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ALKALI ACTIVATED CONCRETES
MIX DESIGN USING RED MUD
AS AN ACTIVE AGGREGATE

O6’exmom docnidxcenns € cxaad ayxcnux 6emonie 3azanviobydicevioz0 NPUHAUCHHS 3 GUKOPUCTIANHAM
UePBOHO20 WILAMY ATHOMIHIEB020 BUPOOHUUMEA K AKMUBH0Z20 3anosHiosaud. OCHOBHOW NPoOIeMor0 npu pobomi
3 UEPBOHUM WAAMOM € 1020 XIMIYHUT CKIA0 MaA 8UCOKA NUMOMA NOBEPXHSL, K 008011 He2AMUBHO 6NIUBAIOMb HA
gracmusocmi Oydisesvuuil mamepiaiie.

B x00i docnioncens 6uKopucmosy8aiucst Cyuachi Memoou QisuKo-ximiunozo ananisy 0ist OMmpUMAHHs Pe3yIvmamie.
Busnauenns ¢izuxo-mexaniviux ma cneyianrvnux (MiHicmo, MOPO30CMILKICIb, KAPOOHI3ayis, KOPO3iiHa CIIUKICMo,
padiauiiina cmitixicmu, 006206iuHicMb, 6AACHT depopmayii ycadku ) eracmusocmett 00CIONCYEanux 6emonnux cymiuei
ma ayocHux 6emonia 3 GUCOKUM BMICIMOM YEePBOH020 WAAMY 30ILCHIOBAIOCH 3a CINAHOADMHUMU MEMOOUKAMU 32i0H0
3 wunnumu nopmamusamu. Taxooc 6pascs 0o yeazu céimosuil 00c6i0 no poObOMi 3 UEPEOHUM ULLAMOM.

Ompumano onmumanvii NOKA3HUKY QYHKUYIOHATLHUX 6AACTUBOCTEL. OETOHI 3 BUKOPUCTNAHHAM YePBOHO20 WA~
My, wo 0036071516 CMBEPOAHCYBAMU NPO J0B206IUHICING MA eKOIOZIUHICTb MaKozo mamepiany. Lle nog’s3ano 3 mum, wo
HaoiiHicmy IMmMoOINIzauii Kyicnux 6emonie 6ionosioae 6UMozam cmandapmy, a ye 3aceiouye, wo pospodieni bemonu
€ besneunumu 0isk HABKOIUUHBOZO CePedOsULA.

Byno nposedeno docnidxcenns padiayitinoi cmitikocmi iyxcnux 6emomnie na 0CHOBL Uepeon0zo uiamy ma 6u-
3naueno, wo danui 6emon 3i emicmom waamy 6 xinvkocmi do 40 % (810 macu 6emony) sionocumncs do I xnacy 3a
kaacudixauyiero 6yoieesvnux Mamepianie i mojce 6ymu euxopucmanuii 01s 6cix 6uoie oyodisnuymea 6e3 obmexcens.

3as0siKku ybomy 3a6e3neuyemvCs MONCTUBICTND POUUPEHNHA HOMEHKIAMYPU OYOIBETLHUX MAMEPIAi6 Ma OMPUMAHHS
abCcoOmHoO H0B020 BUPODY, BUZOMOBAEHO20 HA OCHOBT MEXHOZEHHOT CUPOBUNU, U0 SHAUHO SHUINICYE Yiny i nidsuwye no-
num na npodyxuito. Ocobaueo y nopieHani 3 IHUUMU NOVIOHUMU BUPOOAMIUL, BULZOMOBICHUMU HA NPUPOOHIT CUPOBUH.
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1. Introduction

Due to the rapid development of the global industrial
sector and scientific and technological progress, the problem
of recycling related products and industrial waste arises.
The amount of waste that has formed can’t be completely
disposed of for its specific chemical composition. There-
fore, as a rule, a significant amount of waste is stored
near factories in huge areas (slurries), which occupy large
areas. Most of the iron-containing accompanying products
of the industry contain a number of heavy metals; dur-
ing long-term storage, they become soluble and pose an
environmental threat to the environment. That is why the
problem arises of the disposal of such related industrial
products in the production of building materials.

