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ABSTRACT

The article presents the results of experimental studies of magnesia composite materials of
layered structure obtained from molding mixtures of various densities. The aim of the work is to
synthesize and study the characteristics of three—layer magnesia materials. Molding mixtures
were obtained from combined binders based on caustic magnesite and technogenic silica-
containing materials. Specially synthesized porous aggregates from liquid-glass raw mixtures
were used as fillers. Technological techniques of horizontal and vertical molding of three-layer
products have been worked out. Composite magnesia material of three-layer variatropic
structure is characterized by a density of 560 kg/m?3, compressive strength of 6.1 MPa. Durability
tests of layered composite materials have been carried out. Three-layer magnesia composite
materials have shown satisfactory resistance in the conditions of an aqueous and aggressive salt
environment. The developed magnesia material is comparable in physic-mechanical and cost
parameters with an innovative block of encapsulated expanded clay. The low thermal
conductivity of the developed magnesia material, equal to 0.115 W/(m-°c), will ensure a
reduction in material and energy costs by 36.1% compared to the cement analogue.

Keywords: magnesia binders, porous filler, composite materials, variatropic structure, three-
layer wall blocks, water resistance.
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Introduction

Wall fencing of buildings are characterized by a

product. Variotropic structure is suitable for walls,
reduces the thickness and increases the load-
bearing capacity of the structure [[6], [7], [8], [9],
[10] [11], [12]]. To create products with a variotropic

variety of used materials. Single-layer walls are
erected from a material that performs load-bearing
and heat-shielding functions. To meet modern
thermal requirements, single-layer  building
envelopes should have a density of no more than
800 - 900 kg / m3, while maintaining high mechanical
strength. The list of effective materials for single-
layer walls is not numerous [[1], [2], [3], [4], [5]].

To ensure mechanical reliability and thermal
efficiency of enclosing structures, layered systems
are expedient. However, the combination of
materials of different origin in the multilayer
structure of the wall complicates the manufacturing
process, contributes to the appearance of internal
stresses and delamination of the product. The listed
problems are minimized in variotropic structures,
which are characterized by variable values of density
and strength over the section of the molded

structure, for example, concrete mixtures of a
related composition are used, which differ in density
[[9], [10] [11], [12]]. In this case, a layered structure
is formed, the individual elements of which
smoothly change their physical and mechanical
characteristics and retain a high degree of adhesion
to each other. In the technology of layered products
from concrete mixtures of various densities, the
properties of molding masses and the intensity of
concrete hardening are of great importance.
Cement concrete mixtures, as a rule, are
characterized by a low rate of structure formation,
which requires additional costly technological
measures. Therefore, fast-hardening concretes are
preferred for the formation of layered products.
Trends in the priority development of
technologies with a low carbon footprint focus on
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the development of low-energy processes and the
widespread use of man-made materials.

Materials based on caustic magnesite are
characterized by intense hardening and high
strength. The activating ability of a mixture of oxide
and magnesium chloride makes it possible to involve
even latent substances in the processes of structure
formation and hardening. Magnesia binders have
high adhesion to materials of various origins.
Thermal processes that ensure the synthesis of
caustic magnesite and the hardening of materials
based on it are characterized by low energy
consumption [[13], [14], [15], [16], [17], [18]].

This led to the choice of magnesia composite
materials as the object of this study.

The purpose of this research is to study three-
layer magnesia materials based on molding sands of
various compositions.

Researchh experimental part

In the experiments, caustic magnesite CMP
(caustic magnesite powder) — 75 was used, it was
containing 78% MgO. The specific surface area of the
binder powder is 305 m?/kg. For a plastic binder test,
it is characteristic: the beginning of setting is 30
minutes, the end of setting is 1 hour 50 minutes. The
binder stone reaches compressive strength at the
age of 2 days 38 MPa, at the age of 28 days - 54 MPa.

To obtain a combined magnesia binder,
technogenic silica-containing materials of various
origins were added to caustic magnesite (Table 1).

Porous materials were used as fillers for
concrete (molding) mixtures: granules of a fraction
of 10-20 mm with a bulk density of 230 kg/m3and a
porosity of an individual grain of 70-75%; crushed
sand with a fraction of 1.25 - 2.5 mm with a bulk
density of 300 kg / m3 obtained by grinding
substandard porous granules.

energy waste [[19], [20]].
The molding sands were mixed with a solution of
magnesium chloride with a density of 1230 kg/m?3.

