BUILDING MATERIALS AND TECHNIQUES

UDC 666.965 DOI: 10.31650/2415-377X-2020-79-117-125

THE ASSESSMENT OF EFFICIENCY OF BLAST-FURNACE GRANULATED SLAG
USED IN AUTOCLAVED AERATED CONCRETE MANUFACTURING

'Rudchenko D.G., Ph.D.,

aeroc@aeroc.ua, ORCID: 0000-0003-2909-3864
'Dyuzhilova N.A., Ph.D.,

Dyuzhilova.na@aeroc.ua, ORCID: 0000-0001-8602-1563
YLLC «Aerocy

6, Promislova st., Obukhiv, 08700, Ukraine

2Serdyuk V.R., Dr. Sc., Professor,
vasromvs@gmail.com, ORCID: 0000-0002-1694-8651
2Vinnytsia National Technical University

Khmelnytsky Highway, 95, Vinnytsia, 21000, Ukraine

Abstract. The current trends were analyzed and showed that the share of autoclaved aerated
concrete in the market of wall materials was growing. The prospects for the use of blast-furnace
granulated slag at autoclaved aerated concrete manufacturing were considered. At modern plants
producing autoclaved aerated concrete, the existing pre-autoclave curing chambers for plastic
hardening of raw materials reduces the duration of pre-autoclave curing time of the raw cake and
intensifies the structure forming processes; thus, blast-furnace cement or blast-furnace granulated slag
additives can be used in the casting manufacturing process. The comparative analysis of the cement
clinker production and the blast-furnace slag formation was carried out. The methods assessing the
hydraulic activity of blast-furnace granulated slag were presented.

The efficiency of blast furnace granulated slag that replaces partly Portland cement in the
composition of aerated concrete with D300 density was experimentally studied. The organized
experimental study envisaged that the return slurry containing lime and cement hydration products, as
well as gypsum stone, is to be preserved in the aerated concrete mixture. Modern aerated concrete
plants operate with the waste-free technology. The presence of 15-17% cut raw material in the aerated
concrete raw mixture is mandatory at the casting technology of aerated concrete production.

A resource-saving technology for the production of autoclaved aerated concrete with blast-
furnace granulated slag was proposed. The features of blast-furnace granular slag formation were
considered and the slag optimal composition in the aerated concrete mixture is determined, which
was 15-20%. The replacing up to 10% of Portland cement with blast-furnace granulated slag during
the production of D300 aerated concrete saves Portland cement and leads to a slight increase in the
aerated concrete strength.
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Introduction. Autoclaved aerated concrete successfully combines constructive and thermal
insulation properties. Final material with density of 150 to 700 kg/m3 can be obtained with available
raw materials, the same equipment and the same production flow chart. A wide range of constructive
products and materials for various purposes is produced from aerated concrete, from large-sized wall
panels, floor slabs, wall lintels to small-sized wall blocks and effective thermal insulation products.

Given the high constructive and heat-insulating properties of autoclaved aerated concrete, its
relatively low cost in comparison with other wall materials, aerated concrete drives out from the
construction market other traditional energy-demanding wall materials. About 40-50% of walls at
modern low-rise and high-rise buildings in Ukraine, Russia and Poland were erected using autoclaved
aerated concrete, and this figure is even higher in the Republic of Belarus.

The autoclaved aerated concrete manufacturing and use have energy-saving and environmental
advantages over traditional wall materials (such as expanded-clay concrete, silicate brick and ceramic).

The competition in the autoclaved aerated concrete leads to searches for advanced manufacturing
technologies that can reduce energy and raw material consumption and save costs.
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Cement and lime used at autoclaved aerated concrete manufacturing are highly energy-
consuming materials. The actual specific consumption of fuel and energy for produced lime is 200.5kg
of equivalent fuel/ton, and for Portland cement is 121.7 kg of equivalent fuel/ton. Carbon dioxide
emissions per 1 ton of cement produced in Ukraine equals 0.65 tons averagely. As for the “dry”
method of cement production, this indicator varies from 0.41 to 0.5 tons of CO; per 1 ton of cement.

