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ABSTRACT

The article presents studies of the use of plasticizing additives in combination with fine aggregate
(microsilica) and CaOH quicklime for the production of foam concrete. The research will determine
the effect of plasticizing additives and active fillers on the properties of foam concrete during their
production. The main issue in the production of foam concrete is the time of setting, as their increase
leads to shrinkage of foam concrete mixture and as a consequence of the uneven structure of the
material. Therefore, the use of plasticizer additives in the production of foam concrete is not
recommended. Plasticizer, as a surface-active substance, increases the setting time of the cement
binder. However, examining the features of micro silica in combination with caustic lime and
plasticizer was found to reduce the time setting. Laboratory studies have shown that the use of these
components will produce foam concrete with the projected density, with a uniformly distributed
pore structure, high strength, and frost resistance. According to the results of the study, the influence
of the number of additives components on the qualitative characteristics of foam concrete was
determined, and the optimal composition of the components, plasticizer additives, micro silica, and
caustic lime was selected.
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Introduction

material, allowing the expansion of the field of their
application. The use of additives to improve the

Construction refers to one of the important
areas of industry, so the solution of the issues
related to the creation of new or upgraded effective
building materials becomes a fundamental factor in
its development [1]. In this regard, the most
important task is to develop new building materials
with improved performance properties [2].

One of the directions for obtaining effective
building materials is the use of additives modifiers,
which significantly improve the properties of the

physical and mechanical properties of building
materials is common practice in modern urban
planning [3]. To develop modifier additives both
quality raw materials and industrial wastes are used,
which is also quite effective. Today, specialized
concrete additives used both in industrial-scale
production of concrete mixture and in the order of
individual construction are in great demand in the
market [4]. The use of additives modifiers in
concrete is a standard measure, but their use in
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cellular concrete is not always justified, because
with the receipt of certain qualitative characteristics
are often lost other, not insignificant indicators. For
example, the use of plasticizers and hydrophobic
additives increases strength and reduces water
absorption, but has a negative effect on increasing
the setting time of the mortar, which leads to
shrinkage and the development of uneven density
[5].

When studying cellular concrete, they should be
divided into two types foam concrete and aerated
concrete. The main distinguishing characteristic of
foam concrete and aerated concrete is the
technology of obtaining the pore structure. Gas
concrete is obtained through the use of gas-forming
additives, such as aluminum powder and hydrogen
peroxide technical [6]. In the process of chemical
reaction, gas is released, which contributes to the
swelling of the gas concrete solution, due to which a
communicating pore structure of gas concrete is
formed. The use of modifier additives increases the
time of setting, which negatively affects the
structure formation of aerated concrete mortar.
Foamed by gas-forming additives solution should
hold the structure until the end of the process of
setting, otherwise, if the solution does not have time
to set (as a consequence of this may serve
plasticizers  and hydrophobizing  additives,
containing in their composition surfactants),
shrinkage of the material and violation of geometric
parameters and structural characteristics occur [7].
Foam concrete is also a cellular concrete, the
distinguishing feature from aerated concrete is the
process of formation of the pore structure. To obtain
the pore structure of foam concrete, a blowing agent
is used, from which quality foam of the required
multiplicity is obtained [8]. The foam is then injected
into the mortar and swells it. The foamed mortar
acquires a cellular structure with closed pores [9]. As
with aerated concrete, the main problem is to
increase the setting time, so the use of plasticizers
and hydrophobic additives becomes impossible [10].

The research is aimed at the development of
new additives that do not affect the time of setting,
but on the contrary, contribute to their reduction.
The research aims to determine the complex
influence of plasticizing additives of micro silica and
caustic lime on structural and qualitative
characteristics of foam concrete made by the two-
stage introduction of foam.

