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The potential re-use of red mud in the building and construction industry has been the subject
of research of many scientists. The presented research is a contribution to the potential solu-
tion of this environmental issue through the synthesis of potential construction materials
based on red mud. A promising way of recycling these secondary raw materials is the synthesis
of alkali-activated binders or alkali activated materials. Alkali-activated materials or inorganic
binders based on red mud are a new class of materials obtained by activation of inorganic pre-
cursors mainly constituted by silica, alumina and low content of calcium oxide. Since red mud
contains radioactive elements like 226Ra and 232Th, this may be a problem for its further utili-
zation. The content of naturally occurring radionuclides in manufactured material products
with potential application in the building and construction industry is important from the
standpoint of radiation protection. Gamma radiation of the primordial radionuclides, 40K
and members of the uranium and thorium series, increases the external gamma dose rate.
However, more and more precedence is being given to limiting the radiological dose originat-
ing from building materials on the population these days. The aim of this research was to in-
vestigate the possible influence of alkali activation-polymerization processes on the natural
radioactivity of alkali activated materials synthesized by red mud (BOKSIT a. d. Milidi,
Zvornik, Bosnia and Herzegovina) and their structural properties. This research confirmed
that during the polymerization process the natural radioactivity was reduced, and that the
process of alkali activation of raw materials has an influence on natural radioactivity of syn-
thesized materials.
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INTRODUCTION

Red mud (RM) is a by-product of the alumina
production process, which is produced by the process-
ing of bauxite by the Bayer method. It is usually depos-
ited in special locations in the form of a high-alkaline
suspension. The amount of produced RM is increasing
daily, and its disposal is a potential environmental haz-
ard. Improper storage of bauxite residue can lead to
harmful contamination of water, land and air in the sur-
rounding area because of its high alkalinity. Strong en-
vironmental concerns are linked to the disposal of baux-
ite residue. The treatment and utilization of bauxite
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residue is both of environmental and economic signifi-
cance. The global growth of bauxite residue highlights
the urgency to develop and implement improved means
of storage and remediation, and utilization options of its
residue as an industrial by-product [1].

During the last two decades, extensive work has
been done to develop various processes for utilization
of RM by researchers in various areas: as special ce-
ments [2], in the ceramic industry [3], in ceramic
glazes [4], in the aluminum industries by producing
glasses and glass-ceramics, as an additive for con-
struction materials [5], as the raw meal for the produc-
tion of Portland cement clinker and in the production
of heavy clay ceramics [6].

In this work, the inorganic binder's (IB) synthesis
from a RM of Bosnia and Herzegovina — BOKSIT a.d.
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Table 1. Chemical composition of red mud expressed in oxide

t. 0,
Sample - wi. % -
5102 A1203 FeZO3 CaO MgO Cr203 P205 K20 NaZO T102 Lol
BHRM | 12.08 15.04 48.08 7.26 0.43 0.13 0.19 0.05 7.47 4.88 4.39

Mili¢i, (BHRM) by alkaline activation with a sodium
silicate solution has been carried out. The changes in
phase compositions and chemical-physical properties
and micro-structure during the alkali activation process
or reaction from the starting material to the final materi-
als, IB based on BHRM (IBBHRM) have been fol-
lowed to understand the formation of alkali activated
binders. The synthesis is similar to an organic conden-
sation polymerization [7]. In an alkaline environment,
aluminum oxide and silicon oxide are dissolved from
the solid precursor and form aluminate (AI(OH),") and
silicate ([SiOx(OH)y]z-). The major silicate species are
[SiO(OH),]- and [SiO,(OH),]*~ [8]. The following
condensation reaction between aluminate and silicate is
anucleophilic substitution reaction. The monomers in a
nucleophilic substitution react to form an aluminate sili-
cate oligomer, from which an amorphous polymer is
produced. This polymer forms a gel which subse-
quently hardens [9]. The oligomers undergo a further
condensation reaction and release the water which was
consumed during the hydrolysis.