Discussion of the results

To increase the water resistance of the
magnesian binder and reduce the proportion of
caustic magnesite, technogenic mineral additives
were used (Table 2). A comparative analysis of the
properties of combined magnesia binders showed
the advantages of expanded clay dust, the
introduction of which provides the greatest increase
in the softening coefficient (Csoftening). Expanded clay
dust is formed during the firing of expanded clay
gravel in rotary kilns and contains mainly
metakaolinite and amorphous silica.

The increased resistance of the stone of the
combined magnesia binder to the action of water is
provided by weakly crystallized, sparingly soluble
hydrosilicates and magnesium
hydroaluminosilicates formed with the participation
of expanded clay dust components. A binder based
on expanded clay dust is characterized by strength
comparable to that of caustic magnesite, and has the
lowest stone density. When forming layered
products, along with the need for adhesion of
elements, it is necessary to preserve the
individuality of the structure of the layers. It is
unacceptable that each subsequent layer of
concrete mix destroys the structure of the previous
one. Technological characteristics of molding sands
are largely determined by the properties of the
binder component.

The study of the influence of the composition of
the magnesia binder on the structural strength of
the plastic mass made it possible to give preference
to a composition containing 40% expanded clay dust
(Figure 1). The combined binder, having increased

Porous fillers were obtained by low- water resistance, is characterized by comparable
temperature firing of granules based on the  structural strength indicators with caustic
developed mixture of liquid glass and thermal  magnesite.

Table 1 - Chemical composition of technogenic materials
Name Si0; | ALOs | Fe:0s | Ca0 | MgO | K:O0+Na:0 50; Loss on
ignition
Glass fight 7200 | 164 | 227 | 537 | 4.00 14.30 0.42 -
Coal mining waste 63.30 | 935 | 745 | 3.00 | 1.18 1.42 4.08 10.22
Expanded clay dust 54.00 | 1848 | 670 | 4.00 | 2.25 2.39 2.18 10.00
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Table 2 - Characteristics of magnesia binders

Binder Composition . Strength, MPa,
" - Binder stone
Caustic Mineral supplement density, kg/m? aged Csoftening
magnesite, % Type Compound, % v, X6 2/28 days
100 - - 1950 42/78 0.60
50 Glass fight 50 1860 28/62 0.72
50 Coal mining waste 50 1810 33/70 0.74
50 50 1790 37/76 0.81
Expanded clay dust
40 60 1780 30/72 0.83
60 40 1810 38/75 0.78
70 30 1890 37/73 0.75

On the basis of a combined binder and porous
aggregates, molding mixtures have been developed
to produce coarse-pored (CP) and fine-grained (FG)
concrete (Table 3). The combination and regulation
of the thickness of concrete layers of different
densities provides the desired mechanical and
thermal characteristics of the product. The thickness
of individual layers is determined by the calculation
method, taking into account the dimensions of the
product. For example, to ensure the required
thermal resistance of the wall of a residential
building, equal to 3.279 (m%°C)/ W, the central layer
of a wall block measuring 400 x 200 x 200 mm takes
80%, the two outer layers account for 20% of the
volume of the product (Figure 2).

The mobility of the molding sands, determined
using the Abrams cone, corresponded to the P1
grade in terms of workability. Large-porous molding
sands were characterized by a cone draft of 2—4 cm;
for fine-grained molding sands, the cone draft was
1-2 cm. In the manufacture of three-layer samples,
various methods of sand laying were used.
Horizontal molding method: layers of mixtures
differing in density were laid parallel to the bottom
of the mold. In vertical molding, layers of concrete
mixtures were laid perpendicular to the bottom of
the mold. In order to avoid “spreading” and mixing
of concrete mixtures of various compositions with
the vertical method, removable partitions were
installed in the molds, which were removed after
laying all the layers.

In both molding methods, each subsequent

layer was laid after 120 sec., including the duration
of vibrating the individual layers for 50 sec.

It is noted that with horizontal molding, more
precise control of the thickness of the layers is
possible. The vertical method of laying requires a
more intensive compaction of the layers in order to
avoid the “hanging” of the mass in the mold
compartment. Vertical molding ensures high quality
of the working surfaces of the product.