Experimental technique

An important condition was to maintain the
same composition of components and ingredients
(additives) of prototypes for each method, as well as
their dimensionality. The technological process of
specimen preparation by two-stage foam injection is
shown in Figure 1.
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Figure 1 — Technology of foam concrete preparation
by the method of two-stage foam injection

The technological process consists of three
stages. During production, a strict sequence of
components must be followed (Figure 1):

Stage 1: in a container (A) the foam concentrate
(1) is thoroughly mixed with water (2), in ratio to
water - 0.3:40 I; in parallel (independently) in a
container (B) the foam concentrate (1) is thoroughly
mixed with water (2), in ratio to water - 1.2:40 |; in
parallel in a container (C) the cement (3) is mixed
with sand (4), in the ratio of cement to sand (1:3).

Stage 2: obtained in a container (A) mortar
through the foam generator (C) is converted to foam
and combined with cement and sand mixture from
the container (D), in a mortar mixer (E).

Stage 3: The mortar obtained in a container (B)
is converted to foam by means of the foam
generator (C) and introduced into the mortar mixer

(E).
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Table 1 - Compositions of the compared samples

Type of sample Cement, kg | Sand, kg | Foamer, | | Plasticizer | Quicklime,| Microsilica Water, |
C-3, kg kg (MC), kg

Type 1 300 300 1.5 150
Reference sample

Type 2 300 300 1.5 5 120

Type 3 267 267 1.5 5 6 60 99

Type 4 270 270 1.5 5 60 94

Type 5 300 300 1.5 5 6 99

Type 6 267 267 1.5 6 60 140

After careful mixing in a mortar mixer, the
resulting mortar (5) is poured into forms.

To study the effect of the complex of additives
on the qualitative characteristics of foam concrete
there was taken as a control comparative sample -
foam concrete grade D600 without using any
additives. The composition of the compared samples
is presented in Table 1.

To determine the qualitative indicators of foam,
concrete the following laboratory tests and methods
were used:

- Determining the density of the samples was
performed according to the GOST 12730.1-78
"Concretes. Methods for determination of density.

- Determination of water absorption s
performed according to the procedure of GOST
12730.378 "Concretes. Method for determination of
water absorption.

- Determination of thermal conductivity and
thermal resistance of the material was carried out
according to the method of GOST 7076 "Method for
determining the thermal conductivity and thermal
resistance under steady-state thermal conditions".
The measurements were carried out on the device
ITP MG-4 on the principle of generation of heat flow
stationary, passing through a flat sample and
directed perpendicularly to the front faces of the
sample.

- Determination of the strength of foam
concrete is performed according to the method of
GOST 10180-2012 "Concretes. Methods for
Determining Strength by Reference Samples".
Testing in compression was carried out on an
automatic press CONTROLS (Pilot) 500 kN.

All tests were performed on cube-shaped

specimens of 10x10x10 cm.
Results and Discussion

The density. The density study allowed us to
objectively assess the uniformity of the pore
structure of foam concrete. Figure 2 shows the
results of the average values of the densities of the
different parts of the foam concrete samples: the
upper, middle, and lower parts.

According to the statistical data all partial
values have a close relationship and high
convergence within the control measurements: for
type 1 the maximum quadratic deviation is 20.42
(lower segment) and the coefficient of variation is
3.42%; for type 2 the same values are - the
maximum quadratic deviation (QD) is 25.72 (middle
segment), the coefficient of variation (CV) is 4. 21%;
for type 3, the QD is 14.11 (lower segment) and the
CV is 2.32%; for type 4, the QD is 32.73 (upper
segment) and the CV is 5.34%; for type 5, the QD is
20.31 (upper segment) and the CV is 3.33%; for
type 6, the QD is 23.32 (middle segment) and the
CVis 3.78%.

The results of the study showed that in all cases,
the density in different areas has different values.
The control sample showed an increase in density of
the lower sample by 4.0% as opposed to the upper
sample, indicating that during the setting process,
part of the pore structure breaks down and settles,
thereby compacting the structure of the lower layer
of the material. The sample with plasticizer has the
highest difference in density: the lower sample
showed an increase in density of 4.6% compared to
the upper sample. The samples where a complex
combination of plasticizer, caustic lime, and micro-
silica was used in the mixture showed a relatively
equal density of the lower and upper sections.
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Figure 2 — Results of determining the density of foam block
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Figure 3 — Results of water absorption measurements

The water absorption. Water absorption of foam
concrete was carried out by measuring the density,
the results of the study are presented in Figure 3.
Assessment of water absorption was also
determined for different sections of the samples.