The aim of this research was to investigate the
possible influence of alkali activation processes on the
natural radioactivity of aluminosilicate materials by
gamma spectrometry measurements. In order to assess
the radiological risk to human health it is important to
measure the concentration of radionuclides in RM and
obtained alkali activated RM samples/IB, because of
their potential use in the building industry as building
materials. The presented research is a contribution to
the potential solution of environmental protection
through the synthesis of potential construction materi-
als based on RM or applications of RM as Al-rich
by-products in the building industry, considering thata
review of the available reference literature has shown
that no significant testing of this waste material exists.

MATERIALS AND METHODS

Physical and chemical
characterization of the RM

The BHRM was supplied by BOKSIT a.d.
Mili¢i, Zvornik, Bosnia and Herzegovina. The alu-
mina factory is located in the northeastern part of
Republika Srpska, in the industrial zone of Zvornik,
only a kilometer away from the river Drina and the
border with Serbia. In this factory bauxite is processed
into alumina. Most of the ore is procured from the
nearby Boksit Mili¢i mine, and a smaller part from the
nearby mines in Vlasenica and Srebrenica, as well as
from imports. The amount of total RM emitted from

the alumina factory is estimated at over 10 000 000
tons.

The RM powder sample was ground after being
dried at 105 °C for 24 hours, for removal of the retained
variable water in the RM. Table 1 shows the chemical
composition of RM, as determined by X-ray fluores-
cence (XRF). The XRF analysis was performed with a
wavelength dispersion (WD XRF) spectroscope ARL
Perform X manufactured by Thermo Scientific with a
power of 2500 W, 5 GN Rh X-ray tube, 4 crystals
(AXO03, PET, LiF200 and LiF220), two detectors (pro-
portional and scintillation), and computer program
UniQuant. The samples were quartered, dried at 105 ° C
and calcined at 950 °C. For measurement purposes, a
fused pellet was prepared, where 0.7640 g of the sample
and 7.64 g of the flux (50 % lithium tetraborate versus
50 % lithium metaborate) were melted at 1100 ° C.

The X-ray powder diffraction (XRD) was per-
formed to determine the phase composition of the RM
sample using a PANalytical Empyrean X-ray diffrac-
tometer equipped with CuKa radiation with A = 1.54
A. 5 gofthe samples were ground in an agate mortar to
a particle size below 0.063 mm. The ground powder
was manually back loaded into a circular sample
holder (diameter 16 mm). The samples were scanned
at 45 kV and a current of 40 mA, over the 26 range
from 4° to 70°, at a scan rate of 0.026° 20 min~' and
step time 172 seconds. The obtained XRD patterns
were analysed using X'Pert High Score Plus diffrac-
tion software v. 4.8 from PANalytical, using PAN
ICSD v. 3.4 powder diffraction files. All Rietveld re-
finements were performed using the PANalytical
X'Pert High Score Plus diffraction software, using the
structures for the phases from ICDD PDF 4+ 2016
RDB powder diffraction files. Amorphous content
was determined using the external standard method
(NIST SRM 6764a) [10]. Table 2 shows the quantitative
content of the identified phase of the BHRM sample.

The Brunauer-Emmett-Teller (BET) specific
surface area of the BHRM sample (pre-dried for 60
minutes at 105 °C) was performed with Micromeritics
ASAP-2020 that integrates multiple gas sorption tech-
niques into a single, convenient tabletop instrument).
The bulk density of BHRM was determined according
to standard JUS B.C8.023 and moisture content (re-
moval of all the water but chemically bound water)

Table 2. Quantitative contents of the identified phase of
the BHRM sample

Phase [%]
BHRM| Amorphous |Hematite| Cancrinite| Calcite | Kaolinite
43.2 21.1 18.3 0.9 16.5
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Table 3. Surface area, specific and bulk density, moisture
content of the investigated sample

BET surface Speqﬁc Bul_k Moisture

Sample arca [mz ,1] densﬁ;f density content
£ 1) [gem™] | [kgdm ]| [%]
BHRM 12.9 2.35 755 0.23

was determined by drying the sample in an oven
SP-440 (maximum 7" 300 °C) on 105 °C for 24 hours.
Moisture content is given with the equation

mewb = [(Ww — Wd)/Ww] x 100 [%]

where mc is expressed on a wet basis (Ww is the wet
weight and Wd is the dry weight).

