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RESEARCH ON THE INFLUENCE OF MICROSILICA ON THE
STRENGTH OF CONCRETE USED IN THE COMPOSITION OF A
TWO-COMPONENT MODIFIED ADDITIVE

Abstract. In modern construction, considerable attention is paid to the search for
environmentally safe and cost-effective methods to improve the performance of concrete.
This paper investigates the potential of a complex admixture developed on the basis of
industrial wastes, in particular microsilica, phosphogypsum, soapstock and post-alcoholic
bard for concrete modification. The aim of the study is to evaluate the effect of each
component of the admixture on the transformation processes of concrete, especially on its
strength characteristics. Laboratory tests were carried out on specimens with different
microsilica content and the results showed that the maximum strength increase was achieved
at a microsilica content of 20 % in relation to the cement mass. Further analysis revealed a
decrease in strength performance when the microsilica content increased above 20 %, which
may be due to the overabundance of silica in the binder composition.

Keywords: microsilica, phosphogypsum, soapstock, post-alcoholic bard, concrete
modification, two-component modified additive.
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Introduction. In the modern world, construction stands as one of the most
pivotal sectors of the economy. Concrete, being the primary construction material,
plays a key role in the erection of buildings and structures. However, concrete
production is associated with several issues, such as:

1. High energy consumption. Cement production, the main component of
concrete, is an energy-intensive process leading to significant greenhouse gas
emissions.
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2. Depletion of natural resources. Extraction and processing of raw materials
for cement production negatively impact the environment.

3. Generation of waste. Concrete production generates a considerable amount
of waste that needs to be disposed of [1].

In light of these challenges, the quest for environmentally friendly and
economically viable solutions for concrete modification is a pressing issue. One
promising approach to addressing this issue is the utilization of industrial by-
products as additives to concrete [2].

This study proposes a comprehensive additive developed from industrial by-
products:

— Microsilica (Ms) — by-product of metallurgical production;

— Phosphogypsum (PhG) — waste generated during phosphoric acid
production;

— Soapstock (Sp) — residue from refined oil production;

— Distillery slop (PaB) — waste from alcohol production.

Utilizing industrial by-products as concrete additives offers several
advantages:

1. Environmental sustainability: utilizing waste helps reduce the
environmental burden.

2. Economic efficiency: waste utilization helps decrease the cost of concrete
production.

3. Enhancement of concrete strength characteristics: additives can improve
concrete properties such as compressive strength, flexural strength, and modulus of
elasticity.

The research aims to evaluate the influence of each component of the additive
on the transformative processes of concrete, particularly its strength characteristics
[3]. In the first stage of the study, the influence of microsilica on the following
aspects will be examined:

Compressive strength of concrete. The effect of microsilica on concrete
compressive strength will be studied across various additive content ranges.

Flexural strength of concrete. The impact of microsilica on concrete flexural
strength will be investigated across various additive content ranges.

Modulus of elasticity of concrete. The influence of microsilica on concrete
modulus of elasticity will be explored across various additive content ranges.

Subsequent stages of the research will involve studying the influence of other
additive components on concrete properties [4].

This work holds both theoretical and practical significance:

Theoretical significance. It involves studying the mechanisms through which
the comprehensive additive affects the transformative processes of concrete.

Practical significance: It entails the development of a new type of additive that
can be used to enhance concrete strength characteristics.

In the scope of this study, it is proposed to employ a comprehensive additive
formulated from industrial by-products.

Composition of the additive:

Microsilica (Ms) — a by-product of metallurgical production; Phosphogypsum
(PhG) — waste generated during phosphoric acid production; Soapstock (Sp) —
residue from refined oil production; Distillery slop (PaB) — waste from alcohol
production; Caustic soda (NaOH) — stabilizer. Microsilica, comprising a finely
dispersed medium of active minerals, is incorporated into concrete to enhance its
strength properties.
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To improve workability and plasticity, distillery slop is added, which
essentially acts as a surfactant [5]. In order to ensure mineralogical balance,
phosphogypsum is introduced into the concrete mix, considering that microsilica
contains up to 95% silica oxide. The application of soapstock, possessing a fatty acid
composition, promotes volumetric hydrophobization of concrete [6]. A small
amount of caustic soda is also added to the additive to alkalize the soapstock and
retard its oxidation. As a result of employing this comprehensive additive,
hydrophobic concrete with enhanced strength is obtained.