These affordable, but energy-demanding binders are used at the autoclaved aerated concrete
production, thus, several mandatory energy-demanding technological processes are envisaged:
siliceous raw material grinding and continuous homogenization in slurry basins, autoclaving of aerated
concrete in saturated steam at a temperature of about 200 °C, transportation costs for a siliceous raw
material, gypsum stone, binder, etc.

Blast-furnace granulated slag (BFGS), fly ash, and other additives have the great potential for the
reduction of energy consumption associated with binder used at autoclaved aerated concrete
manufacturing.

The study objective was: to reduce energy consumption and improve autoclaved aerated
concrete operational properties by using blast-furnace granulated slag in manufacturing.

The review of recent research. It is well-known that the usage of BFGS, ash, nepheline sludge,
natural active mineral additives save fuel and energy (by 15-40%) at cement production, and also
increase the output of traditional concrete with such binders. BFGS additive, as a binder component,
has the greatest potential as for the hydraulic activity. This is due to the BFGS formation technology.

The industry for autoclaved aerated concrete production in the former USSR was mainly formed
in the 60-70 years of the last century. The country held a leading position in Europe as for autoclaved
aerated concrete studies in those years. At the same time, the main problems of national aerated concrete
manufacturers at that time were a large share of manual labour, the lack of automation and the
instability of many boilers, the vapour pressure of which ranged from 0.8 to 1.0 MPa, which was
reflected on the aerated concrete quality.

The greatest contribution to the autoclaved concrete studies was made by the work of Yu.M. Butt
[2-3], A.V. Volzhensky [4], P.l. Bozhenov [5], E.A. Galibina [6], S.A. Krzheminskiy [7], K.K.
Kuatbaev [8], M.Ya. Krivitskiy [9], S.A. Mironov [10], E.S. Silaenkov [11] and many others.

The studies conducted in those years served as the basis for the development of the national
science and were used to develop the Construction rules SN 277-70. Later, the Instructions for Aerated
Concrete Products Manufacture SN 277-80 were put into effect in 1981 and became the main
regulatory document for national manufacturers of autoclaved aerated concrete. This document is still
valid in the ex-USSR countries, with the exception of the Republic of Belarus, which cancelled it and
introduced the Technical Code of Good Practice TKP 45-5.03-137-2009 (02250) “Products from
aerated concrete. Manufacturing Rules.” According to SN 277-80, Portland cement, slag Portland
cement with the content of C3S not less than 50% and C3A not higher than 6%, quick lime not less than
3 grades, cement-lime, calcareous, slag-alkaline, highly basic ash binders and BFGS with hardening
activators or as a component of mixed binders should be used as binders for aerated concrete.

Numerous studies [2, 4, 5] show that not only blast-furnace granular slag can be used but also
dump one, which do not active in normal hardening conditions. Their main components are gehlenite
(Ca Al(AISI)O;, akermanite CA;Mg Si,O7, v — or B — bi-calcium silicate, rankinite (CasSi,O7) and
pseudowollastonite (CasSizOg). Of these, only B — 2Ca0OxSiO; is capable of hydration and hardening in
general conditions. During autoclaving, pure gehlenite and glass of its composition do not harden, but
the glass part is more active than crystalline gehlenite. When lime is added and steaming takes place,
autoclaving of glass and crystalline gehlenite with CaO addition leads to the formation of a hydrogarnet,
and pure gehlenite gives, apparently, hydro gehlenite. The strength of pure y C,S increases with pressure
in the autoclave, while the addition of quartz to y C,S significantly increases the strength. Depending on
its amount and vapour pressure, CSH (B), xonotlite is formed. During the hydration of pure y C,S in the
temperature range 203-310°C, only C,SH(C) is formed.

According to [12], milled granulated electric-thermophosphorus slag with specific surface up
to 5000-6000 cmzlg in an autoclave with steam pressure of 16 kgf/cm® has the activity of 200-
350 kgf/cm?. BFGS handled in a jet grinder at the mix classifier rotor speed of n = 3000 increases
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the activity of blast-furnace slag and cement by 1.5 times: from 270 to 422 kgf/cm? for blast-
furnace slag, from 382 to 596 kgf/cm? for cement [13].

The autoclaved aerated concrete production implies synchronized in time the end of the gas
evolution process and the beginning of mixture setting. The uniformity and correctness of aerated
concrete macropores largely determines the material physical and mechanical properties.

