
J^KAJ <J J lNIS-mf — 1 4 3 5 2

Natural sorbents as barriers against migration of radionuciides

from radioactive waste repositories; Q I

I. G. Stefanova, G.D.Gradev •£
Institute fur Nuclear Research and Nuclear Energy

Bulgarian Academy of Science

Introduction

The radioactive wastes from the Nuclear Power Plant in Bulgaria, both

low- and intermediate level and high-level wastes have to be safely disposed

and isolated from the human environment.

Natural inorganic sorbents are known to act as effective barriers against

radionuclide migration from radioactive waste repository and could be used as

a buffer, backfill and sealing material [1.2]. The natural bentonite is proposed

as a buffer and backfill material in granitic rock repositories [3-5] and it's

performance is estimated in field tests in Stripa mine [6]. The excavations in

clay repositories could be backfilled with crushed clay [7]. Ilite and kaolinite

have been proposed for shafts backfilling [8]. Zeolites could be used as an

additives to the bentonite to increase the retention of cesium-137 [9].

Komarneni and Roy [10] reported that a barrier of a tailored made mixture

1:1 zeolites (clinoptilolite and mordenite or phillipsite) sorbs the radioactive

isotopes of cesium, rubidium and strontium. The presence of sorptive minerals

in the host rock and the surrounding geological structures increases the

retention properties of the strata. The Boom clay contains smectite and

vermiculite [7]. D.L.Bish et al [11] reported that the migration of cesium,

strontium and barium from the proposed repository in Yucca Mountain

decreases with the increase of clinoptilolite content in the tuff.

The sorption properties of Bulgarian natural inorganic sorbents -

zeolites, clays - vermiculite. bentonite, glauconite, etc., have been studied in •

our Department for many years.

The report focuses on the sorption properties of some minerals that

could be used as a buffer, backfill and sealing material, or that their presence

in the geological strata decreases the migration of radionuciides.

Zeolites

Natural zeolites are members of the large family of alumosilicates. The

fundamental building units SiC>4 and AJO4 tetrahedra are linked together to



three dimensional network. The substitution ot Si1^ by Al"1 creates a negative

charge which is neutralized by exchangeable cations located in the cavities and

channels of the structure [12.13J

Clinoptilolite, mordenite. phillipsiic. chabasite are studied b\ many

researchers in order to be used in the km exchange practice for removal of

ammonium from the sewage water.s [14-17]. liquid radioactive waste

decontamination [14,18-23]. water softening and removal of heavy and transition

metal ions from potable and waste waters [24-26], sorption of potassium

ions [27,28], etc.

In our Department we have studied the sorption of different types of ions

on Bulgarian clinoptilolites - alkali cesium, rubidium and potassium ions, alkali

earth strontium and barium, and transition and heavy metal ions - cobalt,

manganese, lead, silver, zinc, cadmium, etc. [29-34]. This includes determination

of ion exchange capacities under batch and dynamic conditions, study of the

effect of competive ions, different inorganic substances both complexing and

noncomplexing, organic complex builders, pH, temperature, etc., determination

of the values of thennodynamic and kinetic parameters, study of the selectivity of

zeolites both in standard binary system and for trace amounts of radionuclides,

etc. Summary of the results, concluding that clinoptilolite is attractive as a barrier

against radionuclide migration is given in Table 1.

High sorption capacities of clinoptilolite for certain radionuclides in

radioactive waste - cesium-137, strontium-90 and cobalt-60 are determined. The

thermodynamic data shows that clinoptilolite has high selectivity for cesium,

rubidium, silver, lead, strontium and barium over sodium, calcium and

magnesium. The selectivity sequence obtained from the values of thermodynamic

constants and standard free energies of exchange is as follows:

C s + > T l + > K + > N H 4 + > A g + > P b 2 + > S r 2 + > > Z c 2 + = C d 2 + > N a + >

This means that in the underground environment clinoptifolite will retard

the transport of some important fusion products as cesium-137 and strontium-90.

The radiation stability of clinoptilolite is high. No structural changes or

changes in the sorptioD properties are observed when clinoptilolite i: irradiated

up to 107 Gy.



The thermal stability depends on the type ol exchangeable cations. At

lower temperatures [400°C - 45l)llC] calcium dinoptilolitc undergoes structural

changes, while structural changes with the sodium clinoptilolite are observed at

temperatures 700°C. The rapid thermal loading of calcium clinoptilolite at 400°C

decreases twice the retention of cesium-137. strontium-90. silver-lldm,

cerium-144. but insignificant changes in the sorption properties are observed ai

heating of 200°C.

