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Abstract. An analysis of modern capital construction state shows that the material and
technical base of the construction industry does not allow the production of effective building
materials and products in the required quantity without due consideration of the economic burden
on the environment, and now significant financial costs are required to restore the ecological
balance of the natural zone. Power plant fly ash is a man-made raw material for many industries,
which is utilized up to 92% in dry form and is of practical interest in the production of effective
thermal insulation building materials and products as a filler and an aggregate.

In view of the instability of the chemical and mineralogical composition, the content of raw fuel,
as well as the pozzolanic activity, the study of the profitability of the production of pozzolanic cements
and concretes based on them was carried out, with an increase in sulfate resistance, corrosion resistance
of the aggregate while preventing thermal cracking. The expediency of autoclaved gas-ash-slag
concretes production with the use of cement with high content of highly basic minerals — alite and
tricalcium aluminate is proved. The technology of obtaining ash-alkaline cellular concrete using ash-
removal and alkaline component is given. The economic efficiency of cellular ash-containing concretes
is justified by the replacement of sand with ash, a 1.2-1.5-fold reduction in lime consumption compared
to lime-sand concrete and a reduction of approximately 2 times the capital costs for extraction and
processing of raw materials. Comparative physical and mechanical parameters of autoclave and non-
autoclave aerated concrete products are given. The process of manufacturing products by vibro-
vacuuming and vibratory compaction of ash concrete is presented. The strength data of vacuum
concrete are given, which are 30-40% higher than that of vibro- compacted concrete from a rigid
mixture. The investigated value of shrinkage as a result of the water-reducing effect of ash, provides a
decrease in the water-cement ratio of concrete. Autoclaved and non-autoclaved aerated concrete can
compete with such an effective thermal insulation material as mineral wool. They are more effective
materials for low-rise and frame housing construction than traditional brick and concrete.

Keywords: fly ash, cellular concrete, vibration swelling, autoclaved and non-autoclaved
concrete, silica component, thermal crack formation, pore former, vibration vacuuming, vacuum ash
concrete, aerated ash concrete.

Introduction. The production of heat-insulating concretes with high performance properties
by modification with complex fine-grained organical -mineral additives, with the simultaneous use
of industrial waste as a man-made raw material, is becoming increasingly important due to the
significant rise in energy prices.

Up to 50% of the energy saving reserve in the housing stock is related to the thermal
insulation of the enclosing structures of residential buildings. The main losses of thermal energy fall
on the walls and amount to more than 20%. It should also be noted that the annual heat
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consumption in the houses of the residential sector is up to 41 million kJ, while in other European
countries this figure is several times lower.

Therefore, one of the promising areas of ash and slag waste disposal is the production of
porous aggregates for lightweight concrete. Ash is also used as a filler for the production of rolled
roofing materials. The most widely used is ash, which is released to consumers for use as an
additive to cement, expanded clay, clay and silicate bricks, and other purposes. Requirements for
ash as a component of cement are given in DSTU B V.2.7-128:2006 and are mainly limited to
restrictions on losses during calcination (<3%).

Fly ash is a fine material consisting mainly of particles with a size of 0.005-0.1 mm. Its
chemical and mineralogical composition corresponds to the composition of the mineral part of the
fuel which is burned. During the combustion of coal, ash is a calcined clay substance with the
inclusion of dispersed particles of quartz sand. At firing of a mineral part of fuel the clay substance
is dehydrated and low-basic aluminates and silicates of calcium are formed.

