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ABSTRACT

The article presents the results of research on the influence of soapstock used in the composition
of two-component modified additive. Standard tests of beam samples for flexural and
compressive strength, and standard cubic samples for water absorption and frost resistance
were performed. Tests were performed for samples with different contents of soapstock (Sp): 5,
7.5, 10 and 12.5 % by weight of cement, microsilica and phosphogypsum. The strength
measurements of the beam samples showed that the maximum effect concerning the increase in
material strength was achieved at 5% of the soapstock content. However, it should be noted that
the subsequent decrease in strength with increasing concentration of soapstock is not
significant, up to Sp=10% does not exceed 1%. Thus, the optimal concentration of soapstock, at
which the maximum effect on the strength of the material will be achieved, is 5-10%. The
obtained curve of dependence of water absorption change on the soapstock concentration
showed the optimal gradient of water absorption, which corresponds to Sp=10%. With further
increase of soapstock, the decrease of water absorption index is not significant. Tests on frost
resistance showed that the maximum resistance to cyclic freezing is observed in samples with
Sp=10%, further increase reduces frost resistance. The regularity in the increase of frost
resistance with increasing concentration of soapstock is logical because with each increase in
concentration, the hydrophobization of the material increases. However, if the hydrophobicity of
samples with Sp=12.5%, although not significantly, still increases about Sp=10%, the frost
resistance decreases.
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Introduction

The application of new materials and

concrete construction, where innovative
approaches contribute to the formation of more

efficient, durable and sustainable structures. The

technologies in production is a key factor in the
development of the construction industry, bringing
innovation and rethinking the way materials are
created and used. Special attention is paid to

production of construction materials plays an
important role in the economy, providing raw
materials for the industry and significantly
influencing the overall output. New materials and
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production methods are being actively researched
in this area, including the development of more
environmentally friendly processes. One example of
such innovation is the recycling of anthropogenic
waste into construction composites, which helps to
reduce environmental impact and increase the
sustainability of building materials [[1], [2], [3], [4]].

In modern construction, guaranteeing the
strength and durability of materials is an integral
part of creating reliable and sustainable structures.
In this context, foam concrete occupies a special
place among a variety of building materials used in
various industries. Due to its lightness, excellent
thermal insulation properties and high degree of
resistance to destruction, foam concrete is widely
used for the construction of various building
structures and products. However, despite its many
advantages, there is considerable potential for
further improvement of the properties and
characteristics of this material through the use of
various additives and innovative technologies [[5],
(6], [711.

Cellular materials such as foamed concrete play
a key role in modern construction due to their high
thermal insulation and applicability in building
construction. It not only contributes to
environmental improvement, but also saves
resources as improved thermal insulation helps to
reduce the consumption of fuel, energy and natural
materials. However, the foam concrete production
process faces the problem of the short life of the
foam. Various stabilization methods are used to
increase the durability of foam concrete, among
which modified additives are particularly promising.
These additives help to increase the stability of the
foam and extend its service life [[8], [9], [10], [11]].

A wide range of modified additives and their
application methods provide an opportunity to
optimize foam strengthening, which ultimately
leads to improved quality and reliability of foam
concrete structures. Rapid development in this area
of research pushes the construction industry
towards innovative solutions that contribute not
only to reducing the negative environmental impact
but also to improving energy efficiency, which is an
important aspect in today's environmentally
oriented construction practice [[12], [13]].

A large part of the transformation of concrete
as an important building material is determined by
the use of various additives that can improve its

physical and mechanical properties [[14], [15]].
These additives can be carefully selected according
to the specific needs and technological application
of concrete. For example, some additives are aimed
at increasing the setting or curing rate of concrete,
while others are designed to increase its strength,
reduce water absorption, improve frost resistance
and provide other desired characteristics [[16],
[17], [18], [19]]. The use of properly selected
additives plays a key role in creating concrete
structures that meet high requirements for
strength, durability and resistance. The results
obtained correlate well with similar studies
conducted in the field of foam concrete [[20], [21],
[22], [23]]. In these works, comprehensive studies
of the physical and mechanical properties of foam
concrete were carried out, including comparative
analysis of different variants of compositions. These
studies not only confirm the obtained results, but
also provide valuable data on the technical
characteristics of foam concrete under different
conditions and with different compositions.

This article details the process of development
and application of a modified additive, which has a
plasticizing effect to significantly improve the
characteristics and functionality of foam concrete
as a building material. The additive is developed
taking into account the peculiarities and
requirements of foam concrete production, which
allows to achieve a higher level of quality and
efficiency of its application.

