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Hocaidyceno 6naue cnieeionowenns uemenm:30-
J1a BUHECEHHSI ma memnepamypu 600U 3aMIMYE6AHH HA
eaacmueocmi 2a306emonnux cymiweii ma 2a306emonis.
Bcmanosneno, wo payioHanvHum uemeHmHo30NbHUM
cniegionowmennam € 1:1, a memnepamypa 6oou sami-
wyeanns 40 °C. Excnepumenmansnumu 00CAi0HCEHHAMU
niomeeposiceno, wo 3a paxyHox éeéedenns 6i0xodie nepe-
PpoOKu coni i memaxaoniny, 00 CKAAOY 6 ANCYHUX KOMNO-
3uuill 6100y6acmMbCa Yymeopenns samicmos memacmaoiny-
HUX 2eKCAZOHATILHUX 210POATIOMIHAMIE KATLUIIO CIIUKUX
CROWYK Y CMPYKmMYpi MiNCnoposux nepezopooox muny
2iopoxamomimy i ziopoxapboamominamy. 3a80aKu ubomy
CMano MOMNCAUBUM HANPAGTEHE CMPYKMYPOYMEOPeHHs.
MINCROPOBUX NePe20po0oK HEABMOKAABH020 2a306emo-
HY, W0 NPpueoOumMms 00 Ni0BUWEHHA WIILHOCMI Nepezopo-
dox ma miynocmi eazobemony. Ioxazano, wo éeedens
noainponinenosoi Qibpu 6 cknad easobemony ne enaueace
Ha Kinemuky cnyuyeanns eazodemonnozo macugy. Oonax
npu é6edenni noninponinenosoi Qiopu miynicmo 2azobe-
MOHY HaA 0CHO61 MOOUiKosanoi 6’saicy1oi Komno3uuii,
wo micmumov memaxaonin, spocmae na 47 %, mooudixo-
8anoi 6’axcynoi KomMnouuii, wo micmumo xapoonamemic-
ni 6i0xo00u — na 32 %. [lna xnacy 2azoéemonie B1,5—-B2
npu cepeoniii eycmuni ¢ mexcax 615—625 xe/m> pospa-
XYHKOBUU Koepiyicnm menaonposioHocmi cmamoeumo
0,16 Bm/(m-K), w0 003801151 3menmumu menioei empa-
mu wepe3 306HIUHI 020pP00IHCYBATILHI KOHCMPYKUTL.

Taxum uwunom, € niocmasu cmeepo’HcY8amu nPo Moxic-
JUBICMb HANPABNEH020 Pe2YTI0BAHH NPOUeEcié Popmy-
8aHHA MIUHOI CMPYKMYpu MINCROPOBUX NepezopoooK
WAXOM BUKOPUCTIAHHA MOOUDIKOBAHUX 8 AIHCYHUX KOM-
no3uuiil, wo micmamo 000amMK06i yemMeHmyroui mamepia-
au. Buxopucmanns noninponinenosoi piopu 3abesneuye
apmyeanns Hizoproeamodemonozo Macusy, cmeopioro-
wY MIYHUI CMPYKMYPHUH KAPKAC MIXHCNOPOBUX NEPezopo-
0ok, wo 3a6e3neuye 3pocManis MiyHOCMi Hea6MOKIAG-
Ho20 2a300emony

Kmiouoei cnosa: neaemoxnaénuil zazobemon, xinemu-
Ka Cnyuy6anHs, cepeons ycmunda, MiyHicmv, nOAnpo-
ninenoea Qiopa
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1. Introduction