Analysis of recent researches and publications. The presence of amorphous silicon oxide
and alumina with calcium hydroxide formed during hydration of cement in the ash causes the
formation of calcium silicate hydrate phase (CSH-phase). Additionally, formed calcium
hydrosilicates help to increase the durability of concrete. Studies have shown the feasibility of using
ash as a mineral additive and microfiller in the manufacture of concrete [1, 2] due to changes in the
basic properties of concrete mixture and concrete based on composite binders [3]:

— reduction of water separation and stratification of concrete mixture;

— increasing the cohesion of the concrete mixture;

— reduction of shrinkage as a result of water-reducing effect of ash that provides decrease in
the water-cement ratio of concrete;

— reduction of thermal cracking as a result of lower heat dissipation (with replacement of up
to 50% of cement by fly ash, the temperature gradient between the center and the surface of the
array does not exceed 25%);

— increasing the water resistance and durability of concrete (reducing water consumption and
modification of hydration products).

Purpose and objectives: to investigate effective ways of using ash and slag waste in the
production of building materials, taking into account the instability of chemical and mineralogical
composition, the content of unburned fuel, as well as pozzolanic activity. The tasks require a more
detailed study of the profitability of the production of pozzolanic cements and concretes based on
them, with increased sulfate resistance, corrosion resistance of the filler and the prevention of
thermal cracking [4]. Due to the spherical shape of the ash grains, the additive has a property called
"ball-bearing effect”, which improves the sliding of cement and sand on the glassy surface of ash
particles, similar to emulsified air bubbles when using air-repellent additives to plasticize the
concrete mixture. Slowing down the hydration of the cement binder due to the introduction of fly
ash causes the growth of newly formed crystals, which contributes to chemical compaction and
reduction of pores in hardened concrete. According to modern ideas, the strength of cements and
concretes with the addition of ash depends on the thickness of the surface layer of the ash particle
disturbed by chemical processes [5].

Materials and methods of research. Low-calcium ash of Ladyzhynska TPP (DSTU B
V.2.7-205:2009) ground to a specific surface area of 8000 cm?/g according to Blaine was chosen as
raw material, and sodium carbonate technical (GOST 5100) was used as an alkaline component. To
activate the system, Portland cement I-500 manufactured by PJSC "Volyn-cement™ with a specific
Blaine surface area of 3800 cm?®g and granular blast furnace slag of PJSC Ilyich Iron and Steel
Works of Mariupol ground to a specific surface according to Blaine 4500 cm“/g. To improve the
technological characteristics, a plasticizing additive, an alkaline component — liquid glass and
caustic soda melt were used. The chemical composition of the raw materials is shown in table 1.
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Table 1 — Chemical composition of raw materials, %

losses
. : during
Material SiO, A|203 Fe,O3 CaO MgO SO;3 Na,O K>,O calcination
l.d.c
Ash 51.08 | 248 | 1367 | 3.12 | 183 | 0.08 | 0.60 | 1.90 1.50
CEM 1425 234 | 517 | 412 | 6413 | 088 | 055 | 041 | 0.33 0.20
Slag 400 | 591 | 032 | 4698 | 587 | 1.62 - - -

Selection of the composition and production of samples of alkaline concrete was performed
according to DSTU B V.2.7-69-98 and DSTU B V.2.7-96-2000. Requirements for ash as a
component of cement are given in DSTU B V.2.7-128:2006.

Significant practical experience in the application of fly ash in concrete has been accumulated
in hydraulic engineering. Currently, the efficiency of replacing 25-30% of Portland cement with fly
ash for concrete of the inner zones of massive hydraulic structures and 15-20% for concrete of
underwater parts of structures has been proven. In some cases, the expediency of increasing the
content in the hydraulic concrete of fly ash to 50-60% by weight of cement is justified. When
replacing with ash up to 40% of cement during their joint grinding, the strength of concrete after 28
days is close, and after 60 days is almost equal to the strength of concrete without additives.

Despite the reduction of the cement content due to the addition of ash, after 20 hours of exposure
in the air environment at a temperature of 20°C we managed to achieve the same compressive strength.
After 7 days (1 day of exposure in air and 6 days of exposure in water at 20°C) the strength of the
mixture with ash content was approximately 2 N/mm? higher than the standard mixture. After 28 days
(final exposure in the air at 20°C) the strength of the standard mixture was more than 3 N/mm? lower
than the mixture with ash content (62.9 N/mm? and 66.3 N/mm?).