In the composition of the additive it is
supposed to use industrial wastes, exactly the
following components: microsilica (Ms further),
phosphogypsum (PhG further) soapstock (Sp
further), post-alcohol bard (PaB further), as well as
caustic soda.

Microsilica - waste from metallurgical
production, delivered from TNK Kazchrome JSC. The
chemical composition is as follows: SiOz: 90-92%;
Al,03: 0.6-0.8%; Fe;0s3: 0.4-0.7%; CaO: 0.4-0.9%;
MgO: 0.8-1.0%; Na,O: 0.6-0.8%; K;O: 1.2-1.4%; C:
0.9-1.2%; S: 0.2-0.3%. To increase the strength
properties of concrete, microsilica, which is a finely
dispersed medium of active minerals, is introduced
into its composition.

Post-alcohol bard - waste from alcohol
production, delivered from Aydabul distillery JSC.
PaB has the following composition: crude protein -
2.0%, non-fatty substances - 3.0%, fat - 0.5%,
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cellulose - 0.5%. For its better mixing and
plasticization, post-alcohol bard, which is
essentially a surface active additive, is introduced
into the composition.

Phosphogypsum - waste from phosphoric acid
production, delivered from Kazphosphate LLP. The
composition includes: - calcium sulfate dihydrate
(CaS04*2H,0) not less than 70 %; - water-soluble
phosphates not more than 0.3 %; - fluoride
compounds (in terms of fluorine) not more than
0.25 %; - water (H,0) not more than 26 %. For
mineralogical balance, phosphogypsum is
introduced into the concrete mix as a result of the
addition of microsilica, which includes up to 95%
silicon oxide.

Soapstock - waste from refined oil production,
delivered from Altec Ltd. The use of soapstock in
the composition of concrete contributes to its
volumetric hydrophobization due to the fact that it
is represented by a fatty acid composition.

Caustic soda (NaOH) — stabilizer, delivered from
Kaustik JSC. The additive also contains a small
amount of caustic soda, which is necessary for
leaching of soapstock and slowing down the
process of its oxidation.

The result is a hydrophobic concrete with
increased strength. The main purpose of this
additive is to improve the hydrophilicity of the
cement, which promotes more efficient moisture
penetration and reduces the need for water to mix
the foam concrete mass. This will lead to a more
homogeneous structure of the foam concrete,
which is an important factor in its quality and
strength. In addition, the additive will help reduce
the number of micropores in the cell walls of the
foam concrete, which will provide a better porous
structure for the material, improving its properties.

The study aims to evaluate the effect of each of
the above-mentioned component of the additive.
However, this paper will present the results of the
third stage of the study, namely the effect of
soapstock on the transformation processes of
concrete, exactly on its strength, water absorption
and frost resistance. Cement-sand mixture with
20% inclusion of microsilica and 15% content of
phosphogypsum by weight of
presented as a reference sample. The technological
composition of the reference sample was obtained

cement was

from the results of the first and second stages of
the study, the effect of
phosphogypsum on the quality of concrete.

microsilica and

Experimental technique

The proposed additive is a composite mixture
of industrial waste consisting of a liquid and a solid
phase. The solid phase (component 1, K1), in turn,
is represented by a dry mixture of microsilica,
phosphogypsum and neutralized soapstock, and
the liquid phase (component 2, K2) - by post-
alcohol bard.

To increase the strength properties of concrete,
microsilica, which is a finely dispersed medium of
active minerals, is introduced into its composition.
For its better mixing and plasticization, post-
alcoholic bard, which is essentially a surface active
additive, is introduced into the composition. For
mineralogical phosphogypsum is
introduced into the concrete mix as a result of the
addition of microsilica, which includes up to 95%
silicon oxide. The use of soapstock in the
composition of contributes to its
volumetric hydrophobization due to the fact that it
is represented by a fatty acid composition. The
additive also contains a small amount of caustic

balance,

concrete

soda, which is necessary for leaching of soapstock
and slowing down the process of its oxidation.
Ultimately, we obtain hydrophobic concrete with
increased strength.

