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Abstract. It has been shown that under certain conditions, an increase in the rate of hydration
of the binder helps to increase the compressive strength of concrete. This is especially true for
reactive powdered concretes. Taking into account the specific effect of surfactants that form micelles,
research is aimed at further improvement and development of concrete production technology based
on the granular slag domain and alkaline component, using the above-mentioned surfactants.

The effect of surfactants capable of forming micelles on the rate of formation and the final value
of compressive strength of alkaline reactive powdered concrete has been studied. A feature of the
research was the study of the simultaneous effect of surfactants that form micelles and the reaction
of powder to changes in the strength of concrete. It has been established that these micellar solutions
and reaction powders: blast furnace slowly cooled blast furnace slag and rocks containing iron
carbonates change the nature of strength formation of alkaline reactive powdered concretes.
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Introduction

Every year the volume of construction with the use of monolithic concrete
increases, to which many requirements are put forward, the first of which is a high
speed of strength formation, as well as, depending on the type and operating conditions,
a high tensile strength. The main type of binders used in the technology of monolithic
construction is Portland cement. A WORTHY competitor to Portland cement are cinder
alkaline binders.

Analysis of recent research and publications

Modern scientific achievements in the field of concrete science are based on the
use of superplasticized Portland cements and mixtures of Portland cements with a
variety of reactive powders. Microsilica, metakaolin, TPP removal ash, rocks and
others are used as such powders. As a result of the use of reactive powders and super-

or hyperplasticizers, it was possible to obtain concretes with a compressive strength of
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100 to 200 MPa and a tensile strength of 25-50 MPa [1, 2]. It should be noted that such

concretes have been developed and researched when using Portland cement as the main
binder.

At the same time, there is a large group of binders that do not contain minerals
similar to those of Portland cement. The basis of such binders is finely ground granular
blast furnace slag, which is mixed with an aqueous solution of the alkaline component
(slag mud concrete) [3]. It is recommended [4] to introduce reactive powders into the
composition of such concretes, in particular those containing ions of transitional
chemical elements.

These concretes have a different nature and hydration mechanism than Portland
cements, and the strength of such concretes reaches 100 MPa at a hardening rate that
exceeds the hardening rate of Portland cements. However, the current state of
construction development requires further improvement of the properties of traditional
binders, including those based on blast furnace granular slag and alkaline component
by modifying their structure.

Thus, taking into account the specific effect of micelles of surfactants, research
aimed at further improvement and development of concrete technology based on blast
furnace granulated slag and alkaline component should be considered relevant.

It has been established that an increase in the strength of concrete occurs with the
simultaneous introduction of surfactants into its composition, which form micelles [5].
As for cinder alkaline concretes, the introduction of traditional mineral additives into
their composition does not lead to a change in the rate of formation of concrete strength
[6], which is a problem point for these concretes.

Purpose and objectives of research

The purpose of the work is to determine the effect of micel-forming surfactants
(MPAs) on the rate of strength formation and its value of cinder alkali reaction
powdered concrete

To achieve this goal, the following tasks were set:

- to determine the effect of surfactants that form micelles on the compressive

strength of alkaline reaction powdered concrete;
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- to determine the effect of surfactants that form micelles on the rate of strength
formation during compression of alkaline reaction powdered concrete.

Main research materials

For the manufacture of concrete, ground blast furnace granular slag and slowly
cooled blast furnace slag of PJSC "Mitalsteel. Kryvyi Rih" (Ukraine), as a fine
aggregate — rocks of an iron ore deposit (Kryvyi Rih, Ukraine), which have a particle

size from 0.001 to 0.63 mm. Sodium oleate (Simagchem Corp., China), as an alkaline

component — liquid glass with a silicate modulus of 2.8, density of 1340 kg/m3
(Novokhim Company LLC, Kharkiv, Ukraine).

Sodium oleate was dissolved in water to a concentration of 0.0001%, liquid glass
was diluted with water to a density of 1200 kg/m3. An aqueous solution of sodium
oleate in the amount calculated according to the experiment plan was added to the
liquid glass solution. Production and testing of concrete samples was carried out
according to standard methods.