Red mud is one of the main representatives of the iron-
containing industrial products of the industry. However,
modern concepts of obtaining traditional building materials
do not allow to utilize it to a large extent through a vari-
able chemical composition. That’s why the solution to
this issue is relevant by obtaining new concrete based
on alkaline cements using red mud. After all, alkaline ce-
ments make it possible to utilize a significant amount of
iron-containing waste while maintaining or improving the
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operational characteristics of artificial stone, not inferior
to traditional binders.

The utilization of red mud in alkaline concrete and
their further implementation requires a study of the func-
tional properties of artificial stone, taking into account
the influence of the different nature of the main part of
the care. As well as the effects of the type of alkaline
component and environmental safety assessment of the
resulting material for the environment.

2. The ohject of research
and its technological audit

The object of research is the composition of alkaline
concrete for general construction using red mud from alu-
minum production as an active aggregate.

The main problem when working with red mud is its
chemical composition and high specific surface, which quite
negatively affect the properties of building materials. That’s
why the content of red mud in the component composi-
tion is quite limited, which does not allow to completely
utilize this industry care.

To determine the maximum allowable content of red
mud in concrete, it is necessary to analyze its effect on the
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basic properties of concrete and to study the degree of
harmful effect of this concrete on the environment. At the
same time, one should pay attention to immobilize ability,
proper shrinkage deformations and the process of carboniza-
tion of alkaline concrete with a high content of red mud.

3. The aim and ohjectives of research

The aim of research is determination of the properties
of concrete based on red mud, their durability and the
feasibility of application while ensuring high environmental
safety of the environment.

To achieve this aim it is necessary to solve the fol-
lowing objectives:

1. To study the effect of red mud on the durability
of alkaline concrete.

2. To determine the effect of the percentage of red mud
in the system on the frost resistance of artificial stone.

3. To investigate natural shrinkage strain of alkaline
concrete with a high content of red mud.

4. To investigate the carbonation process of alkaline
concrete with a high content of red mud.

5. To investigate the radiological properties of alkaline
concrete using red mud.

4. Research of existing solutions
of the prohlem

The rapid development of the world economy and the
influence of scientific and technological progress lead to
constantly growing production capacities of the industrial
sector. The increase in production requires the use of an
increasing raw material base and leads to a deterioration
in the state of non-renewable natural resources due to the
rapid plowing of stocks and damage to the environment.

Related industrial products and waste are an integral
part of production, the complexity of disposal of which
is explained by their rather diverse nature.

Warehousing of red mud on large spaces in muds and
natural depressions is quite dangerous. So, the global ac-
cumulation of red mud is about 2.7 Gt. However, each
year its amount increases by 120 Mt [1], which entails
a number of problems associated with the constant costs
of its safe storage or processing.

In [2, 3], the technological feasibility of using red
mud in blast furnace smelting as iron-containing addi-
tives was shown. However, in addition to iron, which is
mainly Fe;Os, they contain up to 15-20 % Al,O3, and
the CaO/SiO, ratio is close to unity. In addition, red
mud is about 4-5 % MgO.

Studies [4, 5] demonstrate the possibility of using dry
residues of red mud for the production of soot iron and
metal-carbon compositions.

The wider use of red mud is limited due to its chemical
and particle size distribution. Alumina waste is represented
by fine powder. Granulometric composition and its specific
surface depend on three main factors:

1) fineness of grinding bauxite;

2) chemical dispersion of its shares in the process of
autoclave leaching;

3) aggregation of mud particles during washing and
thickening under the influence of coagulants and flocculants.

The phase and mineral compositions of red mud are
determined by its mineralogical characteristics [6].