In December 2015, at the 21st Conference of the parties
to the UN Framework Convention on climate change, a
new international climate agreement was adopted — Paris
Agreement, according to which the new Energy strategy and
the Strategy of low-carbon development must be based on
reducing energy consumption by increasing energy efficiency
and energy saving. The adoption of the climate agreement is
very important for Ukraine. Implementation of the agreement
implies the need to build its energy strategy with a mandatory
vision of complete abandonment of fossil fuels and a transi-
tion to 100 % renewable energy as early as mid-century [1].
Providing energy saving in the housing and communal sector
of Ukraine is achieved by constructing energy efficient build-

ings by using the materials with improved thermal insulation
properties. Scientific research in the field of innovative build-
ing materials is aimed at the development of building materi-
als, the use of which is economically expedient, and can reduce
energy costs and consumption of natural resources. Aerated
concrete is the optimal material for construction due to the
possibility to change its density and strength in a sufficiently
wide range. This is important for solving various structural
tasks in construction, particularly when constructing exter-
nal enclosures [2]. The main factors that affect operational
properties of these materials is the component structure, vol-
ume of porous space, size and uniformity of pore distribution
[3]. In addition, an important factor is the possibility of tar-
geted regulation of the microstructure of partitions between
pores through the directed synthesis of hydrated phases.




The improvement of quality indicators of the non-auto-
claved aerated concretes is achieved mainly by modifying
the binding compositions of traditional aerated concrete
mixtures with admixtures of the multifunctional purpose
[4]. To this end, widely applied are the chemical additives,
such as micelle-forming surface-active substances [5], car-
bon nanotubes [6], nano-modifiers [7], and supplementary
cementitious materials, specifically natural zeolite [8], resi-
dues of the shale gas pyrolysis [9]. Therefore, it is a relevant
task to undertake a research aimed at modifying the binding
compositions with supplementary cementitious materials by
regulating the composition of hydrated phases in order to
obtain the non-autoclaved aerated concretes with high func-
tionality. Such aerated concretes are characterized by the
improved porous structure and operational characteristics;
they provide the designed strength for compression, as well
as appropriate quality indicators.

2. Literature review and problem statement

According to the trends in the application of modern
building materials for the construction of external enclo-
sures, there is a common tendency to use effective structural
heat-insulating materials, particularly aerated concretes.
The primary reserve for increasing the strength of aerated
concretes is to increase the strength of partitions between
pores by modifying the cement matrix with chemical and
mineral additives, by regulating the dispersity and homoge-
neity of components distribution [10, 11].

The feasibility of using natural zeolite, especially with
larger size particles, is confirmed by the results of research
[8]. It is shown that natural zeolite makes it possible to
obtain the autoclaved aerated concretes with a strength of
3.25 MPa at an density of 553 kg/m?. An analysis of results
of the application of shredded clay bricks as a filler in aerated
concrete revealed a decrease in the density and coefficient of
thermal conductivity, an increase in the porosity and com-
pressive strength in the autoclaved aerated concrete [12].
Despite the practical significance of such results, it should be
noted that the autoclaved treatment of aerated concrete sig-
nificantly increases its energy consumption. There is known
practice in the technology of the non-autoclaved aerated
concrete to use both mineral additives and industrial waste
in the form of sand, sieving of stone crushing, slag, waste
of claydite production, ash from TPP and other industrial
waste [13—15]. Authors of [16] used a carbonate filler to reg-
ulate physical-mechanical and operational characteristics
of the non-autoclaved aerated concretes by optimizing the
structure of the binding matrix, which made it possible to
obtain the non-autoclaved aerated concrete of grade D600
for density and class B1 for strength. Specifically, the study
conducted by authors of [17] showed the possibility to use
phosphogypsum in order to obtain the non-autoclaved aer-
ated concrete, which is not inferior to the autoclaved aerated
concrete in terms of its characteristics. The widespread use
of technogenic waste makes it possible to obtain a high-qual-
ity building material and to solve the problems related to the
improvement of environmental situation at industrial zones.
In Ukraine, particularly in its western part, there are consid-
erable amounts of accumulated waste from the production of
food salt: the practice of its utilization in the technology of
aerated concrete is lacking.

