate technogenic product as a
microfiller by considering its physicochemical and particle-size characteristics and its influence on
the structure and strength of cement-quartz composites. The chemical composition of the waste was
examined by energy-dispersive X-ray fluorescence spectroscopy using a Rigaku NEX CG EDXRF
instrument, while structural and chemical features were evaluated by FTIR spectroscopy using a
SHIMADZU IRSpirit spectrometer. Local quartz sand fractions of 1.25-2.50 and 0.16-0.31 mm
were combined at a 70:30 ratio. Experimental results showed that a 10 % carbonate addition
provides rational filling of intergranular voids, with a measured void content of 31.8 %. When
carbonate flour obtained from the solid waste was introduced at 10 % of binder mass, the
compressive strength of mixtures with binder-to-filler ratios from 1:5 to 1:3 increased by 6-12 %
relative to the corresponding control specimens. These results substantiate the use of carbonate
industrial waste as a functional microfiller in cement-based dry construction mixtures and provide a
resource-saving approach that can reduce the demand for primary mineral raw materials while
maintaining or improving the performance of the composite.

AHHOTanus

B  pabore wuccrnemoBaHa =~ BO3MOXHOCTb — PeCypcocOeperaroiiero  MCIOIb30BaHUS
kKapboHaTrcozep)Kax TBEPABIX 0Tx00B AO «®epraHaa3or» B KauecTBe (YHKI[MOHATBHOTO
MUKDOHAITOJIHWATES L|eMEHTHO-KBapLieBbIX CyXHUX CTPOMTE/IbHBIX CMeCel Ha OCHOBE MeCTHOIO
KBapLeBOr0 ChbIpbsA. llesp wucciefoBaHusl  3ak/io4asach B YCTAHOBJIEHWM — paljMOHAIBHOIO
coziep)kaHusi KapOOHAaTHOTO TIPOAYKTa C YYETOM ero (U3MKO-XUMHUECKUX U [JJUCIIePCHBIX
XapaKTepUCTHK, a Takke B/IMWSHUSA Ha TUIOTHOCTb YIIAKOBKM U IPOYHOCTb LIeMEHTHO-KBapLieBbIX
KOMMO3ULMKA. XUMWYECKMU COCTaB OTXOJa WCC/Ie[0Ba/iM MEeTOJOM 3SHEpProAuCrepCUOHHON
peHTreHodyopecrieHTHOU criekTpoMeTtpur Ha ripubope Rigaku NEX CG EDXREF, cTpykTypHO-
XUMHU4Yeckue ocobeHHocTH — MeTogoM WK-Dypre-criekTpockoru Ha mpubope SHIMADZU
IRSpirit, a rpaHy/IOMeTpAYeCKANA COCTaB — MeTOZOM CUTOBOrO aHanusa. B cMmecsax ucnonb3oBanmu
MeCTHBIM KBapLieBbii mecok (pakumii 1,25-2,50 u 0,16-0,31 MM B cootHomenuu 70:30.
YcTaHOB/IEHO, UYTO TIpH cofep>KaHuM KapbOoHaTtHoro mpoaykra 10 % TmokasaTesnb IMyCTOTHOCTU
cocraBun 31,8 %. Ilpu BBeseHMM KapOoHaTHOUW MyKH B KommuectBe 10 % OT MacChl BSDKYIIEro
MIPOYHOCTb IPU CKATUM KOMITO3MLMM C OTHOLIEHHWEM BspKylllee:3arnosHuTens or 1:5 po 1:3
NoBbICH/IaCh Ha 6-12 % OTHOCUTE/IBHO COOTBETCTBYIOLLIMX KOHTPOJIBHBIX COCTABOB. [loyueHHEbIe
pe3ynbTaThl TIOKA3bIBAlOT, UTO HWCC/IE[OBAaHHBIM TEeXHOTeHHbIM KapOOHATHBIN TIPOAYKT MOXKET
TIPUMEHATHCS KaK MMKDOHANO/HUTe/b B U3YYEHHOM CHCTeMe CYXUX CTPOMUTE/IbHBIX CMeCed U
NI03BOJIIeT YaCTUYHO BOBJIEKATD NIPOMBIIIEHHBIM OTXOZ, BO BTOPUYHBIM MaTeprasbHbINA LIUKJI.
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Introduction

Resource-saving technologies for inorganic construction materials require both a reduction in
the consumption of primary mineral resources and the technically justified utilization of industrial
by-products. In dry construction mixtures, finely dispersed mineral additions can modify particle
packing, intergranular voids and the formation of the hardened structure. Therefore, the use of
chemically compatible secondary mineral products as fillers or microfillers is of practical interest,
provided that their composition, dispersion and influence on performance are experimentally
verified [1-4].

The present study considers carbonate-containing solid waste generated in the technological
processes of Ferganaazot JSC. The research focuses on its physicochemical characterization and on
determining a rational dosage for cement-quartz dry mixtures prepared with local quartz raw
material. Particular attention is given to particle packing and compressive-strength changes because
these parameters directly characterize the functional role of the carbonate microfiller.

Materials and Methods

The experimental program consisted of four stages: physicochemical characterization of the
carbonate-containing industrial waste, determination of its particle-size distribution, evaluation of
the packing characteristics of the quartz—carbonate system, and comparative determination of
compressive strength. Local quartz sand fractions of 1.25-2.50 mm and 0.16-0.31 mm were
combined at a mass ratio of 70:30. Portland cement was used as the binder, while C-3 plasticizer
and hydroxyethyl cellulose were used as modifying additives. The carbonate-containing solid waste
from Ferganaazot JSC was characterized by energy-dispersive X-ray fluorescence spectroscopy
using a Rigaku NEX CG EDXRF spectrometer and by FTIR spectroscopy using a SHIMADZU
IRSpirit instrument. Particle-size distribution was evaluated by sieve analysis.

