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Abstract: As a result of nuclear weapons testing, nuclear accidents and leaks from high level waste storage
sites significant quantities of radionuclides have been released to the environment. Therefore, presence of
radionuclides and toxic metals in wastes are a major environmental concern. Considering that cesium (ti2: 30.1
y) radionuclide has long half-life, radioactive wastes containing cesium are considered to be dangerous
pollutants and their migration by groundwater is strongly affected by their adsorption on the geologic materials.
Sorption processes of radionuclides help to understand prediction of their mobility. We investigated sorption
of cesium in batch experiments for different barrier materials to examine concentration effect under ambient
experimental conditions. The adsorption data was subjected to four different adsorption isotherms (Freundlich,
Dubinin—Radushkevich, Langmuir and Temkin). Hence, various adsorption constants were obtained from the
slope and intercept of isotherm graphs. The main energy of adsorption was also calculated from the adsorption
isotherms.
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1. Introduction

Since the chemical behaviour of radioactive isotopes is almost the same as that of their natural
stable counterparts, non-radioactive stable isotopes may be used to explain the interaction of some
important barrier materials in nuclear waste management with radioactive waste and to examine their
structural behaviour against such wastes. In this way, the effects of interaction between temperature
and time-dependent nuclear waste and barrier materials can be examined (Putman, 1956).

Cesium radionuclide in radioactive waste is considered to be dangerous pollutants and their
migration by groundwater is strongly affected by their adsorption on the geologic materials of nuclear
waste deposition areas. Considering that cesium (t12:30.1 y) radionuclide has long half-life, presence
of this radionuclide and toxic metals in wastes is a major environmental concern. Sorption processes
of radionuclides help to understand prediction of their mobility (Ararem et al., 2013; Chen et al.,
2016).

This work aims to investigate the ability of man-made barrier material to predict Cs mobility
in aqueous solutions by testing the isotherm models, thermodynamic parameters and the diffusion
parameters.

2. Materials and methods
Amino pyridine sulfonamide resin was used as a barrier material for simulated nuclear waste

deposition area. Pure cesium nitrate (Merck) was used for adsorption experiments. Solutions of
cesium were prepared by dissolving known quantities of cesium nitrate in distilled water.
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For pH adjustment of cesium solutions, the buffers of pH 4 and 8 were used for the calibration
of pH meter. Solutions of HNO3z and Na.CO3-NaHCO3 were added for pH adjustment.

0.1 g barrier material in a polyethylene tube was interacted with 25 mL of non-radioactive
tracer solution of known concentration in a flask at ambient temperature in a thermostated shaker
water bath for a known period of time. After equilibration, solid and solution phases were separated
by filtration using Whatman No. 40 filter paper.

The cesium concentrations in solution were determined by ICP-OES (Perkin Elmer). The
results are the average of at least duplicate independent measurements. Adsorption efficiencies (%)
were calculated using mass balance equation.

3. Results

According to the results, the adsorption of monovalent ions in the barrier material showed a
low concentration and the adsorption efficiency remained constant with the increase in concentration.
It has been observed that the adsorption capacity of the barrier material against monovalent ions is
low. Adsorption capacity for monovalent cesium ions was found as 0.12 g.

Sorption isotherms provide sufficient physicochemical information about mechanism
properties and tendency of the adsorbent for target species by analysis of the experimental equilibrium
data between the ion and solid surface. Adsorption equilibrium data were adapted to different
adsorption isotherm models such as Langmuir, Freundlich, Dubinin-Radushkevich (D-R) and
Temkin. The correlation coefficients (R?) indicate the suitability of the adsorption data to the
isotherms. According to the results, Dubinin-Radushkevich (D-R) (R?=0.99) and Temkin (R?=0.90)
isotherms were found to be in good agreement for monovalent ions.