Table 3 shows the surface area, specific and bulk
density, moisture content of BHRM.

Synthesis of alkali activated
materials or inorganic binder based on RM

The IB were prepared by using sodium silicate
solutions (the content of Na,O and SiO, was 12.3 %
and 22.5 %, respectively) provided by Galenika
Magmasil d.o.o (Belgrade, Serbia), and 12M NaOH
solution (NaOH, Sigma — Aldrich). The volume ratio
of the solution of NaOH and sodium silicate solution
was 1.5, while the liquid to solid (L/S) mass ratio was
1.0, and it is dependent on an acceptable workability
for the paste sample.

The waste BHRM as the solid component and
the alkali silicate activator were mixed until a homoge-
nous slurry was formed. The prepared pastes were cast
in cylindrical molds (diameter/height, 100 mm/80
mm) and compacted on a vibrating table. The molds
were closed to avoid water evaporation and stored at
room temperature 24 hours, after that 72 hours in an
oven at a temperature of 60 °C, and after that at room
temperature for 28 days. The reaction occurs at 60 °C
temperature and is activated by a highly alkaline solu-
tion, and forms, amorphous polymers and the binding
phase in these synthesized materials is a tetrahedrally
coordinated alkali-aluminosilicate gel.

Characterization of RM and inorganic binder

Samples of BHRM and IBBHRM were ground in
a porcelain mortar and manually loaded in a
monocrystalline silicon sample holder (square shaped 1
cm x1 cm) and characterized by XRD analysis using the
Ultima IV Rigaku diffractometer, equipped with Cu
Ka, , radiation, with generator voltage 40.0 kV and
generator current 40.0 mA. The range of 5°-80° 26 was
used for all powders in a continuous scan mode with a
scanning step size of 0.02° at a scan rate of 5 ° min!.
The PDXL2 software was used to evaluate the phase
composition and identification of all samples [11]. All

obtained patterns are compared using the ICDD
data-base [12]. For phase identification PDF (powder
diffraction file) card numbers are presented in the dis-
cussion part.

The functional group of all samples was deter-
mined by Diffuse reflectance infrared Fourier trans-
form (DRIFT) spectroscopy. The DRIFT spectra were
obtained using the Perkin-Elmer FTIR spectrometer
Spectrum Two [13]. Approximately 5 % of the sam-
ples were dispersed in an oven-dried spectroscopic
grade KBr with the refractive index of 1.559 and parti-
cle size of 5-20 um. The spectra were scanned at a 4
cm™! resolution and collected in the mid-IR region
from 4000 to 400 cm™!.

The microstructure analysis was performed on an
Au-coated surface of the samples using a Japan Electron
Optics Laboratory electron microscope (JEOL JSM) 6390
LV at25kV coupled with Energy Dispersive X-Ray Spec-
troscopy (EDS), Oxford Instruments X-MaxN.

