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ABSTRACT

The article presents the results of experimental studies of a composite material obtained on the
basis of liquid glass and mineral fillers of technogenic origin. The structure of the composite
material is formed by porous granules bonded with a liquid-glass matrix. The porous filler is
synthesized from a mixture of liquid glass and combined filler (cullet, flake overburden, coal mining
waste, and ash microsphere). Regulation of composition and content of the filler in the raw
mixture ensures porous granules production with a bulk density of 270 — 330 kg/m?3. Analysis of
mathematical models reflecting the dependence of the density and strength of the composite
material on the composition of the moulding mixture allowed us to establish a reasonable ratio
between the liquid glass and the filler, the matrix, and the porous filler. Optimal proportions of the
composite material are characterized by a density of 450 — 600 kg/m3and compressive strength of
at least 5.5 MPa. Strong adhesion of the liquid-glass matrix to the surface of the porous filler
ensures the resistance of the composite material to diverse effects. The structure of the materials
was studied by electron microscopy. The development of composite material is aimed at
improving the energy efficiency of construction.
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Introduction

modification of raw materials, and improvement of
moulding sand composition.

The energy efficiency of construction is largely

ensured by the use of composite materials with a

porous structure.

concretes are extensive raw material base, a variety
of products and their cost-effectiveness. However,
the porous structure of cellular concrete is unstable,
which often leads to a decrease in the strength and
heat-shielding performance of products. This limits
cellular concretes’ application [[1], [2], [3], [4]].
Lightweight concretes based on porous fillers

The advantages of cellular

The structure of composite materials consists of
a matrix and a discrete component distributed in the
matrix. The block of hardened binder serves as a
matrix in light concretes, the discrete component is
represented by grains of porous filler. Thermal and
properties  of
concrete depend on the characteristics of porous

physicomechanical lightweight

filler and a matrix. The matrix connects the filler
particles into a monolith and provides uniform

are promising composite materials for energy-
efficient construction [[5], [6], [7], [8], [9]]. Porous
filler is a dominant component, which makes up to
80% of concrete’s mass. Structural characteristics of
porous filler affect the structure of composite
determine  thermal and

materials, and

physicomechanical properties of lightweight

concretes. The development of effective porous
associated with the

concrete technology is

distribution of stresses throughout the volume of
the material. Types of cement are mainly used as a
matrix of lightweight concretes.

Liquid glass is an aqueous solution of alkaline
(often sodium) silicates. Liquid glass is characterized
by chemical activity and has a high adhesive ability.
The rheological properties of liquid glass are
regulated by additives and thermal effects. The

formation of a highly porous structure of liquid glass
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is carried out by swelling, which is accompanied by
The
introduction of powdered filler into liquid glass can

the formation of cells of various sizes.

change the nature of swelling. Filled liquid glass
compositions serve as a binder for moulding sand to
produce porous filler.
of the
indicates the creation of effective porous products

Analysis last year’s achievements
based on liquid glass. The technology of granular
foam-glass-ceramic materials from industrial waste
is being actively developed. Thermal power
engineering waste, waste from ores mining and
processing, and metallurgical slags are used to
obtain porous fillers [[10], [11], [12], [13], [14], [15],
[16], [17], [18], [19], [20]]. A

developments are devoted to highly porous granular

number of

materials based on the thermal swelling of liquid
glass [[14], [15], [18], [19]]. Polarization of liquid
glass composites is carried out mainly by swelling.
The
compositions’ technological state is of importance

choice of fillers, aimed at optimizing
for the development of effective liquid glass
materials. Information about lightweight concretes
obtained on the basis of liquid glass is scarce.

The aim of the research is to study composite
materials with porous filler; their main component is

sodium liquid glass.

Experimental part

The object of the study is composite materials
based on liquid glass, of which both components of
lightweight concrete were synthesized.

Sodium liquid glass (Na>0O-mSiO, + mH>0) — an
aqueous solution of sodium silicate with a density of
1430 kg/m3 was used in the experiments. Liquid
glass provides binding of components powdered and
promotes the thermal expansion of the raw mass.

Materials of various origins were introduced into
the liquid glass as filler.

