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ABSTRACT
Introduction. Self-compacting concrete offers broad potential in construction due to its operational reliability and durability. How-
ever, the high cost of self-compacting concrete and the technological complexity of its production require the development of new 
concrete mix designs and improved placement technologies. When selecting concrete mix designs for self-compacting concrete, 
chemical additives can be used to reduce cement consumption and improve the concrete's properties. Materials and methods. 
To ensure the rheological and technological properties of the concrete mix, fly ash, a dry polycarboxylate-based superplasticizer, and 
ultrafine additives were used. The ultrafine additives were produced by hydrolysis, using pure Portland cement as a precursor, with 
the concentration in the solution varying from 1 to 5%. The cement hydrolysis reaction results in the formation of a multicomponent 
sol containing silicic acid, aluminum hydroxide, iron hydroxide and calcium hydroxide. Results and discussion. Experiments were 
conducted to modify self-compacting concrete with an ultrafine additive obtained using sol-gel technology. An optimal composition 
of modified cement containing an ultrafine additive with an average particle size of up to 100–150 nm was developed. The use of 
the ultrafine additive accelerated the cement hardening kinetics and improved the physical and mechanical properties of cement 
stone by 1.4–1.8 times compared to cement without the additive due to water accumulation, an increase in the volume of cement 
gel, and a decrease in capillary porosity. Based on an assessment of the technological and rheological properties of concrete mix-
tures containing fly ash as a microfiller and a modifying additive, compositions corresponding to strength classes B40–B60 were 
established, containing 7.5–44% fly ash and an additive in an amount of 0.1% of the cement weight on a dry matter basis. It has been 
established that the introduction of ultrafine fly ash and fly ash into the concrete mix reduces segregation by 17–19%, increases 
viscosity by 13% to 20%, and reduces flowability only slightly by 5–10%. It has been established that self-compacting concrete with 
the combined use of fly ash with medium pozzolanic activity, a chemically active ultrafine additive, and a polycarboxylate-based 
superplasticizer is characterized by intensive strength gain within 1–3 days of curing and an increase in strength by 15–17% within 
the design curing period. Conclusion. As a result of the research, a low-temperature method for producing a modifying additive 
using sol-gel technology was developed. This method is simple to synthesize, does not require complex process equipment, and 
can be added along with mixing water and uniformly distributed throughout the concrete mix. Concrete mix formulations for 
self-compacting concrete of strength classes B40–B60 were developed using an ultrafine additive, which improves the process 
properties, quality indicators, and physical and mechanical properties of the concrete.