As a rule, red mud is dusty and clay particles that are
prone to aggregation, so the actual dispersed composition
may vary. In the practice of processing most varieties of
bauxite according to the Bayer method, it is crushed to
a particle size of 0.063 mm. Large fractions of dispersed
mud (1000-50 microns) are mainly represented by quartz
and iron-containing phases, and the fraction of 100—250 mi-
crons consists of quartz, hematite, calcite; in the fraction of
50—100 microns, hematite, alumohematite prevail; fraction
of 10-50 um — hematite, alumohematite, alumogoethite;
the content of hydrogarnets increases [7, 8]. Fine fractions
(less than 10 microns) are hydroaluminosilicates (alkaline
and aluminate sodalites, nosean or cancrinite), hydrogar-
nets, carbonates, alumogoethite, dispersed hematite, silica,
rutile. For small fractions, alkalis are predominant in the
composition with a small amount of iron-containing phases.

The results of studies of mud from more than 60 en-
terprises of various industries of Ukraine show that a sig-
nificant variation in the composition of mud requires dif-
ferentiation in processing technologies. At the same time,
the presence of a significant amount of non-ferrous metals
allows to conclude that their burial is inexpedient [9, 10].

Thus, the analysis results allow to conclude that red
mud can be used as active aggregates in alkaline concrete.
It is the matrix of alkaline cement that will compensate
for the disadvantages of red mud, such as high specific
surface area, alkalinity and reactivity.

5. Methods of research

Experimental results were obtained using a complex
of modern methods of physicochemical analysis: X-ray
phase (XRD), differential thermal (DTA), and scanning
electron microscopy. X-ray phase analysis was carried out
on a DRON-3M and DRON-4-07 diffractometer (Russian
Federation) with a copper tube at a voltage of 30 kV,
a current of 10..20 mA and an angle range of 26=10...60°
at a counter rotation speed of 2° per minute. Differential-
thermal and thermogravimetric analysis was performed on
a derivatograph of R. Paulik, I. Paulik, L. Erdey system
of MOM (Budapest) firm. The samples were heated at
a rate of 10 °C per minute to a temperature of 1000 °C.
Electron microscopy was carried out using a REMMA 102M
scanning electron microscope (Ukraine).

The study of the immobilization properties of alka-
li concrete was carried out according to the European
methodology (EN 12457-1:2002, Part 1), which consists
in measuring the concentrations of heavy metal ions in
a dispersion medium after a long dynamic interaction of
artificial stone with distilled water.

The radiological properties of alkaline concrete using
red mud were measured using CANBERRA germanium
detectors according to European procedures.

The determination of physical and mechanical and special
(weather resistance, strength, frost resistance, carboniza-
tion, corrosion resistance) properties of the investigated
concrete mixtures and concretes were carried out according
to standard methods in accordance with current standards.

The frost resistance of concrete samples was deter-
mined according to GDSTU B.V.2.7-49-96 according to
the third accelerated method. The freezing temperature of
concrete samples was (-45+5) °C. As criteria for assessing
the frost resistance of concrete, loss of strength, weight
loss, and peeling of the concrete surface were determined.
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The study of shrinkage deformation of alkaline con-
crete was carried out according to DSTU B.V.2.7-216:2009.
The tests were carried out on specimen-cubes measur-
ing 10x10x10 cm. When determining the indicators of
shrinkage deformation, the following operations were
performed:

— before the test, the samples were examined, the exist-

ing defects were eliminated, individual speeches on the

faces were removed with an emery stone, the measured
linear dimensions;

— before testing, samples were kept in the laboratory

for at least 2 hours.

On the lateral surfaces of the samples, central lines
were marked for the installation of instruments for mea-
suring deformation and centering of samples. Alignment
centers for longitudinal and transverse deformations of
the samples were flashed along the central lines. The
strain measurement base should be 2.5 times or more
larger than the largest aggregate grain size and should
be at least 50 mm when using strain gauges and 100 mm
when using other strain measuring instruments. The lon-
gitudinal strain measurement base did not exceed 2/3 of
the sample height and was located at the same distance
from its ends, which corresponds to the requirements of
DSTU B.V.2.7-216:2009.