Figure 1 shows the technological scheme of
production of the modified additive. The
technological process of production includes two
subsequent stages of production. At the first stage
preparation of the dry component of the additive is
carried out in the process of grinding, drying and
mixing of microsilica and phosphogypsum. Grinding
of components is necessary to obtain a
homogeneous fine-dispersed medium, to obtain
their maximum activity in the process of hydration
of concrete. Drying is necessary for the qualitative
selection of components by weight and exclusion of
unaccounted water in the composition of the
additive. In the second stage, the liquid component
of the additive is prepared, exactly mixing of
bard and their
subsequent neutralization by acidity.

soapstock with post-alcohol
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Finished product

1 — Microsilica
2 — Phosphogypsum

3 — Soapstock and caustic soda

4 — Post-alcohol bard
A, B — Mixer
C — Rotary Dispergator

Stage 1: (preparation of dry component): mixing
of microsilica with phosphogypsum in mixer A.
Stage 2: (preparation of the liquid component):
mixing in mixer B of soapstock, caustic soda and
post-alcohol bard.

Figure 1 - Technological stage of additive production

Table 1 - Variable compositions of mixtures

Stages Content of components by weight, g
Sand Cement Ms PhG Sp NaOH PaB Water
Reference 1500 500 0 - - - - 200
Stage 1 1500 450 50 - - - - 200
1500 425 75 - - - - 200
1500 400 100 - - - - 200
1500 375 125 - - - - 200
Stage 2 1500 450 50 - - - 200
1500 425 75 - - - 200
1500 400 100 - - - 200
1500 375 125 - - - 200
Stage 3 1500 475.0 24.750 0.250 - 200
1500 462.5 37.125 0.375 - 200
1500 450.0 49.500 0.500 - 200
1500 437.5 61.875 0.625 |- 200
Stage 4 1500 500 5 195
1500 500 10 190
1500 500 15 185
1500 500 20 180
Table 2 — Variable compositions of the studied mixtures
Sample Content of components by weight, g
Sand Cement Ms PhG Sp NaOH PaB Water
Reference 1500 340 85 75 - - - 200
- 9 -
Sp=5% 1500 323 81 71 25 0.25 200
= 0, -
Sp=7.5% 1500 315 79 69 37 0.38 200
- 0, -
Sp=10% 1500 306 77 68 50 0.50 200
Sp=12.5% - 200
1500 298 74 66 62 0.63

—— 40 ——
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Figure 2 - Conducting laboratory tests

Table 1 shows the variation compositions of the
mixtures of each stage of the study. Table 2 shows
the variation compositions of the mixtures of the
third stage of the study, exactly the compositions
with different contents of soapstock (hereinafter -
Sp).

The ratio of microsilica to cement is 10, 15, 20
and 25% by weight. The ratio of phosphogypsum to
microsilica to cement is 10, 15, 20 and 25% by
weight. The ratio of soapstock to caustic soda with
respect to microsilica with phosphogypsum and
cement is 5.0, 7.5, 10.0, and 12.5% by weight. The
ratio of post-alcohol bard to water is 2.5, 5.0, 7.5,
and 10% by weight. Variable substitution of
soapstock with caustic soda (for stabilization) from
5.0 to 12.5 % (2.5 % multiplicity) by weight of
cement, microsilica and phosphogypsum. The ratio
of the latter is fixed, is 20 % of microsilica by weight
of cement and 15 % of phosphogypsum by weight
of microsilica with cement (according to previously
conducted studies).

Evaluation of strength parameters of samples in
compression and bending of sample beams was
carried out according to the standard method of
GOST 30744-2001 [24] (Figure 2). Comparison of
strength of samples of variable composition was
performed to evaluate the optimal composition of
the modified additive and to assess its
performance. Comparison of strength values of
samples with and without the additive will allow to
evaluate the influence of the additive components
on concrete modification and its transformation in
terms of strength improvement. Evaluation of the
samples for water absorption capacity of the
compared concrete samples was performed
according to GOST 12730.3-2020 [25] (Figure 2).
Comparison of water absorption of concrete will
allow to give an assessment of the serviceability of
concrete with the use of modified additive,
primarily related to the service life of the material.
The hydrophobicity of the material will characterize

its resistance to the damaging effects of water
during service life, as well as its improvement in
frost resistance (taking into account the mechanics
of frost resistance testing). Evaluation of samples
for frost resistance of concrete samples was carried
out according to GOST 10060-2012 [26] (Figure 2).
Comparison of frost resistance indices of variation
types of concrete is also related to the assessment
of the serviceability of the material, evaluation of
its durability. The sequence of cyclic freezing and
thawing of the samples was performed under the
condition of reducing the number of cycles, i.e. as
the cycles increase, the terms of control
measurements were reduced (from 50 to 25
cycles). Control measurements of strength and
mass were performed: at 50, 100, 150, 175, 175,
200, 225 and 250 cycles.