KEYWORDS: self-compacting concrete, ultra-dispersed additive, fly ash, superplasticizer, hydrolysis of Portland cement, sol-gel 
technology, technological and rheological properties, concrete mixture, compressive strength, dense structure
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AННОТАЦИЯ
Введение. Применение самоуплотняющегося бетона имеет широкие перспективы применения в строительстве благодаря 
эксплуатационной надежности и долговечности строительных конструкций с его применением. Однако высокая стоимость 
самоуплотняющегося бетона и технологическая сложность его изготовления требует разработки новых составов бетонных 
смесей и совершенствования технологии их укладки. При подборе составов бетонных смесей для СУБ возможно использо-
вание химических добавок, применение которых позволяет снизить расход используемого цемента и улучшить свойства 
бетона. Материалы и методы. Для обеспечения реологических и технологических свойств бетонной смеси были использо-
ваны зола уноса, сухой суперпластификатор на поликарбоксилатной основе и ультрадисперсная добавка. Ультрадисперсную 
добавку получали гидролизом, где в качестве прекурсора использовался бездобавочный портландцемент, концентрация 
которого в растворе менялась от 1 до 5%. В результате реакции гидролиза цемента образуется многокомпонентный золь, 
содержащий одновременно кремниевую кислоту, гидроксид алюминия, гидроксид железа и гидроксид кальция. Результа-
ты и обсуждение. Проведены эксперименты по модификации самоуплотняющихся бетонов ультрадисперсной добавкой, 
полученной с использованием золь-гель технологии. Разработан оптимальный состав модифицированного цемента, со-
держащего ультрадисперсную добавку со средним размером частиц до 100–150 нм. Использование ультрадисперсной до-
бавки ускорило кинетику твердения цемента, улучшило физико-механические показатели цементного камня в 1,4–1,8 раза 
по сравнению с бездобавочным цементом за счет аккумулирования воды, увеличения объема цементного геля и снижения 
капиллярной пористости. На основе оценки технологических и реологических свойств бетонных смесей, содержащих 
в качестве микронаполнителя золу уноса и модифицирующую добавку, установлены составы, соответствующие классам по 
прочности В40–В60, содержащие 7,5–44% золы уноса и добавку в количестве 0,1% от массы цемента в пересчете на сухое 
вещество. Установлено, что при введении в состав бетонной смеси УДД и золы уноса расслоение смеси снижается на 17–19%, 
вязкость увеличивается от 13% до 20%, а текучесть снижается незначительно – 5–10%. Установлено, что для самоуплотня-
ющегося бетона с комплексным применением золы уноса со средней пуццоланической активностью, химически активной 
ультрадисперсной добавки и суперпластификатора на поликарбоксилатной основе характерным является интенсивный 
набор прочности в 1–3 сутки твердения и повышение прочности на 15–17% в проектные сроки твердения. Заключение. 
В результате проведенных исследований разработан низкотемпературный способ получения модифицирующей добавки 
с использованием золь-гель технологии, отличающийся простотой синтеза, не требующий сложного технологического 
оборудования и имеющий возможность введения вместе с водой затворения и равномерного распределения в объеме 
бетонной смеси. Разработаны составы бетонных смесей для самоуплотняющегося бетона классов по прочности В40–В60 
с применением ультрадисперсной добавки, применение которой улучшает технологические свойства и показатели качества 
смесей и физико-механические свойства бетона.

КЛЮЧЕВЫЕ СЛОВА: самоуплотняющийся бетон, ультрадисперсная добавка, зола уноса, суперпластификатор, гидролиз 
портландцемента, золь-гель технологии, технологические и реологические свойства, бетонная смесь, прочность при сжатии, 
плотная структура

БЛАГОДАРНОСТИ: Статья подготовлена в рамках гранта «Молодые ученые ВСГУТУ-2025».

ДЛЯ ЦИТИРОВАНИЯ: 
Урханова Л.А., Лхасаранов С.А., Данзанов Д.В., Битуев А.В. Самоуплотняющиеся бетоны для монолитных конструкций с вы-
сокодисперсными добавками на основе кремнезема. Нанотехнологии в строительстве. 2025;17(6):666–676. https://doi.
org/10.15828/2075-8545-2025-17-6-666-676. – EDN: SDLVWE.

http://nanobuild.ru/ru_RU/
https://orcid.org/0000-0002-2716-2144
https://orcid.org/0000-0002-1399-2833
https://orcid.org/0009-0006-4030-1037
https://orcid.org/0009-0009-6492-4441


http://nanobuild.ru	 info@nanobuild.ru

Nanotechnologies in construction
Нанотехнологии в строительстве

2025; 17 (6): 
666–676

CONSTRUCTION MATERIALS SCIENCE

668

INTRODUCTION

One of the trends in the construction industry is increas-
ing the operational reliability and durability of building 
structures, including through the use of high-strength 
multi-component concretes. These concretes include 
high-strength self-compacting concrete (SCC), known 
in international scientific and technical literature as Self-
Compacting Concrete (SCC), whose composition and 
production technology differ from traditional concrete 
[1, 2].

Globally, SCC has been widely used for the pro-
duction of monolithic and precast reinforced concrete 
structures since the mid-1990s [3, 4]. The undoubted 
advantages of SCC include high flowability of the mixture, 
even in densely reinforced and thin-walled structures, and 
the elimination of vibration during concreting. However, 
the main limiting factor to the widespread use of SCC, 
both internationally and in Russia, is its high cost [3]. 
Therefore, the search for rational SCC compositions that 
meet both technical and economic requirements contin-
ues [3, 5].