The results of experimental laboratory studies conducted to optimize the composition of the
concrete mixture for the production of reinforced concrete structures using ash, confirm the
feasibility of introducing a plasticizing additive due to the presence of ettringite-like tumors that
reduce the strength of concrete.

The technology of obtaining alkaline cellular concrete with the use of fly ash and alkaline
component (liquid glass and caustic soda melt) for thermal insulation in industrial and civil
buildings has been developed. Cement-based cellular concretes are more stable than lime-based
aerated concretes. The ash used for aerated concrete due to the content of unburned fuel and the
instability of the chemical composition are technological requirements for the content of vitreous
and molten hours of brown coal — not more than 3%, stone — not more than 5%, specific surface
3000...5000 cm?g , the value of swelling in water — not more than 5%. The negative features
include their ability to high sorption moisture, due to the high microporosity of the ash, as well as
increased sensitivity to cyclic moisture and drying than dense concrete. In the manufacture of
autoclaved aerated concrete, the use of low-level cements in particular slag Portland cement and
pozzolanic Portland cement is possible. So as autoclaved aerated concrete does not protect steel
reinforcement from corrosion, there is a need to take special measures to protect it in structures, and
the surface of reinforced concrete is protected from aggressive atmospheric influences [6].

The most suitable for the production of aerated ash slag concrete products is a complex vibration
technology (vibration swelling), which allows, due to the liquefaction of the mixture while vibrating in
the process of mixing and molding, to reduce the amount of mixing water and shrinkage deformation
by 25-30%, increase concrete homogeneity and strength increases by 15-25 %. The pore-forming
agent is an aqueous suspension of aluminum powder, for emulsification of which sulfanol,
household soap is used; the rate of swelling of the mixture is regulated by adding sodium
hydroxide; solidification time — with the addition of lime. The consumption of aluminum powder
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per 1 m® of cellular concrete depends on its average density: at values of average density 350, 500,
600, 700, 800 kg/m® the consumption of aluminum powder is 690, 535, 470, 360 and 300 g,
respectively. To reduce the shelf life of products and autoclave processing by 1.5-2 times, additives
of monoethanolamine, triethanolamine, trisodium phosphate are introduced, and it intensifies the
process of structure formation in the initial terms. The strength of aerated concrete directly depends
on its average density, as well as the nature of the porosity, which, in turn, depends not only on the
composition of the mixture, but on the heat treatment conditions.

For the production of autoclaved gas-ash-slag concrete, it is desirable to use cement with
increased content of highly basic minerals — alite and tricalcium aluminate.

The main parameters of the composition of aerated concrete are the ratio of siliceous
component to the binder S and the water-solid ratio W/S, which provides a given fluidity of the
mixture. Oriented values of these values in determining the composition of concrete are given in
Table 2, compiled from experimental data [7].

Table 2 — The ratio of silica component to binder in aerated concrete mixture

Indicator S, (%) by weight, for concrete
Binder non-autoclaved on the ash-
autoclave
removal
Cement and cement-lime 0.75;1.0; 1.25; 1.5; 1.75; 2.0 0.75;1.0; 1.25
Lime-slag 0.6;0.8; 1.0 0.6;0.8; 1.0
Slag-alkaline 0.1; 0.15;0.2 -

The composition of aerated concrete is determined taking into account the ratio of siliceous
component to the binder in the mixture (Table 2), determine the water-solid ratio W/S, which
provides a given fluidity of the mortar mixture (Table 3) taking into account the temperature of the
mixture at the time of its unloading from the molds (Table 4), determine the amount of porous agent
per batch (adjusted by the coefficient of use of porous agent and bound water in the material), set
the consumption of dry components, additives and water for test batch, taking into account not only
the properties of cellular concrete, but also the conditions of formation — swelling temperature and
solidification time.