The contents of naturally occurring radionuclides
in the samples were determined by gamma spectrome-
try. Prior to measurement, the samples were powdered
and placed in PVC cylindrical containers (125 ml and
250 ml), sealed with beeswax and left for six weeks in
order to reach radioactive equilibrium between radon
and its progenies. Radiological analysis was performed
by means of a coaxial semiconductor high purity ger-
manium (HPGe) detector (Canberra 7229N-7500-1818
with 20 % relative efficiency and 1.8 keV resolution for
®0Co at the 1332 keV line) associated with standard
beam supply electronics units. Measurements were per-
formed in accordance with international recommenda-
tions [14]. Energy and efficiency calibration of the
spectrometer was done based on laboratory standards
prepared with a certified radioactive solution purchased
from the Czech Metrology Institute [15] and traceable
to the BIPM (Bureau International des Poids et
Mesures). Obtained efficiencies were corrected for the
coincidence summing effect using the correction fac-
tors obtained with EFTRAN software [16]. The sam-
ples were measured for 60 000 seconds. All spectra
were recorded and analyzed using the Canberra's Genie
2000 software; net areas of the peaks were corrected for
the background radiation. The obtained specific activi-
ties are given in tab. 3, expressed in Bgkg™'. Quoted un-
certainties (the confidence level of 1o) were calculated
by the error propagation calculation. The combined
standard uncertainties included the statistical uncertain-
ties of the recorded peaks, efficiency calibration uncer-
tainty and the uncertainty of measured mass.

RESULTS AND DISCUSSION

The XRD analysis

Mineralogical composition of the RM depends
on the mineral composition of the source material —
bauxite, a multiphase ore that may contain more than a
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hundred minerals of various grinding fineness and de-
composition [17]. The minerals containing of alumi-
num, iron, silicon, titanium, calcium, magnesium are
essential constituents. Depending on the type of min-
eral deposits, the amounts of the essential and acces-
sory minerals may vary within wide ranges [17, 18].

Figure 1 shows the XRD patterns of BHRM, and
alkali activated materials — IBBHRM.

The main crystallographic phases detected in the
BHRM sample are: hematite (PDF No. 01-089-8104),
cancrinite (PDF No. 00-020-0257), kaolinite (PDF No
01-078-3262), and calcite (PDF No. 01-078-3262).
Based on quantitative XRD analysis there is 43.2 % of
the amorphous phase. The results of XRD analysis indi-
cate that after the alkali activation process and structural
rearrangement of minerals presented in raw materials
there is a segregation of the sodium silicate hydrate phase
with a corresponding chemical composition Na,SiO;-6

3000 2000 1000 0

Wave number [crn"]

H,0O. Due to alkali activation and ageing process over
time, this semi-crystalline sodium silicate phase sepa-
rates. The mineralogical composition of alkali activated
material consists of sodium silicate, cancrinite (Na,Ca,
AlSi0,4(CO3),) and hematite, while the calcite (Ca
CO;) and kaolinite (Al,(OH),S1,05) peaks are not identi-
fied. This is in correlation with the alkali activation pro-
cess because it leads to their dissolution in the silicate
matrix activator.

Table 1 shows that the content of the Fe,0; is
analogous to the Spanish RM [19] and higher than in
most of the cases reported in the literature. The hema-
tite compound is interesting for industrial applications
due to its ability to tune the color of ceramics by adjust-
ing the RM content and the processing conditions. The
presence of SiO, is also interesting since its reaction
with the Na,O and CaO present can lead to compounds
with a lower melting temperature than the other com-
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ponents of the sample. It would provide for a liquid
phase in the grain boundaries, facilitating the
sintering of these materials.

The DRIFT analysis

Figure 2 shows the DRIFT spectra of the
BHRM (a), and IBBHRM (b). The spectra were com-
pared to known absorption lines in literature.

The DRIFT spectra shown in fig. 2, related to
BHRM and IBBHRM show thee wide band at region
3500-3400 cm™! indicating the presence of the -OH
stretching band. The absorption bands at 2918 cm™!
and 2845 cm™! were related to asymmetric and sym-
metric aliphatic —CH, groups, respectively. The spec-
tra also indicate the presence of CaCO;, mainly in the
form of calcite, as identified by its main absorption
bands at about 1468 cm™! and 875 cm™'. The peak re-
corded at 1400 cm™' (1373 cm™!) in the BHRM and
IBBHRM could be attributed to nitrate. This NO,
band might be present in cancrinite, according to the
results reported by Zhao et al. 2004 [20]. The peaks
near 1031 em™' and 999 cm™! were derived from
in-plane Si-O stretching modes and the former was
the most intense kaolinite band. The bands near 760
cm ! and 687 cm ™! were both associated with perpen-
dicular Si—O vibration. Al-O-Si and Si—O-Si bend-
ing vibrations produced the bands at 573 cm™! and
464 cm!, respectively. The peak at 433 cm™! corre-
sponded to Si—O deformation vibration. A stretching
vibration of Fe—O is observed in the region around
470 cm™! [17].