Six deposits of clinoptiloliic arc ubtain in Bulgaria. They are located in the

\ E Rhodope Mountain in the south-east part of Bulgaria. The zeolitization is

related to the alteration of vitric pyroclastic material under marine

conditions [35]. The zeolite content varies in some extent in the different deposits

and reaches 82 - 85% in Beli plast and Kostino deposits [36,37]. The zeolite rock

contain also small quantities of other authogenic minerals - montmoriJonite or

celadonite. chlorate, adularia. cristobalite, etc.. crvstalloclasts - quartz,

plagioclase, sanidine, biotite, etc., and lithoclasts [38]. The chemical composition

of monomineral zeolite fractions is given in Table 2.

The chemical composition shows that three varieties of clinoptilolite exist -

sodium [Kostino, Moryamzi], potassium [Beli bair, Most] and calcium [Beli plast,

Golobradovo].

We have compared the sorption properties of clinoptilolite rucks from

different deposits in order to obtain the suitable sorbent for radioactive isotopes

cesium-137, strontium-90 and cobalt-60. A mordenite rock from Lyaskovetz

deposit is also included. It contains 90% mordenite and small amounts of

celadonite. opal and chalcedony. The sorption properties are estimated by

determination of the batch sorption capacities for different radionuclides [cesium,

strontium, cobalt, cerium, zinc, lead and manganese] of untreated natural zeolites

I and their cation modified forms [sodium, calcium and ammonium]. The sorption

-* of trace amounts of cesium, strontium and cobalt radionuclides from synthetic

solutions is studied. The solutions contain boric acid that does not influence the

i sorption of the above mentioned radionuclides, and small amounts of lithium

(1.10'5 N), ammonium (1.10~* N) and variable concentration of potassium

cations (1.10""* and 1.10"3 S) that strongly competes the sorption of

radionuclides. Some of the results are given in Table 3.



It i> round thai clinopiiiohu >.;in higher jonsiimi oi .-.odium and calcium

in the ion exchange complex oi the mymoMlicate matrix have considerably higher

sorption capacities compared to tho.-.;.- containing greater quantity ot potassium.

Radionuclides from the external >oiirjon hardh rcpuur poiassiuir. cation.", in the

structure of the zeolite. The modification ot the zeolite in .-.odium lorm not onh

increases the thermal stability, as mentioned abo\c. nut also increases the

sorption of radionucJides. The ion exchange isotherms show that the selectivity oi

mordenite forcesium-137 is higher than the selectivity uf dinoptilolites. Markablc

retention of radioactive stromium and cobalt on sodium and calcium varieties of

clinoptilolite is observed.

The desorption of radiunuclidcs from loaded .^olaes is an important

facior in the assessment of their performance as buficr. backfill and sealing

material. It is very difficult to desorb radionuclides from loaded zeolites In

dynamic conditions only 1M KNO, and 5M NaCl desorbs cesium-134. Lower

than We of cesium-134 is desorbed in batch desorption study with different

synthetic ground waters.

On the basis of the stud> of sorption properties of natural zeolites a -

technology for decontamination ot low level laundn wastes is developed in our

Department. The radionuclides are sorbed on natural form of clinoptilolite after

separation of the detergents. Ion exchange step is included in the pilot plant for

treatment of radioactive wastes from nuclear applications, which is under

construction now. Decontamination from radium-226 was achieved by chemical

precipitation with barium sulphate and ion exchange of sodium ciinoptiJoJite.

The analysis of the results gives us grounds to recommend clinoptilolite

from Beli plast deposit and the sodium variety from Kostino and Moryantzi

deposits as a barrier against radionuclide migration from radioactive waste

repository.

Vermiculite

Vermiculites are trioctahcdnil minerals thai frequently occur as a large

crystals with a platy morphology. They are formed mainly by the alteration of

micas, particularly phlogopites and biotites. Isomorphous substitution in the

tetrahedral and octahedral sheet creates a net negative charge, balanced by

cations, usually magnesium, interleaved between the 2:1 layers. The interlayer

cations are hydrated and easily exchangeable.



Vermiculites are used in the radioactive waste treatment as an additives to

the cement and bitumen matrix tu decrease the leaching of radionuclides [47], as

an additives during the chemical precipitation of radionuclides [48] and for

decontamination of low level liquid wastes [49]. The presence of \ermiculate in

the Boom clay - the proposed host formation for high level waste repository in

Belgium increases the retention of radionuclidc-s in the geological strata [7].

We studied in our Depanmem the sorption properties of vermicular from

two Bulgarian deposits. The vermiculite from Belitza deposit contains 50 - 60%

vermiculite and 40 - 50% quartz and amphibole. The content of vermiculite in

Avren deposit is considerably higher - about 70%. the rest is mainJ\ quartz.