When selecting the composition of concrete mixtures 
for SCC, it is possible to use chemical additives, for ex-
ample, a viscosity modifier, the use of which allows for 
the complete elimination of microfiller, solution separa-
tion and sedimentation of coarse aggregate [3]; the use 
of industrial waste, for example, fly ash as a microfiller to 
increase the water-holding capacity of the concrete mix-
ture and compaction of the structure [6]. When obtaining 
SCC, the efficiency of cement systems can be improved 
by increasing the degree of hydration, increasing den-
sity, strength and creating a less defective structure at the 
nano- and microlevels through the use of various types 
of modifying additives. There are a number of studies 
proving the effectiveness of nanometer-sized additives for 
modifying SCC, the use of which improves the physical 
and mechanical properties of concrete by compacting its 
structure [7, 8].

Among the variety of nanodispersed components 
used as concrete modifiers, silicon dioxide should be 
highlighted as the basis for the pozzolanic reaction. One 
promising method for obtaining it is the sol-gel method, 
which has several advantages: synthesis can be carried out 
at low temperatures; the pH can be varied to obtain high-
purity ultradispersed additive particles; the kinetics of the 
process can be regulated by changing the composition of 
the reaction mixture [9].

The sol-gel method for producing nanosilica, as noted 
by many authors [9-11], has several advantages, such as 
the homogeneity of the raw materials upon mixing, the 
relatively low synthesis temperature, the uniformity of 
the resulting particles and the stability of their properties, 
and the possibility of obtaining the substance in large 
quantities.

The development of high-strength concrete compo-
sitions, including self-compacting concrete (SCC), is 
relevant for the construction industry in the Republic 
of Buryatia, where high-rise construction, residential 
infrastructure, housing and utilities systems, and trans-
portation hubs with dense reinforcement are developing. 
Experience in constructing such projects suggests the use 
of self-compacting concrete.

The aim of this study is to develop a self-compacting 
concrete composition of various compressive strength 
classes using raw materials from the Republic of Burya-
tia and a modifying additive in the form of a colloidal 
additive obtained by the sol-gel method. Experiments 
were conducted to determine the process parameters of 
the modified mixtures and the physical and mechanical 
properties of the hardened concrete.

When developing the composition of the SCC, a num-
ber of features of the composition of the self-compacting 
concrete mixture were taken into account in comparison 
with the selection of the composition of traditional con-
crete: a specific approach to the ratio and granulometry of 
the filler (approximately the same ratio of fine and coarse 
filler, maintaining the continuity of the granulometry 
of the fillers to achieve the most cohesive structure of 
the concrete mixture), the mandatory presence of fillers 
and superplasticizers and increased cement consumption 
[2, 6].

Fly ash was used as a finely dispersed filler to save ce-
ment and improve the water-holding capacity and tech-
nological properties of concrete mixes. Experience has 
been gained in using both acidic [6, 10, 12, 13] fly ash 
with a CaO content of less than 10% and basic fly ash 
with a CaO content of more than 10% in various SCC 
formulations [14].

MATERIALS AND RESEARCH METHODS

To produce concrete mixtures for the SCC, materi-
als traditionally used in the construction industry of the 
Republic of Buryatia were used:
–	 Portland cement CEM I 42.5 N, compliant with Rus-

sian national standards 30108-2020 (PC);
–	 Microfiller: acidic fly ash from field IV of the elec-

trostatic precipitator of the Gusinoozerskaya State 
District Power Plant, a branch of InterRAO, com-
plying with grade ZU KUK-A-1 according to Rus-
sian national standards 25818-2017. The pozzolanic 
activity of the fly ash was 32.5 mg/g of absorbed CaO, 
which corresponds to an active mineral additive with 
average pozzolanic properties according to GOST 
25592-2018. The specific surface area of ​​the ash was 
540 m2/kg;