Typical disadvantages of products with low density
are usually the low resistance to tensile stresses, increased
brittleness, insignificant tensile strength at bending, re-
duced fracture toughness. As a result, the articles are ex-
posed to the unwanted chips and cracks, both when they
are manufactured and during transportation and instal-
lation [18]. One of the techniques to overcome the above
drawbacks, along with increasing the strength and the
microstructure optimization through the use of highly
active mineral and chemical additives, is the application
of reinforcement materials. Dispersed reinforcement of the
non-autoclaved aerated concrete with mineral, polymeric
or other non-metallic fibers significantly improves the
strength and deformation properties of the material and
improves the reliability of articles and structures during
operation [19]. It was established [20] by determining the
influence of polypropylene fibers on properties of the com-
posite aerated concrete panel that the strength of the arti-
cle at bending, deflection and compression increased; the
ability to control the propagation of a crack in the concrete
panel was also identified, which confirms the feasibility
of using the fibers. Thus, for large-size articles made from
the non-autoclaved aerated concrete, it is a relevant issue
to stabilize basic properties, such as strength, increased
resistance to tensile stresses, enhanced crack resistance,
minimization of shrinkage deformation and reduction of
material brittleness using the reinforcement fibers.

Thus, there is reason to believe that the influence of
carbonate-containing waste from the production of food
salt on the processes of structure formation of partitions
between pores in the non-autoclaved aerated concretes
has not been investigated in detail. That necessitates the
research into the regulation of the composition of hydrated
phases in order to obtain the non-autoclaved fiber-rein-
forced aerated concretes with high functionality that are
characterized by the improved porous structure and in-
creased strength.

3. The aim and objectives of the study

The aim of this study is to determine the influence of
technological factors, supplementary cementitious mate-
rials, a superplasticizer and a polypropylene fiber on the
rheological properties of aerated concrete mixtures, and
quality parameters of the non-autoclaved aerated con-
cretes, as well as to investigate the physical-chemical pat-
terns in the processes of hydration and structure formation
of partitions between pores. This would make it possible
to reduce the consumption of cement, bring down the cost
of production of the non-autoclaved aerated concrete, and
reduce negative impact on the environment through the
disposal of waste.

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

— to conduct experimental study to establish the depen-
dence of properties of the non-autoclaved aerated concretes
on the technological factors and composition of aerated
concrete;

— to establish patterns in the structure formation of
partitions between pores of the non-autoclaved aerated
concrete based on the modified binding compositions,
interdependent on the physical-mechanical properties of
aerated concrete.



4. Materials and methods to study the influence of
admixtures on the properties of aerated concrete mixes
and aerated concretes

4. 1. Materials used in the research

To conduct the study, we used the Portland cement
CEM 142,5 R produced at PSH “Ivano-Frankivsk cement”
(Yamnitsa, Ivano-Frankivsk region, Ukraine) with specific
surface 332 m?/kg, the residue on sieve No. 008 is 0.5 %,
the initial setting time is 1 hour 20 min, the finish setting
time is 5 hours 50 min. We used, as a finely dispersed filler,
fly ash (FA) from the Burshtyn TPP; as a water-reducing
additive — the superplasticizer Glenium 115 of polycarbox-
ylate type. We utilized, as supplementary cementitious
materials, metakaolin and carbonate-containing waste of
food salt processing (chemical composition of the waste,
mass. %: SiOy — 1.8, Al,O3 — 1.64, Fe,O3 — 0.54, CaO —
39.42, MgO — 4.21, NayO - 6.42, R,O - 6.57; Cl" — 6.67,
LDC (losses due to calcination) — 39.12). To obtain a aer-
ated structure, we used, as a gasifier, the aluminum powder
PAP-1 (content of active aluminum is 82 %, fineness of
grinding is 5,000...6,000 cm?/g). We applied, as the rein-
forcement fibers, a polypropylene fiber (with a fiber length
of 12 mm).

We examined the structure formation of partitions be-
tween pores of the non-autoclaved aerated concrete using
an X-ray phase analysis (the diffractometer DRON-3),
electronic microscopy (the raster electronic microscope
REM-1061 equipped with the energy dispersing X-ray spec-
trometer EDAR). Differential-thermal analysis of the aer-
ated concrete was performed applying the derivatograph
OD-1500 Q, the Paulik-Paulik-Erdey system.