In the particle-packing study, the carbonate product was investigated at addition levels up to
30 %, and the dosage corresponding to the lowest measured void content was selected for
subsequent strength tests. A 10 % carbonate microfiller dosage relative to binder mass was used in
the modified compositions. Control mixtures of the same binder-to-filler ratios contained no
carbonate microfiller. Binder-to-filler ratios ranging from 1:5 to 1:3 were investigated, while the
quartz fraction ratio was maintained at 70:30 in all comparative compositions. All control and
carbonate-containing specimens were prepared and tested under identical conditions.

Compressive strength was determined on 20x20x20 mm cubic specimens after 28 days of
curing in accordance with GOST 5802 — 86. The specimens were kept under normal conditions for
the first 24 h and subsequently cured under the prescribed conditions for 27 days. Compressive-
strength tests were performed using an AlfaX-050 testing machine.
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Results and Discussion
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Figure 1. Physicochemical and particle-size characterization of the carbonate-containing
industrial waste: (a) FTIR spectra of the investigated waste and CaCO, reference; (b)

micrograph of the waste particles; (c) sieve particle-size distribution

The FTIR spectrum of the investigated waste shows absorption bands characteristic of
carbonate groups, including intensive bands in the regions around 1400-1500, 875 and 710 cm,
which correspond well with the CaCO, reference spectrum shown in Figure 1a. The sieve analysis
demonstrates the predominantly fine character of the material: 54.2 % of the particles belong to the
<50 pm fraction and 33.3 % to the 71 pm fraction. Thus, approximately 87.5 % of the investigated
material is concentrated in the finest particle-size classes up to 71 pm. Such a dispersed
composition is favourable for the physical filling of voids between the larger quartz grains and
provides a basis for considering the waste as a mineral microfiller rather than only as an inert
secondary raw material.

The physicochemical analyses confirmed that the investigated industrial by-product is a
carbonate-containing finely dispersed mineral material suitable for evaluation as a filler or
microfiller. The combined EDXRF and FTIR investigations were used to characterize its chemical
and structural features, while particle-size analysis established its dispersed state. In the packing
experiments, the carbonate product was introduced as an additional fine fraction into a quartz
system composed of the 1.25 — 2.50 and 0.16-0.31 mm fractions at a 70:30 ratio. The lowest
experimentally established void content for the carbonate-containing system was 31.8 % at a 10 %
addition. This dosage was therefore considered rational for further evaluation in cement-based
compositions.
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The packing results indicate that the effect of the carbonate addition is governed not only by
its chemical nature but also by its role as a fine fraction in the granular system. A 10 % addition
produced a void content of 31.8 %, supporting its selection as the rational level for the investigated
system. This result is consistent with the use of finely dispersed mineral material to occupy part of
the intergranular space between the coarser quartz particles[2,8].

Table 1. Summary of the main experimental results obtained at the rational carbonate microfiller

dosage
Property Control composi- | Composition with carbonate Observed effect
tion microfiller
Carbonate microfiller 0% 10% of binder mass Rational investigated dosage
dosage
Void content in packing | — 31.8% Lowest measured value at the
study selected dosage
Binder-to-filler ratio 1:5-1:3 1:5-1:3 Identical comparative range
Compressive strength Reference level 106-112% of control Increase by 6-12%

The mechanical tests showed that introducing carbonate flour obtained from the solid waste at
10 % of binder mass increased compressive strength by 6-12 % relative to the corresponding
control specimens when the binder-to-filler ratio varied from 1:5 to 1:3.

The effect observed at a 10 % carbonate dosage can be explained primarily by the particle-
packing mechanism. Fine carbonate particles occupy part of the intergranular space between the
two quartz fractions, producing a denser granular skeleton. This interpretation is supported by the
experimentally measured void content of 31.8 % at the selected dosage. The increase in
compressive strength by 6-12 % is therefore consistent with a reduction in ineffective void space
and improved contact between the solid particles. Recent studies on finely dispersed limestone and
calcium-carbonate additions also describe filling and nucleation effects as important mechanisms
influencing the microstructure and mechanical behaviour of cementitious systems[11-14]. Fine
carbonate particles can provide additional nucleation surfaces for cement hydration products and
may promote the formation of a denser C-S—H-containing structure. Depending on particle size and
cement composition, interaction of carbonate ions with aluminate phases may also lead to
carboaluminate formation. However, the latter mechanisms were not directly verified in the present
study by analysis of hydrated phases; therefore, they are considered possible contributing
mechanisms rather than experimentally confirmed processes.

From a resource-saving perspective, the principal result is the experimentally substantiated
possibility of returning a carbonate industrial by-product to material use as a functional microfiller.
The proposed approach combines utilization of a secondary mineral resource with improved
packing and a measurable increase in compressive strength. The conclusions are limited to the
investigated raw materials, dosage range and mixture compositions; broader environmental benefits
require a separate life-cycle assessment. [1, 2, 4]
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Conclusion

The physicochemical and technological results substantiate the use of carbonate-containing
solid waste from Ferganaazot JSC as a functional microfiller in cement-based dry construction
mixtures containing local quartz. For the quartz fractions of 1.25-2.50 and 0.16-0.31 mm combined
at a 70:30 ratio, a 10 % carbonate addition produced a void content of 31.8 %. When the carbonate
microfiller was introduced at 10 % of binder mass, compressive strength increased by 6-12 %
compared with the corresponding controls for binder-to-filler ratios from 1:5 to 1:3. These findings
provide an experimentally supported basis for incorporating the carbonate by-product into resource-
saving cement-quartz compositions.
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