Table 3 — Fluidity of cellular concrete mixture

. Fluidity (flow diameter), cm, mixture on the binder
Average density of . - .
concrete, kg/® Cement, Ilme-c_ement, slag- Limestone, lime Highly basic, ash
alkaline slag
With casting technology
300 38 30 —
400 34 25 25
500 30 23 23
600 26 21 21
700 22 19 20
800 18 17 18
With vibration technology
500 15 - -
600 13 - -
700 11 - -
800 9 - -
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The use of cellular concrete with a low water-cement ratio for the production of reinforced
concrete structures can lead to incomplete hydration of cement, which remains in the hardened
concrete and the share of which increases with decreasing water-cement ratio.

Under certain conditions, the consequence of incomplete hydration of cement can be a
violation of the process of structure formation, which, in turn, leads to a decrease in compressive
strength. The optimal amount of ash along with the reduction of unhydrated cement in concrete
contributes to the achievement of both high early strength and strength at the design age.

Table 4 — Temperature of cellular concrete mixture

Mixture temperature, °C

Cellular concrete and binder . During vibration
Casting technology

molding

Aerated concrete:

on cement 45 45
on lime-cement binder 35 40
on lime-slag binder 40 45
Gas silicate 30 40
Foam concrete:

on cement 25 -

on slag-alkaline binder 15 -

Results of the research. The main obstacle to the use of developed materials is the instability
of the chemical composition of fuel ashes, which necessitates constant control over the quality of
input products and the possibility of rapid adjustment of cement and concrete production
technology based on it [8]. Ash-based alkaline cements show less sensitivity to adverse hardening
conditions compared to blast-furnace (slag) cement I1I/A-400, which makes them a promising
system for use in monolithic construction. When using alkaline pozzolanic cement (“fly ash —
Portland cement — alkaline component — surfactant™) provides the highest strength of concrete at a
variable temperature during the month (t =5 °C to 20 °C), and the use of alkaline composite cement
("fly ash — ground granulated blast furnace slag — Portland cement — alkaline component —
surfactant") is optimal for concreting at elevated temperatures (t = 20 °C to 30 °C) [9].

The economic efficiency of cellular ash-containing concretes is justified by the replacement
of sand with ash, a 1.2-1.5 fold reduction in lime consumption compared to lime-sand concrete and
a reduction of approximately 2 times the capital costs for extraction and processing of raw
materials. The method of production of small aerated concrete products is to grind lump limestone
and compatible grinding it with ash in a ball mill in the ratio of lime: ash = 5:1. The fineness of
grinding lime should be 5000 cm?g. Aluminum powder or paste is supplied in factory packaging
for the preparation of aluminum suspension in the shop of aerated ash slag concrete. Dosing of dry
components takes place by automatic weight batchers; sludge, water and suspension — volumetric in
the form of measuring tanks with taps. The aerated ash slag concrete mixture is prepared in a mixer
with the volume of 1.8 m®. The sequence of components loading is as follows: sludge of cutting
waste; water; fly ash; Portland cement; ash-lime binder, water-aluminum suspension. Forming is by
casting, percussion or vibrotechnology. The edge is removed with a conical cutter, longitudinal-
horizontal cutting of the array, cross-section on blocks is carried out by the cutting equipment. The
cut array is transported on the pallet to the post of autoclave trolleys or steaming chamber. Cutting
waste is returned to the production process or after heat-moisture treatment (HMT) can be used as
insulation of buildings and structures ceilings. After autoclaving or steaming, the finished product
enters the warehouse.
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Frost resistance depends on the characteristics of the pore structure of concrete. Uniform pore
distribution and reduction of capillary porosity increase frost resistance. Cement-based concretes
are more frost-resistant than lime. To reduce water absorption and increase frost resistance in the
cellular structure, the condition of closed pores must be fulfilled. This is facilitated by vibration
technology with the possibility of obtaining a homogeneous material, with destroyed large pores
that reduce frost resistance. The thermal conductivity of aerated concretes depends mainly on
density and humidity and is 0.065-0.07 W/(m-°C) for pp>200 kg/m®; A = 0.21-0.26 W/(m-°C) for
po=1000 kg/m®. Cellular aerated concrete is characterized by high sound insulation properties [10].