Experimental samples of aerated concrete were fabricat-
ed from the aerated concrete mixes that are characterized
by the flow spread of Suttard cylinder of 190 mm, which
corresponds to the optimal conditions of the technology for
obtaining the non-autoclaved aerated concrete. The aerated
concrete mix components were agitated at a laboratory blade
concrete stirrer. The superplasticizer admixture was added
with the mixing water calculated as 1 mass. % of cement.

Experimental samples, the cubes with an edge of 100
mm, were made by casting; they hardened under normal
conditions for 28 days.

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

An indirect assessment of the impact of technological
factors, a superplasticizer, supplementary cementitious ma-
terials and a polypropylene fiber, on the kinetics of swelling
of the aerated concrete mix was performed based on the
results of determining the multiplicity of swelling of the
aerated concrete mix (the ratio of volume of the swollen mix
to the starting volume).

We have chosen the following basic indicators of the
properties of aerated concrete samples that were determined
in the experiment: density and compressive strength.

Determining the density was conducted in line with the
following procedure: the samples of aerated concrete were
dried to a constant mass; the volume was calculated based
on the geometrical dimensions. The size of the samples was
determined by a ruler with the error not exceeding 0.1 mm.
Mass of the samples was determined by weighing. The con-
crete density p was determined with an accuracy of up to
1 kg/m? from formula:

p v
where m is the mass of the sample, kg; V is the volume of the
sample, m3.

Determining the compressive strength at was conducted
in line with the following procedure: samples, the cubes,
were placed by one of the selected edges onto the bottom
supporting plate, centrally relative to its longitudinal axis.
The strength of concrete, MPa, was calculated with an accu-
racy of up to 0.1 MPa for each sample from formula:

f(‘ube= (O(‘ka)/A,

where o is the scaling factor; F is the destructive load, N;
k., is a correction factor for aerated concrete, which accounts
for the moisture content of samples at the time of testing;

Ais the area of the working cross-section of the sample, mm?.

3. Results of research into properties of aerated concrete
mixes and aerated concretes

It was established based on the experimental data on de-
termining the influence of the ratio Portland cement:fly ash
(C:FA) on the processes of gas evolution and the swelling ki-
netics of an aerated concrete mix that the highest multiplic-
ity of swelling is demonstrated by the aerated concrete mix
with the largest consumption of cement (K;=3.0). However,
the coagulation of an aerated concrete array consequently
occurs, which leads to the increase of the density of aerated
concrete (Fig. 1).

Results of determining the influence of the cement-fly
ash ratio on the density and the compressive strength of
the non-autoclaved aerated concrete samples are shown in
Fig. 2. We established in the course of our study that the ra-
tional cement-fly ash ratio with respect to ensuring the min-
imum density and sufficient strength of aerated concrete is
the ratio C:FA=1:1; we applied it in the subsequent research.

Results of determining the influence of water tempera-
ture for the preparation of an aerated concrete mix on the
multiplicity of swelling of the aerated concrete mix, density
and strength of aerated concrete are given in Table 1.
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Fig. 1. Effect of cement-fly ash ratio on the swelling kinetics
of aerated concrete mix

It should be noted that increasing the temperature of
water for the preparation of an aerated concrete mix to
60 °C causes a rapid thickening that negatively affects the
multiplicity of swelling and, respectively, on the density
of aerated concrete. At a temperature of 40 °C, we achieve
optimal parameters of time and the multiplicity of swelling,



which make it possible to obtain aerated concrete with
a density of 700 kg/m? and the compressive strength in
28 days of hardening under normal conditions of 3.1 MPa
(Table 1), which is consistent with the results of studies by
authors of [21].
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Fig. 2. Effect of cement-fly ash ratio on the properties of
aerated concrete

Table 1

Effect of temperature of water for the preparation of an
aerated concrete mix on the properties of aerated concrete

. Compressive
Water Multiplicity | Swelling Density of strength,
tempera- . . : aerated con-
ture. °C of swelling | time, min crete, kg/m? MPa, after
’ ’ 28 days
20 2.4 25 720 2.3
40 2.5 15 700 3.1
60 1.8 7 950 3.3

