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Introduction and Objectives

The zeolitic volcaniclastic rock deposit corresponds to a rock which contains high amounts of one or more from the
different (more then 65) phases of zeolites. The zeolitic rock with numerous applications is the high quality HEU-type
(clinoptilolite-heulandite) zeolitic tuff. Among other quality characteristics, only HEU-type zeolitic tuff with >80 wt%
clinoptilolite-heulandite, <20 wt% clay minerals, free of fibres (e.g., fibrous zeolites such as erionite, mordenite,
roggianite, mazzite, etc) and free of SiO, minerals (quartz, cristobalite, tridymite) can be used as feed additive for all
animal species and consequently as nutrition supplement for humans. For all other environmental, industrial and
agricultural applications, the zeolitic tuff, among others, should contain <20 wt% clay minerals (except for the uses in
construction and cement industry) and >80 wt% clinoptilolite-heulandite (EU Regulation No 651/2013; Filippidis et al.,
2016a; Filippidis, 2016 and references therein). The HEU-type (clinoptilolite-heulandite) shows tabular crystals and
contains micro/nano-pores in a framework of channels with 10- and 8-memers rings, in dimensions of 7.5x3.1 A, 4.6x3.6
A, 4.7x2.8 A (Baerlocher et al., 2007; Mitchell et al., 2012). Natural zeolites are characterized by enhanced high cation
exchange capacity and selectivity, higher for monovalent cations and lower for bivalent cations. Therefore, zeolitic rocks
have already been proposed and successfully applied to the removal of fission products (e.g., Cs, Sr) and actinides (e.g.,
Th, U, Np, Pu) from effluents of the nuclear industry (e.g., Misaelides et al., 1995a,b, 2018; Godelitsas et al., 1996; Rajec
et al., 1999; Misaelides, 2011). Zeolitic rocks, ontaining e.g. clinoptilolite, chabazite, were used for the remediation of
the consequences of the Three Miles Island, Chernobyl and Fukushima nuclear accidents and, along with clay minerals,
were proposed as potential hosts for nuclear waste and as permeable reactive barriers for the cleaning of contaminated
ground waters (e.g., Misaelides 2019). HEU-type (clinoptilolite-heulandite) zeolitic tuffs have effectively been used, to
remove trace elements from wastewaters, and other different environmental, industrial and agricultural applications (e.g.,
Filippidis & Kantiranis, 2007; Vogiatzis et al., 2012; Filippidis et al., 2015a,b; 2016a,b; Filippidis 2016; Floros et al.,
2018; Kalaitzis et al., 2019). The aim of this study was the comparison of the cesium sorption ability between pulverized
high quality HEU-type (clinoptilolite-heulandite) zeolitic tuff and pulverized heulandite crystals.

Materials and methods

The high quality HEU-type (clinoptilolite-heulandite) zeolitic tuff (sample NA11) was obtained from specific continuous
layers of zeolitic tuff in Ntrista stream location of Petrota area of Evros region (sample NA11) whereas pure heulandite
crystals (sample HEU1) from the collection of the Dept. of Mineralogy-Petrology-Economic Geology (Aristotle Univ.).
The mineralogical composition of the samples was determined by X-Ray Diffraction (XRD). The sample NA11 consists
of 86 wt% HEU-type zeolite, 4 wt% micas + clay minerals, 4 wt% christobalite and 4 wt% feldspars, while the sample
HEUL is pure (100 wt%) heulandite. The combined methods of SEM-EDS, thermal treatment and XRD (Kantiranis et
al., 2006, 2011) applied in the sample NA11, revealed that the HEU-type zeolite presents characteristics of group 1 zeolite
(clinoptilolite) and of group Il (Intermediate heulandite). The mineral-chemistry of the zeolites was determined by SEM-
EDS microanalyses. The chemical formula of the HEU-type zeolite (NA11) is CaisK1.0Mgo.7NaosAls.4Si2e 5072 21H-0,
whereas that of pure heulandite (HEU1L) is CasgNa1.0Ko2Sro.2Bag1Als1Siz7.6072-21H20. The uptake ability of the NA11
tuff sample, measured by the AMAS (Ammonium Acetate Saturation) method (Kantiranis et al., 2011), was 231
meq/100g, while the corresponding value for the heulandite (HEU1 sample) 296 meq/100g. The cesium sorption ability
of the two materials (500 mg/L CsNOj; aqueous solutions of pH 2-12 labelled with *¥’Cs) was determined, after
equilibration for 24 hours and separation of the solid and liquid phase by filtration and centrifugation, using a gamma-ray
spectroscopy (measurement of the 661 keV radiation emitted by *37Cs).

Experimental results and conclusions

The experimental results showed that the cesium sorption ability of the HEU-type (clinoptilolite-heulandite) zeolitic tuff
(sample NA11) was higher than this of the pulverized pure heulandite (HEU1) (Fig. 1). This is most probably due to the
contribution of the nano/micro of the HEU-type zeolite (86 wt%) and the micas+clay minerals (4 wt%), as well as the
meso/macro-pores of the zeolitic tuff to cesium cation sorption, while in the case of pure heulandite only the micro/nano-
pores of the crystals contributed to the cesium removal from the solutions. The chemical composition of the zeolites
(zeolite chemistry) can also influence their uptake ability. The cesium sorption ability was not significantly affected by
the solution pH. The lower uptake value observed in the case of solutions with initial pH 2 is, most probably, due to the
competition of the Cs*- with H*- cations. HEU type zeolites exhibit an amphoteric character having the ability to neutralize
the solutions acting either as a proton acceptor or as a proton donor (Fig. 2). Cesium is present in aqueous solutions of
pH 2-12 always in Cs* cationic form.
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Fig 1. Variation of Cs uptake capacity of zeolitic tuff (NA11) Fig 2. Variation of pH in the solutions after using the
and of pure crystals of heulandite (HEUL) in accordance with zeolitic tuff (NA11) and the pure crystals of heulandite
the initial pH of the solutions. (HEU1), in comparison with initial pH of the Cs traced

aqueous solutions.
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