Comparative physical and mechanical properties of autoclaved and non-autoclaved aerated
concrete products are presented in Table. 5.

Table 5 — Comparative physical and mechanical properties of aerated concretes

Aerated concrete
Parameters

non-autoclaved autoclaved
Compressive strength class B2.5/M35 B2.5/M35
Medium density mark D750 D600
Frost resistance mark, not less F25 F25
Thermal conductivity coefficient,
W/(m-°C), not more 0.32 0.14
Vacuum humidity, % by weight, not more 35 35
Weight of one block, kg 24 18
Dimensions of the floor slab, mm 4200x1200x240

B 3200x1200x240

Block sizes, mm 200x300x400 188x300x588

For the manufacture of products by vibration evacuation, the process of obtaining a concrete
mixture is to prepare ash sludge in a rotary mixer with a water-ash ratio of 0.5 (taking into account
the variable humidity of the ash from the dump), cement dosage and, if necessary, additional water,
bringing the concrete mix to the required plasticity. This method of production of reinforced
concrete on the basis of such a mixture of vibration evacuation allows to remove residual mixing
water in the molding process. The result is compacted ash concrete with high structural strength,
which allows for rapid stripping. From the concrete mixture 1:4 (cement: ash) with a mobility from
OK=2-3 cm to OK=12-14 cm samples were formed by vibro-vacuuming and for comparison — by
vibration, lasting 60-65 s. [11]. The obtained research results are given in Table 6. From the given
data it is seen that the rational mobility of the concrete mixture for vacuuming when reaching the
maximum strength of the vacuumed concrete is OK=8-10 cm. It should be noted that the strength of
vacuum concrete is 30-40% higher than that of vibro-compacted concrete from a rigid mixture.

Table 6 — Average density and strength of vibro-compacted and vibro-vacuumed ash concretes

Type c.m. Vibro-compacted concrete Vibro-vacuumed concrete
Mobility The
of the Averfage Strength, amount of Avergge Strength,
. VIC density, water VIC density,
mixture, 3 MPa 3 MPa
, kg/m removed, kg/m
OK (cm): I/m3
2...3 1.93 1586 6.2 95 1.53 1620 11.9
5...6 2.12 1577 4.9 112 1.58 1631 13.1
8...9 2.31 1569 2.9 126 1.62 1642 14.4
11...12 2.41 1560 - 133 1.69 1635 14.2
13...14 2.52 1553 - 136 1.72 1628 13.9
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Conclusions. From the above mentioned methods of production of thermal insulation building
materials using fly ash and water removal ash follows the justification of the prospects of involvement
in the production of aerated concrete of this dispersed raw waste of industry, the volume of which will
continue to grow due to reduced natural gas exports and increased weight in the energy sector of
Ukraine. Autoclaved and non-autoclaved aerated concrete using industrial waste, cementless or low-
cement (not more than 100 kg/m®) can compete with such an effective thermal insulation material as
mineral wool, that is much more effective material for low-rise and frame housing than brick.
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1Bi00erMﬂeHuﬁ cmpyKmypHutl niopo3oin «Pienencokuii ghaxosutl konedxc
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Byn. Konepnika 44, m. Piue, 33001, Ykpaina

