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The aim of this paper to study the effects of y-rays on nanostructured Na-bentonite clay from Alpoid deposit.
The effect of high doses (up to 256 kGy) of y-radiation on the short-range structural organization in montmorillonite
was studied using infrared spectroscopy. Significant change attributable to irradiation was observed at dose of
57 kGy. No significant changes were observed after 57 kGy of y-radiation. A small variation in the water content
was noted but it is not systematic. The results show that the montmorillonite structure can accumulate high doses of
radiation with damage. The modifications most likely to be generated by the radiation were expected to be within
the silicate layers. The morphology of the nanocomposites was studied with scanning electron microscopy. In this
paper, the effects of ionizing radiation on the Na-bentonite clay investigated by FT-IR method. These spectra show
the suitability of FT-IR study of mineral surfaces and the changes in the spectra brought about by the surface

phenomena.

INTRODUCTION

The two most common modification methods of clay
minerals are thermal modification and acid activation.
This study aims at examining a novel insight to
characterize bentonites to find out the mineralogical and
physicochemical properties of irradiated Na-bentonite
clay samples. Bentonite is rich in montmorillonite,
which is a nanostructured and nanoporous member of
smectite group. Mineralogical and physicochemical
properties of bentonites play a key role in choosing
appropriate bentonites for different applications. Based
on their chemical composition and particle morphology,
clays are organized into several classes such as smectite,
chlorite, kaolinite, illite and halloysite [1]. Due to their
wide availability, relatively low cost and relatively low
environmental impact, nanoclays have been studied and
developed for various applications [2]. With the rapid
growth of nanotechnology, clay minerals are
increasingly used as natural nanomaterials [3].
Nanoclays are nanoparticles of layered mineral silicates
with layered structural units that can form complex clay
crystallites by stacking these layers [4]. An individual
layer unit is composed of octahedral and/or tetrahedral
sheets [5]. Octahedral sheets consist of aluminum or
magnesium in a six-fold coordination with oxygen from
a tetrahedral sheet and with hydroxyl. Tetrahedral sheets
consist of silicon—oxygen tetrahedra linked to
neighboring tetrahedra, sharing three corners while the
fourth corner of each tetrahedron sheet is connected to
an adjacent octahedral sheet via a covalent bond [6].
Based on their mineralogical composition, there are
approximately 30 different types of nanoclays, which
depending on their properties are used in different
applications [7]. The most common plate-like
montmorillonite (MMT) nanoclay (smectite) consists of
approximately one nm thick aluminosilicate layers
surface-substituted with metal cations and stacked in
approximately 10 um sized multilayer stacks [8-11].
Clays are hydrous aluminosilicates broadly defined as