After preliminary holding for 1.5 hr., the
magnesia samples were dried according to the
regime: 0.5 hr. - heating to a temperature of 50°C;
3.5 hr. - isothermal exposure; 0.5 hr. - cooling. Slight
differences in the test results of the samples indicate
the possibility of multivariate laying of magnesia
concrete mixtures (Table 4).

The operational properties of materials of a
combined structure are determined by the reliability
of the adhesion of various layers. Three-layer
samples were subjected to tests for resistance to
changes in environmental parameters. To enhance
the impact of the external environment, samples
with cut ends were used, on which access to the
inside of the porous filler is open. Water resistance
was evaluated in terms of water absorption and
water resistance (Table 4). The value of water
absorption is much less than the integral porosity of
materials, equal to 65%. This indicates the
predominance of closed pores in the structure of the
material. Water fills large voids in the central layer,
penetrates into open pores on sections of samples.
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Figure 1 — Influence of expanded clay dust content on the Figure 2 — Appearance of three-layer
structural strength of magnesia binder magnesia material

Table 3 — Characteristics of concretes of various compositions

The composition of the molding sand, kg/m?3 . .
Compo porous aggregate magnesium Density, Compressive
d tri t kg/m3 t th, MPa.
un astringen granules crushed sand chloride solution g/m streng @
CP 265 210 _ 127 525 5.2
FG 308 B 230 147 700 8.1

Table 4 — Characteristics of three-layer samples of various molding

Values for Forming Methods

P ti
roperties horizontal vertical
Average density, kg/m?3 560 590
Compressive strength, MPa 6.1 5.7
Water absorption, % 12 11
Softening coefficient 0.78 0.77
Thermal conductivity coefficient, W/(m-°C) 0.115 1.119
Aggression resistance coefficient 1.12 1.10

Before testing After testing Before testing After testing

Water resistance Air resistance

Figure 3 — Fragments of samples of magnesia material tested for resistance to external factors
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Figure 4 — Microstructure of magnesian material
(Dotted line shows the contact zones between the porous aggregate and the binder stone)

Table 5 — Comparative characteristics of three-layer wall blocks

Material type

Indicators magnesian based on liquid cement based on encapsulated
glass granules expanded clay
Average density, kg/m?3 560 800
Thermal conductivity coefficient, W/(m-°C) 0.115 0.180
Strength, MPa 6.1 6.5
Cost in KZT 727.83 728.08

The water resistance of composite materials was
evaluated by the softening coefficient, taking into
account the strength of the sample, which was in
water for 10 days, and the strength of the original
sample. No pronounced defects of the samples were
found during the testing period (Figure 3).

Air resistance is characterized by the ability of a
material to withstand repeated systematic
moistening and drying for a long time without
significant deformations and loss of mechanical
strength. Test cycle: 4 hours - stay in a humid
environment, 4 hours - drying in air at room
temperature. The test results indicate a satisfactory
resistance of composite materials (Table 4). The
strength of the samples subjected to testing is 86%
of the strength indicators of the control samples. In
the contact zone of the samples, only small cavities
around the filler grains are visible (Figure 3).

The specificity of magnesia materials
predetermined the choice of the type of aggressive
medium for testing. The samples were immersed in
sea water containing 4% salts. The salt component
of the sea water included 78% sodium chloride, 14%
magnesium chloride, 6% magnesium sulfate, and 2%
potassium sulfate. Within 6 months the samples
were examined visually, after completion of the
tests, the coefficient of resistance to aggression was
determined (the ratio of the strength of the samples
in an aggressive environment to the strength of the
control samples). Magnesia composite material

withstood exposure to sea water. The presence of
magnesium chloride and sulfate in an aggressive
environment favorably affected the strength of the
material, for mixing which solutions are used with an
average salt concentration of 25 - 27%. The results
of electron microscopy confirm the reliability of the
adhesion of porous granules to the matrix
substance, noted during physical and mechanical
tests of the samples (Figure 4).

Comparative characteristics of the developed
three-layer composite material with a cement
innovative block similar in structure, obtained on the
basis of encapsulated expanded clay [[21], [22]],
revealed comparability in terms of mechanical and
cost indicators (Table 5). The economic effect is
predicted due to the reduced thermal conductivity
of the magnesia material.