The objective of the research is to assess the influence of each component of
the additive. This article presents the results of only the first stage of the study, which
focuses on examining the effect of microsilica on the transformative processes of
concrete, particularly its strength characteristics [7].

Materials and methods. The proposed additive consists of a composite
mixture of industrial by-products, comprising liquid and solid phases. The solid
phase (Component 1, Cl) is represented by a dry mixture of microsilica,
phosphogypsum, and neutralized soapstock, while the liquid phase (Component 2,
C2) consists of distillery slop.

To enhance the strength properties of concrete, microsilica is introduced into
its composition, which is a finely dispersed medium of active minerals. For better
workability and plasticity, distillery slop, essentially serving as a surfactant, is added.
To maintain mineralogical balance due to the addition of microsilica, which contains
up to 95 % silica oxide, phosphogypsum is incorporated into the concrete mix. The
inclusion of soapstock in the concrete composition contributes to its volumetric
hydrophobization due to its fatty acid composition. Additionally, a small amount of
caustic soda is added to the additive to alkalinize the soapstock and slow down its
oxidation process. Ultimately, hydrophobic concrete with enhanced strength is
obtained [8].

Figure 1 depicts the technological scheme of modified additive production.

........................

Finished product

1 — Microsilica, 2 — Phosphogypsum, 3 — Soapstock and Caustic Soda, 4 —
Post-Alcohol Stillage, A, B — Mixer, C — Rotary Disperse.

Fig. 1. Technological stage of additive production

The production process involves two subsequent stages. In the first stage,
preparation of the dry component of the additive is carried out, involving grinding,
drying, and mixing of microsilica and phosphogypsum. Grinding of the components
is necessary to obtain a homogeneous finely dispersed medium, maximizing their
activity during concrete hydration. Drying is essential for precise component mass
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selection and exclusion of unaccounted water in the additive composition. In the
second stage, preparation of the liquid component of the additive is performed,
involving precise mixing of soapstock with distillery slop and subsequent
neutralization based on acidity [9].

Stage 1: (Preparation of the dry component): Mixing of microsilica and
phosphogypsum in mixer A.

Stage 2: (Preparation of the liquid component): Mixing of soapstock, caustic
soda, and stillage in mixer B.

Table 1 shows the variable compositions of the mixtures of the first stage of
the study, exactly the compositions with different content of microsilica (Ms).

Table 1
Variant compositions of the studied mixtures
Type Component content by weight, g
Sand | Cement | Ms | PhG | Sp | NaOH | PaB | Whater

Reference | 1500 500 0 - - - - 200
Ms=10% 1500 450 50 - - - - 200
Ms=15% 1500 425 75 - - - - 200
Ms=20% 1500 400 100 | - - - - 200
Ms=25% 1500 375 125 - - - - 200

Variational substitution of microsilica from 10 to 25 % (multiples of 5 %) by
mass of cement.

Evaluation of the strength properties of specimens under compression and
bending was carried out according to the standard methodology of GOST 310.4 (Fig.
2). A comparison of the strength of specimens with a variable composition was
performed to assess the optimal composition of the modified additive and evaluate
its effectiveness. Comparing the strength properties of specimens with and without
the additive will provide an assessment of the influence of additive components on
concrete modification and its transformation in terms of strength improvement.

In compression In bending

Fig. 2. Conducting laboratory tests

Research results. Figure 3 shows the test results of beam specimens for
compressive strength (A) and flexural strength (B). Figure 4 and 5 show the same
values for samples with different microsilica content Ms from 10 to 25 % (A-D).
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The results are represented by the data points of strength indices as well as their
average values (straight line).
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Fig. 4. Test results of beam specimens under compression
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The compressive strength of the reference sample (without additive) beam
specimens averages: at 7 days old, 26.37 MPa; at 14 days old, 35.55 MPa; at 28 days
old, 41.53 MPa. The flexural strength of the reference sample is: at 7 days old, 3.59
MPa; at 14 days old, 4.78 MPa; at 28 days old, 5.42 MPa.

