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Abstract: The results of the analysis and generalization of research on the problem of using man-made industrial
waste for the production of composite slag-alkali binders and concretes based on them are presented. The dis-
posal of industrial man-made waste and their use in the production of composite binders are issues of global im-
portance. Therefore, much attention is paid to this issue in the industrialized countries of the world. The influence
of waste products from the enrichment of polymetallic ores — carbonate-barium tailings on the performance
properties (strength, water absorption, density, etc.) of composite slag-alkali binders and concretes based on
them has been studied. Various methods of introducing modifying additives into the composition of composite
slag-alkali binders and concretes based on them have been investigated. The optimal amount of introduction of
modifying additives into the composition of composite slag—alkali binders - waste of carbonate-barium tailings
and an efficiency indicator for the effect on the activity of concrete, depending on the type of alkaline component
and hardening conditions, has been established. The methods of conducting experimental work to determine the
operational properties of slag-alkali binders and concretes based on them are presented.

Keywords: waste of carbonate-barium tailings, composite slag-alkali binders, modifying additives, strength, wa-
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Annotanusi: [IpuBeseHs! pe3yabTaTsl aHanu3a 1 0000IIEHNS UCCIIEA0BaHMUI 10 Tpo0IeMe HCIIOIB30BaHuUS TeX-
HOTCHHBIX OTXO/I0B IPOMBIIIICHHOCTH JUIsI ITPOU3BOICTBA KOMITO3UIIMOHHBIX IITAKOIIEIOYHBIX BSDKYIIUX U Oe-
TOHOB Ha MX OCHOBE. Y TMJIM3alUsl IPOMBIIIJIEHHBIX TEXHOT€HHBIX OTXOJ0B M HX HCIOJIb30BAHUE B IMPOHM3BOJI-
CTBE KOMITO3UIIMOHHBIX BSDKYIINX SIBJISICTCS BOIIPOCAMH INI00ATBHOTO 3HaUeHHs. [109TOMyY B IPOMBIIIIIIEHHO pa3-
BUTBIX CTPaHAX MUPa 3TOMY BOIPOCYyAeJsieTcsl O0NIbII0e BHUMaHKE. V3ydeHo BiIusHIE OTXOA0B IPOU3BO/CTBA
oboramieHusl MoJIUMETAIIMYECKUX PyA — KapOOHATHO-O0apHeBBIX XBOCTOB Ha 3KCIUIyaTallMOHHBIE CBOMCTBA
(IpOYHOCTD, BOAONOMIIONICHUE, MIIIOTHOCTD U JIP.) KOMIIO3MLIMOHHBIX MIIAKOIIEIOYHbBIX BXKYIIUX U OCTOHOB Ha
uX OCHOBe. VccienoBaHbl pa3iiyHble CriocoObl BBEJCHUSIMOANDHUIUPYIONIHUX J00aBOK B COCTaB KOMIIO3UIIMOH-
HBIX [JIAKOIIEIOYHBIX BSOUKYIIUX M OETOHOB HA MX OCHOBE. Y CTAHOBJICHO ONTHMAILHOE KOJIMYECTBO BBEJCHUS B
COCTaB KOMITO3MLMOHHBIX IIUIAKOLIEIOYHBIX BSOKYIIUX MOAMGHUIMPYIOUIHUX J100aBOK — OTXOJOB KapOOHATHO-
0apHeBBIX XBOCTOB U T0Ka3aTesib 3PPEKTUBHOCTH MO BIMSHHUIO HA aKTUBHOCTH OETOHA, B 3aBUCHMOCTH OT BHJA
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MICJI0OYHOI0O KOMIIOHEHTA U YCJ'IOBI/Iﬁ TBEPACHUS. HpI/IBGZ[eHBI MCTOAWKHU MMPOBCACHHNS SKCIICPUMCHTAJIbHBIX pa60T
IO OIPCACIICHNUIO DKCIIITYaTallMOHHBIX CBOICTB NUIAKOMICTIOYHBIX BSIKYIIUX U OCTOHOB Ha UX OCHOBE.