A finely ground cullet of quartz glass (cullet) is
fragments of sheet and container glass. The basis of
technogenic glass is amorphous silica. Chemical
composition of cullet, wt. % as follows: SiO; —74;
Al,03—4; Fe;05—2; CaO - 6; MgO —1; R,0 —13.

Flask sedimentary rock is the overburden during
mining. The flask rock is predominantly composed of

amorphous opal and includes cristobalite, tridymite,

and admixtures of clay minerals. Chemical
composition, wt. % as follows: SiO,— 81; Al,O3
—5; Fe;05—2; Ca0 - 2; Mg0O - 1; R,0 —1. oth. - 7.
Overburdened rocks of the coal basin are coal
The

represented by quartz, kaolinite, pyrite, and siderite;

mining waste. mineral composition s
there are feldspars, montmorillonite, anhydrite, and
calcite. Chemical composition of overburden rocks,
wt %: SiO, — 65; Al,03 — 10; Fe,0; —7; CaO - 3; MgO
-1;S-3;C-6; oth.-5.

Ash microsphere is a loose material consisting of
hollow spherical particles with a diameter of
100 — 350 microns. It is formed as a light fraction of
ash from the combustion of solid fuels. The bulk
density is 400 kg/m3. Chemical composition, %: SiO,
— 83; Al,05— 5; Fe;03—2; CaO - 10.

Moulding compounds were prepared from
liquid glass binder and porous filler was developed.
The porous filler was synthesized by thermal
treatment of the granular material. Granules were
moulded on a laboratory drum pelletizer from a
mixture of liquid glass and mineral filler.

Discussion of results

The combination of fillers of different
proportions makes it possible to control the viscous
and plastic properties of liquid glass and determines
the nature of the thermal swelling of the granules.
Regulation of the content and composition of the
mineral filler affects the temperature of swelling and
properties of granular material (Table 1).

Porous granules with a diameter of 6 — 10 mm
are characterized by a porosity of 75 — 80%. The
porosity of granules fired at 750°C is represented by
swelling cells. In granules fired at 350°C, the porous
structure is formed by microsphere cavities and
swelling cells in the liquid glass component. The
efficiency of liquid glass granules is determined by
improved thermal performance.

Calculations show that in order to provide
thermal resistance of 3.3 (m?°C)/W, the heat-
insulating layer of liquid glass granules (thermal
conductivity coefficient is 0.06 W/(m™°C)) should be
20 cm; and the expanded clay layer (thermal

conductivity coefficient is 0.09 W/(m -°C)) is 36 cm.
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Table 1 - Characteristics of the raw mixture and porous granules based on it

Composition of filler in the raw mix, % Swelling Bulk
. . Structure of the
cullet flask rock coal mining ash temperature, density, granules
waste microsphere oC kg/m3
50 20 30 - 750 270
- - 60 40 350 330

Picture 1 — Granules grouting by the matrix and porous matrix

Porous liquid glass filler forms the basis of
lightweight concretes’ structure. A liquid glass
binder was used to connect porous filler grains.
Preference of liquid glass binder as a matrix for a
composite material is due to the high binding ability
of liquid glass;
properties of moulding sand; and reliability of

ability to control rheological
adhesion with filler particles having a related origin
with the matrix.

A liquid glass binder was obtained by mixing
liquid glass with filler, which was used as a substance
of various origins. The materials investigated are
conditionally divided into the following groups. The
first group is formed by materials, the firing of which
is accompanied by dehydration and the formation of
water vapour (clay, flask, bauxite, expanded clay
dust, volcanic glass). Fillers of the second group
contain minerals (pyrite, calcite, dolomite), which
emit a gas phase during thermal transformations.
Fillers of the third group (oil shale, wood flour, coal-

bearing rocks, ash from coal combustion, expanded
clay dust) contained a burnable component.

Liquid glass binders containing 40 — 45%
additives of the first and third groups are evenly
distributed between the filler grains and provide the
necessary viscosity of moulding mass. Binding
compositions with first group fillers form thin shells
around porous filler grains. This ensures the
minimization of the matrix in the lightweight
concrete structure (Figure 1). Binding compositions
with 30 — 35% fillers from all groups exhibit the
ability to swell at 200 — 300°C.