6. Research resulis

6.1. The study of changes in the physico-mechanical
properties of alkali concrete in time. The main property
of traditional and alkaline concrete is that they are able
to improve the strength characteristics over time by con-
tinuing the processes of cement hydration and compaction
of the structure of artificial stone.

To determine the physic-mechanical properties of concrete
over time, the optimal compositions of alkaline concrete
based on red mud were selected and their compressive
strength for 90, 180, and 360 days of hardening was
determined under normal conditions. The results of the
studies are shown in Fig. 1. Compositions of concrete
1B-5B are given in Table 1.
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Hardening time, days

Fig. 1. The strength characteristics of concrete (Table 1)
based on red mud in time

Based on the obtained results, it can be argued that
the developed alkaline concrete with a high content of
red mud (up to 40 % of the total mass) is able to in-
crease strength characteristics over time. This indicates
the unfinished physicochemical processes taking place in
the cement matrix of the conglomerate.

6.2. Study of frost resistance. Frost resistance of concrete
samples was determined according to DSTU B.V.2.7.-47-96
«Concrete. Methods for determining frost resistance. Ge-
neral requirements» according to the third accelerated
method when samples are saturated in a 5 % NaCl solution.

The study of concrete based on red mud was carried
out in optimized warchouses with different contents of
red mud. The test results are shown in Table 2.

Tahle 1
Composition of heavy alkaline concrete using red mud
Concrete composition, kg/m®
Marking Cement composition red Aggregate H,0 55, cm
slum | PC | ash | M§ | L1ST | ™ud | gand granite screenings | fraction 5...10 mm | fraction 10...20 mm
1B 400 | 11.5 | 23.1 | 462 | 2.8 | 885 | 187 187 187 187 307 5
2B 390 | 11.3 | 22.7 | 45.5| 2.8 | B55 | 238 239 239 239 267 B
3B 370 | 41 | 16.4 | 164 | 4.1 | 210 | 370 370 370 370 200 9
4B 414 | 48 |19.2 | 385 | 48 | 318 | 330 330 330 330 200 7
5B 388 | 16.0 | 17.6 | 352 | 1.8 | 861 | 136 136 136 136 323 9
Note: PC — Portland cement; M5 — metasilicate; LST — lignosulfonates; 55 — shrinkage sediment of concrete mixture
Table 2
Frost resistance of alkaline concrete using red mud
Marking | Red mud, % | S5, cm | Am, % | A seiore satrations MP8 | B e saturaton, MPa stri?xsgsth?f% W;;Eflv:"i’;}?tfpfyif“ Frost resistance
1B 40 5 -0.21 37.2 34.4 7.52 8.8 -
2B 30 6 -0.04 40.7 39.2 3.68 79 -
3B 10 9 0.00 418 42.0 -0.47 5.0 F75
4B 15 7 -0.08 50.4 52.8 -4.80 5.7 F100
5B 40 9 -0.13 34.4 32.2 6.39 8.6 -

Note: concrete compositions are given in Table 1; Am — the change in mass of the sample; A, — the compressive strength; 55 — shrinkage

sediment of concrete mixture
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An analysis of the results shows that the use
of up to 40 % of red mud in concrete (compo-
sitions 1B and 5B) negatively affects its frost
resistance. This is indicated by strength losses
exceeding the standard conditions (<5 % of the
total volume). Visual inspection revealed peeling
of the concrete surface after the first freeze-thaw
cycle. The reason for this is a rather significant
increase in the amount of water in the concrete
mix, increases its mobility and forms capillary
(open) time (Table 3). Reducing the content of
red mud to 10 % (by weight of concrete) reduces
water demand and allows to obtain frost-resistant
concrete of class F75 by increasing conditionally
closed pores (4 % of the total volume).

