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The results of research on the structure and phase composition of non-autoclaved aerated
concrete with a density of 550–750 kg/m3 using metallic silicon as a gas generator are
presented. The peculiarities of the structure formation of aerated concrete products and
the mineralogical composition of their hydration products were investigated. It was
established that increasing the content of metallic silicon in aerated concrete leads to an
increase in the pore space of the compositions. The results of diffractometric and thermal
analysis methods for establishing the phase composition of aerated concrete compositions
with metallic silicon as a gas generator are also presented. Analysis of XRD patterns and
derivatograms showed that the aerated concrete samples under investigation contain a
binder component, obermorite (5CaO⋅6SiO2⋅5.5H2O); xonotlite (6CaO⋅6SiO2⋅H2O); α-
dicalcium silicate hydrate (2CaO⋅SiO2⋅H2O); and hillebrandite (2CaO⋅SiO2⋅1.17H2O). It
was established that increasing the amount of metallic silicon as a gas generator stimulates
an increase in the content of hydrated phases in aerated concrete compositions.
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Introduction
Currently, aerated concrete is one of the most

common building materials used for the construction
of civil and industrial buildings. This building material
is an environmentally pure, efficient building material
with a sufficient raw material base for its manufacture.
In the simplest case, it consists of cement, filler,
water and gas generator, has the properties, on the
one hand, of stone, on the other hand, of wood. The
combination of these properties makes aerated concrete
an excellent building material. Due to increasing
porosity of the material, the density of concrete is
decreased and its thermal insulation properties are
improved [1]. This is closely related to the construction
and operational properties of products and enclosing
structures: the weight of the walls, load on the
foundation, vapor permeability, sorption moisture of
the material, thermal insulation properties of the
material, and specific heat energy consumption for
heating buildings [2].

As is known from literary sources, the structure
of aerated concrete is mainly represented by hydrated
and silicon-containing components. The main hydrate
phases formed in aerated concrete are calcium
hydrosilicates, in particular tobermorite
11.3 Å  (5CaO ⋅6SiO2⋅5.5H2O) and xonotlite
(6CaO⋅6SiO2⋅H2O) [3–8].

The purpose of the work is to study the process
of structure formation and mineralogical composition
of non-autoclaved aerated concretes with metallic
silicon (Simet) as a gas generator.

Experimental
We investigated samples of aerated concrete, which

were made from the following materials: Portland
cement clinker, gypsum stone, lime, river sand,
metallic silicon and caustic soda. Tests of the
compositions were carried out for several compositions
(Table 1). The content of gypsum stone and caustic
soda in the compositions is constant.
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Table 1
Compositions of aerated concrete

The content of aerated concrete 
components, wt.% Composition 

cement sand lime 
1 26 53 21 
2 31 53 16 
3 26 58 16 

Fig. 1. Structure of non-autoclaved aerated concrete with Simet as a gas generator (composition 1) at different contents of metallic

silicon (wt.%): a – 3; b – 4; and c – 5

The phase composition of aerated concrete was
determined by using complex X-ray diffraction (XRD)
and differential thermal (DTA) methods. Identification
of XRD peaks and endothermic and exothermic effects
on DTA curves were carried out using reference data
given elsewhere [4]. X-ray phase analysis was carried
out based on powder diffractograms obtained on the
automatic diffractometer «DRON-3» using an X-ray
tube with a cobalt and copper anticathode. Differential
thermal analysis of the samples was performed on a
Q-1500D derivatograph of the Paulik-Paulik-Erdey
system in the temperature range of 20–9000Ñ with a
rate of temperature rise of 10 degrees⋅min–1. The
prepared samples of the material were crushed until
they passed through the sieve No. 0063.

Results and discussion
Aerated concrete compositions with a density of

550–750 kg/m3 have a uniform porous structure with
predominant pore sizes from 0.2 to 1.8 mm. The
pores existing in aerated concrete samples are mainly
oval and round in shape. Interporous partitions have
a uniform structure without cracks and other defects.
A uniform distribution of pores of small and large
sizes among themselves is observed.