To determine the impact of supplementary cementitious
materials and a superplasticizer on the plastic strength of
aerated concrete mixes, we performed an experimental study
and obtained the results shown in Fig. 3.
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Fig. 3. Kinetics of attaining the plastic strength by
the binding compositions containing: 1 — CEM 1 42,5 R;
2—CEM142,5R + 10 mass. % of carbonate-containing
waste; 3 — CEM 42,5 R + 10 mass. % of carbonate-
containing waste and 1 mass. % of Glenium 115;
4 —CEM142,5R + 10 mass. % of metakaolin;
5—CEM142,5R + 10 mass. % of metakaolin and
1 mass. % of Glenium 115

We established based on the results of experimental
study (Fig. 3) that the introduction of mineral additives
predetermines the acceleration of acquiring plastic strength.
Thus, Portland cement is characterized by a plastic strength
of 250 Pa in 109 min; when introducing 10 mass. % of me-
takaolin (MK) the duration of attaining the same plastic
strength is shortened to 105 minutes; 10 mass. % of carbon-
ate-containing waste of salt processing (CW) —to 100 min.
When introducing a superplasticizer, the time of acquiring

the plastic strength of an aerated concrete mix based on
the modified binding composition containing metakaolin
reduces to 97 min.; based on the binding composition with
carbonate-containing waste — to 87 min.

We established in the course of investigation into phys-
ical-chemical processes of structure formation of partitions
between pores (Fig. 4) that after 28 days of hardening of the
aerated concrete based on the Portland cement CEM I 42,5 R
the main crystalline phases are portlandite (d/7=0.490;
0.262 nm) and ettringite (d/n=0.960; 0.387 nm). When
obtaining the aerated concrete based on the modified bind-
ing composition containing metakaolin, the diffractograms
in 2 days of hardening demonstrate diffraction maximum
that match hydrocalumite (d/7=0.820; 0.288; 0.244 nm),
the intensity of which increases. During subsequent time
of hardening, characteristic is the small intensity of lines
of Ca(OH), (d/n=0.262; 0.490 nm), confirming its binding
into hydrated new formations. When introducing the car-
bonate-containing waste as an supplementary cementitious
material to the formulation of the modified binding com-
position, there forms stable calcium hydrocarboaluminate
3Ca0-Al,03-CaCO312H,0 whose structure-forming role
increases over time.
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Fig. 4. Diffractograms of partitions between pores of
aerated concrete based on CEM 1 42,5 R + 10 mass. % of
metakaolin, hydrated for: 1 —2; 2 — 7; 3 — 28 days;

4 — aerated concrete based on CEM | 42,5 R, hydrated for
28 days



Results of electronic-microscopic study into partitions
between pores of aerated concrete based on the binding com-
position containing carbonate-containing waste are shown
in Fig. 5. We emphasize the fact that the use of a modified
binding composition with carbonate-containing waste of
salt processing illustrates the formation of a dense structure
of partitions between pores of aerated concrete.
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Fig. 5. The partition between pores of aerated concrete
based on the binding composition containing carbonate-
containing waste: @ — microstructure, b — spectra of X-ray
characteristic radiation

Generalization of this fact can be stated in the form of
the following argument: “Using a binding composition that
contains carbonate-containing waste ensures the formation
of a structure from the X-ray-amorphous CSH-phase, rein-
forced by the crystals of ettringite and the plate hexagonal
crystals of hydrocarboaluminates. This is confirmed by data
from a microprobe spectral analysis (Fig. 5, b)”.

We observe, based on the results of thermal analysis
(Fig. 6), that the derivatograms of aerated concrete based
on the Portland cement, hydrated for 90 days, demon-
strate endoeffects in the region of temperatures 30—
160 °C, 160-315°C, 460-510 °C, 700-900 °C. The first
and second endoeffects correspond to the release of physical
and adsorption water, respectively, from ettringite and calci-
um hydro silicates. The third endoeffect matches decompo-
sition of calcium hydroxide. The fourth endoeffect manifests
itself as a result of several processes — the decomposition
of hydrocarboaluminates and calcium carbonate with the
evolution of CO».

