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1. Introduction grows every year. The first requirement is the high
rate of strength formation, as well as a high tensile

The volume of construction, which uses monolith-  strength depending on the type and conditions of ope-
ic concrete that should meet numerous requirements, ration.




The main type of binders, which are applied in the tech-
nology of monolithic construction, is the Portland cement.
Modern scientific developments in the field of concrete en-
gineering are based on using the superplasticized Portland
cement and mixes of Portland cement with various reac-
tive-active powders. Microsilica, metakaolin, TPP fly ash,
rocks, etc., are used as such powders.

As a result of using the reaction-active powders and su-
per- or hyperplasticizers, it was possible to obtain concretes
with a compression strength of 100 to 200 M Pa and a tensile
strength of 25 50 MPa [1, 2].

It should be noted that such concretes were developed
and investigated as the main binding substance of the Port-
land cement.

At the same time, there is a large group of binding sub-
stances that do not contain minerals that are analogous
to those of the Portland cement. The basis of such binding
substance is the finely-ground granulated blast furnace slag,
which is mixed with the aqueous solution of the alkaline
component (slag-alkaline concretes) [3].

It is recommended [4] to introduce reactive-active pow-
ders to the composition of such concretes, particularly those
containing the ions of transitional chemical elements.

The specified concretes have a different nature and the
mechanism of hydration than the Portland cement, and the
strength of such concretes reaches 100 MPa at the hardening
rate, which exceeds the rate of hardening of the Portland
cement. However, the current state of development of con-
struction requires further improvement of the properties
of traditional binding substances, including based on the
blast-furnace granulated slag and the alkaline component by
modifying their structure.

One of the ways to modify the structure of concrete is
the micellar catalysis, which is applied in the manufacture of
dense [5], cellular [6], and other types of concretes based on
the Portland cement.

Thus, given the specific effect of micelles from surface ac-
tive substances, it is a relevant task to perform a study aimed
at further improvement and development of the technology
of concretes based on the blast furnace granulated slag and
the alkaline component.

2. Literature review and problem statement

strength of concrete only. The use of metakaolin as a reactive
powder ensures an increase in both the strength of concrete
and the rate of its formation. However, metakaolin is not an
industrial waste, which is why it is rather costly, which limits
its utilization.

It was established in particular that an increase in the
strength of concrete occurs at the simultaneous introduction
to its composition of the mineral complex containing iron
and polyalcohols [13]. The application of a polyalcohol in the
production of reactive-powder concretes ensures an increase
both in the strength of concrete and the rate of its formation.
However, polyalcohols are not an industrial waste, which is
why they are rather costly, which limits their use.

As far as the alkali-slag concretes are concerned, the
introduction of traditional mineral additives to their com-
position does not change the rate of formation of concrete
strength [14], which is a serious concern for the specified
concretes.

The available results about the effect on the magnitude
of strength and the rate of its formation for reactive-powder
concretes allow us to draw a conclusion about the possibility
of the existence of such effects for the slag-alkaline concretes.

The lack of research results on the effect of the micellar
catalysis on the rate of strength formation at compression
and its magnitude for the slag-alkaline reactive-powder con-
crete necessitates conducting our study.

3. The aim and objectives of the study

The aim of this work is to determine the effect of micellar
catalysis on the rate of strength formation and its magnitude
for the slag-alkaline reactive powder concrete.

To accomplish the aim, the following tasks have been set:

—to determine the effect of surface-active substances
that form micelles on the magnitude of strength at compres-
sion for the alkaline reactive powder concrete;

— to determine the influence of surface-active substances
that form micelles on the rate of strength formation at com-
pression for the alkaline reactive powder concrete.

4. Materials and methods to study the strength of alkaline
reactive powder concrete

The use of various cements, fillers, and admixtures
(reactive-active powders) in the manufacture of concrete
makes it possible to control the duration of its setting and
hardening. Therefore, the effect of certain reactive powders
on the time of hardening and the rate of concrete strength
formation should be considered. Thus, the application of fly
ash results in a decrease in water consumption while main-
taining the mobility of the concrete mix. In this case, there
is the modification of the composition of the products of ce-
ment hydration, but the rate of concrete strength formation
decreases [7]. When adding the ground granular slag to the
Portland cement, the strength of concrete at compression
during early stages, similar to the case with fly ash, slows
down as well [8]. The acceleration of the hydration of Port-
land cement containing fly ash or ground granular slag can
also be achieved by the introduction of ground limestone
[9], metakaolin [10], or mineral complexes containing the
ions of transitional chemical elements [11, 12]. However, the
result of action of these reaction powders is an increase in the

4.1. Examined materials and equipment used in the
experiment

To manufacture concrete, we used the ground blast-fur-
nace granulated slag from PJSC “Mittal Steel. Kryviy Rih
“(Ukraine); wastes from the ore dressing at the South-
ern Ore Mining and Processing Enterprise (Kryvyi Rih,
Ukraine) were used as a fine filler; a particle size ranges from
0.001 to 0.63 mm. Sodium oleate (Simagchem Corp., China)
was used as the surface-active substance that forms micelles
(MSAS); liquid glass with a 2.8 silicate module, density
1,340 kg /m?, was used as an alkaline component (LLC “No-
vochim Company”, Kharkiv, Ukraine).