As a rule, non-autoclaved aerated concrete is
mainly prepared using Portland cement. At the same
time, it should be noted that the processes of setting
and hardening of cement determine the mineral
composition of neoplasms and the properties of porous
products [9–12].

Analysis of the results on counting the number
of interporous partitions and pores in aerated concrete,
which has Simet as a gas generator (Figs. 1–3), showed
an increase in the content of pores in the composition
structure with increasing the amount of gas generator.
It should be obseved, in particular, the following:

– the number of pores is about 45% when a
Simet content is 3 wt.% (Figs. 1a, 2a and 3c);

– the number of pores is about 53% when a
Simet content is 4 wt.% (Figs. 1b, 2b and 3b);
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– the number of pores is about 69% when a
Simet content is 5 wt.% (Figs. 1c, 2c and 3c).

In order to establish the mineralogical (phase)
composition of the developed aerated concrete
composites, which contains Simet as a gas generator,
X-ray phase analysis was carried out (Figs. 4–6).

Analysis of diffractograms showed that the
investigated samples of non-autoclaved aerated concrete
contain tobermorite 11.3 Å (5CaO⋅6SiO2⋅5.5H2O),
α-dicalcium silicate hydrate (2CaO⋅SiO2⋅H2O),
hillebrandite (2CaO⋅SiO2⋅1.17H2O) and xonothlite
(6CaO⋅6SiO2⋅H2O). At the same time, it should be
noted that some peaks of tobermorite and quartz peak
1.53 Å , hillebrandite and tobermorite peak 3.00 Å ,
tobermorite and xonotlite 2.25–2.27 Å  and 1.81 Å
are observed. In addition, the peaks at 3.30–3.31 Å ,
which are specific to quartz, are the most intense.
Peaks of calcium hydrosilicates on radiographs of
aerated concrete demonstrate the presence of poorly
crystallized and lime-rich C-S-H-gel. When identified,
it has the appearance of background lines [4].

Analysis of results presented in Fig. 7 showed
that an increase in the amount of gas generator from
3 to 5 wt.% for compositions 1–3 leads to an increase
in the content of tobermorite and xonotlite, which is

Fig. 2. Structure of non-autoclaved aerated concrete with Simet as a gas generator (composition 2) at different contents of metallic

silicon (wt.%): a – 3; b – 4; and c – 5

a b

c 

accompanied by an increase in the intensity of their 
characteristic peaks. For example, the 1.81 Å  peak 
increases from 11.57 to 26.30 (by 56%) for 
composition 1, from 11.67 to 14.4 (by 19%) for 
composition 2 and from 16.24 to 22.14 (by 27%) for 
composition 3. The specified dependence is also valid 
for the formation of α-dicalcium silicate hydrate. Thus, 
the intensity of the 4.20 Å peaks characteristic of α-
dicalcium silicate hydrate increases with increasing 
Simet as a gas generator from 13.05 to 22.5 (by 42%) 
for composition 1, from 10.63 to 29.00 (by 63%) for 
composition 2 and from 17.55 to 24.8 (by 29%) for 
composition 3. Analysis of XRD patterns in the 
presence of SiO2 in the form of quartz did not show a 
clear relationship between the height of the peaks and 
the content of the gas generator.

The conducted X-ray phase analysis on the
formation of the mineralogical composition of aerated
concrete products is confirmed by DTA data shown
on the example of one composition (composition 1)
containing 3, 4 and 5 wt.% Simet (Fig. 8).