Moulding sands were prepared in the following
order: liquid glass was mixed with filler
(overburdened rocks of the coal basin); granular
filler was introduced into the resulting liquid glass
suspension. Moulding sand of moderate mobility
was placed in cube moulds with a 70 mm edge. To
accelerate hardening and ensure water resistance,
the samples were subjected to heat at 250°C for 40
min. The strength of samples of composite materials
was determined by testing on a hydraulic press.
Electron microscopy was used to study the
composition of composite materials structure.
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As a result of preliminary experiments,
approximate ratios between the porous filler and
the liquid glass binder were determined, which
ensures low-density composite materials
production. The mathematical planning method was
used to optimize the composition of moulding mass.
The conditions of the experiment are shown in Table
2. The moulding sands consisted of pellets fired at
350°C; liquid glass and filler were from coal mining
waste. The following factors were taken as the
factors studied: the proportion of grains of coarse
filler fraction; the ratio between the liquid glass and
the filler. Coarse filler is represented by grains 9—10
mm in size, fine filler consisted of grains 6
—7 mm in size.

The planning matrix and the results of the
experiment are shown in Table 3.

Table 2 — Conditions of the experiment

After statistical processing of experimental data,
mathematical models were obtained.

Mathematical model reflecting dependence of
composite materials’ density, p (kg/m3), on the
studied factors as follows:

p =635.857 —0.377-x;+0.107-x,%2— 475.13-x+
+2.708:%,2=1.920X1°Xa. (1)

A geometric illustration of the function is shown
in Figure 2.

The dependence of composite materials’
strength (R, MPa) on the composition of the
moulding material is obtained in the form of a
regression equation of the full quadratic model:

R=5.857 + 0.145-x;— 0.002-x1%— 3.68 X+
+22.370-X,2— 0.140-X1X». (2)

A geometric illustration of the function is

shown in Figure 3.

Figure 2— Response surface of the dependence of
composite materials’ density on moulding mass’
composition

Factors Levels of variation
Natural Encoded -1.41 -1 0 +1 +1.41
Share of coarse filler fraction, % 0.0 14.5 50.0 85.5 100.0
Liquid glass / Filler 0.55 0.59 0.70 0.81 0.85
Table 3 — Mathematical planning of the experiment
Share of coarse filler Liquid glass Density, Compressive
Factors researched fraction, % ‘ Filljr kg/m; stren:th, MPa
X1 X2 X1 X2 p R

1 -1 -1 14.5 0.59 650 6.42
2 +1 -1 85.5 0.59 615 5.84
3 -1 +1 14.5 0.81 485 4.96
4 +1 +1 85.5 0.81 420 4.16
5 -1.41 0 0.0 0.70 570 5.17
6 +1.41 0 100.0 0.70 510 4.05
7 0 -1.41 50.0 0.55 680 6.20
8 0 +1.41 50.0 0.85 480 4.10
9 0 0 50.0 0.70 505 4.87
10 0 0 50.0 0.70 500 493

— b

[ <540 B <55

B - 540 E :jg

Bl < 440 — Py

Figure 3 — Response surface of the dependence of
composite materials’ compressive strength on
moulding mass’ composition
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Figure 5 — Composite material
sample before testing

Figure 6 — The nature of destruction of
the composite material during the

Figure 7—- Fragment of a chip of
composite material’s sample

strength test

The obtained mathematical models indicate that
the ratio between liquid glass and filler has a decisive
influence on the density of composite materials. An
increase in the proportion of filler increases the
density of composite materials. The influence of the
fractional composition of the filler is less significant
and is expressed in a decrease in density of the
composite as coarse grains of the filler increase. An
increase in the strength of composite materials is
facilitated by an increase in the proportion of coarse
filler, limiting the content of the binder in the
moulding sand.

The analysis of mathematical dependences
makes it possible to single out the range of
compositions of composite materials with density
values of not more than 600 kg/m3. This is ensured
when the content of the coarse filler is not less than
20%, and the ratio of liquid glass to filler is not less
than 0.65. Requirements for strength indicators of
composite materials (not less than 5.5 MPa) thin the
area of preferred mixes of composite materials: the
proportion of coarse filler is 50 — 80%, the ratio
between the binder and the filler is 0.65 — 0.75.