Even if silicate matrix itself has high strength, but if the gas formation process is ahead of the
binder setting, defective masses are formed: sagging, cracks formed due to shrinkage processes.

It is possible to intensify plastic strengthening of aerated concrete raw material with BFGS
additives by using chemical accelerators-additives or by raising the temperature of pre-autoclave curing.
If pre-autoclave curing chambers are absent, it is problematic to use slag Portland cement or large
dosages of BFGS additives at manufacturing, since the technological cycle of pre-autoclave curing of
casted materials become longer in order to achieve plastic strength necessary for raw material cutting.

The review of existing practices for the autoclaved aerated concrete production until 1991 and
nowadays shows that Portland cement and quick lime additives are usually used as binder; they, due to
internal isothermal hydration, provides additional internal heating of the aerated concrete mixture and
increase the raw material plastic strength. The aerated concrete manufacturers did not used slag
Portland cement because the increase of aerated concrete plastic strength was delayed.

Not only national plants, but also in 10 plants bought in Poland, which produced 30-40% of the
total aerated concrete in the USSR, did not have chambers for preliminary plastic strengthening of raw
materials. Curing of casted materials took place directly at a workshop before cutting and feeding into
an autoclave, which lengthened the technological cycle of pre-autoclave aerated concrete hardening.

The recommendations from numerous studies to use BFGS with various chemical accelerators-
additives were never implemented into the industrial production of autoclaved aerated concrete.

As for modern plants producing aerated concrete blocks, the raw material is tilted and rotated to
separate it into blocks and create caves for gripping by hands. In this case, the technological methods
have to be implemented that accelerate plastic strengthening of raw material. The intensification of
plastic strengthening takes place in a chamber for raw material plastic strengthening.

Autoclaved aerated concrete in the EU and countries of the former USSR is produced with the
use, as a rule, of complex binder (cement + lime additive). There are few studies on influence of
cements on the autoclaved aerated concrete properties, since it is generally accepted that Portland
cement is the main stable component of binder [5, 14]. Publications appear very rarely in scientific
journals [15].

The analysis of a large number of production tests carried out in [16] shows that it is possible
to obtain concretes with a higher class as for compressive strength if Portland cements with mineral
additives (slag) PC 42.5 — D20 or IIEM II / A-III are used. The authors propose expanding the
range of Portland cements used in aerated concrete production, using cements with added slag. This
increases the basic physical and mechanical properties and significantly reduces the manufacturing
cost. Concrete obtained on the basis of purely clinker Portland cement had lower basic physical and
mechanical characteristics than cement with added slag.

When pure clinker Portland cement was added to the raw material mixture, a clear maximum
of strength was observed with the mixture activity of 11.5%; while Portland cement with mineral
additives showed low-sloped relationship between these indicators, moreover the block mechanical
strength was almost at the same level for the activity in the range of 11.1-11.5%.

In the work [17], the compositions of autoclaved aerated concrete with D200 — D500 density
grades were optimized with electric steelmaking slag. The maximum strength, in comparison with
the control compositions, had aerated concrete samples where 70-100 wt. % Portland cement were
replaced with grounded slag. The mineralogical composition was characterized by the presence of a
belite phase (B-2Ca0 x SiO,, y-2Ca0 x SiO,), merwinite, monticellite, rankinite, as well as iron-
containing silicate phases.

The chambers of preliminary plastic strengthening of raw materials existing in the
technological cycle at modern plants, equalizes the influence of slag Portland cement or BFGS
additives to that of Portland cement at the stage of pre-autoclave aerated concrete curing.

Materials and research methods. The studies to test the effectiveness of BFGS additives for
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autoclaved aerated concrete were carried out in the laboratory and industrial conditions of LLC
“Aerok”: Portland cement was partly replaced with grounded BFGS in the composition of aerated
concrete with an estimated density of 300 kg/m°.

Since the results obtained were of commercial value, the acticle does not reflect some of the
technological regulations (technological parameters of raw materials, autoclaving modes, etc.).

During the research, the standard composition of raw materials for aerated concrete mixture
was used, namely: river sand, gypsum stone, unslaked grounded lime, cement and a gasifier
(@aluminum powder).

