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The paper deals with the structure and phase composition of non-autoclave aerated concrete
with a density of 600–800 kg m–3 using ferrosilicon as a gasifier. The conditions of formation
of porous structure of aerated concrete and preparation of calcium hydrosilicates were
considered. Phase composition of the samples was investigated by means of X-ray phase
analysis and differential thermal analysis. Analysis of X-ray patterns showed that the test
samples contained tobermorite 11.3 Å (5CaO6SiO25.5H2O), xonotlite (6CaO6SiO2H2O)
and -dicalcium silicate hydrate (2CaOSiO2H2O) as a binder. It was established that
there is an increase in the content of hydrosilicate phases with an increase in the content
of gasifier in the vast majority of cases. The obtained data were confirmed by the results of
differential thermal analysis.
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Introduction
One of the main tasks of the construction
industry is to expand the range of available and
develop new building materials and products, reduce
energy and material consumption of production,
ensure savings of binders and increase the quality of
products based on them. Autoclaved aerated concrete
is the most popular material in the construction
market as of today. It combines high thermal
insulation and structural properties. The properties
largely affect the quality of the structure and durability
of cellular concrete. The quality of the structure is
influenced by the compositions and methods of
manufacturing aerated concrete. Aerated concretes
mainly consist of closed pores 0.2–2.0 mm in size
(60–85%). The shape of the pores is a parameter
that characterizes the degree of deformation of
spherical pores into regular polyhedra. An increase
in cellular porosity of system, a decrease in surface
tension, an increase of stability of the mass and a
rapid fixation of the structure by hardening lead to
molding polyhedra pores. The higher the porosity,
the more precise the polyhedra shape should be.
Conditions for the formation of a porous structure
were investigated earlier [1]. The method was based
on the following main statements that reflect the
dependences of the properties of aerated concrete
on its structure: (i) the initial mixtures should contain

a minimum amount of water in order to obtain the
densest and strongest walls of the pores; (ii) pores
should have the densest packing at their maximum
ratio to the pore volume from evaporated free water;
and (iii) the volume of the mixture should be
sufficient for filling the interporous space. Saley et
al. [2] studied the factors determining the structure
of cellular concrete; it was concluded that the kinetics
of gas evolution and change in time of structural
and mechanical properties of the mixture have a
decisive influence on the properties of the material.
Korolev et al. [3] and Gorshkov et al. [4]
examined the issue of optimizing the composition
and structure of structural and heat-insulating aerated
concrete. They proposed a calculation model which
is reduced to solving a system of equations in which
the strength at compression of aerated concrete can
be represented as a maximum ratio load to the area
of the elementary cell.
As is known, the structure of aerated concrete
mainly consists of hydrate and silicon-containing
components. The main hydrate phases formed in
aerated concrete are calcium hydrosilicates, in
particular tobermorite 11.3 Å (5CaO6SiO25.5H2O)
and xonotlite (6CaO6SiO2H2O) [4–8].
The aim of the work is to study the process of
format ion of the structure and det ermine
mineralogical composition of aerated concrete
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products of non-autoclave hardening, which contain
a gasifier based on ferrosilicon.
Experimental
The examined samples of aerated concrete were
produced from the following materials: Portland
cement clinker, gypsum stone, lime, river sand,
ferrosilicon and caustic soda. Testing of compositions
was conducted for several compositions shown in
Table.
Compositions of aerated concrete

Composition
1
2

The content of aerated concrete
components, wt.%
cement
sand
lime
32
52
16
35
54
11

The phase composition of non-autoclaved
aerated concrete was investigated using complex
X-ray phase and differential thermal (DTA) analyses.
The identification of X-ray peaks, endo- and
exothermic effects on DTA curves were performed
using reference data given elsewhere [4]. X-ray phase
analysis was performed by diffraction patterns powder
obtained on an automatic diffractometer DRON-3,
using X-ray tube with cobalt and copper anticathode.
Thermal stability of the samples was investigated ona

Q-1500D derivatograph of the Paulik-Paulik-Erdey
system in the temperature range of 20–9000C with
the rate of temperature rise of 10 deg min–1. Exposed
samples were ground to a full passage through a sieve
No. 0063.
Results and discussion
The macrostructure of aerated concrete with a
density of 600–800 kg m–3 reveals uniform porous
structure with sustained pore sizes from 0.3 to 1.5 mm,
which form a hollow structure represented by pores
of oval or round shape without shells or cracks on
the surface of the interporous septa (Fig. 1). The
polydisperse nature of the pore distribution is ensured
by the uniform distribution of smaller pores between
large pores.
Non-autoclaved aerated concrete is made using
Portland cement. Thus, the processes of setting and
hardening of cement in the presence of components
of the porous mass determine the mineral
composition of newly formed structures and
properties of products [9–12].
Analyzing the results of calculations of the
number of interporous walls and pores in nonautoclaved aerated concrete (Figs. 1 and 2), we can
see the following:
– when the content of ferrosilicon is 3 wt.%,
the number of pores and walls is about 40% and

