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FOR NUCLEAR WASTE MANAGEMENT

S. Erenturk, S. Haciyakupoglu

Istanbul Technical University
erenturk@itu.edu.tr

Abstract: In this study, modified bentonite was used as man-made barrier systems to investigate occurring
reactions with interaction of °Se with barrier material systems to protect the environment from radioactive
contamination. Thermodynamic parameters of interaction between dominant ion species of selenium and
modified bentonite depend on contact time were investigated. In the interaction between modified bentonite
and selenium, enthalpy (AH), entropy (AS) and Gibbs free energy (AG) were found to have different behaviours
depending on the contact time. The adsorption enthalpy increases the duration of the endothermic reaction to
the exothermic reaction one hour after the transition and endothermic reaction occurs after two hours.
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1. Introduction

For long-term storage of high level nuclear waste in geological repositories besides natural
geologic barriers human made multiple-barrier systems are used to prevent dispersion of long-lived
radioactive elements in waste to the surrounding environment in a probable accidental or unexpected
situation. This type of barrier systems can stop long-lived radionuclides in waste before they arrive to
earth’s surface even if they disperse to the environment and prevent reaching of groundwater to waste.
Therefore, it is necessary to have good knowledge about probable reactions in material after
interaction of radionuclides with human made barrier materials (Bruggeman et al., 2005; Grambow,
2008).

Selenium (Se) is a very long-lived fission products and is one of the important redox sensitive
elements in nuclear waste. There is not so much information about interaction of "°Se which are very
long-lived fission products with barrier materials (Jordan et al., 2009; Chen et al., 1999).

This study was aimed to determine thermodynamic behaviours of "°Se on modified bentonite.
Thermodynamic parameters such as enthalpy (AH), free energy change (AG) and entropy change (AS)
of selenium adsorption were investigated from equilibrium adsorption data depend on contact time.

2. Materials and methods
The original selenium dioxide compound was irradiated in central irradiation tube of TRIGA
Mark 1l nuclear reactor at Istanbul Technical University at 250 kW in 1 h. The stock solution of

selenium(IV) (1780 mg/L) was prepared by dissolving appropriate amounts of irradiated selenium
dioxide compound (SeO., Fluka, 99% purity) and used as radiotracer.
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Batch experiments were carried out by using radioactive selenium solution satisfying
liquid/solid ratio at different temperature and contact time. Data for thermodynamic studies were
obtained by determination of "°Se radioactivity at high resolution gamma spectrometry system. In the
measurements, adjusting the statistical confidence level to 1o raises the accuracy of results. Counting
time can be applied as 30 min related to the expected activity. The area of the peak in a gamma
spectrum is a measure of the interested isotope resulting from interaction of gamma-radiation of
corresponding energy in the radiation detector. Peak areas of "°Se at 136 keV gamma-rays in the
spectrums are determined by using nuclear analysis software programs. Calibration of gamma
detection system is based on the rightly determination of net peak areas in the gamma-ray spectrum
to the amounts of the elements present in the sample under studied experimental conditions. A
standard point source such as >2Eu is used in energy calibrations of the spectra.

In the adsorption process, the variation in thermodynamic parameters (AH, AS and AG) are
very important to determine the spontaneity of adsorption process. AH, AS and AG parameters were
obtained from adsorption experiment data in the temperature range of 273-323 K depend on time
from 15 min to 240 min.

3. Results

To investigate the effect of temperature, the sorption of Se(1V) ions onto modified bentonite
was studied in the temperature range of 273-323 K. The adsorption of Se(IV) on modified bentonite
increased with increasing temperature till 1 h of contact time. This downtrend can be explained by the
endothermic spontaneity of the Se(1V) adsorption. After 1 h of contact time, the adsorption of Se(IV)
on modified bentonite was decreased with increasing temperature by the exothermic spontaneity.
Uptrend changed after 2 h of contact time which indicate that the Se(lV) adsorption process was
endothermic.

A similar trend was observed for Gibbs free energy. The Gibbs free energy values, which are
positive for short periods of time, turn negative Gibbs free energy value as a result of the contact time
of 45 min. After 3 hours, the Gibbs free energy value is again positive.
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Pestome: B oTOM WccieqoBaHUM MOTUQUIMPOBAHHBIA OCHTOHUT OBUT WCIIONB30BAaH B KA4eCTBE
MCKYCCTBEHHBIX OapbepHBIX CHCTEM JUIS M3yYEHHs MPOMCXOISIIMX PEaKIHi IPU B3aUMOACHCTBUH '°S€ ¢
CUCTEeMaMH OapbepHBIX MAaTEPUAIOB IS 3alIUTHl OKPYXKAIOUICH CpPelbl OT PaaMOaKTHBHOTO 3arpsi3HEHUS.
N3ydeHbl TepMOIUHAMHYECKUE TapaMeTphl B3aUMOJCHCTBHS JTOMUHHMPYIONIUX BHJIOB HOHOB CEJicHa H
MOJTU(PHUIIMPOBAHHOTO OCHTOHWTA B 3aBHCHMOCTH OT BpPEMCHH KOHTaKTa. B3anMOJEHCTBHE MEXIY
MOIU(DUIIMPOBAHHBIM OCHTOHUTOM M CEJICHOM ToKa3ano, 4to sHTanbnus (AH), satpomus (AS) n cBobogHAs
sHeprusi ['m66ca (AG) MMEIT pa3IUYHOE TOBEJACHHE B 3aBUCUMOCTH OT BPEMCHU KOHTAKTa. DHTAIBIIHS
aJIcCOpOIIMU YBEIMYHUBACT MPOJOJIKUTEIBHOCTh SHAOTSPMHUYCCKON PEaKIMU JI0 SK30TCPMHUYCCKON peakiuu
Yyepe3 O/IMH Yac Mocye NMepexo/ia, a 3HJ0TEPMUYECKas PEaKIys IPOUCXOIUT Yepes 1Ba Jaca.

Knwouesvie cnosa: snepHble OTXOIbl, UCKYCCTBEHHbIE Oaphepbl, MOAMMDUIMPOBAHHBIN OCHTOHHT, CEJEH,
TEPMOIUHAMUYECKUE TTAPAMETPBHI.

NUVO TULLANTILARININ iDARO OLUNMASI UCUN BARYER MATERIALINA
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Xiilasa: Toqdim olunan mogalodo, atraf miihitin radioaktiv ¢irklonmadan qorunmasi {iglin baryer material
sistemlari ilo "Se'nin qarsiligh tasirindon bas veran reaksiyalari arasdirmaq iigiin siini baryer sistemlari kimi
modifikasiya olunmus bentonit istifado olunmusdur. Selenyumun dominant ion névlari ilo kontakt
miiddatindon asili olan modifikasiya olunmus bentonit arasindaki qarsiligli alaganin termodinamik parametrlori
aragdirilmisdir. Miiayyan edilmisdir ki, modifikasiya olunmus bentonit va selenyum arasindaki qarsiligh slage
zamani entalpiya (AH), entropiya (AS), Gibbs azad enerjisi (AG) kontakt miiddstindon asili olaraq miixtalif
tobiotloro malik olurlar. Adsorbsiya entalpiyasi kegiddon bir saat sonra endotermik reaksiya miiddatini
ekzotermik reaksiya miiddotine artirir vo endotermik reaksiya iki saatdan sonra bas verir.

Acar sozlar: niivo tullantilari, siini baryerlor, modifikasiya olunmus bentonit, selenyum, termodinamik
parametrlor
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