The use of three-layer wall blocks made of
magnesia composite materials will provide a
reduction in material and energy costs by 36.1% and
an economic effect of 16437.5 tenge/m3 compared
to the innovative block.

Conclusions

Magnesia binders make it possible to implement
effective solutions in the technology of wall
materials.

The high reactivity of caustic magnesite provides
controlled molding properties to concrete mixtures
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containing a combined binder
aggregates.

Magnesia composite materials of a layered
structure are characterized by high heat-shielding
properties and resistance to operational factors.

Economic calculations indicate the effectiveness
of wall products from magnesia composite

materials.

and porous
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KabatTbl 6ybimaapFa apHanfaH MarHe3nAanbiK KOMMNO3ULUANBIK MmaTepuangap

Muptok O.A.

PyOHbIl uHOYcmpusAnelK uHcmumymel, PydHeili, Kasakcma

TYWIHAEME

Makanaga BpTYp}'Ii TbIfbI34blKTafbl Ka/biNTay KOCNanapblHAaH anblHfaH KaﬁaTTbl KYPbI/IbIMHbIH

MarHe3nANblK KOMNO3NUUANDBIK MaTepUangapbliHbIH SKCI'IepMMeHTTiK 3epTTeynepiHiH, HSTM)Keﬂepi

KGpCGTi}'IFeH. )‘KYMbICTbIH, MaKcaTbl — yuwl Ka6aTTbI MarHe3unANblK MaTepnanaapbl CMHTE34eyY XKoHe

cunaTtTamanapbiH 3epTTey. Kanbintay Kocmanapbl KayCTUMKasblK MarHeswuT MeH KypambiHAa

KPeMHUI1 Bap TeXHOreHAK maTepuangap HerisiHae GipiKTipiAreH TYTKbIp 3aTTapiaH anbiHAbl.

Makana kengi: 9 kahmap 2023
CapantamagaH eTTi: 16 aknaH 2023
Kabbinganabl: 3 cayip 2023

TEXHONOTUANbIK  daicTepi

TonTbIpFbllTap peTiHAe CYMbIK LWbIHbI LUMKI3aT KOCManapblHaH apHaibl CUHTE3AeNreH KeyekTi
TONTHIPFBIWTAP KONAAHbINAbI. Yw KabatTbl GyiMbiMaapabl KenAeHeH, KaHe TiK KanbinTayaplH,

Xysere acbipbingpl. Yw KabaTTbl BapuaTpomnTbl  KyPbLIbIMHbIH,

KOMMO3ULMANBIK MarHesuaiblK maTtepuanbl 560 Kr/m3 ToiFbizgbifbimeH, 6,1 MMa  Kpicy

6epikTirimeH cunattanagpl. Kabatrbl KOMNO3MLUMANBIK MaTepuangapabiH, 6epikTiriHe cbiHakTap

Kyprisingi. Yw kabaTtTbl MarHesuanblK KOMMNO3ULMAMBbIK MaTepuanaap Cy/bl KaHe arpeccusTi

Ty34bl OpTaja KaHafaTTaHap/blK TO3IMAiNIK KepceTTi. O3ip/fieHreH MarHesuAnbiK Mmatepuan

bU3MKa-MEXAHMKANBIK KOHE KYHAbIK KepceTKiwTepi GOMbIHWA KancynanaHFaH KeHewTinreH

Ca3faH »KacanfaH

MHHOBAUMANDLIK, 6/I0KMNEeH CasbICTbIPbINAbl. O3ipJAeHreH MarHesussblK

matepuangbid, 0,115 BT/(M-°C)-re TeH TOMEH 3Kblly OTKI3rilTiri UEeMEHT aHajorbiMeH

CaNbICTbIPFaHAA MaTEPUANAbIK KIHE SHepreTMKanblK WbiFbiHAAPAbIH, 36,1% - fa TemeHaeyiH

KaMTamacbl3 eTesi.

TyiiiH ce30ep: MarHesuANblK TYTKbIP, KEYEKTi TOATbIPFbIW, KOMMO3UUMANLIK MaTepuanaap,
BapMaTPONTbI KYPbIabiM, YiU KabaTTbl Kabbipfa 610KTapbl, CyFa TE3iMAINIK.