The obtained private values have from the
average then a close relationship: for type 1 the
maximum quadratic deviation is 1.60 (middle
segment), and the coefficient of variation is 10.7%;
for type 2 the same values are - the maximum QD is
0.52 (upper segment), the CV is 5.2%,; for type 3 - QD
is 0. 24 (lower segment), the CV is 3.9%,; for type 4 -
QD is 0.19 (lower segment), the CV is 3.2%,; for type
5 - QD is 0.37 (middle segment), the coefficient of
variation is 3.7%; for type 6 - QD is 0.52 (middle
segment), the CV is 4.7%.

According to the studies, high (less favorable)
rates of water absorption were shown by the control

samples of the traditional composition, without the
use of additives.

According to the results of the control sample,
we see a difference in water absorption between the
upper and lower samples, which is 12%. In general,
a certain pattern of changes in water absorption
capacity according to the height of the sample was
not revealed. Nevertheless, there is an obvious
effect of plasticizers on the reduction of water
absorption (by 21.4% of the control sample), due to
the reduction of micropores in the walls of the cells.
Samples with the addition of plasticizer, hydrated
lime, and micro-silica showed the lowest water
absorption, with an average of 6.3%. This figure is a
high-quality result for foamed concretes, which is
obtained by reducing the time of setting and
reducing the formation of micropores in the walls
of the cells. In samples of types 3,4,5, the most
uniform distribution of water absorption over the
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Figure 4 - Results of strength measurements

height of the sample is observed, which together
with the results of densities indirectly indicates a
relatively uniform porous structure.

The strength. The strength studies were also
carried out on samples obtained from different
sections of the foam concrete material (foam
block). The results are presented in Figure 4.

The partial values obtained have a high degree
of convergence: for type 1 the maximum QD is
0.107 (upper segment) and the CV is 3.42%; for
type 2 the same values are - the maximum QD is
0.15 (lower segment), the CV is 4.21%; for type 3
the QD is 0. 12 (middle segment), the CV is 2.32%;
for type 4 - QD 0.25 (middle segment), the CV is
5.34%; for type 5 - QD 0.17 (middle segment), the

CV is 3.33%; for type 6 - QD 0.15 (middle segment),
the CV is 3.78%.
The difference in the strength of the upper and
lower sections of the foam concrete made by the
traditional composition without the use of additives

was high 22.1 %, and the coefficient of variation by

height is 10%. The obtained result indicates the

Table 2 - The results of the thermal conductivity

uneven distribution of strength characteristics along
with the height of the sample. The difference
between the same indices of samples with additives
is from 3.5 to 16.4%, and the coefficient of variation
by height is from 1.7 to 7.6%. Thus the use of
additives gives a positive effect in increasing the
strength characteristics of foam concrete.

Thermal conductivity. The results of the thermal
conductivity study are presented in Table 2.

All partial values of all compared sample types
have a very close relationship and convergence: the
maximum coefficient of variation ranges from 1.18
to 2.08%, and quadratic deviations do not exceed
0.005.

According to the results of thermal conductivity
of control samples, itis possible to see the difference
in the values of the upper sample and the lower
sample, which in percentage ratio is 13.4 %. The
large variation in values within a single test sample
indicates the conditional reliability of the thermal
conductivity indicators, which must be taken into

account in the design. Thermal conductivity of

Sample Thermal conductivity coefficient Ao W/m x°C
Top samples Middle samples Bottom samples
Type 1 Reference sample 0.15 0.17 0.17
Type 2 0.16 0.17 0.17
Type 3 0.16 0.16 0.16
Type 4 0.15 0.16 0.16
Type 5 0.17 0.17 0.17
Type 6 0.15 0.15 0.16

— 34 ——
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sample Type 3, where all complex additives was
used showed the maximum quality result, thermal
conductivity in all areas (both upper and lower) was
the same value of 0.16 W/m x °C. The same uniform
thermal conductivity in all sections is shown by the
sample of Type 4 - 0.17 W/m x °C. Samples of Types
1, 3, and 5, showed practically the same result,
which was a difference in values of 6.1-6.7%.