As evidenced by the results of a thermographic analysis,
in the aerated concrete based on the Portland cement after
90 days of hydration, the loss of mass is 18.6 %. In the aer-
ated concretes based on the modified binding compositions
containing metakaolin and carbonate-containing waste of
food salt processing, the total loss of mass increases to 19.6 %
and 19.5 %, respectively. The estimated value of the amount
of Ca(OH), in aerated concrete based on the Portland ce-
ment after 90 days of hydration is 12.8 mass. %. In the aer-
ated concrete based on the modified binding compositions
containing metakaolin — 2.9 mass. %; carbonate-containing
waste of salt processing — 4.5 mass. %. Data on the high
degree of binding portlandite by mineral additives are also
confirmed by results of determining the strength of aerated
concretes (Fig. 7).
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Fig. 6. Derivatograms of aerated concrete that hardened
over 90 days under normal conditions, based on:
a—CEM142,5R; b—CEM142,5R + 10 mass. % of
metakaolin; ¢ — CEM [ 42,5 R + 10 mass. % of
carbonate-containing waste

We established in the course of research into the porous
structure of aerated concrete using optical microscopy that
when applying as a binder the Portland cement CEM 142,5 R,
the pores the size of 1.1-2.2 mm dominate; their amount is
61 %. When applying the modified binding composition con-
taining metakaolin, we observed an increase in the number
of small pores the size of 0.2—1.0 mm, from 23.5 % to 76.4 %.

Based on the results of experimental study, it was estab-
lished that the introduction of a polypropylene fiber to the



composition of aerated concrete does not affect the kinetics
of swelling of the array of aerated concrete. Thus, the multi-
plicity of swelling of the aerated concrete mix that does not
contain a reinforcing component in its composition is 2.71; the
aerated concrete mix containing a polypropylene fiber is char-
acterized by the magnitude of swelling multiplicity of 2.68.
Increasing the content of fiber does not affect the kinetics of
gas evolution and the growth of the aerated concrete array.
When analyzing the results of experimental research,
it was found that the introduction of the reinforcing com-
ponent makes it possible to increase the strength of aer-
ated concretes at a density of aerated concrete articles of
615-625 kg/m? (Fig. 7). Thus, the strength of the acrat-
ed concrete based on the modified binding composition
containing metakaolin is 1.5 MPa. When one introduces a
polypropylene fiber to the composition of the non-autoclaved
aerated concrete, its strength increases to 2.2 MPa. For the
aerated concrete based on the modified binding composition
containing carbonate-containing waste of salt processing, the
strength is 2.2 MPa. When a reinforcing component is intro-
duced to its composition, its strength increases to 2.9 MPa.
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Fig. 7. Influence of polypropylene fiber on the strength of

aerated concrete after 28 days of hardening under normal
conditions, obtained based on: 1 — CEM 1 42,5 R;

2 — CEM142,5R + polypropylene fiber;
3—CEM142,5R + 10 mass. % of metakaolin;
4—CEM142,5R + 10 mass. % of
metakaolin + polypropylene fiber;
5—CEM142,5R + 10 mass. % of carbonate-containing
waste; 6 — CEM | 42,5 R + 10 mass. % of
carbonate-containing waste + polypropylene fiber

Based on these results, we can state the presence of an
interesting pattern related to the formation of the structure
of partitions between pores. In particular, the use of a poly-
propylene fiber creates a structural strengthening frame of
the array of aerated concrete, that is, it reinforces the parti-
tions between pores, optimizes the structure and increases
the strength of the entire material.

It is established that the non-autoclaved aerated con-
cretes of the B1.5-B2 class of strength, obtained with the
use of the modified binding compositions that contain
supplementary cementitious materials and a polypropylene
fiber, demonstrate the improved porous structure, which
provides for the enhanced thermal insulation characteristics.
For concretes of the B1.5-B2 class of strength, at the density
within 615-625 kg/m?, the estimated coefficient of thermal
conductivity reaches the value of 0.16 W/(m-K), which make
it possible to reduce the heat loss through the wall. Building

the external enclosures using the developed non-autoclaved
aerated concretes, under condition of maintaining all other
parameters of the structure, makes it possible to reduce the
difference between the estimated value of specific heat con-
sumption and the maximally permissible value by 15.3 %.