There is a persistence of the bands at 3438 cm™
and 1660 cm™! in IBBHRM (assigned to hydroxyl
groups coordinated with AI** cations), which are the
stretching and bending vibrations for the hydroxyl
groups of water molecules [21]. A band at 1435 cm™!
belongs to the O—C—O stretching vibration of the car-
bonate phase which is shifted to higher wavenumbers
in relation to the RM. As a result of alkali activation
some bands are shifted to a smaller or larger wave-
length. The band around 1028 cm™' corresponded to
the Si—O stretching vibration [22]. The modification
of the shape of the Si—O stretching band at around
1028 cm™! indicates a change in the Si environment
after alkali activation [21, 23]. Alkali activated
BHRM present DRIFT spectra characterized by the
typical absorption bands of Si—-O-Si and Si—O-Al
bonds (absorption range 600-800 cm™!). One of the
DRIFT signals that give information about the degree
of alkali activation, is the band at 3450 cm™ corre-
lated to the chemically bonded water. This band is
broad in the spectrum of IBBHRM, confirming the
formation of the new material. Furthermore, the alkali
activation induces a slight shift of the band of T-O-Si
(T = Si, Al) stretching towards lower wavenumbers

because of the formation of hydrogen bonds with
hydroxyl groups present in the system compared to the
same bonds in the spectrum of BHRM.

Moreover, in the BHRM and IBBHRM spectra, a
band due to stretching vibrations of the Fe-O bond
(460-500 cm™) was also present [24]. The DRIFT
spectra of the BHRM and IBBHRM samples showed
slight differences with respect to the untreated sample;
in particular the band at 1120 cm™' in BHRM spectra
practically in the DRIFT spectra of IBBHRM did not
appear. The results of DRIFT analysis are consistent
with those obtained from the XRD analysis of BHRM
and IBBHRM.

The SEM/EDS analysis

The SEM images with EDS analysis, fig. 3, show
the morphology changes that occurred in the alkali acti-
vated RM sample. Morphological characteristics are an
effective tool to assess the efficiency and ascertain the
compatibility of a stabilizing agent. Furthermore, ag-
gregation of particles by interlocking or bonding before
and after alkali activation or solidification can be visu-
alized only from the morphological studies [25].

Figure 3 reveals the fact that BHRM particles
have a mixed morphology, with no prevailing particu-
lar shape form. The images show that the BHRM is
composed of particles with a different shape (round-
ness and sphericity).

The sodium silicate gel was observed as the ma-
jority product, along with the unreacted particles of
crystal phases present in alkali activated RM, during
the aging time up to 28 days. The micro-structure was
inhomogeneous and the matrix was full of loosely
structured crystal grains of different sizes. Numerous
pores of different shape size are evident in the gel. The
considerable amount of unreacted particles and the
presence of pores in the alkali activated matrix, fig. 3,
indicate an incomplete alkali activated reaction of RM.
If the silica content increases, the degree of reaction
taking place in the forming paste decreases according
to observations in reference [26]. The EDS analysis of
alkali activated material, IBBHRM fig. 3(d) showed
that it mostly consists of the phases containing Na, Si,
Al in the bulk region suggesting the formation of a sili-
cate-activated gel by polymerization throughout the
inter particles volume. This correlates with the pub-
lished works [27] meaning that, in a medium with a
high concentration of dissolved silica, the species dis-
solved from the surface of the particles, migrate from
the surface into the bulk solution. In addition, Fe, Al,
Si, and Ca were also observed in the gel by EDS analy-
sis fig. 3(d). These obviously represent the element of
crystal phases, which did not dissolve during alkali ac-
tivation. During alkaline activation these crystal phases
may even disperse through the gel.
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Figure 3. The SEM images with EDS analysis of (a) and (b) BHRM and (c) and (d) IBBHRM