AHoTanisi. AHaI3 CTaHy CY4acHOTO KaIliTaJbHOTO OyIiBHHUIITBA MOKA3ye, M0 MaTepiabHO-
TexHIYHa Oa3a OyniBHMLTBA Ta OYIIBEIbHOI IHAYCTpii HE JO3BOJIAE BUPOOJIATH B MOTPIOHIM
KUTBKOCT1 e€(eKTUBHI OyaiBeIbHI MaTepiaiym Ta BUPOOU O€3 HaJICXKHOTO BpaxyBaHHS €KOHOMIYHHMX
HAaBaHTa)XCHb Ha HAaBKOJIMILIHE CEPEJOBMILE 1 Ternep HEoOXiJHI 3HauHl (PIHAHCOBI BUTPATU Ha
BITHOBJICHHS €KOJIOTIYHOT pIBHOBAaru MpPUPOJHOI 30HU. 30J1a-BUHOCY €JEKTPOCTAHLIM €
TEXHOTEHHOI0 CHPOBHHOIO JJIsi 0aratboX raiy3eil IpOMHCIOBOCTI, sKa YTHII3yeTbes 10 92% B
CyXOMY BHIVISIII 1 TPEACTaBiIsA€ MNPAKTUYHUM 1HTepeC y BHUPOOHHUTBI ePEKTUBHUX
TEIUIOI30JSIHNX Oy/IiBEIbHUX MaTepiaiiB Ta BUPOOIB B SKOCTI HAIIOBHIOBAYa 1 3aIIOBHIOBAYA.

3Bakar0UM HAa HECTaOUIBHICTh XIMIYHOTO 1 MIHEPAJIOTiYHOTO CKJIay, 3MICTy HEBHIIAJICHOTO
NajauBa, a TAKOX IIYLIOJIAHOBOI aKTHUBHOCTI B POOOTI MPOBEIEHO AOCHIKEHHS pPEeHTa0EIbHOCTI
BHUPOOHHIITBA IYI[OJJAHOBUX IIEMEHTIB Ta OETOHIB Ha 1X OCHOBi, 3  IIJIBUIICHHIM
Cynb(aToCTIMKOCTI, KOPO31MHOI CTIMKOCTI 3amOBHIOBa4Ya IMpPU  3amo0IraHHi  TEPMIYHOTO
TPIIIMHOYTBOPEHHS. JloBeeHa AOLUIbHICT, BUPOOHUITBA O€3aBTOKJIABHHMX TIa3030JI0LLIAKOBOTO
0eTOHY 13 3aCTOCYBaHHSM IIEMEHTY i3 IMiJBUIIEHIM BMICTOM BHCOKOOCHOBHUX MiHEpaJiB — aliTy i
TPUKAJIBIIIEBOTO altoMiHaTy. HaBeseHa TEeXHOOTis OTPUMAaHHS 30JI0JIY’KHUX Hi3JIPIOBATUX OETOHIB
3 BUKOPUCTAHHSIM 30JIM-BUHOCY 1 JIY’)KHOTO KOMIIOHEHTY. ExoHOMIYHa e(pEeKTUBHICTh HI3APIOBATHX
30JIOBMICHMX O€TOHIB OOIpYHTOBaHA 3aMiHOIO MICKY 30JI010, 3MEHIIeHHsAM B 1,2-1,5 pa3u BuTparu
BaIlHa MOPIBHSAHO 3 BAITHAHO-MIIIAaHUM OETOHOM 1 CKOPOUYEHHSM NMPHUOJIM3HO B 2 pa3y KamiTalbHUX
BUTpAT Ha 100yBaHHs 1 NepepoOKy BUXiHOI cupoBUHU. [IpuBeeHi NopiBHIBHI (P13UKO-MEXaHI4HI
MOKAa3HUKH AaBTOKJIABHUX Ta HEABTOKJIABHUX Ta30305I00eTOHHUX BUPOOIB. [lokazano mporec
BUTOTOBJICHHS BHMpOOIB IHIISAXOM BIOpOBaKYyMyBaHHS Ta BIOpOYIIUJIBHEHHS 30J000€TOHY.,
HaBeneni nani mimHOCTI Bakyym3onoOetoHy, mo € Ha 30-40% Ouipmioro, HDK MIIHICTh
BIOpOYIIUIBHEHOTO OeTOHY 3 KOpcTKoi cymimi. JlocnmijykeHe 3HAa4YeHHsS YCaaKHd B pe3yJbTari
BOJIOPEYKYIOUOTO €EeKTY 30711 3a0e31euye 3HUKEHHS BOJOIIEMEHTHOTO CITIBBIIHOIIIEHHST OETOHY.