6. Discussion of results of studying the influence of
admixtures on the properties of aerated concrete mixes
and aerated concretes

When determining a rational ratio of cement:fly ash for
obtaining the non-autoclaved aerated concretes, as it follows
from the obtained results (Fig. 1, 2), taking into consideration
providing for the minimum density and sufficient strength of
aerated concrete, the rational ratio is C:FA=1:1. It should be
noted that the optimal parameters of swelling time and the
multiplicity are achieved at a mixing water temperature of
40 °C (Table 1). Production technology of the non-autoclaved
aerated concretes must maintain a balance between the rate
of acquiring plastic strength and the processes of gas evolu-
tion [22]. Apparently, the use of supplementary cementitious
materials and chemical additives is the factor of regulation of
the plastic strength of binding compositions due to which it
is possible to shorten the duration needed by an aerated con-
crete mix to acquire plastic strength by 11.5-20.3 % (Fig. 3).

Of particular interest is the interpretation of the results
from a raster electronic microscopy, which confirms the
compaction of the microstructure of partitions between
pores of the non-autoclaved aerated concretes based on the
modified binding compositions. The presence in the modi-
fied binders of metakaolin and carbonate-containing waste
of food salt processing enables the formation of lamellar
hexagonal crystals of calcium hydrocarboaluminates and
hydrocalumite, respectively. To prove this argument, it will
suffice to carefully examine data from the differential ther-
mal analysis given in Fig. 5, which prove the high level of
binding of Ca(OH), by supplementary cementitious mate-
rials into stable structure-active phases. This is evidenced
by the low content of portlandite in the aerated concrete
based on the modified binding compositions — in 90 days
of hardening its amount is 2.9-4.5 mass. % compared with
12.8 mass. % in the aerated concrete based on the Portland
cement. The establishment of this fact testifies to the im-
provement of strength characteristics of the finished arti-
cles. That means that taking a given fact into consideration
opens up a possibility for effective control over the pro-
cesses of structure formation of partitions between pores
and the properties of the non-autoclaved aerated concrete
directly under industrial conditions.

The synergistic effect of using supplementary cementi-
tious materials, a superplasticizer and a polypropylene fiber
manifests itself in the compaction of the microstructure of
partitions between pores by reducing the water-solid ratio,
by forming the hexagonal plate crystals of hydrocarboalumi-
nates and by additional spatial reinforcement by fiber. That is
confirmed by comparing the strength of the fiber-reinforced
acrated concrete based on the modified binding composition
containing metakaolin, which confirmed its increase from
1.5 MPato 2.2 MPa; with carbonate-containing waste — from
2.2 MPa up to 2.9 MPa, which is not different from practical
data reported in papers [18, 19]. However, in contrast to the
research results published in [18, 19], the data obtained on
the influence of supplementary cementitious materials and a



superplasticizer on the structure formation of partitions be-
tween pores, allow us to argue about the following:

—using as supplementary cementitious materials me-
takaolin and carbonate-containing waste of food salt pro-
cessing in the composition of the modified binders ensures
the targeted structure formation of partitions between
pores. In this case, the stable products of hydration form,
which enables obtaining highly efficient non-autoclaved
acrated concretes;

— the targeted structure formation of the modified bind-
ing compositions for the non-autoclaved aerated concretes
leads to the improved gas-retaining capacity of aerated con-
crete mixes, increasing the compressive strength, ensuring
high technical effect; this does not diverge from the practical
data know from papers [7, 16].

Such conclusions can be considered feasible from a prac-
tical point of view, as they make it possible to reasonably
tackle the issue of determining the type and the required
amount of supplementary cementitious materials. From
a theoretical point of view, this allows us to argue about
determining the mechanism of the processes of structure
formation, which is a rather valuable benefit of our research.
However, it is impossible not to note that the results of deter-
mining the impact of supplementary cementitious materials
on the strength of the non-autoclaved aerated concretes
are not sufficient to assess the impact on the operational
characteristics of the designed materials; that can be inter-
preted as the shortcomings of our study. The impossibility
to eliminate above limitations within the framework of our
study might lead to a potentially interesting area for the
further research. Study into the influence of supplementary
cementitious materials could tackle the deformations of set-
ting, modulus of elasticity, and a Poisson’s coefficient for the
non-autoclaved aerated concretes. Such a study would make
it possible to establish the impact of supplementary cemen-
titious materials on quality indicators of the non-autoclaved
aerated concretes.