Sodium oleate was dissolved in water to a concentration
of 0.1 %; liquid glass was diluted with water to a density of
1,200 kg /m3. The water solution of sodium oleate was added
in the amount calculated according to the experiment design
to the container with a dosage amount of liquid glass.

Blast granular slag was ground at a laboratory ball mill
to a specific surface of 250 m?/kg, which was measured



using the T-3 device based on the air permeation rate. The
blast granulated slag and a filler (reaction powder) were
dosed in the amount calculated according to the experiment
design and agitated at a laboratory mixer for 1 min. Next,
the prepared liquid glass was added to the mixture; it was
agitated at a laboratory mixer for 2 minutes more, ensuring
a homogeneous mixture.

The obtained concrete mixture was put into a metal mold
with sides the size of 4x4x16 cm. Concrete samples, shaped
that way, were hardened for 28 days at an ambient humidity
of 70£10 % and an ambient air temperature of 293+2 K. The
strength of the concrete was determined by testing the sam-
ples at the universal test machine UMM-100.

The composition of concrete was accepted constant in
all experiments with the ratio of cement/fine filler =% at
water-cement ratio (W/C) 0.6. In the course of experiments,
the amount of the surface-active substance that forms mi-
celles (MSAS) and the amount of the reaction powder were
changed.

4. 2. Procedure for determining the indicators of
properties of the samples

The estimation of the effect of surface-active substances
(MSAS) on the rate of strength formation of the alkaline
reactive powder concrete was conducted by determining its
strength at compression for different age.

Determining the magnitude of strength limit at compres-
sion for samples was conducted in accordance with standard
procedures adopted in Ukraine. The strength of samples was
determined at the universal machine UMM-100.

Since the structural strength of the cement slurry and
concrete mixture characterizes its structure formation, we
investigated in the first group of experiments a change in
the structural strength of the specified dispersed system
depending on the composition of MSAS and its content in
the system, the water-cement ratio in it, and the time of its
existence.

The structural strength of the concrete mix was deter-
mined by defining the area of its cone spread, which most
fully meets the conditions of its use. The prepared concrete
mix was placed to a standard cone, applied in Ukraine to
determine the ease of laying a concrete mix. Compaction was
achieved by pressing a metal rod with a diameter of 20 mm.
Next, the mold of the cone was removed and we measured
the lower diameter of the cone of the concrete mix after its
spreading. Using formula
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we determined the area of the cone base of the concrete mix.
Next, the concrete mix, with which the mold (cone) was

filled in, was weighed, and its mass P was determined. The

magnitude of structural strength was derived from formula

where P is the mass of the concrete mix in the volume of a
standard cone; S is the area of the cone base of the concrete
mix after spreading.

The data obtained were analyzed and mathematically
processed in order to determine general patterns of change
in the magnitude of structural strength.

5. Results of studying the indicators of properties of the
concrete samples

The research results showed that the content of the filler
in the examined concrete mix in the amount of 20 % of the
mass of its dispersed phase ensures the maximum magnitude
of its structural strength. Increasing the water-cement ratio
at any content of the filler within the limits of the experi-
ment reduces the structural strength of the concrete mix.

MSAS, as a surface-active substance, somewhat differ-
ently affects the structural strength of the concrete mix
(Fig. 1).

Increasing the MSAS content to a certain limit (under
conditions of the experiment, up to 0.00004 % of the mass of
the blast furnace granulated slag in the examined dispersed
system leads to an increase in structural strength.

A further increase in the MSAS content in the system
leads to a decrease in its structural strength. This confirms our
understanding about a change in the character of the MSAS
effect on the surface of the dispersed phase of the system.
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Fig. 1. Structural strength of the dispersed system “blast
furnace granulated slag — reaction powder — micelle-forming
surface-active substance (MSAS) — alkaline component
solution”: time — 1.2 hours after obtaining the system

In the course of the performed experiments, it was estab-
lished that the introduction of the filler (a reactive powder)
to the examined system of the reactive powder concrete leads
to a sharp increase in the structural strength of the resulting
concrete (Fig. 2).
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Fig. 2. Structural strength of the dispersed system “Portland
cement — complex SAS” (FS — blast furnace granulated slag,
Z — reactive powder)