à
b
ñ
Fig. 1. Macrostructure of non-autoclaved aerated concrete with FeSi as a gasifier (composition 1) at different content of
ferrosilicon (wt.%): a – 3; b – 4 and c – 5

a
b
c
Fig. 2. Macrostructure of non-autoclaved aerated concrete with FeSi as a gasifier (composition 2) at different content of
ferrosilicon (wt.%): a – 3; b – 4 and c – 5
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Fig. 3. X-ray patterns of aerated concrete compositions
(composition 1) with FeSi as a gasifier at different content of
ferrosilicon (wt.%): a – 3; b – 4 and c – 5

60%, respectively (Figs. 1,a and 2,a);
– when the content of ferrosilicon is 4 wt.%,
the number of pores and walls is approximately 46%
and 54%, respectively (Figs. 1,b and 2,b);
– when the content of ferrosilicon is 5 wt.%,
the number of pores and walls is about 65% and
35%, respectively (Figs. 1,c and 2,c).
Thus, the increase in the content of ferrosilicon
as a gasifier resulted in an increase in the pore space
of the aerated concrete composition.
In order to establish the mineralogical
composition of aerated concrete compositions
containing ferrosilicon as a gasifier, X-ray phase
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Fig. 4. X-ray patterns of aerated concrete compositions
(composition 2) with FeSi as a gasifier at different content of
ferrosilicon (wt.%): a – 3; b – 4 and c – 5

analysis was performed, the results of which are
presented in Figs. 3 and 4.
Analysis of X-ray patterns showed that the
studied samples contain tobermorite 11.3 Å
(5CaO6SiO25.5H2O), xonotlite (6CaO6SiO2H2O)
and -dicalcium silicate hydrate (2CaOSiO2H2O).
It should be noted that there is an overlap of some
peaks of tobermorite and quartz, in particular for
1.53 Å. In addition, the most intense peaks are
observed for 3.29–3.32 Å, which are characteristic
of quartz. A small number of calcium hydrosilicate
peaks in the X-ray patterns of non-autoclaved aerated
concrete may indicate the presence of poorly
crystallized and lime-rich gel (the so-called
C–S–H-gel), which is virtually unidentifiable and
merges with a background line.
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Fig. 5. Dependences of the intensity of peaks of hydrosilicates
on the amount of FeSi: 1 – tobermorite at the peak of 3.01 Å
(composition 2); 2 – xonotlite at the peak of 1.81 Å
(composition 1); 3 – xonotlite at the peak of 1.81 Å
(composition 2); and 4 – tobermorite at the peak of 3.01 Å
(composition 1)

The dependences of the intensity of the most
characteristic peaks of hydrosilicates on the amount
of FeSi in the composition are plotted in Fig. 5.
There is an increase in the content of xonotlite
with increasing the gasifier content from 3 to 5 wt.%
for compositions 1 and 2, as the intensity of its
characteristic peaks increases (Fig. 4). For example,
the peak of 1.81 Å increases from 13.01 to 22.31 (by

42%) and from 18.97 to 24.57 (by 23%) for
compositions 1 and 2, respectively.
A similar relationship is also observed in case
of formation of tobermorite. Thus, the intensity of
the peaks of 3.01 Å characteristic of this mineral
increases with increasing FeSi as a gasifier from 21.1
to 31.47 (by 33%) for composition 1. At the same
time, the content of this hydrosilicate for composition
2 does not change.
Analyzing the presence of quartz, it should be
noted that a clear relationship between the height of
the peaks and the content of the gasifier is not
observed.
The presence of hydrosilicates established by
X-ray phase analysis is confirmed by DTA data (Fig. 6).
According to the data of thermogravimetric
analysis, the average total weight loss of samples of
compositions 1 and 2, which contain 5 wt.% of
ferrosilicon, is 17%. For them in the temperature
range of 20–4900C, there is a loss of about 33% of
the weight of the sample. The weight loss of the
sample at the temperature of up to 4900C is explained
by the processes of oxidation and combustion of
organic compounds (stearic acid and surfactants) and
the removal of physically bound moisture. The main
weight loss of the sample is about 67% in the
temperature range of 490–8050C. The endothermic
effect at 5800C corresponds to the dehydration of
portlandite Ca(OH)2 as well as the polymorphic
conversion of -quartz into -quartz. There is a
dehydration of xonotlite, which is confirmed by the