In the process of the experiments performed, it was found that the introduction of
MPAs into the system under study (reaction powdered concrete) in a certain amount

leads to a sharp increase in the strength of the resulting concrete (Fig. 1).
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Figure — 1. Strength of alkaline reaction concrete
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The total dependence of the compressive strength of alkaline reaction concrete on

the consumption of reaction powder and MPA is shown in Fig. 2.
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Figure — 2 Total Compressive Strength Dependence of Alkaline Reaction

Concrete

The kinetics of changing the strength of the tested concrete depending on the
content of reaction powder and MPA in its composition was determined by establishing
and comparing the strength of concrete (Fig. 3).

The results of the experiments showed that the addition of mice-forming
surfactants (MPAs) to alkaline reaction powdered concrete leads to an increase in the
strength of the concrete mixture. The content of MPAs in alkaline reaction concrete,
which provides maximum strength at pressure, is 0.0004%, and reaction powder is 30—
40%. The rate of change in the strength of concrete over time increases with the
introduction of MPAs and depends on the type of reaction powder.

Obviously, the use of MPAs leads to an increase in the effectiveness of reaction
powders. At the same time, the most effective use of iron ore beneficiation waste.

The advantages of the results of the conducted research are the determined
possibility of a significant (more than 200%) increase in the strength of powdered

concrete based on blast furnace granular slag and alkaline component.
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Figure — 3. Change in concrete strength over time (MPAR consumption —

0.0004%)

However, there are certain limitations in the application of the results of this study.
Thus, it is necessary to control the hardening time of concrete, which, when using
certain types of alkaline component, can be quite small. In the future, in order to expand
the field of application of the studied concretes, it is advisable to study the effect of
micellar catalysis on deforming properties.

Conclusions

The influence of the type and amount of reaction powders and surfactants that
form micelles was considered.

It has been established that the introduction of micelle-forming surfactants into
the composition of alkaline reaction powdered concrete leads to an increase in concrete
strength by 100-150%. An increase in the amount of a certain reaction powder: blast
furnace slowly cooled blast furnace slag and rocks containing iron carbonates leads to
an increase in compressive strength by 48% of the strength of concrete of a similar
composition obtained without the use of reaction powder.

It has been determined that the simultaneous introduction of MPAs and a certain

reaction powder into alkaline reaction powdered concrete: blast furnace slowly cooled
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blast furnace slag and rocks containing iron carbonates leads to an increase in concrete
strength, which is 230 % of the strength of concrete of a similar composition obtained

without the use of reaction powder.
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Anomauis. Ilokazano, wo npu nesHux ymosax 30i1buienHs weuoKocmi 2iopamayii 8'soicy4o2o
cnpusie nioguwjenHio miyHocmi 6emowny npu cmuchenui. Ocobiuso ye cmMocyemuvcs peaxyiHo-
30amHUX NOpowKosux bemonis. 3 02nsady Ha cneyughiuny Oit0 no8epxHeso-aKMUSHUX PedO8UH, WO
VMBOPIoIomMs  Miyenu, OO0CHIONCEHHS, CNPAMOBAHI HA NOOAIbUle B0OCKOHANEHHS Mda pPO3POOKY
MEexXHON02Ii 8U20MOBIeHHs OeMOHY HA OCHOBI OOMEHY 2PAHYIbOBAHO20 WINAKY MA JYHCHO2O
KOMNOHEHma, 3 6UKOPUCMAHHAM BUWE3A3HAYEHUX NOBEPXHeB0-AKMUBHUX PEYOBUH.

Busueno ennus nosepxrneso-akmunux pedosut, 30amHux ymeoprogamu Miyenu, Ha ueuoKicmy
VMBOpeHHs ma KiHyeee 3HAYEHH. MIYHOCI HA CMUCK JIYHCHUX PEeAKMUBHUX NOPOUUKOBUX OEMOHI8.
Ocobnusicmio 00CNiOHCeHb CMAl0 USYEHHS 0OHOYACHO20 BNIUBY NOBEPXHEBO-AKMUBHUX PeUO8UH,
wo ymeopwwms Miyenu, i peaxkyii NOpowKy Ha 3MIHYy MiyHocmi 6Gemowuy. Bcmawnosneno, wo
3A3HAYEHT MIYeNAPHI PO3UUHU MA PeaKYitiHi NOPOWKU. OOMEHHUL NOBLILHO 0XOJLO00MCEHUL OOMEHHUL
wiak ma 2ipcoki nopoou, wo Micmams KapooHamu 3aniza 3MiHIIOMb Xapakmep GopmyeaHHs
MIYHOCMI TYHCHUX PEAKMUBHUX NOPOULKOBUX DEMOHIB.
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