–	 Class I quartz-feldspar sand with a fineness modulus 
of Mk = 2.1, complying with Russian national stan-
dards 8736-2014;

http://nanobuild.ru/ru_RU/
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–	 Crushed granite of 5–20 mm fraction with a density of 
2.6 g/сm3 and a crushability grade of 1200, complying 
with Russian national standards 8267-93;

–	 Sika ViscoCrete 20 Gold superplasticizer based on 
polycarboxylates – an effective superplasticizing and 
super-water-reducing admixture with rapid early 
strength gain, designed for the manufacture of high-
performance reinforced concrete products in factory 
production conditions. The superplasticizer dosage 
was determined experimentally and amounted to 2% 
of the cement mass in the concrete mix;

–	 A multicomponent sol – an ultrafine additive (UFA) 
obtained by hydrolysis of Portland cement – was used 
as a modifying additive. Three series of concrete mix 
compositions were prepared, with PC content varying 
from 375 to 500 kg/m3, microfiller content from 40 to 
165 kg/m3, and water-cement ratios from 0.36 to 0.48. 
The concrete mix was used to form 10×10×10 cm 
specimens, which were cured under normal condi-
tions. Strength determinations were performed ac-
cording to standard methods outlined in Russian 
national standards 10180-2012. Samples were tested 
after 3, 7, and 28 days of curing.

RESULTS AND DISCUSSION

Within the framework of this study, aimed at expand-
ing the potential applications of self-compacting concretes 
in construction, the influence of ultrafine additives on the 
material’s properties was investigated. The ultrafine ad-
ditive was produced via hydrolysis, using plain Portland 
cement as a precursor. The concentration of the cement 
in the suspension (colloidal solution, hereinafter referred 
to as the solution) was varied from 1% to 5%.

During cement hydration, the hydrolysis of the main 
minerals of Portland cement clinker–tricalcium silicate 
(C3S) and dicalcium silicate (C2S)–occurs in four distinct 
stages [15]. Calcium hydroxide, Ca(OH)2, is formed at 
each stage. The intermediate products of the first three 
stages are calcium hydroorthosilicates with varying 

degrees of substitution: Ca3[HSiO4]2, CaH2SiO4, and 
Ca(H2SiO4)2, formed sequentially. At the fourth stage, 
complete hydrolysis concludes with the decomposition 
of the original compounds into their constituent prod-
ucts–Ca(OH)₂ and orthosilicic acid, H4SiO₄.

In our view, when the Portland cement concentration 
in the solution ranges from 1% to 5%, the hydrolysis of 
the main cement minerals proceeds to completion, yield-
ing the corresponding hydroxides and acids in a colloidal 
state. Under these conditions, the likelihood of form-
ing intermediate hydroxysalts of the respective metals is 
reduced. As a result of cement hydrolysis, a multicom-
ponent sol is formed, containing simultaneously silicic 
acid, aluminum hydroxide, iron hydroxide, and calcium 
hydroxide. Hydroxides of multivalent metals typically 
form colloidal systems in which micelles are stabilized by 
an extensive hydration shell, thereby preventing particle 
aggregation.

It is well established that the extent of hydrolysis 
depends on temperature and the concentrations of the 
substances involved: the degree of hydrolysis increases 
with rising temperature and solution dilution (i.e., with 
higher water concentration) [16]. The experimental re-
sults demonstrate that the concentration of the initial 
precursor significantly affects the physical and mechanical 
properties of the hydrated cement paste incorporating the 
ultrafine additive (see Table 1). As the concentration of 
the initial solution used to produce the additive increases, 
the amount of calcium hydroxide formed also increases. 
The Ca(OH)2 content was determined by titration in ac-
cordance with Russian national standards 22688–2018.

The optimal concentration of the precursor solution 
for producing the ultrafine additive (UFA), as demon-
strated by the compressive strength results of the cement 
paste, is a 2% solution. As the concentration of the initial 
precursor solution increases up to 2%, the compressive 
strength of the cement paste rises significantly compared 
to plain (additive-free) cement–by approximately 25–
50% after 3 days of curing and by 44–84% after 28 days 
of curing.