those minerals that make up the colloid fraction of soils,
sediments, rocks, and water [12] and may be composed
of mixtures of fine-grained clay minerals and clay-sized
crystals of other minerals such as quartz, carbonate, and
metal oxides. Clays play an important role in the
environment by acting as a natural scavenger of
pollutants by taking up cations and anions either
through ion exchange or adsorption or both. Thus, clays
invariably contain exchangeable cations and anions held
to the surface. Van Olphen [13] has cited several types
of active sites in clays, namely, (i) Bronsted acid or
proton donor sites, created by interactions of adsorbed
or interlayer water molecules, (ii) Lewis acid or electron
acceptor sites occurring due to dehydroxylation,
(iii) oxidizing sites, due to the presence of some cations
in octahedral positions or due to adsorbed oxygen on
surfaces, (iv) reducing sites produced due to the
presence of some cations, and (v) surface hydroxyl
groups, mostly found in the edges, bound to Si, Al, or
other octahedral cations. Clays have been good
adsorbents because of the existence of several types of
active sites on the surface, which include Bronsted and
Lewis acid sites and ion exchange sites. The edge
hydroxyl groups have been particularly active for
various types of interactions. Clays and modified clays
have been found particularly useful for adsorption of
heavy metals. Clays have received attention as excellent
adsorbents of As, Cd, Cr, Co, Cu, Fe, Pb, Mn, Ni, and
Zn in their ionic forms from aqueous medium. The
adsorption capacities differ from metal to metal and also
depend on the type of clay used [14]. For this research,
raw bentonite was used from the Alpoid deposit in
Azerbaijan. It is one of highest quality natural sodium
bentonite deposits in the world. The deposit consists of
montmorillonite and hydromica-montmorillonite clay.
The Alpoid deposit contains more than 85% of
montmorillonite —
(Na,0.5Ca)0.7(Al, Mg, Fe)4(Si, Al)8020(0OH)4-xH,0,
where Na and Mg — cations prevail in CEC. Exchanged
cations content makes 92...98 meq/100 g [15-17]. The
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Cambrian clay minerals, being high-alkaline minerals
caused activation of the water radiolysis process.
Interlayer links destruction will take place at low
enough radiation doses [18]. Alpoid clays are also high-
alkaline minerals [15-17]. Gamma radiation may alter
the surface characteristics of bentonite [19]. In
heterogenous reactions were used modified activated —
hydrated aluminasilicates as catalyst. In addition,
irradtion of Na-bentonite clay from Alpoid deposit by
y-rays is not studied before.

EXPERIMENTAL PART

Clay samples was taken from the Alpoid deposit.
Alpoid bentonite deposit which excels considerably in
quality such bentonite deposits as in Greece, Turkey,
India and China and is equal to the benchmark
Wyoming bentonite. Alpoid deposit is located in a
northwest part of the Gazakh region. It is one of the
high-quality natural sodium bentonite deposits in the
world and is represented by one flat-lying seam with no
poor rocks inside. It relates to sedimentary type formed
as a result of continental — lacustrine conditions. The
deposit is represented by montmorillonite and
hydromica-montmorillonite clay.

The morphology of the nanostructured was studied
with scanning electron microscopy (SEM from ZEISS,
Leo 1530 VP) and EDX (ZEISS, Gemini 1000). EDX
spectra were measured of a closed powder area of about
1x1 mm. The raw bentonite clay sample used in these
experiments has nanostructured composition with
particle size in the range of 55 < d [nm] <175 nm [20].
Clay samples were packed in a closed Pyrex glass
container. The bentonite clay samples were irradiated
with gamma radiation from the ®Co isotope under static
conditions, within vacuum sealed quartz tubes at room
temperature. The dose rate was 10.5rad/s. The
irradiated and unirradiated samples were characterized
by FT-IR spectroscopy. Spectrophotometric
measurements were performed in a VARIAN 640-IR
spectrophotometer in the 4000...400 cm™ region.
Reaction conditions: Given amount of catalyst-
bentonite sample (2 g) was added in glass ampules and

sealed, then subjected to various doses of radiation
energy (from 1 to 256 kGy). They were irradiated for
various periods of time. Radiation carried out for
1...300 h at room temperature.

1. RESULTS AND DISCUSSION

Chemical composition of bentonite clays mined
from the Alpoid deposit has the following
characteristics (Table 1) [15, 16].

Table 1
Chemical composition of bentonite clays mined from
the Alpoid deposit

Chemical | Percentage, | Chemical | Percentage,

compound % compound %
SiO, 58.60 MgO 2.30
Al,O; 13.40 P,Os 0.11
Fe,0s 4.70 SO; 0.25
FeO 0.18 K,0 0.39
TiO, 0.39 Na,O 2.30
CaO 2.05 PPP 15.33
Total - - 100

The SEM images of clay samples are shown in
Fig. 1. SEM micrographs show an inhomogeneous
consistency: larger particles > 2 um (agglomerates) and
fine species (obviously of compact morphology). It
seems that different mineral species are coexisting in the
clay powder (see Fig. 1,a). SEM images demonstrated
that the Na-bentonite powder consist of unequally sized
particles, probably formed by agglomeration.
Magnification discloses a large number of small species
distributed on the surface of the larger particles. On the
other hand, there are also layer structured agglomerates
recognizable (sse Fig. 1,b).