Results and Discussion

Figure 3 shows the results of strength
measurements at 28 days of the bar samples.
Figure 3A shows the results of partial and average
strength values at different concentrations of
soapstock, and Figure 3B shows the statistical
values of coefficients of variation and comparison
as a percentage of reference sample.

According to the measurement results (Figure
3A), the partial strength values of reference
samples range from 55.56 to 58.39MPa, the
average is 56.53MPa. The partial strength values of
samples with Sp=5% content range from 55.65 to
58.19MPa, the average is 56.91MPa. For samples
with Sp=7.5% content, the strength ranges from
55.28 to 59.11MPa, with an average of 56.88MPa.
The same values for samples with Sp=10% content
range from 54.79 to 57.35PMa, with an average of
56.37MPa. In samples with Sp=12.5% content, the
strength from 51.63 to 56.49PMa, with an average
of 56.61MPa. The samples with soaptock content of
5, 7.5 and 10% have similar strength values to the

—— 4] ——
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reference sample, according to the curves of Figure
1B, the difference being 0.69, 0.61 and -0.30%,
respectively. The samples with 12.5% soapstock
content have strength values different from the
reference sample, the difference is -5.45%. The
latter indicates the negative influence of soapstock
at its high content in the concrete mixture. Further
strength reduction from increasing the amount of
soapstock and caustic soda Na(OH), leads to an
increase in the composition of alkali and fatty acids,
which after the release of fatty acids reduce the
activity of the cement hydration process, and alkali
subsequently interacting with portlandites increase
the process of internal corrosion of concrete. The
evaluation of the coefficients of variation suggests
that the high concentration of soapstock reduces
the stability of concrete structures, as evidenced by
the increase in the variation of these partial
strength values. Thus, the influence of soapstock on
the strength of concrete was not revealed,
moreover, its high concentration negatively affects
the strength of concrete.

To obtain the most accurate statistical value of
reference sample strength, 21 partial values of
cubic (not beam samples) strength (cumulative
from the entire set of tests) were used. The large
number of samples allowed to determine as
accurately as possible the mathematical
expectation of strength values, relative to which
the loss of strength will be made. The latter
becomes permissible because the influence of

60 [Sp=7.5%=56.88MPa |
S 59 Sp=0%= a
= 56.53MPa & Sp=5%
< 58 A % =56.91MPa
?:D o X
g 57 S i .8.....,....&.. ..... Q ..... <%
R e =
56
4 o
55 X 2
X ‘ Sp=10%=56.37MPa ‘
54 X X
Ko o e o e Xom o e X m X = X
53 X
22 Sp=12.5%=53.61Mpa |  \ )
51
1 2 3 4 5 6

Number of sample

=== Strength Sp=0
- =/ - Strength Sp=7.5%
— X— Strength Sp=12.5%

A

..... o s Strength Sp:s%
— X- - Strength Sp=10%

soapstock on strength increase is not observed, and
the strength reduction at a high concentration of
soapstock (more than 10%), in the context of frost
resistance tests, does not affect the analysis of the
results. Figure 4 shows the distributions of the
partial strength values concerning the Gaussian
diagram constructed from the results of the
obtained partial strength values. For the
convenience of comparing the data with the private
values (auxiliary axis on the diagram), the
probability density was corrected relative to unity.
This correction does not change the quality of the
curve but calibrates the scale of the Gaussian
diagram to the private strength values. For
information, the partial strength values are shown
in the diagram of Figure 4 on the right: for ease of
perception, all partial strength values have been
sorted from smaller to larger.

The average strength of the 21 measurements
was 66.38 MPa, the squared deviation was 0.97 and
the coefficient of variation was 1.45%. The
coefficient of variation, with a large number of
tests, allows subsequent adjustments to be made
for strength losses. Given a coefficient of variation
of 1.45%, strength losses up to *1.45% can be
attributed to statistical error. Therefore, loss of
strength was assumed to be effective when the
values of the percentage of strength change (loss of
strength) exceeded the values of the coefficient of
variation reference sample.