Aemop mypanbl aknapam:

Mupiok Onbza AneKcaHOpoeHa

mail: psm58@mail.ru

TexHUKa folabiMOapbiHblH OOKMOpbI, npogeccop, Kypbiawic KypblabicmelK MamepuanamaHy
KagheOpaceiHblH MeHzepyuwici, PyOHell uHOycmpusanelk uHcmumymel, PyOHeil, KasakcmaH. E-

MarHe3uanbHble KOMMNO3ULUOHHbIE MmaTepuanbl anAa CAOUCTbIX VIBAEI'IVIﬁ

Mupiok O.A.

PyoHeHckuli uHOycmpuansHell uHcmumym, PydHeil, KazaxcmaH

AHHOTAUMA

B cratbe npwuBeaeHbl

pe3ynbratbl 3KCNEPUMEHTA/IbHbIX VICCﬂe,EI,OBaHVIl\;I MarHesmanbHbIX

KOMMNO3MNLUUOHHbIX MaTepuanoB CAOUCTOro CTpoeHuA, NMONYyYeHHbIX U3 (I)OpMOBO‘-IHbIX cmecei

pasnquoﬁ nnaotHocTu. Lenb paﬁOTbI — CMHTE3 N UccnenoBaHME XapaKTePUCTUK TpeXCnOﬁHbIX

MarHe3nanbHbIX MaTepuanos. ¢0pMOBOHHbIe cmecu nonyyanu m3s KOM6MHMpoBaHHbIX BAXKYLINX
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Ha OCHOBE KayCTUYeCKOro marHesmTta M TeXHOTeHHbIX KpeMHesemcodepKalux matepuanos. B
KayecTse 3anonHUTENeN UCMONb30BaAN CNELMaNbHO CUHTE3UPOBAHHbIE NOPUCTbIE 3aN0NHUTENN
M3 KWUIOKOCTEKO/bHBIX  CbipbeBbIX cmecel. OTpaboTaHbl  TEXHONOTMYECKME  MpUEMbI
rOPU30HTaZIbHOTO M BEPTUKANbHOrO (GOPMOBAHUA TPEXCAOMHBIX M3Aennin. KoMMNo3UUMOHHbIV
Moctynuna: 9 aneaps 2023 MarHesuasbHbli  MaTepuan TPEXCNOMHOro  BapMaTPOMHOrO CTPOEHMA  XapaKTepusyertca
PevieHauposanue: 16 gpespans 2023 NAOTHOCTbIO 560 Kr/m3, npoyHocTbio npu Cxatum 6,1 MIMa. [poseaeHbl MUCNbITaHWUA
MpuHaTa B neyats: 3 anpens 2023 [ONTOBEYHOCTU CNOUCTbIX KOMMO3MULIMOHHbBIX MaTepuanoB. TpPexcnoliHble MarHesnanbHble
KOMMO3ULIMOHHbIE MaTePWabl NPOABUAN YA0BIETBOPUTENbHYIO CTOMKOCTb B YC0BUAX BOAHOM U
arpeccvBHOlM coneBoi cpeabl. PaspaboTaHHbIi MarHesuanbHbIi maTepuan CconoctaBum no
$U3MKO-MEXaHMYECKUM U CTOMMOCTHBIM MOKas3aTeNAM C  MHHOBALMOHHbIM 610KOM U3
KancynMpoBaHHOrO KepamsuTta. HusKkasa TennonpoBOAHOCTb Pa3paboTaHHOro MarHesuanbHoro
maTepuana, pasHaa 0,115 Bt/(m-°C), o6ecneunt cHuXeHume MaTepuasnbHbIX U SHEPreTUHecKmnx
3aTpaT Ha 36,1% No cpaBHEHMIO C LLeMEHTHbIM aHa/I0roM.

Knrovesble cnoea: marHesuasbHble BAXKYLLME, MOPUCTbIA 3amNONHUTENb, KOMMO3ULMOHHbIE
MaTepwuasbl, BAPUATPONHASA CTPYKTYPa, TPEXCOMHbBIE CTEHOBbIE 6/10KMU, BOAOCTONKOCTb.

WHpopmayus 06 asmope:
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