KiioueBble cjioBa: OTXOJIBI KApOOHATHO-0APHEBBIX XBOCTOB, KOMITO3UITMOHHKIC ITUTAKOITICIIOYHBIC BSDKYIIIE,
MOIU(DUIIUPYIOIHE JOOABKHU, POYHOCTH, BOJIOIOIIIOIICHHE, INIOTHOCTh

1. INTRODUCTION

The problem of effective utilization of techno-
genic industrial waste has great importance due
to the continuous growth of industrial produc-
tion and consumption of natural mineral raw
materials. Insufficiency and irreplaceability of
deposits of natural raw materials, complication
of mining and geological conditions of occur-
rence of ore bodies and rise in cost of their ex-
traction, negative influence on the environment
of accumulated technogenic wastes is an actual
problem. Therefore, the application of industrial
technogenic wastes in the production of compo-
site materials is today the most important re-
search questions of scientists.

The volumes of accumulated industrial wastes
of production are significant in the Russian Fed-
eration and Kazakhstan, and their wide applica-
tion for production of composite slag-alkali
binders and concretes on their basis is expedi-
ent, and it requires their immediate accounting
on a par with natural mineral resources. Devel-
opment of composite cement and slag-alkali
binders and concretes on the basis of industrial
technogenic wastes promotes systematic and
more intensive involvement of various types of
technogenic mineral formations in the produc-
tion process [1,2,3,4,5,5,6,7].

Currently, only an insignificant share of industri-
al anthropogenic waste in Russia and Kazakhstan
is used in the production of construction materi-
als. The widespread use of industrial waste in
production turnover will allow to increase energy
and resource saving on a large scale due to cost
savings on exploration, extraction and processing
of mineral raw materials. Application of accumu-
lated technogenic industrial wastes (mining
wastes, ashes of thermal power plants, phospho-
rus, metallurgical, steelmaking slags, non-ferrous
metallurgy slags, alkaline-containing industrial
wastes, etc.) as a component of cement is the
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main direction of modern development of cement
industry both in Russia and Kazakhstan.

At present, construction science and practice
have accumulated a huge positive experience in
the field of application of industrial wastes in
the production of construction and silicate mate-
rials, but they have not been properly applied in
production. In cement industry this direction
includes development and research of glass- and
slag-alkaline binders and concretes. In recent
years, their new varieties have been obtained
[7,8,9,10,11,12]. At the same time, alkaline-
activated binders are very often proposed to re-
place cement and other binders [13,14,15]. They
are formed by the reaction of aluminosilicate
material with an alkaline agent such as sodium
hydroxide [16,17]. The advantage of alkaline
binders is that their use can reduce carbon diox-
ide emissions by up to 80% [18]. The use of al-
kaline binders can also reduce the cost of pro-
duction of composite materials [19,20], reduce
the heat of hydration [21] and strengthen the
filler-matrix interface [13,19,22].

Research work on the production and study of
composite slag-alkali binders with local mineral
additives and concrete on their basis in recent
years are conducted in the Research Institute of
"Natural and Technical Sciences" at M. Auezov
SKIU [11,12,23,24].

2. METHODS AND MATERIALS

Preparation and testing of composite slag-alkali
binders was carried out in accordance with
technical conditions TU 67-1020-89 "Slag-
alkali binder. Technical conditions".

The made specimen beams were stored for 3
days in molds with the covered top surface in
air-dry conditions, then unplugged and stored in
normal-moisture conditions until testing. Test-
ing of binder specimen beams was carried out
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according to the accelerated method: specimen
beams were made in accordance with the re-
quirements of GOST 310.4-81 "Methods of de-
termining the compressive and bending
strength", taking into account the above chang-
es, not earlier than 4 hours and not later than 12
hours after preparation. After manufacturing the
specimens were subjected to heat and humidity
treatment (HHT) in molds according to the re-
gime 3+6+3 h at the temperature of isothermal
heating 95+5 °C. The specimens were subjected
to testing one day after manufacturing.

For determination of construction-technical
characteristics of concrete on the basis of CSB
we used GOST 10180-90 "Methods of determi-
nation of strength by control samples", GOST
12730.0-78, GOST 12730.4-78 for determina-
tion of concrete density, GOST 12730.3 for de-
termination of water absorption and characteris-
tics of concrete porosity. For the grinding of dif-
ferent compositions of CSB and slag we used
mills: Ml-1, Aktivator-4 m and SVM-3.