- -O- - Strength deflection =~ — <~ = Variation
2 5,50
® ®
c 0.61 S
S 1 0.49 5,00.9
E __--077=g 030 ®
Y - N (T
S 0 0= s 4,50>
o 0 25 5 75 @ 125
45‘1) \
c -1 \ 4,00
o \
& \
2 \ 3,50
\
328\ p
3 \/ - 3,00
/\
-4 250 —4~ 2.08 I\ 250
/7 \ /
/ N/
5 —1.69 / Mk 2,00
<>-———-/°/181 5.45 9
6 1,50
Sp variation
B

Figure 3 - Strength graphs of samples at 28 days of age
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Figure 4 - Distribution of individual strength values

Figures 5-9 show plots of strength loss and
mass loss as a result of cyclic freezing and thawing
of cubic samples with variation inclusion of
soapstock (Sp). Figure 5-9A shows absolute partial
values of strength loss, and Figure 5-9B shows mass
loss and their corresponding coefficients of
variation.

The variation of strength sample from freezing
cycles from 50 to 200 varies from 62.32 to 55.20
MPa. The maximum  strength  reduction
corresponds to the maximum number of cycles,
and the appreciable strength reduction occurs from
100 cycles. Thus, coefficients of variation increase
with increasing number of cycles, varying in the
range of 2.45-12.78%. The variation in strength
values of samples with a minimum percentage of
Sp=5.0% varies from 65.38 to 60.44 MPa, and a
decrease in strength is also observed from 100
cycles. The coefficients of variation have a similar
pattern as the reference samples, ranging from
3.03 to 8.75%. The variation of strength values of
samples with Sp=7.5% varies from 66.45 to 62.17
MPa, while the strength reduction already occurs
from 125 cycles, and the increment of variation
coefficients is from 1.53 to 6.82%. In samples with a
percentage of Sp=10.0%, a noticeable decrease in
strength values occurs from 150 cycles, with a
variation of strength values from 66.12 to 62.94%,
and the coefficient of variation from 3.41 to 5.69. In
samples with a maximum percentage of Sp=12.5%,
the decrease in strength values occurs from 125
cycles, with variation in strength values from 63.33
to 58.13%, and coefficients of variation from 2.31

to 7.83%. However, the samples with maximum Sp
content show an overall strength reduction relative
to the reference sample, on average by 4.8%,
indicating the negative effect of Sp on the strength
performance of concrete, at their high
concentration.

The mass reduction curves of the samples are
generally similar to the strength curves. The
reduction of reference samples varies from 2388 to
2231 grams, with an initial decrease in mass
observed at 100 cycles. Similarly, as with strength,
an increase in the coefficients of variation (for all Sp
variations) from 1.36 to 9.23% is observed with an
increasing number of cycles. For samples with
Sp=5.0%, the variation in loss ranges from 2366 to
2264 grams, the initial decrease is also at 100
cycles, and the coefficients of variation increase
from 1.36 to 7.12%. The samples with Sp=7.5%
showed a loss in mass from 2375 to 2268 grams,
but appreciable loss was observed at 125 cycles,
and the coefficients of variation increased from
1.36 to 6.42%. For samples with Sp=10.0%, mass
loss starts from 150 cycles, ranges from 2362 to
2309 grams, and coefficients of variation vary from
1.36 to 4.54%. The samples with maximum content
with Sp=12.5 have losses ranging from 2397 to
2296 grams, with coefficients of variation varying
from 1.36 to 6.39%. The onset of mass loss is
observed at both 50 and 125 cycles, with mass loss
at 100 cycles being negligible, quantitatively close
to reference samples. The instability of the results
indicates the negative effect of Sp in high
concentration on the quality of concrete.

—— 43 ——
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Analysis of the coefficients of variation in both
cases indicates a decrease in the stability of the
strength (and mass) results with increasing freezing
cycles, but their quantitative index depends on the
guantitative change in strength (and mass) relative
to the initial one (corresponding to O cycles). The
latter is confirmed by the lowest values of the
coefficients of variation in samples with Sp=10.0%,

Quantitatively, the coefficient of variation of
strength in samples with Sp=10.0% is 2.24 times
less than in reference samples, and in relation to
other variations of Sp, in 1.11-1.53 times. The
coefficient of variation of masses in samples with
Sp=10.0% is 2.14 times less than in reference
sample, and in relation to other variations of Sp, in
1.17-1.67 times.
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Figure 10 shows comparisons of strength and
mass losses in percentages as a function of
soapstock content in the sample. (Figure 10A is a
comparison of strength loss and Figure 10B is a
comparison of mass loss). The comparison charts
relative to the reference sample (red curve) show
both qualitative and quantitative changes in mass
and strength of the samples. The diagrams also
show the numerical values of maximum losses
corresponding to 200 cycles.