Thermodynamic considerations of an adsorption process are necessary to conclude whether
the process is spontaneous or not. Gibb’s free energy change, AG®, is the fundamental criterion of
spontaneity. Thermodynamic parameters such as enthalpy change (AH®), entropy change (AS®) and
free energy change (AG®) were estimated using the related equations. The positive value of enthalpy
for cesium ions indicates that the interaction is an endothermic reaction which consumes energy.
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Pe3tome: B pesynbTate UCHBITAHUI SOEPHOTO OPYXKHS, SIEPHBIX aBapUid W yTeueK U3 XPaHWIHII
BBICOKOAKTUBHBIX OTXOAOB 3HAYUTEIbHbIE KOJUYECTBA PAJUOHYKIMIOB IONAIM B OKPYKAIOIIYIO CpeLy.
[TosTOMY Hanuyue paAUOHYKIUAOB U TOKCHYHBIX METAIJIOB B OTXO/AAX SIBISCTCS CEPhE3HON HKOJIOTHYECKON
npoOsiemMoil. YuuteiBas, uTo paguoHyknua muesus (tiz: 30.1 y) uMeeT UIMTENbHBIN MEpHOA MONypacnaja,
paluOaKTUBHBIE OTXOIbI, COAEPKAILUE LE3UH, CUMTAIOTCS OMACHBIMHM 3arpsA3HUTEISIMHM, M MX MHUIpalus
NOJ3E€MHBIMH BOJAMHU CHJIBHO 3aBHCHUT OT MX aJCOpPOLHMM Ha TeoJorMYeckux marepuanax. CopOLHOHHBIC
MPOIIECCHl PaTUOHYKIIMIOB IIOMOTAIOT MOHSATH MPOTHO3 WX MOABMXHOCTHA. MBI UCCIIEIOBATIH COPOLIUIO LIE3Us
B TIEPHOAMYECCKUX OKCHEPHUMEHTaX JUIS DPa3iINyHBbIX OapbepHBIX MAaTEpUANIOB, YTOOBI HM3YYHUTh BIUSHHE
KOHLIEHTPALMK B YCIOBHUSIX OKpYy>Karollel cpensl. JlanHble 110 aacopOury MOABEPraIuch YETHIPEM Pa3IUIHBIM
nzorepmam ancopouun (@perinanux, Ayounun — Pagymkesuu, Jlenrmioop u Temkun). CnemoBatenbHO,
pa3nvHble KOHCTAHTHI aCOPOIMH ObUTH MOJTYYEHBI U3 HAKIIOHA U MEPECCUCHHST U30TEPMUIECKUX IPadUKOB.
OCHOBHYIO 3HEPTHIO a[ICOPOLMHU TaKKE PACCUUTHIBAIM 110 H30TEpMaM afcopOLuu.

Knrouesnie cnosa: sinepHble 0TX0/bI, OapbepHBIN MaTepual, copOIus, B3aUMO/JICHCTBUE, N30TEPMBI, TIC3HH.
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Xiilasa: Niiva silahlarinin sinaqdan kegirilmasi, niiva gozalart va yliksok saviyysli tullant1 saxlama yerlarindan
sizmalar noticasinds otraf miihito ciddi migdarda radionuklidlor yayilir. Buna goro do, tullantilarda
radionuklidlorin vo zohorli metallarin olmasi otraf miihit ticiin bdyiik bir tohliikadir. Sezyum (ti2: 30.1 y)
radionuklidinin uzun Omiirlii olmasini nozars alsag, sezyum ehtiva edon radioaktiv tullantilar tohliikali
cirklondiricilor hesab edilir vo onlarin yeralti sular vasitasilo harokoti geoloji materiallar {izorinda
adsorbsiyasindan ciddi sokilda tosirlonir. Biz otraf miihitin eksperimental soraitinde konsentrasiyanin tasirini
aragdirmaq magsadi ilo bir ¢ox tocriibalorde miixtalif manes materiallart iigiin sezyumun sorbsiyasini todgiq
etdik. Adsorbsiya molumatlar1 dord forgli adsorbsiya izotermino (Freundlich, Dubinin-Radushkevich,
Langmuir va Temkin) moruz galmisdir. Buna gérs, yamacdan vo izoterm qraflarinin kosilmosindon miixtolif
adsorbsiya sabitlari olds edilmisdir. Adsorbsiyanin asas enerjisi do adsorbsiya izotermlorindon hesablanmigdir.

Acar sozlar: niiva tullantilari, bariyer materiallari, sorbsiya, qarsiliqh slagoe, isotermlar, sezyum
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