The data of thermogravimetric analysis
demonstrate that the weight losses of the samples
containing 3, 4 and 5 wt.% of metallic silicon is 16–
18 wt.%. Compositions in the temperature range of
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Fig. 3. Structure of non-autoclaved aerated concrete with Simet as a gas generator (composition 3) at different contents of metallic

silicon (wt.%): a – 3; b – 4; and c –5

20–4000Ñ lose 31% of the total weight loss of the
sample. Decreasing the sample weight at 460–5000Ñ
can be explained by processes of oxidation and burning
of organic compounds (stearic acid, surfactants) and
removal of physically bound water. The main weight
loss of the sample (65%) is observed in the temperature
range of 460–8100Ñ. Dehydration of Ca(OH)2 occurs,
which is confirmed by the endothermic effect on
DTA curves with a maximum at a temperature of
475–4900Ñ. The endothermic effect on thermograms
with a maximum at a temperature of 570–5800Ñ
corresponds to the dehydration of hillebrandite. In
the temperature range of 750–8600Ñ, an endothermic
effect is appeared on the DTA curves with a maximum
at a temperature of 800–8100Ñ, which is associated
with the formation of wollastonite.

Conclusions
Metallic silicon as a gas generator in the

development of non-autoclave hardening porous
concrete is a factor that allows creating a shallow
porous structure of the material with sufficiently strong

interpore walls. Increasing the content of metallic
silicon in the range of 3–5 wt.% allows increasing
the pore volume by 40–45%.

The use of modern methods of analysis made it
possible to establish the phase composition of aerated
concrete products with Simet as a gas generator. It was
established that the mineralogical composition of
concrete as a binding component is mainly represented
by the following hydrates: tobermorite
(5CaO⋅6SiO2⋅5.5H2O), xonotlite (6CaO⋅6SiO2⋅H2O),
α-dicalcium silicate hydrate (2CaO⋅SiO2⋅H2O) and
hillebrandite (2CaO⋅SiO2⋅1.17H2O). Unbound quartz
(SiO2) is a non-binding component (a filler). A
comparative analysis of investigations when developing
porous concretes which have ferrosilicon (FeSi2) [13]
and metallic silicon as a gas generator showed the
closeness of the mineralogical composition of hydrated
neoplasms and the similar formation of the porous
structure of the products.
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Fig. 4. XRD patterns of aerated concrete compositions (composition 1) using different contents of metallic silicon as a gasifier

(wt.%): a – 3; b – 4; and c – 5
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Fig. 5. XRD patterns of aerated concrete compositions (composition 2) using different contents of metallic silicon as a gasifier

(wt.%): a – 3; b – 4; and c – 5
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Fig. 6. XRD patterns of aerated concrete compositions (composition 3) using different contents of metallic silicon as a gasifier

(wt.%): a – 3; b – 4; and c – 5
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Fig. 7. Dependence on the content of calcium hydrosilicates

on the amount of Simet as a gas generator:

1 – tobermorite and xonotlite at 1.81 Å  peak (composition 2);

2 – tobermorite and xonotlite at a peak of 1.81 Å
(composition 3); 3 – α-dicalcium silicate hydrate at peak of

4.20 Å  (composition 1); 4 – α-dicalcium silicate hydrate at

peak of 4.20 Å  (composition 3); 5 – tobermorite and

xonotlite at 1.81 Å  peak (composition 1); 6 – α-dicalcium

silicate hydrate at peak of 4.20 Å  (composition 2)

REFERENCES

1. Korniyenko P.V. Teoreticheskie osnovy obrazovaniya

optimal’noi struktury yacheistogo betona // Nauka i Tekhnika

Kazakhstana. – 2010. – No. 2. – P.81-89.

2. Dosl³dzhennya vplyvu dyspersnost³ komponent³v

gazobetonu na yogo osnovn³ bud³veln³ vlastyvost³ / Saley A.,

Sigunov A., Kravchenko T., Khmarska L. // Voprosy Khimii i

Khimicheskoi Tekhnologii. – 2015. – No. 5. – P.75-78.

3. Identification, generation of autoclaved aerated concrete

pore structure and simulation of its influence on thermal

conductivity / Chen G., Li F., Geng J., Jing P., Si Z. // Constr.

Build. Mater. – 2021. – Vol.294. – Art. No. 123572.

4. Gorshkov V.S., Timashev V.V., Savelyev V.G. Metody

fiziko-khimicheskogo analiza vyazhushchikh veshchestv. – Ì.:

Vysshaya shkola, 1981. – 335 p.