Table 1. Physical and mechanical properties of Portland cement with the addition of ultrafine additive (UFA) 
obtained by hydrolysis of cement at various solution concentrations (additive dosage: 0.4% by mass of cement)

Concentration of the initial 
precursor used to produce 
the ultrafine additive (UFA)

Compressive strength of cement paste, MPa, after curing, days

3 7 28

Without additive 32.5 44.5 54.1

1% solution 41 59 78

2% solution 50.2 77.6 99.7

3% solution 36 51 63

4% solution 33.5 50 55

5% solution 33.1 49 54.6

http://nanobuild.ru/ru_RU/


http://nanobuild.ru	 info@nanobuild.ru

Nanotechnologies in construction
Нанотехнологии в строительстве

2025; 17 (6): 
666–676

CONSTRUCTION MATERIALS SCIENCE

670

Despite the increased calcium hydroxide content–
which influences the pH of the reaction system and the 
morphology of the formed particles–further increasing 
the precursor concentration beyond 2% for UFA synthe-
sis leads to a diminished effectiveness of the additive in 
modifying the cement matrix. Higher solution concentra-
tions result in larger aggregates of colloidal particles and 
reduced overall dispersity of the compounds.

Laser diffraction analysis of the particle size distribu-
tion of the 2% UFA solution, performed using a Shi-
madzu SALD-7500 particle size analyzer, revealed a poly-
modal size distribution in the range of 100 to 1000 nm, 
with a peak maximum at approximately 300 nm (Fig. 1). 
It is evident that the measured size corresponds not to in-
dividual dispersed particles but rather to their aggregates.

When the 2% UFA solution was incorporated into 
cement paste at a dosage of 0.4% by mass of cement 
and a water-to-cement ratio (w/c) of 0.26–sufficient to 
achieve standard consistency–the resulting particle size 
in the hardened matrix was reduced by a factor of 2.5–3. 
The higher the degree of hydration of colloidal particles 
in the form of micelles, the fewer impurities from the 
original compounds they contain, resulting in smaller 
particle size and greater dispersity.

The particles formed in the colloidal solution exhibit 
high surface energy and act as nucleation sites for the 
crystallization of binding phases [17].

The change in the phase composition of the cement 
stone upon the introduction of the additive is confirmed 
by IR spectral analysis performed using an IRAffinity-1 
FTIR spectrometer (Fig. 2).

Analysis of IR spectra shows a change in the intensity 
of peaks at 1647.21cm–1 and 1653.00 cm–1, indicating a re-
duction in the amount of free water and intensification of 
calcium hydrosilicate formation processes. Furthermore, 
a shift and change in intensity are observed for peaks cor-

responding to siloxane group vibrations –O–Si–O–: in 
the control sample, the maximum appears at 977.91 cm–1, 
whereas in the sample with the ultrafine additive, it shifts 
to 985.62 cm–1. This shift is characteristic of the forma-
tion of low-basicity calcium hydrosilicates, which possess 
higher density and structural ordering. These processes 
contribute to densification of the cement matrix structure 
and, consequently, enhance its strength properties when 
fly ash is used in combination with an ultrafine additive.

In subsequent studies, a multicomponent sol was 
used to modify self-compacting concrete (SCC). The 
sol was applied as a 2% aqueous solution with a density 
of 1.004 g/cm3 and introduced into the concrete mixture 
together with the mixing water at a dosage of 5% by mass 
of cement. The admixture consumption, recalculated to 
dry matter, amounted to 0.1% of cement mass, allowing it 
to be considered as a micro-dosage that effectively influ-
ences the main properties of concrete.

The compositions of concrete mixtures prepared 
using the above-mentioned components are presented 
in Table 2. Based on laboratory trials, formulations for 
self-compacting concrete mixtures were developed for 
concrete strength classes B45, B50, and B55 under com-
pression.

In designing the concrete mix composition, appro-
priate selection of coarse and fine aggregates was carried 
out to ensure continuous particle size distribution and, 
consequently, a cohesive mixture structure.