3. RESEARCH RESULTS

This section provides the results of research on the
use of electro thermo phosphorus slags for the
production of salt-slag binders. These include
binders based on electro thermo phosphorus slags
and natural salts (sulfates, chlorides, nitrites of
alkaline and alkaline-earth metals) obtained by
autoclave treatment of compositions [11].

The presence of ions CI- and SO-4 in the com-
position of salt-slag binders limits their applica-
tion for the manufacture of reinforced concrete
structures, as evidenced by the results of studies
of corrosion of steel in concrete [25,26]. In
these experiments it is shown that without spe-
cial protection of steel reinforcement salt-slag
concrete autoclave curing, prepared on salts of
sodium sulfate, carnallite, magnesium chloride,
can be used only at a relative humidity of up to
60%. In order to reduce corrosion of steel rein-
forcement, the same and other authors proposed
to introduce into the composition of such con-
crete deficient and expensive additives of two
substituted sodium orthophosphate and potassi-
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um bichromate, which does not solve the issue
of their widespread practical application.
Currently, there is a deficit of conditioned alka-
line components for the production of slag-
alkali binders and concrete in Kazakhstan due to
the lack of their production. Therefore, for pro-
duction of composite slag-alkali binders and
concretes various alkaline-containing wastes of
technological processes and productions (for
example, metallurgical and chemical industries)
are used.

In particular, a very promising multi-tonnage
alkali containing waste for production of slag-
alkali concrete, especially in the region of Cen-
tral Asia, is sodosulfate mixture - a waste of ca-
prolautam production of Chirchik PO "El-
ektrokhimprom" (annual output is 14 million
tons). The waste is a complex product of chemi-
cal composition: sodium sulfate - 30...35 %; so-
dium carbonate - 50...55 % and sodium chloride
10...15 %. 15 %. The research of the possibility
of using this waste in the production of slag-
alkali concrete has been devoted to a small
number of works so far. The authors of works
[23,24] showed the possibility of obtaining slag-
alkali binders of grades 300, 400 on the basis of
mixtures of sodium salts, weak and strong acids.
On the basis of the developed binders the author
obtained slag-alkali expanded clay concrete of
grades 250, 400 with an average density of
1400, 1800 kg/m, respectively. The study of
frost resistance and duration of reinforcement
preservation in slag-alkali expanded clay con-
cretes showed that the investigated characteris-
tics of such concretes are most influenced by the
type of alkaline component and the density of
its solution [23].

Corrosion of reinforcement in slag-alkali ex-
panded clay concrete is caused by penetration of
stimulant ions CI" and SO%4. The samples
showed rust spots and the degree of corrosion of
reinforcement in concrete was estimated at 3
points. The authors [23,25] recommend the in-
troduction of NaNO: corrosion inhibitors or
lowering the density of sodium sulphate car-
bonate solution to 1050 kg/m®.
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Despite the fact that the paper [12] noted the in-
fluence of the type and density of the alkaline
component on the physical and mechanical prop-
erties of concrete. However, there is no systema-
tized data on the optimization of the structure of
concrete on soda-sulfate mixture, as well as there
is no information on some construction and tech-
nical characteristics of heavy slag-alkali concrete
in relation to different types of construction.

The influence of different methods of car-
bonate-barium tailings (CBBT) additive intro-
duction on the performance properties of slag-
alkali concrete was investigated. Studies were
conducted using Portland cement clinker, phos-
phorus slag, modifying additive of waste car-
bonate-barium tailings and aqueous solution of
soda-sulfate mixture. In the first case phospho-
rus slag and additive waste-carbonate-barium
tailings were subjected to separate grinding to
the residue on the sieve 008 10 % (300 m?/kg on
PSX-12). In the second case phosphorus slag,
Portland cement clinker and waste carbonate-
barium tailings - together. The joint grinding of
the components of CSB was carried out for the
time required for grinding without additive,
grinding fineness up to Sud 300 m?/kg. The ob-
tained results are shown in Figure 1.