5. Thermodynamic analysis of chemical reactions in the

systems FeSi–Ca(OH)2–H2O and FeSi2–Ca(OH)2–H2O /

Musina A.O., Sihunov O.O., Kravchenko T.V., Hura A.O. //

Voprosy Khimii i Khimicheskoi Tekhnologii. – 2019. – No. 6.

– P.136-143.

6. Research into influence of the electrolysis modes on the

composition of galvanic Fe-Co-Mo coatings / Yermolenko I.,

Ved’ M., Karakurkchi A., Proskurina V., Sknar I., Kozlov Y.,

Sverdlikovska O., Sigunov O. // East. Eur. J. Enterprise Technol.

– 2017. – Vol.3. – No. 12(87). – P.9-15.

7. Hordieiev Y.S., Karasik E.V., Zaichuk A.V. Glass

formation in the MgO–B2O3–SiO2 system // Silicon. – 2023. –

Vol.15. – P.1085-1091.

8. Butt Yu.M. Khimicheskaya tekhnologiya vyazhushchikh

materialov. – Ì.: Vysshaya shkola, 1980. – 472 p.

9. Qu X., Zhao X. Previous and present investigations on

the components, microstructure and main properties of autoclaved

aerated concrete – a review // Constr. Build. Mater. – 2017. –

Vol.135. – P.505-516.

10. Modified alumina cement with high service properties

/ Logvinkov S.M., Shabanova G.N., Korohodska A.N.,

Khrystych E.V. // China Refract. – 2016. – Vol.25. – No. 4. –

P.1-5.

11. Investigation on properties of autoclave aerated concrete

using different pre-curing and curing techniques / Khunt Y.,

Nathwani V., Patel H., Joshi T., Gandhi D. // Mater. Today

Proc. – 2023. (in press).

12. Size distribution of pores and their geometric analysis

in red mud-based autoclaved aerated concrete (AAC) using

regression neural network and elastic mechanics / Dong M.,

Ma R., Sun G., Pan C., Zhan S., Qian X., et al. // Constr.

Build. Mater. – 2022. – Vol.359. – Art. No. 129420.

13. Processes of structure and phase formation of aerated

concrete of non-autoclave hardening containing ferrosilicon as a

gasifier / Musina A.O., Sihunov O.O., Ryzhova O.P.,

Sverdlikovska O.S., Hura A.O. // Voprosy Khimii i Khimicheskoi

Tekhnologii. – 2021. – No. 6. – P.45-50.

Received 24.05.2024

Ô²ÇÈÊÎ-Õ²Ì²×Í² ÏÐÎÖÅÑÈ, ÙÎ Â²ÄÁÓÂÀÞÒÜÑß
ÏÐÈ ÒÂÅÐÄ²ÍÍ², ÒÀ ÎÑÎÁËÈÂÎÑÒ²
ÑÒÐÓÊÒÓÐÎÓÒÂÎÐÅÍÍß ÃÀÇÎÁÅÒÎÍ²Â Ç
ÂÈÊÎÐÈÑÒÀÍÍßÌ ÌÅÒÀËÅÂÎÃÎ ÊÐÅÌÍ²Þ ßÊ
ÃÀÇÎÓÒÂÎÐÞÂÀ×À
Î.Î. Ñ³ãóíîâ, À.Î. Ìóñ³íà, À.Î. Ãîëîâêî, Ì.². Áóëàòåöüêèé,
Î.Ï. Ðèæîâà