Optimization of fine and coarse aggregate contents 
in the self-compacting concrete mix was performed ac-
cording to the methodology described in [18], under the 
condition of achieving maximum bulk density of the dry 
aggregate blend at various sand volume fractions (r) rang-
ing from 0.40 to 0.60 (Fig. 3).

Based on the obtained dependency, the optimal gra-
dation of the aggregate blend was achieved with a sand 

Fig. 1. Analysis of dispersion of the initial 2% solution of the additive (a) and the additive diluted with mixing water 
when introduced into the cement (b)
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Fig. 2. IR spectra of Portland cement with fly ash without (a) and with ultrafine additive (b)

Table 2. Compositions of self-compacting concrete

No.
Compositions of self-compacting concrete, kg/m3

PC Fly ash UFA Sand Сrushed stone Superplasticizer Water

1 375 165 – 735 735 5.4 180

2 375 165 27 735 735 5.4 153

3 450 90 – 735 735 5.4 180

4 450 90 27 735 735 5.4 153

5 500 40 – 735 735 5.4 180

6 500 40 27 735 735 5.4 153

fraction of 0.5 in the aggregate mixture, and the abso-
lute volume of aggregates in the concrete mix was set at 
0.596 m3/m3.

For the investigated concrete mix designs, the fol-
lowing technological and rheological properties were 
monitored: concrete mix density, flow spread using the 
standard cone and the J-ring (SFJ), flow time of the stan-
dard cone to a diameter of 500 mm, passage through the 

J-ring, efflux time through the V-funnel, and segregation 
resistance measured by bleed water content. The rheologi-
cal properties of the investigated mixes were optimized to 
achieve self-consolidation and self-leveling behavior, and 
tested in accordance with Russian national standards R 
59715-2012 (Table 3).

The self-compacting concrete mix compositions, se-
lected experimentally in the laboratory, meet the required 

а

b
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quality parameters: cone flow rate corresponds to grades 
RK1 (compositions No. 1–4) and RK2 (compositions 
No. 5–6). Increasing the amount of fly ash and the pres-
ence of an ultrafine admixture results in a slight decrease 
in cone flow rate. The t500 time increases by 20% with the 
addition of an ultrafine admixture, due to the increased 
content of ultrafine particles in the mix. The flow time 
of the concrete mix through a V-shaped funnel ranges 
from 9 to 17 seconds, corresponding to SCC viscosity 
grade V4. Moreover, with the addition of UFA, the vis-
cosity of the mix increases. No signs of stratification of 
the concrete mixture were recorded: the use of an ultra-
dispersed additive helps improve the stratification of the 
concrete mixture by 17–19% due to the immobilization 
of free water from the volume of intergranular voids when 
replaced by microfiller grains (ash particles) and particles 
of the ultra-dispersed additive.

A solution to the problem of wider application of SCC 
in construction, especially in regions with limited natural 

resources, is the development of a technology for producing 
self-compacting concrete using fly ash as a microfiller. The 
ash content, which ensures self-compacting of the concrete 
mix and the cost-effectiveness of the concrete produced, 
has been established within the range of 8–44% of the 
cement mass. The introduction of fly ash made it possible 
to obtain a concrete mixture with high mobility, fluidity 
and self-compacting effect. However, the low pozzolanic 
activity of the original ash does not provide the effect of 
increasing the strength of concrete due to the pozzolanic 
reaction and the increase in the number of new formations 
in the initial stages of hardening. To regulate the pozzolanic 
activity of the microfiller, the addition of ultrafine fly ash 
is necessary. The combined use of fly ash and ultrafine ad-
ditives can not only optimize the particle size distribution 
and pozzolanic activity, but also increase the density and 
accelerate the strength gain of concrete.