Compared to separate milling, co-milling is more
efficient. The milled CSB compositions obtained
by separate and joint grinding methods show
higher activity results and have a wider range of
"possible" and "effective" replacement of car-
bonate-barium tailings waste with modifying addi-
tive, higher density by 1.7 % and lower water ab-
sorption by 9.8 % as compared to unmilled sam-
ples. At separate grinding of components (the
amount of Portland cement clinker is accepted - 5
% Const) the range of replacement of phosphorus
slag by modifying additive of waste carbonate-
barium tailings, in which the composition on CSB
is not inferior to additive-free, is 4-6 %. At joint
grinding of CSB constituents this area increases
up to 10 % and it is possible to get a binder with
increased activity in comparison with control
compositions. It is established that, depending on
the type of hardening and alkaline component in
comparison with the control composite composi-
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tions of CSB on phosphorus slag, modifying addi-
tive of waste carbonate-barium tailings of Portland
cement clinker, obtained by joint dispersion, have
higher activity by 60.0-70.0 MPa.
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Figure 1. Dependences of strength (a), density
and water-absorption (b) of CSB stone on the
content of waste carbonate-barium tailings and
the method of additive introduction

Introduction of a modifying additive of waste car-
bonate-barium tailings at co-milling with phos-
phorus slag gives a great effect, it is achieved for
the following reasons. From the results of the
study, it is known that Portland cement clinker is
crushed lighter than phosphoric slag and at the
same time is crushed to Sud 1.2 times more than
phosphoric slag. When co-milling with a modify-
ing additive of waste - carbonate-barium tailings
to Sud 300 m%/kg, particles of phosphoric slag are
not ground and have a size in the composition of
CSB than in a sample of pure phosphoric slag
with the same grinding fineness.

We cannot exclude the possibility of interaction
of waste carbonate-barium tailings in the solid
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phase and the formation of aggregates or "com-
plexes", doped as a result of breaking and com-
pensation of bonds on the surface-active parti-
cles, changes in their curvature and relief, and
the formation of new mechanical bonds.

Based on the experimental results, the combined
milling of phosphorus slag, Portland cement
clinker and modifying additive of waste - car-
bonate-barium tailings to produce CSB was ac-
cepted in further studies.

The activity of CSB samples and concrete on their
basis was determined on the samples made on the
basis of phosphorus slag, Portland cement clinker
and with modifying additive of waste carbonate-
barium tailings, aqueous solutions of soda-sulfate
mixture and soda ash, after TVO (mode 4+3+6+3 h
at the temperature of isothermal heating 95+5 P.).
Fine milled CSB with modifying addition of waste
carbonate-barium tailings is 300 m?kg. The results
of the study are presented in the form of Figure 2. It
follows from the data of the figure that fluctuations
in the composition of additives do not significantly
affect the level of activity of CSB stone with modi-
fying additive of waste carbonate-barium tailings.
The content of modifying additive of carbonate-
barium tailings waste has a great influence on the
strength. The content of carbonate-barium tailings
additive in the composite binder is 10 % regardless
of the nature of the alkaline component

When using soda ash, the strength increase was
22,1-26,1 %, soda-sulfate mixtures - 19,2-20.4
%. Introduction of carbonate-barium tailings
waste modifying additive up to 10 % into CSB
composition allows to obtain equal strength ce-
ment stone CSB with modifying additive of car-
bonate-barium tailings waste in comparison with
non-additive one. In CSB, increasing the content
of carbonate-barium tailings waste modifying
additive up to 15 % reduces the activity of ce-
ment stone samples. CSB with carbonate-barium
tailings waste additive on soda ash - 32,2-38,2 %
and on soda-sulfate mixture - 31,3-39,2 %. At
the optimum content of modifying additive of
carbonate-barium tailings waste - 10 % efficien-
cy index on the effect on the strength of stone
obtained by co-milling up to 600 m2/kg depend-
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ing on the type of alkaline component and curing
conditions is in the range of 1.2-1.41.
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Figure 2. Influence of type and content of milled
CBBT on the strength of CSB stone specimens
after TVO, made on aqueous solutions, %

4. CONCLUSIONS

1. It is established that the amount of modifying
additive of carbonate-barium tailings waste has
a great influence on the strength, with the con-
tent in the composite binder being 10% regard-
less of the nature of the alkaline component.

2. It is determined that for CSB compositions
without additive and with additives the depend-
ences of properties are described by minimum
regularities with maximum values of average
density and strength and minimum values of
water absorption in the area of grinding fineness
6,0-7,0 m*/kg irrespective of the nature of alka-
line component and curing conditions.
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