Increasing the amount of red mud (composition 4B)
up to 15 % at a constant water-cement ratio (W/C) re-
duces the mobility of the concrete mix from 9 to 7 cm
and increases the volume of conditionally closed pores
to 6.7 %, which makes it possible to achieve the frost
resistance class F100.

Tahle 3
The study of porosity of alkaline concrete using red mud
The amount Total The volume The volume
of red mud in (integral) ; of conditio-
. 55, of capillary
Marking | the concrete pore nally closed
o cm (open) pores,
composition, volume, Pe % pores,
% Fii % ! Pl %
1B 40 5 18.3 17.8 0.5
2B 30 B 18.0 16.4 1.6
3B 10 9 15.1 11.1 4.0
4B 15 7 18.8 12.1 6.7
5B 40 9 18.6 16.9 1.6

Note: concrete compositions are given in Table 1

The results of studies of frost resistance and porosity
of concrete using red mud show that the frost resistance
of concrete depends on the volume of open and condition-
ally closed pores. Obtaining artificial stone with high frost
resistance is possible with an increase in the number of
conditionally closed pores (the use of air-entraining addi-
tives) and a decrease in the amount of water needed to
prepare the concrete mixture. Preservation of the rheologi-
cal properties of alkaline concrete is possible by selecting
additives of plasticizers.

6.3. Study of natural shrinkage strains. The main reason
for the shrinkage of alkaline binders is the volumetric
changes in the gel of the cement stone when it dries,
which depend on the mineralogical composition of the
system, the fineness of the grinding of cement, the type
of alkaline component, conditions and time of hardening.
Comparative characteristics of shrinkage of the considered
alkaline concrete are shown in Fig. 2.

Thus, the developed concretes based on red mud have
greater shrinkage rates (up to —0.6 mm/m) than slag-
alkali concrete (up to 0.33 mm/m), which is due to their
greater water demand and high free water content in the
system. However, when using red mud in concrete, up to
15 % of the total mass, shrinkage deformations decrease
and amount to 0.42 mm/m for 60 days of hardening.

Shrinkage-expansion,
mm/
)
AN

——0B

-a—1B
—+—2B
3B

——4B

)|

—e—5B

2 3 7 14 28 60
Hardening time, days

Fig. 2. Change in shrinkage of alkaline concrete using red mud:
BO - composition of comparison, concrete compositions 1B-5B
are given in Table 1

6.4. Study of the carhonization process. The carbonation
of concrete is considered to be the reaction of the phases
of cement stone with carbon dioxide. In this case, the
phases turn into carbonate and other reaction products,
which lead to a change in the structure of the cement
stone and a decrease in the pH in the pore fluid.

The carbonization process can be considered in two
aspects: positive and negative. A positive consequence of
this structural transformation is the compaction of ce-
ment stone and concrete based on it, a decrease in the
total pore volume in the structure by 20..28 %, which
increases the physic-mechanical and special properties of
such materials.

A negative consequence of carbonation is a decrease
in the pH of artificial cement stone and concrete. It is
worth noting that this process is potentially dangerous
for concrete structures reinforced with steel reinforcement.
For the remaining concrete structures, the carbonization
process of the structure, or chemical aging due to car-
bonization, does not pose a particular danger.

In addition, it is worth noting that for alkaline cements
in general, and alkaline cements using related products
of the cement industry in particular, it is possible to
form a certain amount of calcium carbonates as a result
of hydration reactions of the main components of the
binder. Therefore, such a process has nothing to do with
the contact of the cement phases again with carbon di-
oxide and cannot be regarded as carbonization of con-
crete in the traditional sense of the term. For alkaline
systems, the initial formation of calcium carbonate leads
to a densification of the structure and a decrease in the
pore space in the structure of cement and concrete, that
is, it plays a positive role.

Traditionally, various methods are used to assess the
depth of carbonization: X-ray diffractometry, infrared spec-
troscopy, microscopy, differential thermal analysis, chemical
analysis, or using indicators. However, for alkaline cements,
the application of the vast majority of the proposed meth-
ods is not advisable because of the impossibility of such
methods to separate the carbonate phases formed during
the hydration of cement components among themselves
from carbonization products in the traditional sense of
this process.