The curves in Figure 10 clearly show the effect
of soapstock on the durability of concrete, relative
to its resistance to cyclic freezing. The average
value of maximum strength loss of reference
samples in percentage terms is 16.84% and mass
lossis 6.18% on average. For samples with Sp=5%

Reference ------- Sp=5%
-=-==5p=75% =----- Sp=10%
— — - Sp=12.5%

20

16.84

8.95

8.21
6.34

5.19

Lost of strength, %

content, the maximum strength loss is 8.95% and
the maximum mass loss is 4.81%. For samples with
Sp=7.5%, the same values are 6.34% in strength
and 4.61% in mass. For samples with Sp=10.0%, the
same values are 5.69% in strength and 2.88% in
weight. For samples with maximum Sp=12.5%, the
strength is 7.83% and weight is 3.45%. Thus, the
maximum resistance to cyclic freezing was found in
samples with Sp=10.0%. In case of loss of strength
and mass, frost resistance in relation to reference
samples increases by 50% (150/100), and in relation
to other variations of Sp, by from 20 (125/100) to
50% (150/100).

Figure 11 shows the results of water absorption

measurements of samples with different Sp
contents.
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Figure 10 - Comparison of maximum strength and mass loss
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Figure 11A shows the private water absorption
values and their corresponding averages. The
straight lines in the diagram correspond to the
average water absorption value of each type, in
order to visualize the deviations of the private
values from the average value. Figure 11B shows
comparisons of the average water absorption
values of samples with different Sp contents and
their corresponding coefficients of variation.

According to the results, the average of the six
water absorption measurements of the reference
sample was 4.97%, with a variation from 4.79 to
5.18%. For samples with Sp=5%, water absorption
varies from 4.24 to 4.51%, with an average of
4.34%. For samples with Sp=7.5% water absorption
ranges from 3.63 to 3.83%, with an average of
3.71%. For Sp=10% from 3.09 to 3.22%, with an
average of 3.14%. For Sp=12.5% from 2.99 to
3.12%, the mean is 3.03%. With each increase in
the percentage of soapstock, there is a decrease in
water absorption capacity. Relative to the
reference samples, the decrease is: for Sp=5%
samples, the decrease is 12.6%; for Sp=7.5%
samples, the decrease is 25.3%; for Sp=10%
samples, the decrease is 36.8%; for Sp=12.5%
samples, the decrease is 39.0%. The decrease in
water absorption relative to a linear increase in
soapstock content (multiple of 2.5%), is not linear:
up to 10% soapstock content there is a rapid
decrease in water absorption, after - a sharp
decline. Numerically, the increments are: 12.6,
14.5, 15.4, 3.4% from each subsequent addition of
soapstock (2.5%). The sharp decline in water
absorption indicates a decrease in the efficiency of
hydrophobizing effect of soapstock on the material
at its high concentration. Analysis of the
coefficients of variation showed a high degree of
convergence of private values of all variations,
including reference samples: the coefficients of
variation range from 1.57 to 2.97%. The variation of
the results decreases with increasing concentration
of soapstock, i.e. the maximum stability of the
results logically corresponds to the maximum
hydrophobization of the samples.

Conclusion

Based on the results of the tests performed, the
following generalized conclusions can be drawn:

Standard tests of beam samples for flexural and
compressive strength, and standard cubic samples
for water absorption and frost resistance were
performed. Tests were performed for samples with
different soapstock (Sp) contents: 5, 7.5, 10 and
12.5 % by weight of cement, microsilica and
phosphogypsum.

Measurements of the strength of the beam
samples showed that the maximum effect
concerning the increase in the strength of the
material is achieved at 5% of the soapstock
content. However, it should be noted that the
subsequent decrease in strength with increasing
concentration of soapstock is not significant, up to
Sp=10% does not exceed 1%. Thus, the optimal
concentration of soapstock, at which the maximum
effect on the strength of the material will be
achieved, is 5-10%.

Tests on frost resistance showed that the
maximum resistance to cyclic freezing is observed
in samples with Sp=10%, further increase reduces
frost resistance. The regularity in the increase of
frost resistance with increasing concentration of
soapstock is logical, because with each increase in
concentration, the hydrophobization of the
material increases. However, if the hydrophobicity
of samples with Sp=12.5%, although not
significantly, still increases about Sp=10%, the frost
resistance decreases. The latter is because the high
concentration of soapstock leads to a decrease in
the structural strength of the material, since fatty
acids in the composition of soapstock harm the
strength set of concrete, as fatty acids in the water-
soluble state (due to the use of caustic alkali NaOH)
when getting into the cement mortar are evenly
distributed, and after the setting of alkali pass into
the active phase of cement binder, subsequently
releasing fatty acids that form a hydrophobic
structure. Large amounts of fatty acids reduce the
adsorption of moisture and thus limit the hydration
process.

