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Natural clay is a perspective material for application as sorbents for wastewater treatment as well as for sorption of
radionuclides, where the properties of the clays can be changed under influence of ionizing radiation. For application of
Latvian illite/kaolinite clays for isotope sorption it is important to characterize the physic-chemical properties of pre-
prepared air dried clays. Two fractions of the illite clays were selected. A fraction with grain size 100 um (SiO2 content
60.9 + 1.5 wt.%, specific surface area 35 m?/g) and a sand free fraction — 2 um (SiO2 47.7 + 1.9 wt.%, specific surface
area 38 m?/g). Selected fractions were irradiated with accelerated electrons (5 MeV, ELU-4, Salaspils, absorbed dose up
to 500 kGy). Non-irradiated and irradiated clays were analysed with means of Fourier transform infrared (FT-IR)

spectrometry.
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1. INTRODUCTION

Clays and ceramics have important role as building and
construction materials [1]. Various natural clays are
considered for treatment of wastewater containing heavy
metal [2, 3] ions, as well as radioactive elements, such as
187Cs [4] and ®Co [5]. There is perspective of clay
application for in situ immobilization of metal ions in soil
[6].

Latvian natural clays are commonly used as building
materials and are suggested for use in the hydrogen cells [7].
For spreading the field of application of the Latvian natural
clays, the radiation modification and investigations of
modified clays is necessary.

In this research we characterize the initial structure and
composition of differently fractionized Liepa clay as well as
perform radiation modification under action of accelerated
electrons. Irradiated clays are analysed with spectrometric
methods.

2. EXPERIMENTAL

Devonian clay of Liepa deposit was chosen as a raw
material. Two fractions of clay < 100 pm and < 2 pm were
prepared for the irradiation with accelerated electrons. The
coarser clay fraction was prepared by screening of natural
clay suspension without electrolyte and it contains 55 wt.%
of solid particles. Dispersion of clay particles aggregates
was carried out in the quick mixer 1000 rpm. After
dispersing, the suspension was separated using a vibrating
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screen Analysette 3 PRO and a 100 micrometre sieve. The
suspension obtained after screening was dried in the
temperature 60 °C. The second fraction was also from
natural clay obtained by sedimentation method using
suspension of clay and 0.1 % of sodium pyrophosphate as a
dispersing agent and additional an ultrasonic dispersion.
After dispersing the suspension, pour 1 L into a measuring
cylinder and make up to the mark. Sedimentation time in the
cylinder was 3 days. Pour the top of the suspension after this
time into the vessel and evaporate the water by drying.
Specific surface was determined by applying Brunauer-
Emmet-Teller (BET) method.

Irradiation was performed under action of accelerated
electrons with energy up to 5MeV (linear electron
accelerator facility, ELU-4, in Salaspils, Latvia). Samples
were placed perpendicular to the electron beam. Irradiation
dose was approximately 1 kGy/s, absorbed doses up to
4900 kGy, samples were held at room temperature.

Both fractions prior and after irradiation were
investigated with infrared and electron spin resonance
method. X-ray fluorescence spectrometer Bruker Tiger S8
was used to determine the chemical composition of both
fractions. Crystalline phase composition was analysed with
Bruker D8 Advance X-ray diffractometer Cu Ka radiation
(L =1.5418 A) LynxEye detector operating at 40 kV and
40 mA with 0.6 mm divergence slit, 8.0 mm anti-scatter slit
20 range from 3° to 70° with increments of 0.02° and a
counting time of 05s per step.
Thermogravimeter/Differential thermal analysis device
SEIKO EXSTAR 6300 was used to analyse the water



release process from the clay structure. Clays were heated
in air, diluted with argon, gas flow 200 mL/min. The heating
products were guided to the infrared spectrometer (Bruker
Vertex 70v) and the Fourier transform infrared (FTIR)
spectra were recorded, resolution * 2 cm, spectral range
600-4000 cm™. Chemical bonds in non-irradiated and
irradiated clays characterized with attenuated total
reflection FTIR (ATR-FTIR), Bruker Vertex 70v, resolution
+ 2 cm?, spectral range 400 —4000 cm, vacuum 2.95 hPa.
ESR spectra are recorded using Bruker BioSpin X-band
spectrometer, microwave frequency 9.8 GHz, microwave
power 0.2 mW, operating at room temperature, Bruker ER
221TUB/3 clear fused quartz quality sample tubes.
Reference marker ER 4119HS-2100 with g-factor
1.9800 + 0.0005, concentration of electrons 1.15 x 107 %.

3. RESULTS AND DISCUSSION

The characterization of the specific surface area of the
two selected clay faction was performed with BET method
and the specific surface area for a fraction with grain
diameter 100 um was 35 m?/g and for a sand free fraction —
2 um 38 m?/g. The analysis with means of XRF of two
fractions of Liepa clay show that they both contain SiO-,
Al,O3, Fe;03, MgO, Ca0, P,0s, TiO,, K>0.

Table 1. XRF data for content of oxides in Liepa clays with grain
diameter 100 pm

Oxide Oxides content in Liepa clay, %
SiO2 64+£2
Al30Os3 20915

K20 55+04

FesOs 5.39+0.19

MgO 1.86 +£0.03

TiO2 1.20 £0.05

CaO 0.3%1.0

P20s 02+04

The biggest difference between a fraction with grain
diameter 100 um and fraction with grain size 2 um is, that
fraction with grain size 2 um do not contain SiO».