7. Conclusions

1. We established in the course of our research the pat-
terns of influence of supplementary cementitious materials
on the microstructure and strength of partitions between
pores of the non-autoclaved aerated concrete, which imply
the targeted structure formation of partitions between pores
with the creation of stable products of hydration. Given this,
it can be argued that metakaolin and carbonate-containing
waste of food salt production significantly affect the pro-
cesses of structure formation of partitions between pores of
the non-autoclaved aerated concrete and its characteristics.
That is evident by the increased density of the structure of
partitions between pores of the non-autoclaved aerated con-
cretes, improved strength and durability.

2. The patterns in the structure formation of partitions
between pores of the non-autoclaved aerated concretes con-
taining metakaolin and carbonate-containing waste of food
salt processing imply the creation of stable AF,,-phases —
hexagonal calcium hydro-aluminates. The presence of these
phases contributes to the compaction of the microstructure of
partitions between pores of the non-autoclaved aerated con-
cretes. Owing to a given mechanism and to the introduction
of polypropylene fiber, there is a growth of the strength of
the non-autoclaved aerated concretes based on the modified
binding compositions containing metakaolin and carbonate-
containing waste, by 47 % and 32 %, respectively. Compared
with the use of the Portland cement, this allows us to argue
about the effectiveness of the application of supplementary
cementitious materials when obtaining the non-autoclaved
aerated concretes. That testifies to the possibility of targeted
control over the processes of structure formation of partitions
between pores when using the binding compositions contain-
ing metakaolin, carbonate-containing waste, and polypro-
pylene fiber. Building the stronger partitions between pores
makes it possible to prolong the life cycle of the material and
to contribute to the rational use of natural resources.
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006180 Ue CMOCYEMbCA PeaKyiltHux NOPoOUKOBUX Gemonia.
Busuenuii éniue nogepxHeso-aKmueHUX peuosuH, 30aAmHUxX

ymeoprosamu Miueau, Ha wWeuUoKicmv Qopmyeanns ma Kinyeey STU DY OF

B8eNUNUNHY MIUHOCME NPU CIMUCKY JIYHCHUX PEeaKUTUHUX NOPOULKO-

eux Gemonie. Ocobausicmio 00caioxncenv 6yao0 ueuenHs 00HO- THE EFFECT

HACHO20 6NJUBY NOBEPXHEBO-AKMUBHUX PEUOBUH, aKi ymeoptro-

1omo Miyenu, ma peaxuiiinozo nopowky ado 3anoeéHioéava na OF MICELLAR

3aminy miuynocmi 6emonie. Bcmanoeneno, wo o3naueni mivenap-

Hi PO3UUHU MaA PeaKuyitini NOPowKYU 3MIHIOIOMb Xapaxmep Qop- CATA LYSIS ON

MYGANHA MIUHOCME JYIHCHUX PEAKUIUHUX NOPOUMKOSUX Oemonis.

Soinvuyemoca weuoxicmo Gopmysanis MiuHocmi y nouamxoei TH E STRENGTH
mepMinu 3a paxynox Miuenaprozo Kamauizy 2iopamauii domen-

HO20 2panyavoeanozo waaxy, ma sbepizacmoca nidsuuena ixns OF ALKALI N E

MIUHICMb NPU CMUCKY HA NI3HIX CMA0IAX MEePOiHHIL.

Miynicmo ayscnux peaxuiiinux nopowrxoeux Gemowie npu REACTIVE POWDER

3acmocy6anui noeepxHeso-aKkmuHuUx pevoeuH, Cnpomosd;Hc-

HuUx ymeoproeamu miyeau, docseae 260 % 6i0 miynocmi maxux CONCRETE
Oemonie 6e3 0o6asgox.
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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.