Therefore, the method for the use of indicators should
be recognized as the most effective for studying the car-
bonization of alkaline concrete based on fuel ashes.

Determination of the thickness of the carbonized con-
crete layer based on alkaline cement is determined by
the method, which consists in splitting the concrete and
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wetting the cleaved surface with a 0.1 % phenolphthalein
alcohol solution. For the carbonized concrete layer, in
this case, the surface color will not change, while for
a concrete surface with a high concentration of alkalis in
the pore liquid, the surface is painted a bright crimson color.

Samples of the studied concrete were kept in air-dry
conditions (indoor temperature of 20+2 °C and relative
humidity of 65-70 %). That is, in such conditions that
are most dangerous from the point of view of carboniza-
tion during the actual operation of structures.

The results of studies of alkali concrete carbonization
using red mud are shown in Fig. 3.
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Fig. 3. Photos of the surface of the cleaved alkaline concrete

using red mud: 2 — 10 % by weight of concrete;
b — 15 % by weight of concrete

The study of the pH of the concrete based on alkaline
cement using red mud is carried out using a traditional
indicator — litmus paper. An aqueous 10 % extract from
milled concrete samples is also investigated at the age of
28 and 90 days of concrete hardening. The results show
a stable preservation of the high alkalinity of the alkaline
concrete medium (the pH value is 13.2..13.5, regardless
of the type of cement used).

The results of a study of the carbonation of concrete
based on alkaline cements using red mud show that the
carbonized layer at the age of 90 days is 2 mm, confirming
traditional ideas about the mechanisms of hydration of
alkaline cements. Indeed, such systems are characterized
by the complete absence of free calcium hydroxide, which
is the main carrier of carbonation of artificial stone, in
the composition of hydration products.

The prediction of the longevity of alkaline cements in
terms of carbonization can also be carried out by assessing
the stability of the reinforcement in the structure against
corrosion. To simplify the calculation, it is assumed that
the structure loses its properties when the carbonation
depth is reached, which corresponds to the protective layer
of concrete. After reaching this state, corrosion and de-
struction of the working reinforcement begins.

For the calculation, the maximum depth of carbonation
of concrete in the samples is taken. The thickness of the
protective layer to the reinforcement in the structure is

20 mm. The results of research and calculation of the
duration of the protective effect of concrete are given
in Table 4.

Tahle 4

Effective CO, diffusion coefficient and duration of protective action of
alkaline concrete using red mud

The maximum | Effective dif- | The thickness of the carbo-
Type of depth of fusion coef- | nized layer after 50 years of
concrete | concrete car- | ficient of COy, | operation, at a concentration
bonation, cm D, cm?/s of 0.03 % CO,
Red
mud-based 0.2 4210 2.85
concrete

An analysis of the results show that alkaline concrete
based on red mud has a diffusion coefficient of 4.2-1074,
which ensures the durability of reinforced concrete struc-
tures for a period of 50 years with a protective layer
thickness of more than 3 cm.

6.5. Study of immobilizing ability. A study of the relia-
bility of immobilization of heavy metals in alkaline concrete
using red mud was carried out according to GB 5085.3-2007.
For the manufacture of samples are used concrete com-
positions containing up to 40 % of red mud (by weight
of concrete). This will determine the reliability of the
content of heavy metals in the structure of the stone
with the maximum filling of its care. The test results are
given in Table 5.

Tahble 5
Immobilizing ability of alkaline concrete using red mud
Compound Concentration of ion compounds, (mg/1)
Lead, Pb 0.10
Chrome Cr 0.15
Arsenic, As 0.05

The obtained results comply with the requirements
of the standard (GB 5085.3-2007) and indicate that the
developed concrete is environmentally friendly. This al-
lows to expand the use of alkaline concrete with a high
content of red mud for products or structures exposed
to atmospheric influences.