Table 4. Activity concentration of natural radionuclides
and "’Cs in investigated samples with associated
measurement uncertainties (k=1)

Specific activity [Bqkg™'] Activity ratio
BHRM IBBHRM | IBBHRM/BHRM
210py, 107 + 11 74412 0.69 +0.13
212pp 386+£27 | 171.7+23.1 0.45 +0.07
2l4py, 188 + 12 940+7.2 0.50 + 0.05
’Bi 426 £29 | 200.8 +23.6 0.47 £0.06
214Bj 168 +9 85.1+7.1 0.51 +0.05
26Ra 176 +7 91 +6 0.52 +0.04
Z2Th 397 +25 187+ 15 0.47 +0.05
YK 32+6 <17
e <0.1 <0.4
=y 164+ 15 72417 0.44+0.11
By 103415 40+0.5 0.39 +0.07
232138y 0.067 0.057
ﬁiﬁlg)}a 258 1.24

Radiological analysis

Results of gamma spectrometric analysis are
given in tab. 4, and based on obtained specific activi-
ties of 22°Ra, 232Th, and *°K dose calculations were
performed. The ratio of activities is also presented.
The calculated ratio is approximately 0.5 for all de-
tected radionuclides. To a certain extent this result
could be explained by analyzing the masses of constit-
uents of newly formed material and the synthesis pro-
cess itself.

Natural radioactivity of various building materials
has been reported by researchers in many countries such
as China, Egypt, Isracl, Pakistan, Lebanon, Greece,
North Macedonia, Serbia, Turkey, and Austria etc. [28].
World average 23%Th, ?2°Ra, and *°K activity concentra-
tions for building materials are 50 Bqkg ™!, 50 Bqkg ™,
and 500 Bgkg™', respectively [17].

In order to assess whether the safety require-
ments for building materials are being fulfilled, a
gamma activity concentration index (abbreviation
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ACl is often used in literature) proposed by the Euro-
pean Commission [29] was used. It is defined as,

ARa ATh AK

I= + + 1)
300Bgkg ' 200Bgkg™' 3000 Bgkg '

where Ag,, Amy, and Ay are the specific activities of
2°Ra, #*Th, and K, respectively. The index I is cor-
related with the annual dose rate due to the excess ex-
ternal gamma radiation caused by a superficial mate-
rial. The limit values depend on the dose criteria, the
way and amount of the material and the manner in
which it was used in a building and construction. For
material used in bulk amounts / < 1 corresponds to an
absorbed gamma dose rate of 1 mSv per year [29, 30].
The activity concentration index should be used only
as a screening tool for identifying materials that might
be of concern for use as construction materials. The
European Commission [29] suggests that building ma-
terials should be exempt from all restrictions concern-
ing their radioactivity provided the excess gamma ra-
diation originating from them does not increase the
annual effective dose to a member of the public by
more than 0.3 mSv [31, 32]. An annual dose higher
than 1 mSv should be permitted only in some very ex-
ceptional cases where materials are used locally.

Besides the activity concentration index, in order to
estimate a possible health effect due to the exposure to nat-
ural radionuclides present in the measured samples, ra-
dium equivalent activity, Rag [Bgkg™], the external haz-
ard index, H,, [Bgkg™'], total external absorbed gamma
dose rate D [nGyh™'], and annual effective dose EDR
[mSv] can be calculated. The radium equivalent activity
can be used to estimate the hazard associated with materi-
als that contain 22°Ra, 232Th, and “°K. The external radia-
tion hazard index reflects the external radiation hazard due
to the emitted gamma radiation. The values of these indi-
cators of exposure can be calculated according to egs. (2)
and (3), [33-35].