JlocimipkeHe 3HAueHHs BCIJAaHHS B pe3yibTaTi BOJOPENYKYHOUOro eQeKkTy 305Id, 0
3a0e3neuye 3HMKEHHS BOJOLIEMEHTHOTO CIIBBIJHOLICHHS OETOHY. ABTOKJAaBHI 1 HEaBTOKJIAaBHI
ra3o0eTOHM MOXYTh KOHKYPYBAaTH 3 TakuM e(EeKTHMBHHM TEIUIOI30MAINHUM MaTepialioM, SK
MiHepaJibHa BaTa. BoHM € Ou1blll e()eKTUBHUMHU MaTepiajlaMu AJisi MaJOllOBEPXOBOr0 Ta KApKACHOTO
OyIIBHUIITBA )KUTIA, HK TPAIUIIiiHI 11era i OEToH.

KuouoBi cjioBa: 301a-BHHOCY, Hi3/ApIOBaTHH OETOH, aBTOKJIABHHUM Ta HEABTOKJIABHHUN OETOH,
KPEMHE3eMUCTUI KOMIIOHEHT, TEPMiYHE TPIIIMHOYTBOPEHHS, MOPOYTBOPIOBaY, BIOpOBaKyyMyBaHH,
BaKyyM30JI00€TOH, ra3030JI00€TOH.
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Y060cobnennoe cmpykmypHoe noopasoenenue «Posenckuil npogeccuonanbHulll KOL1e0H
Hayuonanvnozo ynusepcumema ouopecypcos u npupooononvb3068anus YKpauHl»
yi. Konepnuka 44, r. Posno, 33001, Ykpauna

AHHOTanus1. AHaJIN3 COCTOSHUS COBPEMEHHOIO KallUTAJIbHOTO CTPOUTENILCTBA TI0KAa3bIBAET, UTO
MaTepUallbHO-TEXHUYECKass 0a3a CTPOUTENICTBA W CTPOUTEIBHONM MHIYCTPUM HE I103BOJISET
IIPOU3BO/IUTh B HYKHOM KoindecTBe 3((eKTHBHbIE CTPOMTENIbHBbIE MaTepualibl U u3zenus Oe3
JIOJDKHOTO y4éTa SKOHOMUYECKHX HAarpy30K Ha OKPYKAIOUIYI0 CpeAay M Tenepb HeO0OXOAUMBI
3HAuUTENIbHbIE (PUHAHCOBBIE 3aTPaThl HA BOCCTAHOBJIEHUE HKOJIOTMYECKOIO PABHOBECHS IPUPOJHOM
30HBI. 30Jla-yHOCA DJJIEKTPOCTAHIMK SBISETCI TEXHOTEHHOM CBIPbEM Ui MHOTHX OTpaciei
IIPOMBIIUIEHHOCTH, YTWIH3UpPYeETCs 10 92% B cyxoM BUJE U MPEACTaBIIAET MPAKTUYECKUNA HHTEPEC B
POHU3BOICTBE A(P(PEKTUBHBIX TEIIION3O0JSIIMOHHBIX CTPOUTENIFHBIX MATEPHATIOB M U3/ICIHI B KAYeCTBE
HAIOJHUTEIIS U 3aIIOJTHUTEIIS.