According to SanPiN 2.1.4.1074-01, the resulting disper-
sion medium does not meet the requirements for drinking wa-
ter in terms of chromium and lead (0.05 mg/l and 0.03 mg/I,
respectively). However, according to GOST 23732-2011
(EN 1008:2002, NEQ and EN 206-1:2000, NEQ), the re-
sulting solution meets the requirements of industrial water
and can be used for the manufacture of concrete mixtures
and solutions, confirming its environmental safety.

6.6. Study of radiological properties. Determination of
the radiological properties of alkaline concrete is carried
out according to the methods specified in [11, 12]. The
content of red mud in concrete was up to 40 % by weight
of concrete (per 1 m?) to determine the effective total
specific activity (A.z) of natural radionuclides. The tests
were carried out on the 28th day of hardening of sam-
ples under normal conditions according to the standard
GB 6566-2010. The results of radiological studies are given
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in Table 6. The active concentrations of the components
of alkaline concrete are given in Tables 7, 8.

Tahle 6

The results of radiological studies of alkaline concrete using red mud

The specific activity of radionuclides (Bq-kg™!) Classification
Aa-22B Th-232 5-40 General construction
48.0 65.6 98.5 material
Table 7

Active concentrations in Bg/kg (dry material) of gamma radiation of the
main raw materials

Sam- 238 garies 23377
p]E 234TH 234mpg 214pp 214g; 210pp 2351
Hed 83117 | 84%11 75+5 73+5 | 91+18 | 3.5+04
mud
Slag | 103+17 | 98+13 | 89+6 96+6 <5 46+04
fC 36+6 3315 32+2 30+2 2216 16+02
[-500
F::f; 26+1.1 <10 3.0+02 | 3.0+03 | 29+0.8 |0.18+0.04
Tahle 8

Active concentrations in Bg/kg (dry material) of gamma radiation of the
main raw materials (another series)

Sam- 232Th series 40K
p]E ZZBAE 224Bﬂ 212Ph 212Bi ZDBTl 4UH
iii 191+12 | 188+13 | 192+13 | 189420 | 193+12 | 39+4
Slag | 52+4 | 53+4 | 5244 | 49+9 | 52+4 | 119+11
I_‘;'éu 19.4+15|185+15(19.2+1.3| 18.0+3.2 | 18.9+2.0 | 231+20
E;‘f; 27403 | 2B+05 | 28402 | <4 | 27+03 | B4+6

According to the analysis of the obtained results, it can
be concluded that alkaline concrete samples meet the re-
quirements of GB 6566-2010 and relate to general construc-
tion materials. However, according to DBN B.1.4-2.01-97,
the classification of building materials by specific activity
of radionuclides is classified:

— I class — A,;<370 Bq/kg™! — all types of construc-

tion without restrictions;

— 1II class — A,;<740 Bq/kg ! — industrial and road

construction within settlements;

— I class — A,; <1350 Bq/kg! — industrial and road

construction outside the settlements.

So, alkaline concrete using red mud in an amount up
to 40 % (by weight of concrete) belongs to class I ac-
cording to the classification of building materials and can
be used for all types of construction without restrictions.

However, according to the European Directive 2013/59,
the determination of the radiological properties of build-
ing materials is carried out using the active concentration
index (ACI). For all building materials, it should be less
than 1. In case the ACI is more than 1, all structural
design features must be taken into account.

Since measurements are carried out to determine the
natural isotope effect, 235U values will be considered as

a quality control tool. Considering the decay chains of
238U, from 238U to 214Bi, the active concentration of
slag radionuclides is equal to or slightly higher than the
activity of radionuclides in red mud. However, for 210Pb
slag, the equilibrium between 210Pb and radionuclides from
the 238U series is absent, and for red mud it is main-
tained. The activity concentrations for both red mud and
slag are 20—-40 times higher than for sand and 2-4 times
higher than for 1-500 PC.