Rag = Ag, +14347, +00174; )

o= Aga + Ay, + Ag
370 259 4180
If the examined materials are treated as a possi-

ble raw material for building material or construction
material itself, different formulae should be used for

3)

dose calculation. Using the formulae given in [29], the
external dose rate and annual effective dose rate are
calculated as eqs. (4) and (5), respectively.

D =092A4p, + 1147, +0084, (4)

EDR(mSv)=D(nGyh ™" )-7000 h - 0.7(SvGy "' )10™°
(&)

Table 5 presents the calculated values of the ra-
dium equivalent activity, Ra,,, radiation hazards, H,,,
absorbed dose rate, D, and annual effective dose rate,
EDR of BHRM and IBBHRM, and those given in the
literature.

Results showed that the significantly higher val-
ues of specific activities as well as for calculated pa-
rameters were obtained for raw materials. The lowest
values were observed for the synthesized materials.

Thus, regarding its radioactivity the investigated
synthetized materials could be recommended as a
promising construction material, or its component. In
Serbian legislation the gamma index has to be calcu-
lated for building materials [36] and its components, in
order to estimate whether or not they could be used as
building materials. For these components, especially
for materials originating from industrial activities,
representing waste, the factor of the share in the final
material must be taken into account [37].

This research confirmed that during the poly-
merization process the natural radioactivity was re-
duced, i. e., the process of raw materials activation has
an influence on natural radioactivity of synthesized
materials. Also, Boskovi¢ et al. [17], concluded that
after alkaline activation of RM, the decrease of spe-
cific radioactivity was measured in comparison to RM
as raw materials [18]. The obtained results have given
the guidance for further optimization of the polymer-
ization process in order to confirm and explain
changes in radioactivity concentrations.

CONCLUSIONS

New IB based on the RM sample supplied by
BOKSIT a.d. Mili¢i, Zvornik, Bosnia and Herzegovina,
BHRM were synthetized. Physico-chemical character-
ization of BHRM and IBBHRM was conducted using

Table 5. Radium equivalent activity, external radiation hazard index, external absorbed dose rate, annual effective dose

rate, and gamma index

Sample Rae [Bakg'] | Ho[Bakg'l | DnGyh'] | EDR[mSv] | 1 | Reference
Measured in this study
BHRM 746.2 2.016 601.2 2.946 2.58 | Our research
IBBHRM 358.4 0.968 289.4 1.418 1.24 | Our research
Mean value, previous studies

Almasfuzito RM — Hungary 706.9 1.91 306.1 0.375 2.44 [18]
Ajka RM — Hungary 901.1 243 399.6 0.490 3.07 [18]
RM — Montenegro 778.1 2.104 623.8 3.057 2.75 [17]
Geopolymer RM — Montenegro 208.9 0.578 177.6 0.870 0.6 [17]
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XRD and DRIFTS. Based on quantitative XRD analysis
there is 43.2 % of the amorphous phase. The results
showed that the amorphous phases were dissolved and
that a gel is produced, which is identified by SEM/EDS
analysis. Interpretation of DRIFT results is more com-
plex. The movement of certain DRIFT peaks, as well as
the appearance of new ones and the disappearance of
some originated from the starting RM indicate the devel-
opment of new materials. The use of RM and alkali acti-
vated materials based on RM in the construction industry
requires very strict assessments which includes physico
-chemical characterization and radiological consider-
ation. Radiological testing is necessary in assessing
whether the existing material meets all legal regulations
in order to be used as a building material. Results of the
presented study confirmed our previous results [38, 39]
that values of radiological indicators decrease during the
process of synthesis of new materials. Since this material
is investigated for potential use in the construction sector,
the obtained results are very promising from the point of
view of optimizing the external exposure of the popula-
tion to ionizing radiation originating from gamma emit-
ters from surrounding building materials.
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Jbubana M. Kipajesuh, Musbana M. MupkoBuh, Cabuna [onenen, Karapuna lllTep,
Mycrada Xagamuh, UBana C. Bykanan, Munom T. Henagosuh