Also, chemical composition of Na-bentonite clay
analyzed using XRD (Fig. 2,a) and EDX analysis (see
Fig. 2,b). Chemical composition of bentonite clays
mined from this deposit has the following
characteristics (see Fig. 2,a,b).

Fig. 1. SEM image of Na-bentonite clay: a — overall distributed fine particles;
b — layer structured agglomerates
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Fig. 2. Chemical composition of bentonite clays: a — XRD diagram of Na-bentonite clay;
b — EDX spectra of Na-bentonite clay
The XRD plot shows that montmorillonite has the FT-IR spectra of unirradiated Na-bentonite clay is

highest content in the clay samples (see Fig. 2,a). EDX  shown in Fig. 3 and all the important bands and their
spectra confirm the presence of sulfides in Alpoide clay.  assignments are listed in Table 2.
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Fig. 3. FT-IR spectra of unirradiated Na-bentonite clay

Table 2
Position of absorption bands in the IR spectrum of unirradiated Na-bentonite clay
Wave number, cm™ Atomic group
3750 -OH (structural)
3628 -OH (structural)
3413 H,O (absorption)
3437 H,O (absorption)
3461 H,O (absorption)
2078 H,O
2341 H,0
2361 H,O
1635 H,0
1030 Si-O
1039 Si-O-Si
460 Si-O-Si
465 Si-O-Si
424 Fe (111)-O in oct. Positions
Si-OH
880 Si-O
793 Si-O
841 Al-OH
912

Presented below are the noticeable IR spectra of clay samples (irradiated in the range 1...57 kGy).
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Fig. 4. FT-IR spectra of Na-bentonite clay, irradiated at different gamma radiation doses:
a—3;b-at6; c—28;d-57kGy

Fig. 4 shows structural alteration in irradiated
samples at different doses. After 3 kGy irradiation a
new peak appeared at 965 and 523 cm™ which presented
Si-OH and Si-O-Al bands (see Fig. 4,a) A weak loss of
“crystallinity” of bentonite could be observed. From 3

up 57 kGy occurs modification of bentonite clay
samples (see Fig. 4,a—c). But at dose of 57 kGy take
places destruction under ionizing radiation. As can be
seen from Fig. 4,d, after 57 kGy irradiation except for



the destruction of a solid phase of clays, there is
radiolysis of pore water.

Fig. 4,a—c shows the modification of bentonite
surfaces with y-rays. IR spectrum (see Fig. 4,b) is that
of the bentonite surfaces modified through hydrogen
bonding with y-rays at a dose of 6 kGy (see spectrum
Fig. 4,c) is that at a dose of 28 kGy (see spectrum
Fig.4,d) at a dose of 57 kGy intercalation of the
bentonite through hydrogen bonding of the inner surface
hydroxyls with y-rays causes a dramatic decrease in
intensity of bands at 3693 and 3650 cm™ attributed to
the inner surface hydroxyl groups is observed.
Activiation under the conditions at dose of 57 kGy and
room temperature, caused the bentonite to show an
increase in defect structures. Many studies have been
reported, trying to pin down the relations between acid
strength and short-and long —range structural factors,
such as Si-O-Al angles or Si-O, Al-O distances,
flexibility of the frame-work and electrostatic potencial
generated inside the cavities [21, 22].