For the 232Th series, secular equilibrium is present in
all raw materials. The active concentration for individual
radionuclides in the red mud is 3.5 times greater than
the active concentration of radionuclides in the slag. For
the 40K chain, the active concentration of slag radionu-
clides is 3 times higher than for red mud. 137Cs are not
detected in any of the raw materials.

7. SWOT analysis of research results

Strengths. A positive aspect of these studies is the
identification of important functional properties of the new
material, namely alkaline concrete with a high content
of red mud. This allows to expand the range of building
materials and to improve both the environmental and eco-
nomic conditions of the country. Moreover, given that the
use of technogenic raw materials significantly reduces the
cost of production, it can be argued about the economic
feasibility of using products based on alkaline concrete
using red mud.

Weaknesses. In the process of conducting research, some
weaknesses are noted when working with red mud. First
of all, it is its high specific surface, which does not allow
plasticizing the concrete mixture. Therefore, in the manu-
facture of hard mixtures, it is necessary to add a large
amount of water, the performance of concrete has a bad
effect on strength.

Opportunities. The research results confirm that dispos-
ing of red mud by using it as a raw material for concrete
is a safe and effective method for solving this problem.
Thus, alkaline concrete with high red mud content opens
up new opportunities for the entire industry, especially if
to take into account the fact that it is a new material
and has no analogues.

Threats. As for the negative impact on the object of
research of external factors, then there is a fairly expen-
sive operation — drying the mud. After all, to store red
mud in slurries, it is moistened to a moisture content
of 100 %. However, the positive effect of the disposal of
this waste compensates for these costs.

1. A study of the increase in strength over time of
alkaline concrete using red mud is made. For this, the
optimal compositions of alkali concrete based on red mud
were selected and their compressive strength for 90, 180
and 360 days of hardening was determined under normal
conditions. Based on the obtained results, it can be argued
that the developed alkaline concrete with a high content
of red mud (up to 40 % of the total mass) is able to
increase strength characteristics over time.

2. The study of concrete based on red mud was carried
out in optimized compositions with different contents of
red mud. An analysis of the results shows that the use
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of up to 40 % of red mud in the composition of concrete
negatively affects its frost resistance, since the loss in
strength exceeds the standard conditions. An increase in
the amount of red mud to 15 % with a constant W/C
reduces the mobility of the concrete mix from 9 to 7 cm
and increases the volume of conditionally closed pores
to 6.7 %, which makes it possible to achieve the frost
resistance class F100.

3. A study is conducted to determine the shrinkage
strain of alkaline concrete using red mud. Thus, the deve-
loped concretes based on red mud have greater shrinkage
rates (up to —0.6 mm/m) than slag-alkali concrete (up to
0.33 mm/m), which is due to their greater water demand
and high free water content in the system.

4. The study of the pH of the concrete based on alkaline
cement using red mud was carried out using a traditional
indicator — litmus paper. An aqueous 10 % extract from
milled concrete samples was also investigated at the age
of 28 and 90 days of concrete hardening. The results
show a stable preservation of the high alkalinity of the
alkaline concrete medium (the pH value is 13.2...13.5,
regardless of the type of used cement). The results of
a study of the carbonation of concrete based on alkaline
cements using red mud show that the carbonized layer at
the age of 90 days is 2 mm, confirming traditional ideas
about the mechanisms of hydration of alkaline cements.
Indeed, such systems are characterized by the complete
absence of free calcium hydroxide, which is the main car-
rier of carbonation of artificial stone, in the composition
of hydration products.

5. The radiological properties of alkaline concrete are
determined in an alkaline concrete warehouse using red
mud in an amount of up to 40 % by weight of concrete
(per 1 m?®). The tests were carried out on the 28™ day of
hardening of samples under normal conditions according
to the standard GB 6566-2010. The results show that
alkaline concrete using red mud in an amount of up to
40 % (by weight of concrete) belongs to class I accord-
ing to the classification of building materials and can be
used for all types of construction without restrictions.
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