The results of the mathematical model analysis

are consistent with the conclusions of numerical
studies of the packing of filler in a composite
material. A comparison of various porous filler
packing schemes showed that the minimum stress
and deformation in a composite material are typical
for a two-component model that contains 60 — 70%
porous filler granules. At the same time, the
proportion of large grains in the filler composition is
50 -60%

The study of the contact zone between the
matrix and the surface of the porous filler indicates
a close contact of the components (Figure 4). The
nature of the destruction of the samples during the
strength test confirms the high adhesion strength of
the filler and the block of the liquid glass binder
(Figures 5 and 6). The fracture of the samples occurs
along the binder block and along the filler grain
(Figure 7).

In terms of physical and mechanical parameters,
liquid glass composite materials are not inferior to
cement lightweight of comparable
density. Test results testify to the resistance of
composite materials under conditions of variable
values of humidity and temperature.

concretes
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Conclusions

Proportions of the composite material based on
liquid glass are proposed. The matrix and porous
granules of composite materials are synthesized
from mixtures of liquid glass and mineral fillers of
technogenic origin.

Polarization of liquid glass granules is provided
by thermal expansion and the presence of a hollow
microsphere.

The range of proportions of the composite
material, characterized by a density of 450 — 600
kg/m3 and compressive strength of at least 5.5 MPa,
has been determined. Composite material’s
proportions with a binder-filler ratio of 0.25 — 0.40

are preferable when large particles of the filler
dominate.

Genetic similarity of the raw basis of the matrix
and porous granules ensures the reliability of the
adhesion of the components and the high technical
properties of the composite material.
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CyMblIK LWbIHbI HeTi3iHAeri KeyeKTi KOMNo3nuuanbiK matepuan

Mupiok O.A.

PyAHbIN MHAYCTPUANBIK MHCTUTYTbI, PyaHbIN, KasakcTaH

TYWIHAEME

MaKanaga cyiblK LblHbI }XaHe TEXHOreHAIK TeKTI MMHepanabl TONTbIPFbILLTAP Heri3iHAe anblHFaH

KOMNO3NUUANDBIK MaTepuandblH, 3SKCNepumeHTanapl

3epTTeynepiHii, HaTuenepi bepinrex.

KoMno3uTTiK MaTepuangplH, KypblabiMbl CYMbIK LbIHbI MaTpULameH bipre ycTanfaH KeyekTi

TyhipwiktepaeH Typaapl. KeyeKTi TONTbIPFbIW CYy LUbIHbICBIHBIH, }3HE apanac TOATbIPFbILTLIH,

(Kynnet wblHbl, KonbaHblH, YCTiHr KabaTbl, Kemip eHAipy KanaplKTapbl, Ky/a MUKpocdepachl)

KocnacblHaH cuHTe3genai. LUuKi3aT KocnacblHAafFbl TONTbIPFLIWTBIH, KYpamMbl MeH MasMyHbIH

Makana kengi: 21 kaimap 2022
CapanTtamagaH eTTi: 24 Haypeiz 2022
Kabbinganapl: 27 cayip 2022

petrey 270 —330 kr/m3 Kenemaj Tolfbi3abiFbl 6ap KeyekTi TYMipLiKTepaiH, anblHyblH KaMTamachI3
etesi. KOMNO3UTTIK maTepuanaplH, Tbifbi3ablfbl MeH 6epiKTiriHiH, KanbinTay KYMbIHbIH, KypambliHa
TOYeNainiriH KepceTeTiH MaTeMaTUKabIK MOAeNbAepAi Tanaay CyMblK WbiHbI MEH TOATbIPFbILL,

MaTpMLA KIHE KeyeKTi TONTbIPFbill apacbiHAAfFbl YThiMAbl 6ainaHbICTapabl OpHaTYFa MyMKIHAIK

6epai. KoMnosuTTiK maTepuangpliH, oHTalbl Komnosuuuanapbl 450 — 600 Kr / m® TbiFbi3abIKNEH

JKoHe Kem aereHae 5,5 MlMa Kbicy KylimeH cMnaTtTanaapl. KeyekTi TONTbIPFbIWTbIH, 6eTiHe CyMbIK

LWbIHbI

MaTPULACBIHbIH,  KYLUTI

abbiCybl KOMMO3UTTIK MaTepuanabliH, dpTypAai acepnepre

Te3imainirin KamTamacoI3 etesi. MaTepuanaapabiH, KYpblibiMbl 31EKTPOHABI MUKPOCKOM apKbl/ibl

3eptTengi. KomnosutTik matepuangpl 33ipney KypblabiCTbiH, 3HEPrna TUIMAINIrIH apTTbipyFa

bafbITTanfaH.

