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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/m? 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 (5Ca0-6Si0,-5.5H,0); xonotlite (6Ca0-6Si0,-H,0); a-
dicalcium silicate hydrate (2Ca0O-SiO,-H,0); and hillebrandite (2Ca0O-SiO,-1.17H,0). 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 A (5Ca0-6Si0,-5.5H,0) and xonotlite
(6Ca0-6Si0,-H,0) [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 (Si,,..) 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
Composition components, wt.%
cement sand lime
1 26 53 21
2 31 53 16
3 26 58 16

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—900°C with a
rate of temperature rise of 10 degrees-min~'. 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/m?3 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 Si,., 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
Si,.. content is 3 wt.% (Figs. 1a, 2a and 3c¢);

— the number of pores is about 53% when a
Si,.. content is 4 wt.% (Figs. 1b, 2b and 3b);

Fig. 1. Structure of non-autoclaved aerated concrete with Si,,., as a gas generator (composition 1) at different contents of metallic
silicon (wt.%):a —3; b —4;andc — 5
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— the number of pores is about 69% when a
Si,.. 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 A (5Ca0-6Si0,-5.5H,0),
a-dicalcium silicate hydrate (2Ca0O-SiO,-H,0),
hillebrandite (2Ca0-SiO,-1.17H,0) and xonothlite
(6Ca0-6Si0,-H,0). At the same time, it should be
noted that some peaks of tobermorite and quartz peak
1.53 A, hillebrandite and tobermorite peak 3.00 A,
tobermorite and xonotlite 2.25—2.27 A and 1.81 A
are observed. In addition, the peaks at 3.30—3.31 A,
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

accompanied by an increase in the intensity of their

characteristic peaks. For example, the 1.81 A 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 o-dicalcium silicate hydrate. Thus,
the intensity of the 4.20 A peaks characteristic of o-
dicalcium silicate hydrate increases with increasing

Si,... 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 SiO, 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.% Si,,., (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

'
k- “ - ’;‘"o

Fig. 2. Structure of non-autoclaved aerated concrete with Si,., as a gas generator (composition 2) at different contents of metallic
silicon (wt.%): a — 3; b —4;andc — 5
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Fig. 3. Structure of non-autoclaved aerated concrete with Si,. as a gas generator (composition 3) at different contents of metallic
silicon (wt.%): a — 3; b — 4; and ¢ —5

20—400°C lose 31% of the total weight loss of the
sample. Decreasing the sample weight at 460—500°C
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—810°C. Dehydration of Ca(OH), occurs,
which is confirmed by the endothermic effect on
DTA curves with a maximum at a temperature of
475—490°C. The endothermic effect on thermograms
with a maximum at a temperature of 570—580°C
corresponds to the dehydration of hillebrandite. In
the temperature range of 750—860°C, an endothermic
effect is appeared on the DTA curves with a maximum
at a temperature of 800—810°C, 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 Si,., 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
(5Ca0-6Si0,-5.5H,0), xonotlite (6Ca0-6Si0,-H,0),
a-dicalcium silicate hydrate (2Ca0O-SiO,-H,0) and
hillebrandite (2Ca0-SiO,-1.17H,0). Unbound quartz
(Si0,) is a non-binding component (a filler). A
comparative analysis of investigations when developing
porous concretes which have ferrosilicon (FeSi,) [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;andc — 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;andc — 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;andc — 5
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Fig. 7. Dependence on the content of calcium hydrosilicates
on the amount of Si,, as a gas generator:

1 — tobermorite and xonotlite at 1.81 A peak (composition 2);
2 — tobermorite and xonotlite at a peak of 1.81 A
(composition 3); 3 — a-dicalcium silicate hydrate at peak of
4.20 A (composition 1); 4 — a-dicalcium silicate hydrate at
peak of 4.20 A (composition 3); 5 — tobermorite and
xonotlite at 1.81 A peak (composition 1); 6 — a-dicalcium
silicate hydrate at peak of 4.20 A (composition 2)
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®I3UKO-XIMIYHI ITPOILIECHU, IIIO BIABYBAIOTHCH
IIPU TBEPAIHHI, TA OCOBJINBOCTI
CTPYKTYPOYTBOPEHHSA T'A3OBETOHIB 3
BUKOPUCTAHHSIM METAJIEBOT'O KPEMHIIO K
TA30OYTBOPIOBAYA

0.0. Cieynos, A.0O. Mycina, A.0O. Ioa06xo, M.I. Byiameuvkuii,
O.11. Pusxcosa

Hanano pesyabraTy gociiakeHb CTPYKTYypH i (a3oBoro
CKJIaJly HEaBTOKJIAaBHOTO ra3o0eToHy ulijbHicTIO 550—
750 xr/M? 3 BUKOPUCTAHHSIM METaJeBOTO KPEMHIIO sK
razoyrBopioBaya. JlochiakeHo ocodguBocTi GopmMyBaHHS
CTPYKTYpU Tra300€TOHHMUX BUPOOIB i MiHEpPaJIOTiuyHOro CKJaay
MPOAYKTIB iX Tinparatii. BctaHoBieHo, 1110 31 3pOCTAHHSIM BMICTY
METaJIEBOTO KPEMHIIO B ra300€TOHI, CITOCTEPITa€ThCsT 301TbIIIEHHS
MOPOBOTO TMpOCTOpY Kommosuiuiii. Hagano pesynbratu
IUGPAKTOMETPUYHOTO Ta TEPMIYHOTO METOJIB aHAi3y HIONO
BCTaHOBJIEHHsI ()a30BOTo CKJIaay ra300€TOHHUX KOMITO3MLIiii 3
MeTaJeBUM KpPEMHIi€EM sIK Tra3oyTBOplOBaueM. AHami3
PEHTTeHOTPaM i IepuBaTOrpaM TOKa3as, 110 3pa3Ku ra300eToHY,
1O MiAAaBaIMCS NOCHIIKEHHSIM, MICTSITh B SIKOCTI B’SIKy4oi
ckianoBoi Tobepmoput (5Ca0-6Si0,-5,5H,0), KCOHOTIIT
(6Ca0-6Si0,-H,0), a-rizpaT ABOXKaJbIi€EBOTO CHUJIKATY
(2Ca0-Si0,-H,0) Tta rinned6panaut (2Ca0-SiO,-1,17H,0).
BcraHoBieHo, 1110 301IbIIEHHST KiIJIBKOCTI METalIeBOro KpeMHilo
SIK Ta30yTBOPIOBaYa CTUMYJIIOE MMiJIBUILIEHHS BMICTY TipaTHUX
a3 B Ta3006TOHHUX KOMIIO3UIIisIX.

KniouoBi cioBa: MeraseBuil KpeMmHiil, Hi3ApOBaTHIL
0eToH, Ta30yTBOPIOBaY, (pa3oBUil CKIaM, TiIPOCWITIKATH KAJIbIIIIO.
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PHYSICOCHEMICAL PROCESSES DURING
SOLIDIFICATION AND THE PECULIARITIES OF
STRUCTURE FORMATION IN AERATED CONCRETES
USING METALLIC SILICON AS A GAS GENERATOR

0.0. Sihunov *, A.O. Musina, A.O. Holovko, M.I. Bulatetskyi,
O.P. Ryzhova

Ukrainian State University of Science and Technologies,
Dnipro, Ukraine

%
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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/m? 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 (5Ca0-6Si0,-5.5H,0); xonotlite (6Ca0-6Si0,-H,0);
a-dicalcium silicate hydrate (2Ca0-SiO,-H,0); and hillebrandite
(2Ca0-Si0,-1.17H,0). 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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