At present there are few researches done concerning
the influence of radioactive irradiation on rock and
soils, including clay deposits. Radiation stability of
minerals usually reduces through quartz to
aluminosilicates: quartz- microcline-kaolin-hydromica-
montmorillonites. According to the statements of the
theory of radiation damages in a solid body, crystalline
structure of minerals in changed owing to interaction
among radiating particles and mineral constituent
elements, which are disturbed from equilibrium
condition at the points of the lattice and may cause the
displacement of other elements. Such processes lead to
crystalline structure disordering, vacancies making and
forming defects on the micro-level, finally all these
phenomena cause the change of mineral properties
owing to their amorphization special investigations have
shown that amorphization of quartz, which is one of the
minerals existing in clay (see Fig. 2,a), after being
irradiated is accompanied by an increase in its volume
to more than 17%. First of all, the irradiation influences
on structural bonds existing between minerals and its
aggregates.

It is necessary to pay a special attention to
radioactive stability of clay minerals, which interlayer
bonds usually results from unlike charged surfaces, or
cations, which are between the same charged layers.
Similar bonds are easily broken down when exposed to
radioactive irradiation  simultaneously — with the
structural bonds existing between mineral particles.
Change in valent bond vibrations of Si-O and AIl-O
inside a layer up to its fracture is observed on long-term
radioactive exposure. Besides there is dehydration of
crystallization water, and structural water in the form of
OH’ groups from the crystal lattice. The removal of
crystallization impact of chemical, physical-chemical
and physical and mechanical properties of clays, the
removal of structural water leads to a complete fracture
of clay minerals. Na-bentonite clay from Alpoid
(pH = 10) may be compared with Cambrian blue clays.
Because being part of clay minerals of Lower Cambrian
blue clays are represented by high-alkaline minerals,
interlayer links destruction will take place at low
enough radiation doses. The main structural defects in

clay minerals are developed on radiation exposure,
which is 10°...10° Gy. Thus, the process of destruction
of silico-alumina nucleus of clay minerals is becoming
more active in a particular sequence of cation out let of
crystal lattice: Fe** > Ca** > Mg®* > Na* > K* > Si*".
Except for the destruction of a solid phase of clays,
there is radiolysis of pore water, which results in the
formation of free radicals and the molecular
components causing the change of acid-alkaline and
oxidation-reduction conditions in a clay strata. In blue
clays organics and sulphids may be oxidized activity
while forming the process of radiolysis of pore water at
adsorbed doses up 10°...10" Gy EDX spectra confirm
existing sulphids in Alpoid clay (see Fig. 2,b). When a
comparison is made with other clays in Na-bentonite
case the destruction occurred at adsorbed doses
57...256 kGy region.

The surface modification of clay minerals especially
by gamma-rays, which occurs due to defects, could
improve markedly their surface, physical and chemical
properties so the modified bentonite clay could be
applied as catalysts, adsorbents and so on.

The modification of bentonite clay from Alpoid
deposit by gamma-rays creates future possible
perspectives. In works [20, 23] were shown that
irradiated Na-bentonite clay plays key role for
aromatization and  isomerization  reactions  of
hydrocarbons.

CONCLUSIONS

The studies performed by reflection — absorption IR
spectroscopy show the modification of Na-bentonite
clay by y-rays. The modified clays could be used as
catalyst for aromatization and isomerization processes.
This method is low-cost and environmental — friendly.

The results show that the destruction of Na-bentonite
clay minerals was occurred at 57 kGy.
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BJIUSIHUE TAMMA-OBJIYYEHUS HA CUJIMKATHBIE CJIOU
HAHOCTPYKTYPUPOBAHHOT'O Na-BEHTOHHUTA ITPM KOMHATHOM TEMIIEPATYPE
M.K. Hcemaunosa