The obtained curve of dependence of water
absorption change on the concentration of
soapstock showed the optimal gradient of water
absorption, which corresponds to Sp=10%. With
further increase of soapstock, the decrease of
water absorption index is not significant.
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BeTOH KOHCTPYKUMANapbiHbIH, 6epiKTiK cunaTTamanapbiH KaKcapTy YLWiH
moauduKaumanaHFaH KocnaHblH, KYpambiHAaFbl COANCTOKTbIH, acepi
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TYAIHAEME

MaKanaga eki KOMMOHEeHTTIi moguduKaumanaHFaH KocnaHbliH Geniri peTiHae KoN4aHbINATbIH
COAnCTOK dCepiH 3epTTey HaTUKenepi bepinreH. ApKanblk yarinepre uiny aHe Kpicy bepikTiri
6oMbIHWA KaHe Cyabl CiHipy XaHe as3fa Tes3imAinik 6oWbiHWa CTaHAAPTTbl KybTbIK yAarinepre
CTAHAAPTTbI CbIHAKTApP Kypri3ingi. CbIHAKTap COancTOKTbIH ap TYpAi menwepnepiHe (Sp): LeMeHT,
MWKPOKPEeMHUI aHe docdornnc canmasbl boibiHWa 5, 7,5, 10 kaHe 12,5% 6onatbiH yarinep
YWiH Kyprisingi. ApKanblk yAarinepaiH, 6epikTirii enwey maTtepuangblH, 6epikTiriH apTTbipy
TYPFbICBIHAH MaKCcUMangbl 9cepre  KypamblHAA COANCTOKTbIH menwepi 5% 6onfaHaa Kon
JKETKI3iNeTiHIH KepceTTi. Analga, COanCTOKTbIH, KOHLEHTPALMACH! ofapblnafaHaa 6epikTiKTiH,
KeWiHri TemeHaeyi Ken 6GONMAWTbIHbIH aTan eTKeH KeH, Sp=10% paeWiH on 1% acnaigbl.
Ocblnaiiwa, MmatepuangblH, OepikTiriHe KaTbiCTbl MaKCMMangbl acepre KON KeTKisineTiH
COANCTOKTbIH, OHTalNbl KOHUEHTpauuackl 5-10% Kypaliabl. Cyabl CiHipy e3repicTepiHiH, coancTok
KOHLLEHTPAUMACbIHA TAYeNAiNiriHiH, anbiHFaH KucbiFbl Sp=10% calikec KeneTiH cy CiHipyAiH,
oNnTMManabl rpagmMeHTiH KepceTTi. CoancTOKTbl KeOeMTKeHHEH cyapl CiHipy aiTapabikTai
TemeHaemenai. Aasfa Te3imginik cbiHaKTapbl Sp=10% yarinepge UMKALIK  TOHA3bITyfa
MaKcMManabl Te3iMainik 6aiikanaTtblHbIH KepCeTTi, an KeniHri »Kofapblnay assfa Te3iMainikTi
TomeHgeTesi. CoancTOK  KOHUEHTPALMACLIHbIH,  XOFfapbliaybiIMeH  aA3fa  TO3IMAINIKTIH,
JKOFapblayblHbIH,  3aHAbIIbIKTApPbl  KUCbIHAbBI, OMTKEHI  KOHUEeHTpauuMAa apTKaH calblH
maTepuangpblH, ruapodobusaumacel aptagpl. AereHmeH, Sp=12,5% ynrinepaiH ruapodobTbinbifbl
avTapabiKTait 6onmaca ga, Sp=10%-fa KaTbICTbl XKOFapblnaca, as3fa Te3iMAiNIK TomeHaenai.