PAINOJJONMKA INPOLIEHA HNPBEHOI' MY/JbA KAO AI-IIPEKYPCOPA
HEOPIAHCKUX BE3UBA 3A TPABEBUHCKY HUHOYCTPUIY

ITorennmjarHa NOHOBHA yOTpeOa PBEHOT MyJba Y TpabeBUHCKOj MHAYCTPHjH OUJIa je TIpeIMeT
UCTpakKMBaka MHOTUX Hay4yHHKa. [IpmKa3aHa MCTpaskuBama JAOMPHHOCE MOryheM pelierwny OBOT €KO-
JIOIIKOT MHUTala KPO3 CUHTE3y MOTeHIUjalHuX TpabeBUHCKUX MaTepHjana Ha 6a3u npBeHor Mysba. Obe-
haBajyhn HaunH peruKIMpama OBUX CEKYHJAPHUX CAPOBUHA j€ CHHTE3a aJIKaJIHO aKTUBUPAHNX BE3UBA WU
aJKaIIHO aKTUBUPAHUX MaTepHjajia. AJIKaTHO aKTUBIPAHN MaTEePHjaJi WM HEOPraHCKa Be3uBa Ha 6a3u
[PBEHOT MyJba Cy HOBa Kjlaca Marepwujaja JOOWjeHHX aKTHUBAILUjOM HEOPraHCKHUX MPEeKypcopa KOju ce
YIJIAaBHOM CaCTOje Off CHIIMINjyM AMOKCHIA, aIyMUHHjyM AMOKCH/Ia U HUCKOT CafpsKaja KalllijyM OKCHfa.
Bynyhu 1a [pBeHn MyJb cafip>Ku paguoakTHBHE eleMenTe nonyT 22°Ra u 232Th, To Moxke TIpeficTaB/baT
npoGiieM 3a BeroBo jalbe Kopumheme. Caapskaj IpUPOTHAX PaTHOHYKIUAA Y MPOUW3BECHIM MaTe-
pHjanuMa ca IOTeHIUjaIHOM IPUMEHOM y TpabheBUHAPCTBY BasKaH je ca CTAHOBHIIITA 3aIITUTE O 3pavucHa.
T'ama 3pauere NPUMOPIUjaTHUX patnonykauaa, YK u uwianosa cepuje ypauujyma u Topujyma, nosehasa
CIIOJBHY [103Y rama 3pauera. MebhyTnM, cBe ce BUIle y JaHAIIKHE BpeMe aje IPHOPUTET OrpaHNIaBaby
pajiIIIoNIKe 03¢ Koja moThde off rpaheBIHCKOT MaTepujata Ha CTAaHOBHUIITBO. LIMyb OBOT HcTpakuBama
OWO je NCTPasKUTU MOTYhU YTHUIIA] IIpolieca alKaTUBHE aKTUBAIMje-TIOTMMEpU3alije Ha IPUPOIHY PaIro-
AKTHBHOCT aJIKaJIHO aKTHBUPAHUX MaTepHjajia CAHTETUCAHUX yIIOTpeOoM rpBeHor mysba (“BOKCHUT” a.
1. Munnhu, 3BOPHUK) U BbBUXOBUX CTPYKTYPHUX CBOjcTaBa. OBO MCTPakMBamhe HOTBPAMIIO je a je TOKOM
mpoleca MouMepr3anije cMambeHa MPUPOIHA PaTfOaKTHBHOCT, TAaKO J1a MPOIEC allkKajTHe aKTHBaIHje
CHPOBHHE YTUUY Ha MPUPOJIHY PATHOAKTUBHOCT CHHTETH30BAHUX MaTEpHjaa.

Kwyune peuu: upgenu mym, Heopzarcka ée3usa, DRIFT, ipupoOoxa paouoaxiiu8HoCtl,
Zama uroekc, Zpabesunapciiiso