N3yueHo Bo3neiicTBHE raMMa-Iydeidl Ha HaAaHOCTPYKTYPHUPOBAHHYIO OEHTOHHTOBYIO INIMHY M3 MECTOPOXKICHHS
Anwsnons. Bnustaue Beicokux 103 (10 256 xI'p) raMMa-u3nydeHust Ha CTPYKTYpy B MOHTMOPHJUIOHUTE HCCIIET0BaHO
¢ noMolIb0 UHppakpacHoW crniektpockonuu. [locne obmydeHus mpu fo3e 57 k['p CyLIECTBEHHBIX M3MEHEHUH He
Habmroanocs. beto oTMeueHo HeOONbIIoe M3MEHEHHE COAEP)KaHUs BOJBI, HO OHO HE HOCHUT CHCTEMaTHYECKOIO
xapakrtepa. Pe3ynpTaTel MOKa3bIBAIOT, YTO CTPYKTypa MOHTMOPHJUIOHHTa MOXET HAKalUIMBAaTh BBICOKUE O3B
panuanmy ¢ moBpexaeHrneM. OXumaeTcs, 9T0 MOAU(PUKAIIUH, KOTOPEIE, CKOpEe BCETro, OYIyT BHI3BAHBI N3TYICHUEM,
OyAyT HaXOOWTHCS BHYTPH CHIMKATHBIX CIIOeB. Mop@onorus HAHOKOMIIO3UTOB ObUIa H3ydeHa C MOMOIIBIO
CKaHUPYIOIIEH 3JEKTPOHHOW MHKPOCKONHH. B maHHOI paboTe BIMSHNE HOHM3HPYMOMEro m3mydeHus Ha Na-
OCHTOHMTOBYIO TJIMHY HccienoBaHo MetonoM FT-IR. Ot ciektpsl mokassiBatoT npurogHocts MK-Dypre-ananmsa
MOBEPXHOCTEH MUHEPAIOB I U3MEHEHHUS CIIEKTPOB, BBHI3BAHHBIC TIOBEPXHOCTHBIMH SIBJICHUSMHU.

BIIVIUB TAMMA-OITPOMIHEHHS HA CUJIIKATHI IAPU HAHOCTPYKTYPOBAHOI'O
Na-BEHTOHITY ITPU KIMHATHIW TEMIIEPATYPI
M.K. Icmainosa

BuBYeHO BIUIMB raMMa-TIpOMEHIB HAa HAHOCTPYKTYpOBaHy OCHTOHITOBY IJIMHY 3 poAoBHIIa AJbloin. Brumis
BUCOKHX 1103 (710 256 kI'p) raMMa-BHITPOMIHIOBaHHS HA CTPYKTYPY B MOHTMOPHJIOHITI JIOCII/DKEHO 3a JI0TIOMOTOI0
iHppauepBoHOi cnekrpockomii. [licns ompominenHs mpu no3i 57 k['p icroTHHX 3MiH He cmocrepiraiocs. byma
BiJ[3HaU€Ha HEBEJIMKa 3MiHAa BMICTy BOJM, ajle BOHa HE Ma€ CHCTEMaTHYHOI'O XapakTepy. Pe3ynbTaTH MOKa3yroTh,
II0 CTPYKTypa MOHTMOPHJIOHITY MOXKE€ HAaKONHWYIYBaTH BHCOKi 03WM pafiamii 3 momko/mpkeHHSIM. OdikyeTbes, 1o
Moudikarii, sKi, IBHUIIIE 32 BCe, Oy TyTh BUKJINKAHI BUPOMIHIOBaHHAM, epeOyBaTUMYTh BCEPEINHI CHIIIKATHUX
mapiB. Mopdooris HAHOKOMIIO3HUTiB Oyjla BUBUYEHA 3a JIOIIOMOTOI0 CKAaHYIOUOl €IeKTPOHHOI MIiKpOCKoIii. Y mii
poOOTI BIUIMB 10HI3YI0WOTO BHIIPOMiHIOBaHHSA Ha Na-OeHTOHITOBY InHy nociimkero metonoM FT-IR. Ii cnextpu
MOKa3yIoTh npuaaTHicTs [U-Dyp'e-aHamizy MoBepXOHb MiHEpaliB 1 3MiHH CHEKTPIB, SKi BUKIMKAHI TOBEPXHEBUMH

SIBUIIIAMH.
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