Conclusions

Presented composition of the additive intended
for the production of foam concrete, which includes
the following components: plasticizing additives in
combination with fine filler (microsilica) and
hydrated lime CaOH. The relative uniformity of the
composition was confirmed by the results of the
assessment of the density of the material, measured
at different heights of the samples (top, middle, and
bottom). The maximum density difference by height
observed in specimens of type 2, was 4.5%, and the
minimum in specimens of type 3 with the full
complexity of the components of the proposed
additive, was 0.5%. The most unfavorable rates of
water absorption corresponding to the samples of
traditional composition, the difference of data on

the height of the samples, on average, was 12%. In
general, for the samples with the use of plasticizers,
there is an obvious decrease in water absorption up
to 21.4 %. The results of comparisons of strength
characteristics of samples showed minimum values
for samples of traditional composition, and
maximum for samples with the use of the additive.
The maximum difference in strength by height was
revealed in the samples of traditional composition,
amounting to 22.1%. The samples with additives
showed varying degrees, but a naturally smaller
scatter, ranging from 3.5 to 16.4%. The results of
thermal conductivity also showed less stability of the
samples of traditional composition, the difference of
private values on the height of which was 13.4%.
Samples using the entire set of additives showed the
most stable result, and samples with partial use of
components showed high convergence with a
scatter of data from 6.1 to 6.7% in height.
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Kebik 6eTOHbIHbIH, CanacblH YXaKCcapTyfa apHa/ifaH MUKPOKPEMHE3€eM }KaHe
COHAipiNnreH aK HerisiHAe ¥KacanaTtblH Kocna

Nlyknanos P.E., ! AocembuHos [.C., 1 EHkebaes C.B., 1 EHkebaesa A.C.,2 Tkau E.B.

L J1.H. F'ymunes ameiHdarsl Eypasus yammelx yHusepcumemi, Hyp-Cyaman, Kazakcmat
2 ¥ammelk 3epmmey Mackey memaekemmiK Kypobiasic yHusepcumemi, Mackey, Peceli

TYRIHAEME

Makanasa kebik 6eToHbIH OHAIPY YLUIH ¥KyKa AMUCNepCTi TONTbIPFbILLNEH (MUKPOKPEMHE3eM) XKaHe

Ca(OH)2 akimeH bipiKTipinreH nnacTMduKaumMAnbIK Kocnanapapl KonfaHy Typasbl 3epTreynep

KenTipinreH. 3epTreynep NAaCTUKTEHAIPETIH Kocrnanap meH b6enceHai TONTbIpFbIWTapaAbIH, Kebik

bOeTOHbIHbIH, KacueTTepiHe acepiH onapAbl eHAipy MpoueciHae aHblKTayFa MYMKIHAIK 6epeg,.

Makana kengi: 15 akna+ 2022
CapantamagaH eTTi: 18 Haypei3 2022
Kabbinganapl: 28 cayip 2022

Kebik 6eToH eHAjipiciHAeri Heri3ri Macesie — OpHaTy yaKbITbl, ©MTKEHI 0napaH apTybl Ke6ik 6eToH
KOCMACbIHbIH WeryiHe aKesnesaj, COHbIH, acepiHeH maTepuangbiH KypblibiMbl Bipkenki 6onmanabl.
CoHAbIKTaH Kebik 6eTOH eHAipiciHAe NNACTUKTEHAIPETIH Kocnanapabl KoAaaHy YCbiHbIAMaAb.

Mnactuoukatop, 6etTik 6enceHai 3at 6ona oOTbipbin, LEMeHT 6ainaHbICTbIPFbIWbIH OpPHATY

YaKbITbIH

apTTbipaabl.