The analysis of crystalline phase composition by the X-
ray diffractometry show that both fracions contain illite and
kaolinite. In the 100 um Liepa clay fraction the quartz
diffraction lines have the highest intensity. The X-ray
diffractograms of 100 and 2 um fraction are presented in
Fig. 1.
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Fig. 1. X-ray diffractograms of the 2 and 100 um clay fractions
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Thermal analysis of the Liepa clay allows to determine
the water release steps, thermogravimetry/differential
thermogravimetry curves of the 2 um clay fraction are
shown in Fig. 2. The mass decrease is related with the
desorption of water and dihydroxylation of clay minerals
kaolinite and illite. The water peaks were registered while
heating the clay with the coupled system TG-FTIR. The
mass loss can be distinguished in four main steps with
maximal mass decrease rate at around 340, 580, 750 and
840 K, respectively. The water located in micropores is
released in the temperatures up to 400 K. Water molecules
more closely bonded to the mineral structure are released in
500-600 K. Mass decrease from 700-900 K cam be
related with elimination of the structural OH-groups [8].
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Fig. 2. Thermogravimetry, differential thermogravimetry of the
2 um Liepa clay fraction, heating rate 10 K/min

To understand impact of accelerated electrons to clay
structure, FT-IR ATR analyses were performed for
irradiated and non-irradiated Liepa clays.

In this study, non-irradiated and clays, irradiated with
20, 100, 200 and 500 kGy were investigated for clay
fraction with grain size 2 um, and non-irradiated and clays,
irradiated with 20, 100, 200, 300, 500, 750, 1000, 1500,
2000 and 4900 kGy for Liepa clays with grain size 100 pum.

Most of the chemical bonds for compounds determined
by XRF analysis were determined using FT-IR ATR
spectrometry. Oxide bonds at Fig. 3, Fig. 4 and Fig. 5 can
be observed at different wavelengths. Chemical bonds
corresponding to Fe;O3; can be observed at 490, 570 and
650 cm™ [9, 10]. Al,O3 chemical bonds can be observed at
479, 713 and 453 cm* [11]. One MgO chemical bond can
be observed at 548 cm? [12]. CaO bond is observed at
738 cmt [13]. Different chemical bonds for P,Os can be
observed at 600, 790, 930 and 1195 cm™* [14]. But for TiO;
chemical bonds can be observed at 440 and 850 cm™ [15].

The differences in FTIR spectra between irradiated and
non-irradiated clays are determined. The main changes are
in the intensities of different signals and these changes occur
due to irradiation under action of accelerated electrons with
energy up to 5 MeV.

Differences in spectrum between irradiated and non-
irradiated clays, mostly, can be seen in the ranges
400-600 cm* and 8001200 cm™. The most differences
between 100 um and 2 um clay fractions are due to amount
of SiO; in both clay fractions. In 100 um fraction, the
amount of SiO is much higher. In FT-IR spectrum, SiO;
bonds can be observed at range of 900 — 1000 cm™. A strong



signal is at the frequency of ~ 950 cm™. The peak near
460 cm* can be assigned to the quartz (SiO2) [16].
Irradiation dependent changes occur in free radical
electrons in 2 um fraction. 100 um fraction no exact
correlation between absorbed dose and free radicals occur.
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Fig. 3. FTIR spectra of 100 um clay fraction before irradiation and
irradiated with absorbed doses up to 4900 kGy
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Fig. 4. FTIR spectra of 100 um clay fraction before irradiation and
irradiated with absorbed doses up to 500 kGy
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Fig. 5. FTIR spectra of 2 um clay fraction before irradiation and
irradiated with absorbed doses up to 500 kGy

Analysis of free radicals in the 100 um fraction show
that in the initial clay are several paramagnetic centres.
Broad signals with g-factors around 4.2 indicate to presence
of Fe* ions [17, 18] (Fig. 6 and Fig. 7). Several signals can
be distinguished around the g-factor 2 (Fig. 6), such as
electron hole located at m orbital of an oxygen atom,
g = 2.001, located at the vicinity of a Si-O bond [19, 20].

Irradiation of this fraction causes minor changes in the Fe®*
ion signal, while the signals around g = 2 are changing, but
without visible dependency from the irradiation dose. This
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Fig. 6. ESR spectra of 100 pm clay fraction before irradiation and
irradiated with absorbed doses up to 500 kGy

In the ESR spectra of 2 pm fraction the spectrum of
non-irradiated clay is like to the spectrum 100 pm clay
(Fig. 6, Fig. 7). Fe** signal occurs as well; the value of g-
factor is slightly changed. Difference occur in the case of
irradiated clay. By removal of the SiO; fraction and change
of the preparation method, the radiation stability of
paramagnetic centre with g = 2.001 can be estimated. Slight
changes occur, but the overall concentration is not
significantly affected due irradiation up to 500 kGy.
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Fig. 7. ESR spectra of 2 pum clay fraction before irradiation and
irradiated with absorbed doses up to 500 kGy

The main radiation effect occurs at the absorbed doe
100 kGy, where and additional ESR signal occurs with
g = 3.5, that shows, that 2 um clay are radiation stable below
absorbed doses 100 kGy.

4. CONCLUSIONS

Characterization of content, chemical bonds and
paramagnetic centres in two differently prepared Latvian
natural Liepa clay fractions is performed. The main
differences between both fractions are due to presence of
silicon oxide. Irradiation under action of accelerated
electrons up to absorbed doses 500 kGy does not cause
detectable changes in the Liepa clay. The obtained results
about the physic-chemical properties of the various fractions
of the Latvian clays can be used for application of these
clays for isotope sorption.
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