BBuay HecTaOWIIBHOCTH XUMHYECKOTO M MHHEpPAJIOTHYECKOTO COCTaBa, COJCPKAHUS
HEOOOXKEHHOT0 TOIUIMBA, @ TAKXKE MYyLI0JaHOBOM aKTUBHOCTH B paboOTe MPOBEICHO HUCCIIEIOBAaHHE
PEHTA0ETPHOCTH MTPOM3BOACTBA MYIIIOJIAHOBBIX [IEMEHTOB U OETOHOB HA MX OCHOBE, C ITOBBHIIICHUEM
CyJb()aTOCTOMKOCTH, KOPPO3UOHHON CTOMKOCTH 3allOJHUTENS MPU MPEAOTBPAIECHUH TEPMUYECKOTO
TPELIMHOO0Pa30BaHHUS. Jlokazana 11e7IecO00Pa3HOCTh IPOM3BO/ICTBA 0€3aBTOKJIaBHOTO
ra3030J0ILIaKOBOr0  O€TOHa C IPUMEHEHHEM IIEMEHTa C IIOBBILICHHBIM COJAEp’KaHUEM
BBICOKOOCHOBHBIX MUHEpAJIOB — aJMTa M TPEXKAJIbIMEBOr0 amtoMuHaTa. [IpuBeaeHHass TEXHOIOTHS
MOJTyYeHHs 30JIOIIENIOYHBIX SYEUCThIX OETOHOB C MCIOJb30BAHUEM 30JbI-yHOCA U IIEIOYHOTO
KOMIIOHEHTa. DKOHOMHUYECKas 3((HEKTUBHOCTh SYEHUCTHIX 30JI0€MKHX OETOHOB 0OOCHOBaHA 3aMEHOM
necKa 30101, yMeHblIeHneM B 1,2-1,5 pasa pacxoia U3BECTH 110 CPABHEHHIO C U3BECTKOBO-TIECUaHbIM
OETOHOM M COKpalleHHWEM IMPUMEPHO B 2 pa3a KamUTalIbHBIX 3aTpar Ha J0ObIYYy U MepepaboTKy
UCXOJHOTO ChIpbs. IIpuBeneHbl cpaBHUTENbHBIE (PU3UKO-MEXaHUYECKUE MOKA3aTeNM aBTOKJIABHBIX U
HEaBTOKJIABHBIX TIa3030JI00€TOHHBIX M3/enui. [lokazaH mporiecc W3rOTOBIEHUS W3JCIUN IyTeM
BUOPOBaKYyMHUpPOBAaHUSI M BHOpPOYIJIOTHEHHMs 305100eToHa. IlpuBeneHHbIE JAaHHbIE MPOYHOCTH
Bakyym3oJi00eTona, uro Ha 30-40% Oonbiiie, 4eM B BUOPOYIUIOTHEHHOTO OETOHA C JKECTKOM CMECH.
HccnenoBaHHOE 3HaUCHUE YCAKHU B pe3ynbTaTe BOAOPERYLUPYIOLIEro 3¢ deKTa 3016l 00ecnedrBaeT
CHWKEHHE BOJIOLIEMEHTHOIO COOTHOHIEHUS OeTOHa. ABTOKJIaBHBIE M HEAaBTOKJIABHbIE I'a300€TOHBI
MOT'YT KOHKYPHPOBaTh C TaKUM 3(P(HEeKTUBHBIM TEIJIOU3O0JSIIMOHHBIM MaTepHaIoM, Kak MUHEpaIbHas
Bata. OHM sBisitOTCS Oonee 3((HEKTUBHBIMU MaTepHajlaMHM JJIsi MaJIO3TaKHOTO M KapKacHOTro
CTPOMUTENBCTBA KWJIbSI, YEM TPAJULIMOHHbBIE KUPITUY U OETOH.

KuroueBble cioBa: 3051a-yHOCa, SUYCUCTHI OCTOH, aBTOKJIABHBIA M HEABTOKJIABHBIN OETOH,
KPEMHE3EMHUCTBIA ~ KOMIIOHEHT, TEpMHYECKOe  TpEeIMHOOOpa3oBaHUs, IOPOOOpa3oBarTeb,
BUOPOBAaKYyMHPOBaHUE, BAKYyM30JI00ETOH, Ia30307100€TOH.
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