Anaiiga, ceHaipinreH 9K  KaHe nnactudukaTtopmeH  Bipre

MWKPOKPEMHE3EMHIH, epeKLLENiKTePiH 3epTTelN OTbIPbIN, OPHATY YaKbITbIH KbICKAPTYFa MYMKIHAK

6epeTiH epeklwenik Tabbligpl. 3epTxaHanblK 3epTreynep KepceTkeHaen, 6yn KOMMoHeHTTepai
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KoNAaHy GipKenKi 6eniHreH KypblabiMbl, ofapbl bepikTiri kaHe asasfa Tesimainiri 6ap Kebik
6eTOHbIH anyfa MyMKIHAIK Gepegi. 3epTrey HaTuxKenepi GoMbIHWA Kocnanap KOMMOHEHTTepi
CaHblHbIH, KebiK BEeTOHbIHbIH, cananblK cMnaTTamanapbiHa acepi aHblKTanAbl, KOMMOHEHTTEPAIH,
OHTaWAbl Kypambl, NAACTUPUMKATOP, MUKPOKPEMHE3EM »KaHe ruapatrasfaH 9K Kocnanapbl
TaH4aNAbl.

TyiiiH ce30ep: neHO6eTOH, eki caTbl/ibl KOBIK eHri3y, MMKpOKpemMHe3seM, naactuduKkaTop, 6epikTik,
an3fa Te3iMAiNIK.
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AHHOTAUMA

B cTaTbe npuBeaeHbl UCCAEL0BAHWA NPUMEHEHUA NAACTUOULUMPYIOLLMX A0BABOK B KOMMIEKCe C
TOHKOAMCNEPCHbIM HaNoAHWUTENEM (MMKPOKPEMHE3eMOM) U ralleHHoi ussectbio CaOH pns
npou3BoACTBa NeHobeToHa. ccnenoBaHWA NO3BONAT ONPEAENUTb BAUAHUE NAACTUGULMPYIOLLMX
[06aBOK M aKTMBHbIX HAaNONHUTENEN Ha CBOWCTBA NEHOGETOHA B MpoLECCce WX NPOWU3BOACTBA.
OCHOBHbIM BONPOCOM NPW NMPOU3BOACTBE NEHOBETOHA ABNAIOTCA CPOKM CXBATbIBAHMA, TaK Kak UX
yBenuyeHve NpuBOAMT K ycagKe NeHOBETOHHOW CMecUM M KaK CneacTBve HepaBHOMEPHOCTM
CTPYKTYpbl MaTepuana. MosTomy npumeHeHve naactuduumpyowmx aob6aBok B NPOM3BOACTBE
neHobeToHa He pekomeHayeTcs. MnacTuduKaTop, ABNAACH MOBEPXHOCTHO aKTUBHbLIM BELLECTBOM,
YBENNUYMBAET CPOKMU CXBATbIBAHWUA LEMEHTHOrO BAXyllero. OQHaKo uccnenoBaB 0coBeHHOCTH
MMUKPOKPEMHE3EMA B KOMIMJIEKCE C ralleHHOW M3BECTbIO M N1acTUdUKATOpom bbina obHapyKeHa
0COBEHHOCTb, MO3BONAKOWAA COKPATUTb CPOKM CXBaTbiBaHWA. JlabopaTopHble McCaefoBaHWUA
noKasanu, YTo MNPUMEHEeHWEe [AaHHbIX KOMMOHEHTOB MO3BO/MAT MOAYYUTb MNEHOBETOH C
NPOEKTUPYEMOM NJIOTHOCTbIO, C PABHOMEPHO pacnpesiesIeHHON NMOPOBOM CTPYKTYPOW, BbICOKOWM
NPOYHOCTbIO, U MOPO30CTOMKOCTbIO. [0 pesynbTaTam MCCNefoBaHWA, ONpPeAeNeHo BAUAHME
KO/IMYECTBa KOMMOHEHTOB A06aBOK Ha KayeCTBEHHble XapaKTepUCTUKM neHobeToHa, Bbl6paH
ONTMMaNbHbIN COCTAaB KOMMOHEHTOB, A06aBKM NnacTUdUKATOPa, MUKPOKPEMHE3eMa U1 raleHHow
N3BECTU.

Knovyeeble cnoea: neHOBETOH, [ABYXCTaAMWHOE BBeAEHME MNeHbl, MUKPOKPEMHE3EM,
nnacTMduKaTop, NPOYHOCTb, MOPO3OCTOMKOCTD.
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