TyiiiH ce30ep: KOMNO3ULMANBLIK MaTEPUAN, CYWbIK LWbIHbI, TEXHOTEHAIK TONTHIPFbIL, KeyeKTi

TYMipWikTep, KeHin 6eToH
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nOpM3OBaHHbIVI KOM"OBMLI,MOHHbIﬁ MmaTepuaan Ha OCHOBe XXUAKOTro CTeKNa

Mupiok O.A.

PyAHEHCKUIA MHAYCTPMaNbHbIA MHCTUTYT, PyaHbIi, KasaxcTtaH

AHHOTALUMUA

B cTaTbe npuBefeHbl pPe3ynbTaTbl 3KCMEPUMEHTAsIbHbIX WCCAEA0BaHUI  KOMMO3ULMOHHOIO
mMaTepuana, MONYYEHHOTO Ha OCHOBE YXMAKOTO CTEKNA M MWHEPAsbHbIX HamoAHWUTenen
TEXHOrEeHHOro npoucxoxaeHus. CTPyKTypa KOMMO3WLUMOHHOTO Matepuana chopmuposaHa
MOPUCTBLIMU FPaHYAAMM, CKPENNEHHbIMW XUAKOCTEKOAbHON MaTpuLeit. MopucTbiii 3anoaHUTeNb
CMHTE3MPOBAH M3 CMECU XKUAKOTO CTEKNA U KOMBMHMPOBAHHOTO HAaMONHUTENSA (CTEKO/BHBIV 60W,
OMOKOBasA BCKPbILWHAA NopoAa, oTxoAbl fobbluv yras, 301bHas muKpocdepa). PeryavposaHue

Moctynuna: 21 aHeaps 2022 COCTaBa M CoAep)aHWA HanoAHWUTENA B CbIpbeBON cmecu obecneymBaeT NosydeHue NOPUCTbIX
PeueH3nposaHue: 24 mapma 2022 rpaHyn C HacbiNnHOM naoTHocTbio 270 — 330 Kr/m3. AHanM3 MaTemaTUYecKMX Mopenew,
MpuHATa B Nneyvatb: 27 anpens 2022 OTParKatoLWwmMX 3aBUCUMOCTb NAOTHOCTU U MPOYHOCTU KOMMO3ULMOHHOIO MaTepuana oT COCTaBa

$bOpMOBOYHOIN CcMecKu, NO3BONINA YCTAaHOBUTb PaLMOHA/IbHBIE COOTHOLIEHUA MEXAY XUAKUM
CTEKNIOM W Hano/sHUTeNem, MaTpuuein M NopucTbiM 3anonHuTenem. ONTUManbHble COCTaBbI
KOMMO3ULIMOHHOrO MaTepmnana xapakrepusytoTcs NNOTHOCTbIO 450 — 600 Kr/M3 M MPOYHOCTbIO NpK
cKatTMM He meHee 5,5 MIMa. MpoyHoe cuenneHne }KUAKOCTEKONbHOW MAaTpMLbl C NOBEPXHOCTLIO
NopuCTOro 3anonHuTena obecneymBaeT CTOMKOCTb KOMMO3ULMOHHOTO MaTepuana K pas/iMyHbiMm
Bo3ZeicTBuAM. CTPYKTypy MaTtepuasoB ucciefoBasv MeTOAOM 3N1eKTPOHHOM MWMKPOCKONUW.
PaspaboTka KOMNO3MLMOHHOTO MaTepuasna HanpaBneHa Ha MOBbIWeHWe  3HepreTUyecKomn
3¢ PeKTUBHOCTU CTPOUTENBCTBA.

Kntoyesbie €108a: KOMMNO3ULMOHHBIA MaTepuas, KUAKOE CTEKNO, TEXHOTEHHbIA HaNONHUTEND,
NopUCTbIE FPaHy/bl, Nerkuii 6eToH.
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