The compressive strength for specimens with 10% microsilica (Ms) content
was: at 7 days old, 29.27 MPa, exceeding the reference sample strength by 11.0 %;
at 14 days old, exceeding the reference sample by 10.4 %, reaching 39.26 MPa; at
28 days old, 41.53 MPa, exceeding the reference sample by 9.7 %. Samples with 15
% Ms content showed the following strength characteristics: at 7 days old, 31.35
MPa, already exceeding the reference sample strength by 18.9 %; at 14 days old,
exceeding the reference sample by 17.7 %, reaching 41.84 MPa; at 28 days old, 49.04
MPa, exceeding the reference sample by 18.1 %. For specimens with 20 % Ms
content, the strength was: at 7 days old, 33.63 MPa, exceeding the reference sample
strength by 27.5 %; at 14 days old, exceeding the reference sample by 27.9 %,
reaching 45.47 MPa; at 28 days old, 53.27 MPa, exceeding the reference sample by
28.3 %. For specimens with 25 % Ms content: at 7 days old, 32.95 MPa, exceeding
the reference sample strength by 24.9 %; at 14 days old, exceeding the reference
sample by 25.2 %, reaching 44.52 MPa; at 28 days old, 51.83 MPa, exceeding the
reference sample by 24.8 %.
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Fig. 5. Test results of beam specimens under bending
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The flexural strength of specimens with 10% microsilica (Ms) content was: at
7 days old, 4.07 MPa, exceeding the reference sample strength by 7.1 %; at 14 days
old, the strength was 5.43 MPa, surpassing the reference sample by 15.8 %; at 28
days old, 6.19 MPa, exceeding the reference sample by 9.9 %. Samples with 15 %
Ms content showed the following strength characteristics: at 7 days old, 4.21 MPa,
exceeding the reference sample strength by 11.1 %; at 14 days old, the strength
surpassed the reference sample by 20.3%, reaching 5.64 MPa; at 28 days old, 6.46
MPa, surpassing the reference sample by 14.7 %. For specimens with 20 % Ms
content, the strength was: at 7 days old, 4.72 MPa, exceeding the reference sample
strength by 24.6 %; at 14 days old, the strength was 6.37 MPa, surpassing the
reference sample by 35.8 %; at 28 days old, 7.14 MPa, exceeding the reference
sample by 26.8 %. For specimens with 25 % Ms content: at 7 days old, 4.99 MPa,
exceeding the reference sample strength by 31.6 %; at 14 days old, the strength was
6.37 MPa, surpassing the reference sample by 36.2 %; at 28 days old, 7.05 MPa,
exceeding the reference sample by 25.2 %.

Figure 6. shows the comparison diagrams of the obtained strength
characteristics, along with their corresponding coefficients of variation: A —
compressive strength, B — flexural strength.
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Fig. 6. Comparative diagrams of strength characteristics

The comparative diagram reveals a noticeable influence of microsilica on the
strength properties of concrete: all curves of specimens with the additive lie above
the curve of the reference sample. The coefficients of wvariation, overall
characterizing the close relationship between individual strength values, tend to
stabilize the results as the strength of specimens accumulates. The coefficients of
variation of compressive strengths range from 1.32% to 3.88%, while those of
flexural strengths range from 1.89% to 3.71%.

Figure 7 depicts the changes in strength characteristics with varying
microsilica content in the specimens: A — compressive strength, B — flexural
strength.
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Fig. 7. Strength variation with microsilica content

According to the obtained diagrams, the maximum increase in strength, both
in compression and in bending of the specimens, corresponds to a microsilica content
of 20 % relative to cement. The peak compressive strength values reach 53.27 MPa,
exceeding the reference sample strength by 28.29 %. The peak flexural strength
values reach 7.14 MPa, surpassing the reference sample by 26.82 %. With a
microsilica content exceeding 20 %, there is a decrease in strength, both in
compression and in bending.