TyiiiH ce30ep: Kebik 6eToH, NeHOBETOH, €Ki KOMMOHEHTTi MoguduKaumanaHFaH Kocna,
TEXHOJIOTUANBIK CXEMa, COANCTOK, BepiKTiK KacmeTTepi, cy CiHipriwTiri, ansfa Tesimainiri
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BanaHue coancroka B coctaBe moanduunpoBaHHon 206aBKu anA yaydlleHus
NPOYHOCTHbIX XapPaKTEPUCTUK 6ETOHHbIX KOHCTPYKLUIA

12 Miocembunos A.C.,"*Jlyknanos P.E., “?AntbiH6ekoBa A.Ll., “KaHTtnecosa X.B., Talal Awwad

1 TOO «Solid Research Group», Acma+a, Kazaxcmax
2 Egpasulickuli HayuoHanbHell yHUsepcumem um. /1.H. Fymunesa, AcmaHa, KasaxcmaH
3flamacckuli yHusepcumem, amack, Cupus

AHHOTALMUA

B cratbe npeacTaBneHbl pesynbTaTbl WCCNEAOBAHUA BAWAHWUA COANCTOKA, NMpUMeHsemas B
coCTaBe [ABYXKOMMOHEHTHOM MoAaMdUUMpPOBaHHOW A06aBKW. Bbinn BbINOAHEHbI CTaHAAPTHbIE
ucnbiTaHua o6pasuoB-6anoyek Ha NPOYHOCTb NpWU M3rMbe M MpU CKATUKM, CTaHOAPTHbLIX
Kybuueckux obpasLoB Ha BOAONOrNOWEHNE U MOPO30OCTOMKOCTb. MCNbITaHUA BbIMOJHEHbI ANA
06pasLoB C pasHbIM codeprkaHMem coanctoka (Sp): 5, 7.5, 10 u 12.5 % no macce uemeHTa,
MWKpOKpemHesema U pocdorunca. M3amepeHne npoyHOCTM o6pasuoB-6anovek nokasanu, 4To
MaKCMMasbHbIV 3GPEKT OTHOCUTENBHO YBEMYEHWUA MPOYHOCTM MaTepuana Aocturaetcs npu 5%

Noctynuna: 25 mapma 2024 COZEPYKaHNN COaNncToKa. OAHaKO CTOUT OTMETUTb, YTO MOCAe/YIoLLee CHUMKEHUE NPOYHOCTY NpK
PeueHsuposanue: 2 anpesns 2024 YBENMYEHUM KOHLIEHTPaLMM COaNCTOKa He 3HauMTenbHo, A0 Sp=10% He npesbiwaeT 1%. Takum
MpuHsaTa B nevats: 9 utona 2024 06pasom ONTMManbHas KOHLUEHTpPauMa COancToka, nNpu  KOTOpoW 6yaeTr  AOCTUTHYT

MaKCUManbHbIi 3GPEKT OTHOCUTENIBHO NMPOYHOCTM MaTepuana, coctanaet 5-10%. MonyyeHHan
KpMBas 3aBUCMMOCTM W3MEHEHMA BOAOMOM/IOWEHUA OT KOHLUEHTpauuu coancToka nokasana
ONTUMAnNbHLIA  rPagMeHT  BOAOMOI/OWEHUA, KOTOpPOMYy cooTseTcTByeT Sp=10%. [pwu
nocneaylowem yBeSIMYEHUM COANCTOKA, CHUMKEHME MOKasaTenAa BOAOMOMNOLWEHUA He
CYLLECTBEHHO. MCNbITaHMA HAa MOPO3OCTOMKOCTb MOKas3anu, YTO MaKCMMainbHaA CTOMKOCTb K
UMKIMYECKOMY 3amopaiuBaHuio Habawogaerca y o6pasuos ¢ Sp=10%, nocneaytouiee
yBeNnYeHMe CHUNKaeT MOPO30CTOMKOCTb. 3aKOHOMEPHOCTb B YBENMYEHUN MOPO3OCTOMKOCTH NpK
YBENMYEHUN KOHLIEHTPaALUMM COANCTOKA JIOTMYHA, MOCKOJIbKY C  KaXAblM  yBe/JMYeHnem
KOHLEHTpauuu pacTeT rugpodpobusauma matepmana. OgHako, ecam ruapodobHocTb 06pasLos ¢
Sp=12.5% XxOTb W He CyWeCTBEHHO, HO BCe e pacTeT MO OTHoweHuto K Sp=10%, TO
MOPO30CTOMKOCTb CHUMKAETCA.

Knioveeble cnoea: nNeHOBGETOH,  ABYXKOMMOHEHTHAas  moauouumpoBaHHas  pob6asKa,
TEXHONOTMYECKAn  CXema,  COancToK,  MPOYHOCTHble  MOKasaTenu,  BOAOMOI/IOWEHNE,
MOPO30CTONKOCTb.
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