Blast furnace granulated slag produced by PJSC “ArcelorMittal Kryvyi Rih” was used as
BFGS additive. Its main characteristics are presented according to the information given in the slag
manufacturer’s certificate (Table 1).

Table 1 — Main characteristics of BFGS form PJSC “ArcelorMittal”

Moisture, Chemical composition Radionuclide
% Si0; | AlLO3 | CaO | MnO | MgO TiO, content
5,5 38,74 | 7,18 448 | 0,37 7,84 0,29
5,6 38,13 | 7,34 455 | 0,36 7.6 0,28 94
9,1 38,2 7,32 454 | 0,37 7,66 0,28

Modern aerated concrete plants operate with the waste-free technology and the cut aerated
concrete raw material is returned to the production line for reuse. Thus, at assessment of the possibility
to replace partly Portland cement with BFGS additive, return sludge present in the aerated concrete
mixture must be taken into account. Lime, gypsum stone, cement contained in the mixture (highly
basic calcium hydrosilicates as hydrosilicate gel formed at an early stage of hydration) also act as an
activator of BFGS hydrational hardening during high-temperature autoclaving of aerated concrete.

To assess the possibility of partial replacement of Portland cement with BFGS additive, the
aerated concrete mixture with the density of 300 kg/m® was moulded using the casting technology as
follows. Raw sludge was removed from the industrial sludge basin. It contained ground sand, gypsum
stone. 20% of the sludge (with the components contained in it) required for 1 m® of aerated concrete
was removed. The removed sludge was replaced by “artificial” sludge containing grounded BFGS and
water, the water / solid ratio for the mixture was maintained. Cement consumption was reduced by
5-25% in control samples.

Grounded BFGS served as binder and, partially, as a siliceous component. Its specific surface was
S = 3800 cm?/g. The mixture was further blended by a laboratory mixer.

Aluminium powder was introduced into the control and test mixture samples, all samples were
cured in a curing chamber and autoclaved in an industrial autoclave in accordance with the
technological regulations adopted at the enterprise.

At Aerok LLC, the required plastic strength of raw material was achieved at 50-54°C and relative
air humidity up to 80%. To maintain the temperature regime in the chambers of plastic strengthening,
secondary heat was used.

Powerful steam generators at modern aerated concrete plants ensure the stabile working steam
pressure in autoclaves in the automated mode, and the existing chambers for raw material plastic
strengthening provides the potential for using of slag Portland cement or BFGS additive in the
binder composition directly at autoclaved aerated concrete manufacturing. At the same time,
conditions are created to intensify production by shortening the cycle of pre-autoclave aerated
concrete curing and to improve autoclaving parameters.

For a more detailed study of the effect of the additive, we considered the features of BFGS
formation. As it is well-known, approximately 1.3 tons of iron ore, 0.75 tons of coke, 0.25 tons of
limestone are needed for production of 1 ton of pig iron. Empty acid rock of iron ore always contains
Si0; and Al,O5. Limestone (calcium carbonate CaCOs, or dolomitic limestone containing MgCOj3 in
addition to CaCQOg;) is used as the main fluxing stone at pig iron production. Slag is formed at the
mutual reaction of iron ore rock with fluxing stone and coke ash during blast furnace production of pig
iron; this slag is silicate and aluminosilicate melts covering pig iron surface. It is important to note that
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the blast furnace slag contains oxides: CaO, MgO, SiO,, Al,03 (90-95 wt.%) and minor impurities of
other oxides. During blast furnace slag granulation, crystallization of hydraulically inert components
(gehlenite, CaO x SiO,) and the transition of B-2CaO x SiO; to the inactive form of y-2CaOxSiO,
stop. Slag acquires a glassy structure and is in an unstable state. Granular basic slag is able to interact
with water and slowly harden, and the presence of self-hardening 2CaO x SiO, and active SiO, and
Al20; at elevated temperature provides them with hydraulic activity.