In the process of the conducted experiments, it was
established that the introduction to the examined system
(reactive powder concrete) of both different reactive pow-
ders and MSAS in a certain amount, which depends on the
type of the reactive powder, leads to a sharp increase in the
strength of the resulting concrete (Fig. 3-5).
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Fig. 3. Strength of alkaline reactive concrete
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Fig. 4. Strength of alkaline reactive concrete

A general dependence of strength at compression of the
alkaline reactive concrete on the consumption of a reactive
powder and MSAS is shown in Fig. 6. The kinetics of change
in the strength of the examined concrete depending on the
content of the reactive powder and MSAS in its composition
were determined by defining and comparing the strength of
concrete (Fig. 7).

Results of the experiments showed (Table 1) that the use
of small particles of the waste of iron ore enrichment, simul-
taneously with MSAS, as a filler for the examined concrete,
leads to a significant increase in the strength of reactive
concrete. The particles from the waste of iron ore enrichment
had a specific surface area at least 150 m?/kg.
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Fig. 7. Change in the strength of concrete over time
(MSAS consumption — 0.00004 %)

Thus, it is proved that the use of the reactive powder
in the crushed state is the most effective. In other words,
the reactive powder is more effective the larger its specific
surface.

Table 1
Strength of alkaline reactive concrete
MSAS content. % Relative concrete strength at compression when retaining the iron-containing powder, %
’ 0 5 10 15 20 25 30
0 1 1.30 1.38 1.28 1.48 1.44 1.43
0.00002 1.25 1.36 1.59 2.00 2.06 1.86 1.73
0.00004 1.60 1.71 2.07 2.16 2.28 2.09 2.06
0.00006 1.33 1.44 1.63 1.78 1.89 1.69 1.68

Note: the strength of concrete without reactive powder and MSAS is 62 MPa



6. Discussion of results of studying the effect of the
micelles from surface-active substances on the strength
of reactive powder concretes

Adding the micelle-forming surface-active substances to
the alkaline reactive powder concrete leads to an increase
in the structural strength of the concrete mix (Fig. 1). It
should be noted that the amount of MSAS, optimal for the
magnitude of structural strength, coincides with the amount
of MSAS in such concretes, optimal for the strength at com-
pression.

The magnitude of structural strength depends on
the content of MSAS and the reaction powder. MSAS
reduces structural strength while the reactive powder in-
creases it.

The type of reactive powder exerts an effect on the
magnitude of concrete strength at compression. The highest
strength is demonstrated by concretes, which have, as a reac-
tive powder, mineral complexes that contain iron.

In a general case, the content of MSAS in the alkaline
reactive concrete, which ensures the maximum strength at
compression, is 0.0004 %, and the content of the reactive
powder is 10-20 %.

A change in the strength of concrete over time increases
with the introduction of MSAS and depends on the type of
reactive powder.

An analysis of the research results showed that the most
effective reactive powder is the waste of iron ore enrichment,
and the least effective one is river sand (Fig. 8, 9).
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Fig. 8. Effectiveness of the application of
a reactive powder (without MSAS, WIOE — waste of iron ore
enrichment)

It is obvious that the use of MSAS leads to an increase
in the efficiency of reactive powders. In this case, the
most effective is to utilize the waste of iron ore enrich-
ment.

The benefits of results of our research are the defined
possibility to significantly (larger than by 200 %) increase
the strength of powder concrete based on blast-furnace gran-
ulated slag and an alkaline component.
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Fig. 9. Effectiveness of the application of a reactive powder
in the presence of MSAS

However, there are certain limitations in applying the
results of this study. Thus, it is necessary to control duration
of concrete setting, which, when applying certain types of
the alkaline component, can be quite short.

In the future, in order to extend the scope of application
of the examined concretes, it is expedient to study the effect
of micellar catalysis on the deformative properties.

7. Conclusions

1.1t was established that the introduction of mi-
celle-forming surface-active substances to the composition
of the alkaline reactive powder concrete leads to an increase
in the structural strength of the concrete mix by 10-15 %.

2. The introduction of MSAS to the composition of the
alkaline reactive powder concrete makes it possible to im-
prove the strength of concrete at compression, which reach-
es 160 % of the strength of concrete, similar in composition,
obtained without using MSAS. An increase in the amount
of the reactive powder whose specific surface area exceeds
150 m2/kg leads to an increase in the strength at compres-
sion by 48 % of the strength of concrete, similar in compo-
sition, obtained without the use of additives. And simulta-
neous introduction of MSAS and the reactive powder to
the alkaline reactive powder concrete leads to an increase
in the strength of concrete, which is 230 % of the strength
of concrete of similar composition, obtained without the
use of additives.
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