Fly ash, as a conditionally inert microfiller, has an 
average particle size of 4.19 μm (Fig. 4), with a dispersion 

Fig. 3. Dependence of the bulk density of the aggregate mixture on the proportion of sand in the mixture

Table 3. Rheological characteristics of self-compacting concrete mixtures

Characteristic
Self-compacting concrete performance indicators 

for compositions

1 2 3 4 5 6

Normal cone spread of concrete mix, cm 62 60 68 65 73 70

Concrete mix spread using SFJ blocking ring, cm 59 56 64 61 70 67

Spreading time using a locking ring t500, sec 5 6 4 5 3 4

Locking ring clearance, mm 8 8 6 6.5 4 4.5

Flow time from a V-shaped funnel, sec 15 17 12 14 9 11

Segregation of self-compacting concrete mixture, % 6.5 5.5 7.4 6.3 8.7 7.3
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almost twice as great as that of the original cement, and is 
located in the intergranular space of the original Portland 
cement. The ultrafine additive with an average particle 
size of 0.1 μm exhibits high chemical activity due to the 
high degree of dispersion of the formed nanoparticles and 
enhances the effect of using ash, especially in the presence 
of effective superplasticizers based on polycarboxylates. 
One of the main problems arising during the synthesis 
of additives by the sol-gel method is the aggregation and 
sedimentation instability of their aqueous solutions, which 
subsequently transform into a gel [9]. A surfactant in the 
form of a superplasticizer not only improves the rheologi-
cal properties of the concrete mixture, but also ensures 
stabilization of the synthesized additive, extending the 
period of its practical application.

The physical and mechanical properties of self-
compacting concrete were determined for the developed 
compositions. The compressive strength of the control 
samples after 28 days of normal curing (Fig. 5) corre-
sponds to the design class for all concrete compositions 
under consideration. The introduction of UFA increases 
the compressive strength of concrete by 27% compared 
to the control composition at the age of up to 7 days of 
hardening and by 17% at the design age.

The introduction of an ultrafine, chemically active 
mineral additive into the cement composition not only 
ensures the physical filling of intergranular voids but also 
intensifies the formation of hydration products, which 
act as additional structural elements and bind both free 
intergranular water and water adsorbed on the surface 
of filler particles. This process results in a reduction in 

the overall porosity of the cement stone and a significant 
improvement in the microstructure of the contact zone 
between the binder and filler (Fig. 6, JEOL-JSM-6510LV, 
Progress Center for Collective Use, ESSUTM). This cre-
ates a highly dense structure, changes the nature of poros-
ity, and improves the physical and mechanical properties 
of the modified concrete.

When self-compacting concrete is modified with an 
ultra-dispersed additive, the morphology of the resulting 
calcium hydrosilicates changes. On the surface of the con-
crete chip with UFA, a greater number of needle-shaped 
crystals of low-basic calcium hydrosilicates are observed 
compared to the control composition.

CONCLUSION

As a result of the research, a low-temperature method 
for producing a modifying additive using sol-gel technol-
ogy was developed. This method is characterized by its 
simplicity of synthesis, does not require complex process 
equipment, and can be added along with mixing water 
and uniformly distributed throughout the concrete mix. 
Concrete mix compositions have been developed that 
ensure self-compacting without signs of stratification or 
separation, while maintaining the properties of the mix 
for up to 2 hours from the start of mixing.

For compositions modified with an ultrafine additive 
in microdoses of 0.1% in terms of dry matter, an increase 
in compressive strength of 17–20% was established after 
28 days of hardening, depending on the composition, 
compared to control samples, which is due to the poz-

Fig. 4. Dispersion analysis of fly ash
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Fig. 5. Compressive strength of self-compacting concrete

Fig. 6. Scanning electron microscopy of self-compacting concrete: a – control composition, b – composition with UDD

zolanic effect of fly ash and UFA and compaction of the 
concrete structure due to the introduction of finely dis-
persed particles.

With the increase in the number of stores in construc-
tion and the complexity of the forms of monolithic struc-
tures, self-compacting concrete mixtures will be widely 

used in construction [19, 20]. A series of laboratory ex-
periments demonstrated the potential of producing self-
compacting concrete based on natural and man-made raw 
materials from the Republic of Buryatia, using modifying 
additives, and their application in monolithic construc-
tion.

а b
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