It should be noted that the temperature regime and raw materials composition at pig iron
production is close to the process of cement clinker firing, which uses coal, limestone (CaO, MgO),
clay components (SiO,, Al,O3 Fe,O3) and small amount of other oxides. If the clay component of
the raw cement slurry does not have enough iron oxides, then iron oxides in the form of pyrite
cinders are added to the mixture. Calcined cement clinker and blast furnace slag are cooled
forcedly. The similarity of the formation technologies and composition for slag and cement clinker
allows slag to be binder upon its contact with water. Rapid cooling of cement clinker from 1000-
1050°C to about 50-60°C significantly affects its phase composition, microstructure and its
hydration activity. By analogy with clinker, rapid cooling of blast-furnace slag does not allow silicic
acid to bind with the basic oxides CaO and Al,O3 into crystalline compounds.

Quickly cooled slag is in a thermodynamically active, unstable, non-equilibrium state, and
SiO; and Al,O3 oxides with respect to CaO determine subsequently the slag hydraulic activity.
BFGS can conditionally be presented as a specific type of “cement”, which contains CaO bounded
with various chemical compounds, including C,S (one of the cement clinker minerals). As for its
appearance, BFGS is coarse-grained porous sand with inclusions of small gravel grains.

The crushed main BFGS is slowly hydrated in its natural state, but at steam treatment (85-
95°C), the hydration hardening processes are accelerated, and with autoclaving and the presence of
hardening activators, the strength of BFGS samples increases by 5-6 times. The work [4] showed
that samples with normally hardened BFGS have the strength in the range of 0.8 to 5.8 MPa, and
the strength of autoclaved samples was in the range from 12.2 to 36.1 MPa (Table 2).

Table 2 — Strength of slag binders depending on hardening conditions

Binder composition, wt.% Compressive strength, MPa
Slag . After hardening
Slag | Quicklime Two-water A(];t egrl\zl;tocéi\g_r:g at above the water
gypsum . a( ) (28 days)

100 - - 8,4 54

90 10 - 18,7 3,5

Waste dump |—g5 20 . 253 3,0

85 10 5 21,9 4,8

100 - 28,3 3,0

Granules 90 10 - 17,3 4,8

80 20 - 15,3 3,3

85 10 5 31,8 10,8

Granulated slag powders with a specific surface of S = 0.6-0.8 m%g, with activity exceeding
300 kgf/cm? can be obtained if BFGS dispersion is increased and setting and hardening accelerators
are used [18, 19].

BFGS quality assessment. The following factors are the most widely used as slag chemical
classifiers: basicity factor (Mp); quality factor (Qs) and activity module (Mg).

My= (CaO + MgO) / (Si0; + A1,05) )
Qr = (CaO + MgO + Al,03) / (SiO; + TiOy) )

P.I. Bozhenov [20] suggested using the Kb basicity coefficient for chemical assessment of raw
materials:

Kb = [(CaO + 0,93MgO + 0,59K,0 + 0,9N3.20) — (0,55A1203 + 0,35Fe,03 + 0,3S03 +
1,28CO, + 1,33 P,05)] / 0,93(SiO; + 0,62TiO2 — 0,83Fe0).
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The expression in the numerator (CaO + 0,93MgO + 0,59K20 + 0,9Na20) shows the total
content (in %) of “conditional CaO”. The larger it is, the higher the hydraulic activity of the material.
Subtrahend — (0,55A1203 + 0,35Fe203 + 0,3SO3 + 1,28CO2 + 1,33P205) — determines the amount
(in%) of CaO bound by the corresponding oxides and not participating in the formation of silicates.

The quality of blast furnace slag at cement production is characterized by a quality factor and
a percentage of basic oxides. Portland cement slag with a slag content of 25-40% is usually used
under the same conditions as conventional Portland cement. Cements containing 40-80% slag are
used in massive hydraulic structures and structures exposed to aggressive water, as well as for the
manufacture of products that are subjected to heat and moisture.

In 2015, Ukraine introduced the new state standard DSTU B.V.2.7-302: 2014 (EN 15167-1:
2006, NEQ) “Blast-furnace granulated slag for cements, concrete and mortars” [21]. As for
chemical composition, BFGS consists mainly of the glass phase and should contain at least two
thirds of the total weight of calcium oxide (CaO), magnesium oxide (MgO) and silicon oxide
(SiOy). The rest should be alumina (Al,O3) along with small amount of compounds. The mass ratio
(CaO+MgO) / (Si0,) should be greater than 1.0. The glass content in blast-furnace granulated slag
is determined in accordance with current regulatory and technical documentation.