Íàäàíî ðåçóëüòàòè äîñë³äæåíü ñòðóêòóðè ³ ôàçîâîãî
ñêëàäó íåàâòîêëàâíîãî ãàçîáåòîíó ù³ëüí³ñòþ 550–
750 êã/ì3 ç âèêîðèñòàííÿì ìåòàëåâîãî êðåìí³þ ÿê
ãàçîóòâîðþâà÷à. Äîñë³äæåíî îñîáëèâîñò³ ôîðìóâàííÿ
ñòðóêòóðè ãàçîáåòîííèõ âèðîá³â ³ ì³íåðàëîã³÷íîãî ñêëàäó
ïðîäóêò³â ¿õ ã³äðàòàö³¿. Âñòàíîâëåíî, ùî ç³ çðîñòàííÿì âì³ñòó
ìåòàëåâîãî êðåìí³þ â ãàçîáåòîí³, ñïîñòåð³ãàºòüñÿ çá³ëüøåííÿ
ïîðîâîãî ïðîñòîðó êîìïîçèö³é. Íàäàíî ðåçóëüòàòè
äèôðàêòîìåòðè÷íîãî òà òåðì³÷íîãî ìåòîä³â àíàë³çó ùîäî
âñòàíîâëåííÿ ôàçîâîãî ñêëàäó ãàçîáåòîííèõ êîìïîçèö³é ç
ìåòàëåâèì êðåìí³ºì ÿê ãàçîóòâîðþâà÷åì. Àíàë³ç
ðåíòãåíîãðàì ³ äåðèâàòîãðàì ïîêàçàâ, ùî çðàçêè ãàçîáåòîíó,
ùî ï³ääàâàëèñÿ äîñë³äæåííÿì, ì³ñòÿòü â ÿêîñò³ â’ÿæó÷î¿
ñêëàäîâî¿ òîáåðìîðèò (5CaO⋅6SiO2⋅5,5H2O), êñîíîòë³ò
(6CaO ⋅6SiO2⋅H2O), α-ã³äðàò äâîõêàëüö³ºâîãî ñèë³êàòó
(2CaO⋅SiO2⋅H2O) òà ã³ëëåáðàíäèò (2CaO⋅SiO2⋅1,17H2O).
Âñòàíîâëåíî, ùî çá³ëüøåííÿ ê³ëüêîñò³ ìåòàëåâîãî êðåìí³þ
ÿê ãàçîóòâîðþâà÷à ñòèìóëþº ï³äâèùåííÿ âì³ñòó ã³äðàòíèõ
ôàç â ãàçîáåòîííèõ êîìïîçèö³ÿõ.

Êëþ÷îâ³ ñëîâà: ìåòàëåâèé êðåìí³é, í³çäðþâàòèé
áåòîí, ãàçîóòâîðþâà÷, ôàçîâèé ñêëàä, ã³äðîñèë³êàòè êàëüö³þ.
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Fig. 8. DTA curves of aerated concretes (composition 1), which contain Simet as a gas generator in the amount:

a – 3 wt.%; b – 4 wt.%; and c – 5 wt.%
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SOLIDIFICATION AND THE PECULIARITIES OF
STRUCTURE FORMATION IN AERATED CONCRETES
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The results of research on the structure and phase 
composition of non-autoclaved aerated concrete with a density 
of 550–750 kg/m3 using metallic silicon as a gas generator are 
presented. The peculiarities of the structure formation of aerated 
concrete products and the mineralogical composition of their 
hydration products were investigated. It was established that 
increasing the content of metallic silicon in aerated concrete leads 
to an increase in the pore space of the compositions. The results 
of diffractometric and thermal analysis methods for establishing 
the phase composition of aerated concrete compositions with 
metallic silicon as a gas generator are also presented. Analysis of 
XRD patterns and derivatograms showed that the aerated concrete 
samples under investigation contain a binder component, 
obermorite (5CaO⋅6SiO2⋅5.5H2O); xonotlite (6CaO⋅6SiO2⋅H2O); 
α-dicalcium silicate hydrate (2CaO⋅SiO2⋅H2O); and hillebrandite 
(2CaO⋅SiO2⋅1.17H2O). It was established that increasing the 
amount of metallic silicon as a gas generator stimulates an increase 
in the content of hydrated phases in aerated concrete compositions.

Keywords: metallic silicon; aerated concrete; gas generator;
phase composition; calcium hydrosilicates.
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