Discussion of scientific results. The observed increase in compressive and
flexural strength with the addition of up to 20 % of microsilica can be attributed to
pozzolanic reactions favoured by the high silica content of microsilica. Microsilica,
consisting mainly of amorphous silica (Si0O;), reacts with calcium hydroxide
(Ca(OH),), a by-product of cement hydration, to form additional calcium silicate
hydrates (C-S-H).

It is worth noting that the effects of microsilica on concrete properties can also
depend on other factors, such as the water-to-binder ratio, curing conditions, and the
presence of other supplementary cementitious materials or chemical admixtures.
Careful optimization of the concrete mix design, taking into account the interactions
between various components, is crucial to achieving the desired strength and
durability characteristics.

In summary, the study's main result is that the maximum increase in both
compressive and flexural strength of concrete was achieved with a 20 % microsilica
content relative to the mass of cement. Further increases in microsilica content above
20 % resulted in a decrease in strength characteristics, suggesting an optimal range
for the additive's composition.

Conclusion. Standard tests were conducted on beam specimens for both
flexural and compressive strength. The tests were carried out on specimens with
varying microsilica (Ms) content: 10 %, 15 %, 20 %, and 25 % by mass of cement.

According to the compressive strength test results, the maximum strength
increase was observed in specimens with 20 % Ms content, while the reference
sample exhibited the lowest strength. On average, the increase in strength relative to
the reference sample, based on Ms content, was: 9.7 % for 10 % Ms content; 18.1 %
for 15 % Ms content; 28.3 % for 20 % Ms content; and 24.8 % for 25 % Ms content.
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However, when the Ms content exceeds 20%, there is a decrease in strength by 2.3%
compared to the maximum average strength obtained with 20% Ms content.

The flexural strength test results showed a similar trend of strength increase.
The maximum strength was also observed in specimens with 20% Ms content. On
average, the increase in strength relative to the reference sample, based on Ms
content, was: 9.9% for 10% Ms content; 14.7% for 15 % Ms content; 26.8% for 20%
Ms content; and 25.2% for 25 % Ms content. A decrease in strength of specimens is
also observed at high Ms concentrations (above 20 %): the strength values of
specimens with 25% Ms content are 1.3% lower than those of specimens with 20%
Ms content.

The coefficients of variation, overall characterizing the close relationship
between individual strength values, tend to stabilize the results as the strength of
specimens accumulates. The coefficients of variation for compressive strengths
range from 1.32% to 3.88%, while those for flexural strengths range from 1.89% to
3.71%.

The decrease in strength may be attributed to the increase in silicon content in
the cement composition, as the microsilica content consists of approximately 90%
silicon and above. The application of up to 20% microsilica increases the silicon
content in the percentage composition of alite and belite, improving the quality of
the cement's mineralogical composition. However, an excess of silicon constituents
leads to a decrease in the quality parameters of the binder.
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1.H.lfymunes ameiHdarsl Eypasus yammelK yHusepcumemi, AcmaHa K., Kasakcmax

MWKPOCU/IMKAHDIH, EKI KOMMOHEHTTI MOAUD®UKALUUANAHFAH KOCMNAHDbIH
KYPAMbIHOA KOJIAAHBINATbIH BETOHHbIH, BEPIKTITIHE ©CEPIH 3EPTTEY

AHpatna. Kasipri 3amaHfbl KypbiabicTa 6GETOHHbIH, ©HIMAINIriH  apTTbipyAblH,
3KONOTUAbIK KaYiNci3 aHe yHemMai aaicTepiH isgeyre Ken KeHin 6eniHeai. byn »kymbicta
OHEPKICINTIK KanablkTap, atan auTKaH4a MMUKPOCUaMKa, ¢ocdormncym, cabblH KoHe
aNKoroNbAeH KeliHri bapa HerisiHge 6eToHAbl MoANdUKAUMANAY YLWiH »KacanfaH Kypaeni
KOCNaHbIH a/1eyeTi 3epTTenreH. 3epTreyaiH, MakcaTbl KocnaHblH, apbip Kypamaac 6eniriHin,
GETOHHbIH, TYp/IEHY MpoLecTepiHe, acipece OHbIH, GepiKTik cunaTTamanapbiHa acepiH
6afanay 60nbin Tabblnagbl. 3epTxaHanblk 3epTTeyaep MUKPOCUIMKAHBIH, Kypambl apTypAi
YATINepAe XKYpPrisingi *KoHe HITUXKenep LEMEHT MAcCCACblHA KAaTbICTbl MUKPOCUNKAHDIH,
20% menwepiHae 6epiKTIKTIH MaKCMManabl KOfapbliayblHa KON XKETKI3iNreHiH KepceTTi.
Opi Kapal KyprisinreH Tangay MUKpPOCUAMKaHbIH, menwepi 20 % - AaH »Kofapbl 6onfaH
Kesge O6epiKkTiK KepceTKiwTepiHiH TemeHAereHiH KepceTTi, 6yn 6alnaHbICTbIPFbIW
KYPambIHAAFbl KPEMHE3EMHIH, apTblK 601yblHa HaltnaHbICTbl 601Ybl MYMKIH.