The new state standard (DSTU) assesses BFGS activity with an activity indicator at the 7th day
and the 28th day and divides it into three classes (Table 3). The ratio (in percent) of the compressive
strengths of cement prisms made of test cement (50% by weight) and grounded blast-furnace granulated
slag (50% by weight) and cement prisms made of 100% test cement compared at the same age.
Compressive strength is determined according to state standards DSTU EN 196-1 or DSTU B 2.7-187.

Table 3 — Grades of grounded blast-furnace granulated slag [21]

Grade Activity indicator,%, not less
the 7th day the 28th day
1 90 110
2 70 90
3 45 70

The study results. The study results concerning the effect of Portland cement replacement
with BFGS addition are shown in Fig. 1.
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Fig. 1. The effect of Portland cement replacement with BFGS additive on the strength of D300
autoclaved aerated concrete
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As Fig. 1 shows, the replacement of Portland cement with BFGS leads to cement savings and
slight increase of aerated concrete compressive strength. Replacing 10-15% of cement with BFGS
simultaneously solves several important practical problems, such as cement saving and industrial waste
utilization.

Pre-curing chambers existing at modern plants manufacturing autoclaved aerated concrete are
indented for plastic strengthening of raw material and reduces the autoclaving time, by activating the
structure formation processes, so slag Portland cement with blast-furnace granulated slag additives can
be used. The performed studies showed that the pre-autoclave curing time of raw material with BFGS
additive increased slightly, by only 20 minutes but the necessary amount of cement decreased.

During the research, the features of blast-furnace granulated slag formation were considered
and slag optimal amount in the aerated concrete mixture was determined, which was 15-20% of the
total cement amount. As a result, the effective technology for autoclaved aerated concrete
production with used blast-furnace granulated slag was developed and proposed.

Conclusions. Today and in the coming years, autoclaved aerated concrete will remain the main
wall material, which has forced out traditional energy-consuming wall materials in the construction
market. Therefore, scientific and applied works aimed at technological process improvement and
improving autoclaved aerated concrete operational properties are timely and relevant.

The autoclaved aerated concrete production is relatively highly energy-consuming and more than
half of this energy consumption falls onto mineral binders. BFGS used in binders for autoclaved
aerated concrete allows manufacturers to reduce consumption of material and energy and to utilize the
by-products of metal production accumulated in dumps. Energy cost saving by reducing the
consumption of energy-demanding binder can also solve environmental problems because the
greenhouse gas emissions into the atmosphere are reduced in this case.

BFGS is formed at pig iron production and these technological conditions are close to cement
production. To use BFGS hydraulic potential, it must be grinded and processed in an autoclave at high
temperature. The presence of a slag component in pure clinker Portland cement provides an
improvement of autoclaved aerated concrete quality.

The conducted study confirmed the possibility to save 10-15% of Portland cement by replacing it
with BFGS additive, this increases slightly the strength of D300 autoclaved aerated concrete.

Our laboratory and industrial tests confirmed the relevance of using chambers for a preliminary
plastic strengthening of aerated concrete manufactured with injection casting technology; thus, BFGS
additives can be used to reduce Portland cement amount and energy consumption at production.