a
b
Fig. 6. Thermograms of aerated concrete compositions with FeSi as a gasifier: a – composition 1; b – composition 2
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endothermic effect on the DTA curves with a
maximum at the temperatures of 7950C and 8050C
for compositions 1 and 2, respectively. The
exothermic effect at 830–8400C on both thermograms
is due to the presence of tobermorite 11.3 Å, which
loses residual water at this temperature, after which
wollastonite crystallizes on its basis. An exothermic
effect at 3200Ñ and 3300Ñ is also observed on the
DTA curves of both samples, which cannot be
precisely explained.
Conclusions
The use of ferrosilicon as a gasifier in the
production of non-autoclaved aerated concrete allows
forming dense and strong interporous partitions and
uniform fine-porous structure of the material. An
increase in the content of ferrosilicon in the range
of 3–5 wt.% in the composition leads to a symbate
increase in the volume of the pore component by
35–40%. Various methods of analysis showed that
the phase composition of aerated concrete with FeSi
as a gasifier is represented mainly by tobermorite
(5CaO6SiO25.5H2O), xonotlite (6CaO6SiO2H2O)
and -dicalcium silicate hydrate (2CaOSiO2H2O),
which act as binder components, as well as unbound
quartz (SiO2) as a filler. It should also be noted that
the formation of these calcium hydrosilicates is more
intense in samples with reduced specific gravity,
which correlates well with the data obtained by
Kaftaeva et al. [13].
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ÏÐÎÖÅÑÈ ÑÒÐÓÊÒÓÐÎ- ² ÔÀÇÎÓÒÂÎÐÅÍÍß
ÃÀÇÎÁÅÒÎÍÓ ÍÅÀÂÒÎÊËÀÂÍÎÃÎ ÒÂÅÐÄ²ÍÍß Ç
ÔÅÐÎÑÈË²Ö²ªÌ Â ßÊÎÑÒ² ÃÀÇÎÓÒÂÎÐÞÂÀ×À
À.Î. Ìóñ³íà, Î.Î. Ñ³ãóíîâ, Î.Ï. Ðèæîâà,
Î.Ñ. Ñâåðäë³êîâñüêà, À.Î. Ãóðà
Íàäàíî ðåçóëüòàòè äîñë³äæåíü ñòðóêòóðè ³ ôàçîâîãî
ñêëàäó íåàâòîêëàâíîãî ãàçîáåòîíó ù³ëüí³ñòþ 600–800 êã/ì3
ç âèêîðèñòàííÿì ôåðîñèë³ö³þ ÿê ãàçîóòâîðþâà÷à. Ðîçãëÿíóò³ óìîâè ôîðìóâàííÿ ïîðèñòî¿ ñòðóêòóðè ãàçîáåòîíó ³ óòâîðåííÿ ã³äðîñèë³êàò³â êàëüö³þ. Çä³éñíåíî äîñë³äæåííÿ ôàçîâîãî ñêëàäó çðàçê³â çà äîïîìîãîþ ðåíòãåíîôàçîâîãî òà äèôåðåíö³éíî-òåðì³÷íîãî ìåòîä³â àíàë³çó. Àíàë³ç äèôðàêòîãðàì ïîêàçàâ, ùî äîñë³äæåí³ çðàçêè ì³ñòÿòü ÿê â’ÿæó÷³ ðå÷îâèíè òîáåðìîðèò 11,3 Å (5CaO6SiO25,5H2O), êñîíîòë³ò
(6CaO6SiO2H 2O) òà -ã³äðàò äâóõêàëüö³ºâîãî ñèë³êàòó
(2CaOSiO2H2O). Âñòàíîâëåíî, ùî â ïåðåâàæí³é ê³ëüêîñò³
âèïàäê³â ñïîñòåð³ãàºòüñÿ çá³ëüøåííÿ âì³ñòó ã³äðîñèë³êàòíèõ
ôàç, ç³ çá³ëüøåííÿì âì³ñòó ãàçîóòâîðþâà÷à. Îòðèìàí³ äàí³
ï³äòâåðäæóþòüñÿ ðåçóëüòàòàìè äèôåðåíö³éíî-òåðì³÷íîãî
ìåòîäó àíàë³çó.
Êëþ÷îâ³ ñëîâà: ôåðîñèë³ö³é, í³çäðþâàòèé áåòîí,
ãàçîóòâîðþâà÷, ôàçîâèé ñêëàä, ã³äðîñèë³êàòè êàëüö³þ.
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The paper deals with the structure and phase composition
of non-autoclave aerated concrete with a density of 600–800 kg m–3
using ferrosilicon as a gasifier. The conditions of formation of
porous structure of aerated concrete and preparation of calcium
hydrosilicates were considered. Phase composition of the samples
was investigated by means of X-ray phase analysis and differential
thermal analysis. Analysis of X-ray patterns showed that the test
samples contained tobermorite 11.3 Å (5CaO6SiO25.5H2O),
xonotlite (6CaO6SiO2H2O) and -dicalcium silicate hydrate
(2CaOSiO2H2O) as a binder. It was established that there is an
increase in the content of hydrosilicate phases with an increase
in the content of gasifier in the vast majority of cases. The obtained
data were confirmed by the results of differential thermal analysis.
Keywords: ferrosilicon; aerated concrete; gasifier; phase
composition; calcium hydrosilicates.
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