Tipek ce3pep: Mnkpocunnka, pocoorunc, cabblH, ankoronbaeH Keiixri bapa, 6eToH
MognbUKaLMACh, eKi KOMNOHEHTTI moanduKaunanaHFaH Kocna.

P.E. lyknaHos?, A.C. Aocembunos?, X.b. aHtnecosa?, A.[l. ArtbiH6eKoBa?l,
C.B. EHkebaes?, [1.B. Ubirynes?, }K.A. lWaxmos?

1Espasutickull HauuoHanbH.IL yHUsepcumem umeHu J1.H. Nymunesa,
2. AcmaHa, KazaxcmaH

WCCNEAOBAHUE BNUAHUA MUKPOKPEMHE3EMA HA MPOYHOCTb BETOHA,
MCMO/Ib3YEMOTO B COCTABE ABYXKOMMNOHEHTHOW MOAU®ULIMPOBAHHOM
[IOGABKMU

AHHOTauuMA. B coBpemeHHOM CTpPOUTE/IbCTBE 3HAYUTENbHOE BHUMAHUE yaenaeTca
MOWUCKY 3KOIOrMyeckn 6e3onacHbIX U 3IKOHOMUYECKM 3PPEKTUBHBIX METOAO0B Y/yYLIEHUA
3KCMNYaTAUMOHHbIX XapaKTepuUCTUK BeToHa. B AaHHOW cTaTbe uccnepyeTcA NoTeHUMan
KOMMNNeKCHOM A06aBKK, pa3paboTaHHOM Ha OCHOBE NPOMbILWAEHHbIX OTXO40B, B YaCTHOCTU
MUKpOKpemHesema, d¢ocdorunca, coanctoka W nocnecnuptoBoit bGapabl, AnAa
moandukaumm bHetoHa. Llenbio wccnefoBaHUA ABAAETCA OUEHKA BAUAHWUA KaXK4oro
KOMNOHeHTa p[06aBKM Ha npoueccbl TpaHchopmauum 6eToHa, ocobeHHO Ha ero
NPOYHOCTHbIE XapaKTEPUCTUKN. JTabopaTopHble UCMbITaHMA BblN NPOBeAEHbI Ha 06pa3uax
C pPas/NYHbIM COAEP’KAaHMEM MUKPOKPEMHe3emMa, M pe3ynbTaTbl MNOKasaau, 4To
MaKCMMaNbHOE  MOBbIWEHME MPOYHOCTM  OblIO  AOCTUFHYTO NPU  COAEPKAHUU
MUKpOKpemHesema 20 % No OTHOLIEHMUIO K Macce LeMeHTa. [labHeNWwmnii aHanm3 BbIABUA
CHUXXEHWE NPOYHOCTHbIX MOKa3aTenei Npu yBeAUYEHUM COLEPIKAHMA MUKPOKPEMHE3eMa
6osee yem Ha 20 %, 4TO MOXKeT ObITb CBA3AHO C Nepen3bbITKOM KpeMHE3emMa B COCTaBe
CBA3YIOLLLErO.

KnioueBble cnoBa: mukpokpemHesem, docdormnc, coancrtok, NocnecnnuptoBas
6apaa, moamdurKauma 6eToHa, ABYXKOMMNOHEHTHAA MoanduunpoBaHHasa fobaBka.
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