Thus, the reduction of energy consumption and environmental greenhouse gas emissions
during autoclaved aerated concrete manufacturing, due to the use of active additives to cement,
improves the production process and strengthen aerated concrete.
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JOMEHHUX I'PAHYJIbOBAHUX HIJIAKIB
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AHoTauis. [IpoananizoBaHo cy4acH1 TeHIEHIIT 301IBIIICHHS YaCTKH aBTOKJIABHOTO T'a300€TOHY B
CTPYKTYpi pPHMHKY CTIHOBMX MarepiaiiB. PO3IMISIHYTO NEpCHEeKTUBH BUKOPUCTAHHSA JIOMEHHUX
IpaHy/IbOBAHMX IIUIAKIB B TEXHOJIOT1T BUPOOHMIITBA aBTOKJIABHUX Hi3JIproBaTuX OeTOHIB. BeTaHoBieHo,
0 BJAIITYBAaHHS HAa Cy4YacHMX 3aBOJIaX 3 BHUPOOHUIITBA aBTOKJIABHUX Ta300€TOHIB Kamep
MONEePETHHOTO J03piBaHHs s HAOOpy IUIACTUYHOI MILHOCTI CKOPOYY€E TPUBATICTH JTOABTOKJIABHOL
BUTPUMKH MAaCHBY CHPIIO Ta IHTEHCHU(IKYIOUM TMpPOIEC CTPYKTYPOYTBOPEHHS Ja€ MOXKJIMBICTb
BUKOPHCTaHHS IIJTAKONOPTIAHALIEMEHTY a00 100aBOK JOMEHHOIO IPaHyIbOBAHOI'O [IUIAKY B JIMTTHOBIH
TexHoJorii BUpoOHUITBA. [IpoBeneHO MOpIBHSUIBHUN aHali3 BUPOOHUITBA IIEMEHTHOIO KIIHKEpY 1
YTBOPEHHsI JIOMEHHOTO IriaKy. Iloka3zaHi METOAM OINIHKK TiApaBJIIYHOI AKTUBHOCTI JOMEHHHX
rpaHyIbOBaHUX IIUIAKIB.

HaBeneHo pe3ynbraT €KCIEpUMEHTAIBHUX JIOCIIKEHB OIIHKH 10 €()eKTUBHOCTI 3aCTOCYBaHHS
JOMEHHUX TpaHyJbOBaHMX IUIAKIB B CKJIaJi ra300eTOHHOI CyMmill 3 Mapkoio mo miabHocTi D300
IULIXOM 3aMiHM YacTWHHM TopTiaHaneMeHty. llpu mpoBedeHHI JOCHDKEHb Mependavanocs
30epexeHHs B CKIJIaji ra300€TOHHOI CyMillli 3BOPOTHBOTO IIIaMy, IIO MICTUTh NMPOXYKTH Tifpararii
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BallHa 1 IIEMEHTYy, a TaKoX TirmcoBoro kameHio. CydacHi Tra300€TOHHI 3aBOAM TMPAIIOIOTH 3a
0e3B11X0/THOIO TeXHOJoTi€er0. HasBHICT B CKJ1aji CHPOBUHHOI ra300eToHHOT cyMiti 15-17% 3pizanoro
CHPLIO € 000B'I3KOBOIO CKJIAJIOBOIO MPH JINTTEBIN TEXHOJIOT] BAPOOHUIITBA I'a300€TOHY.

3anpornoHOBaHO pecypco30epirarody TEXHOJOTIIO 0 BUPOOHUIITBY aBTOKJIABHOTO Hi3IPIOBATOTO
0eTOHYy 3 BUKOPHCTAaHHAM JIOMEHHOTO TPaHyJbOBAaHOIO HUIaKy. PO3MIsIHYyTO 0COOGIMBOCTI YTBOPEHHS
JOMEHHOTO TPaHyJIbOBAaHOTO IIJIAKy 1 BU3HAYEHA ONTHMalbHA HOro KUIBKICTh B CKJIaJi ra300eTOHHOL
cyMini, sika ctaHoBUTH 15-20%. Bceranoeneno, mo 3amina g0 10% mnopTiaHaneMeHTy JOMEHHUM
rpaHy/IbOBaHUM IIJIJAKOM IPH BHUPOOHHUITBI ra3zo0eToHy mrumbHOCTI D300 3abe3medye e€KOHOMItO
MOPTJIAH/IIIEMEHTY 1 BeJle IO HE3HAYHOTO IMiABUIIIEHHS MIITHOCTI ra300€TOHY.

KawuoBi cioBa: HizagproBatuid O€TOH, Ta300€TOH, JIOMEHHUI TpaHyJbOBAHWHA IIUIAK,
eHepro30epe)KeHHSI.
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AnHoTauus. [IpoaHann3npoBaHbl COBpEeMEHHbIE TEHICHIIMU YBETUYEHUS JOJIM aBTOKJIABHOTO
ra3o0eToHa B CTPYKTYpE PbIHKA CTEHOBBIX MaTepHajoB. PaccMOTpeHbI epCIEKTUBbI UCTIONb30BAHMS
JIOMEHHBIX TPAaHYJUPOBAHHBIX IIUIAKOB B TEXHOJOIMU IPOU3BOJACTBA aBTOKJIABHBIX SYEHUCTBIX
0eTOHOB. YCTaHOBIJIEHO, YTO HaJIWYHE HA COBPEMEHHBIX 3aBOJAX IO TPOU3BOJCTBY ABTOKIJIABHBIX
ra300eTOHOB KaMep IpeIBapUTENIbHOIO CO3pEBaHMs JUIsl HabOpa IJIACTUYECKOW MPOYHOCTU ChIpIa
COKpAILlaeT MPOIOJIKUTENBHOCTD I0aBTOKJIABHOW BBIJEPKKH MAacCHBAa U MHTEHCU(UIMPYS MPOIECCH
CTPYKTYpOoOOpa30oBaHUsl JaeT BO3MOXHOCTb HCIIOJb30BaHMS B TEXHOJIOTMH IPOU3BOJICTBA
[UTAKOTIOPTIIaHAIIEMEHTa WM J00aBOK JOMEHHOTO TpaHyJHUpOBaHHOro muiaka. [IpoBeneH
CpaBHUTEJBHBIN aHaIM3 MPOM3BOJCTBA IIEMEHTHOTO KJIMHKEpa U OOpa3oBaHUS JOMEHHOTO IIIIaKa.
[Toxa3aHbl METO/IbI OLIEHKH I'MJIPABIMUYECKON aKTUBHOCTHU JIOMEHHBIX IPaHYIMPOBAHHBIX IITAKOB.

[IpuBeneHbl pe3ynbTaThl SKCIEPUMEHTATBHBIX HCCIEAOBAaHUN OLEHKH M0 3((EeKTUBHOCTU
MIPUMEHEHUs IOMEHHBIX TPaHYJIMPOBAaHHBIX LUIAKOB B COCTAaBE I'a300€TOHHON CMECH C MapKoW o
wiotHoct D300 myrem 3ameHbl yacTu mNopTiaHaueMmeHTa. [lpu mnpoBeneHMM uccieqOBaHUM
NpeycCMaTpUBaJIOCh COXPAHEHUE B COCTaBE Ia300€TOHHON CMECH BO3BPATHOIO IIIaMa, COJEPIKaILero
MIPOIYKTHI THApATAllMM U3BECTU U IIEMEHTa, a TaKk)Ke TUICOBOro kamHs. COBpeMeHHbIe Ta300€TOHHbIE
3aBOIbI PabOTAIOT MO 0€30TXOHOM TexHojoruu. Hanmuuue B coctaBe ChIpheBOM ra300€TOHHONW cMecH
15-17% cpe3zanHOro ChIpIa SIBJISETCS O0OS3aTE€IBHON COCTaBJISIONICH JIMTHEBOW TEXHOJIOTHH
IIPOM3BOICTBA ra300€TOHA.

[Ipennoxena pecypcocOeperarorasi TEXHOJIOTHSI TPOU3BOCTBA ABTOKIIABHOTO SYEUCTOTr0 OETOHA
C HMCIOJIb30BaHUEM JOMEHHOTO I'paHyJIMPOBAaHHOTO UIaKa. PaccMoTpeHbl 0coOeHHOCTH 00pa30BaHUs
JOMEHHOTO TPaHYJIMpPOBAaHHOIO NUIaKa W ONpEJENieHa ONTHUMajlbHAs €ro J03MpPOBKAa B COCTaBe
razo0eToHHOM cmecH, Kotopas coctaBisger 15-20%. VYcranoBneno, uro 3ameHa 1o 10%
MOPTJIAH/IIEMEHTa JOMEHHBIM TPaHYIUPOBAHHBIM [IUIAKOM TPH MPOU3BOICTBE Ta300€TOHA TIOTHOCTH
D300 obecreunBaeT SKOHOMHIO TIOPTIAHIIIEMEHTa W BEACT K HE3HAYUTEIHHOMY IOBBIIICHUIO
MIPOYHOCTH Ta300€TOHA.

KiroueBble ci1oBa: ssUenCThI OETOH, IOMEHHBIN TPaHYIMPOBAHHBIN IJTAK, YHEProcOepeKeHHUE.
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