The sorption of cesium, strontium, cobalt, silver, lead, tallium, cerium,

iron, ruthenium on natural vermiculites and their cation modifications is

studied [32,39-43]. The study follows the accepted standart procedure:

determination of the sorption capacities, study of the influence on the sorption

processes of different competive cations, organic and inorganic substances, pH.

study of the thermodynamic and kinetic of ion exchange, determination of the

selectivity for trace amounts of radionuclides. Summary of the results is given, in

Table 4.

Vermiculite prefers polyvalent and bivalent ions, i.g. it is an effective

sorbent for cerium-l^, iron-59, strontium-yo. The selectivity of the sorbent for

radionuclides in p. ̂ ti.^e of sodium is high, and decreases when the solution

contains inactive potassium, calcium and magnesium. The sorption of

radionuclides in ionic form in the solution is described by linear isotherms, but

the calculated distribution coefficients are lower compared to zeolites.

The desorption of radionuclides from loaded vermiculite is considerably

higher compared to clinoptiJolite - after total saturation of the sorbent 0.1N

sodium nitrate desorbs only 20% of the strontium from clinoptilolite and 10%

from vermiculite. The organic complex builders cause significant desorption of

strontium, which is related to the more open structure of vermiculite.

The radiation stability of vermiculite is high.

Thermal loading changes the sorption properties of vermiculite in a

different way according to the temperature. Rapid heating at low temperatures

leads to decreasing of the sorption ability as a result of dehydration of the

J



vermiculite. which causes decreasing ol the distance between the layers. The

process has to be reversible in humid environment, but we have observed thai

heating at 20LPC decreases the sorpiion of cesium-137. silver-HOm. strontium-Vii

and cerium-144 twice. Significant decrease is obtained even at temperature

10CPC.

Rapid thermal loading at lernpcramres 3Uc - 4U()°C causes expansion of

the vermiculite. At 700 - 800°C vermiculitc undergoes structural transformation

in non sorbing mineral form.

As me; oned above the selectivity of vermiculite for polyvalent ions is

high. For this reason sorption on vermiculite was included as a second step in the

ion exchange technology for low level laundry waste decontamination.

We have developed technology for bituminization of intermediate level

radioactive wastes. Several inorganic sorbents were studied as an additives to

decrease the leaching rate of radionuclides from bitumen-waste product. The

effect of vermiculite is significant. This is related probably with the dehydration

of the sorbent during the bituminization and the sorption of the excess pore water

in the waste form.

Bentonite

Bentonites are natural ion exchangers that contain the mineral

montmorillonite. Negative charge arises from the substation with divalent cations,

usually magnesium in the octahedral sites. The exchange capacity varies

according to the degree of substitution.

As mentioned above bentonite is studied as a proposed buffer, backfill and

sealing material. We have studied the sorpiion properties of bentonites in order

to be used for liquid radioactive waste decontamination. For this reason efforts

were made to develop a suitable method for granulation of the sorbent [46].

Three varieties of bentonite from deposits in Rhodope Maintain are

studied. The bentonites contain about 70% montmorillonite. Summary of the

results is given in Table 5. The sorption of cesium, strontium, cobalt iron,

manganese, etc., is studied. Actinides are not included. Among the lantanides

only the sorption of cerium-144 is studied. In is found that bentonite prefers

polyvalent and bivalent ions. The modification of the sorbent in sodium form

leads to an increased sorption of radionudides. The selectivity for cesium is lower



Chepeaalarska, Strouma, Mesta aand their tributaries) should by no means be
neglected either in the parts close to the cliffs of the plateaus of North-East
Bulgaria. They are usually open, parallel to the slope or the cliff on the surface
while steeply declining to it in depth.

2.3 Rock Massifs

The various genetic, lithologica^and engineering geological types of rock make
up a wide range of rock massifs , whereby for the purposes of the present task a
considerable volume of the rock medium in depth is also engaged. In the case of
repositories for highly radioactive wastes this depth is up to 1000 m, and in most
of the cases this is layered anisotropic medium.

A certain oversimplified presentation in the differentiation of their type profiles
in depth has been adopted (Annex I). The cover deposits, more than 10 m thick,
have been shown when they are relevant to the conditions for construction on the
surface. Included in the profiles in depth are rocks and complexes of rocks over
50 m thick and lithological varieties have been shown, whose percentage in the
respective rock complex exceed 5% or which are of great importance for its
stability and conductivity. A practical approach analogous to that in (Kamenov,
Iliev, 1973) has been adopted in the grouping of the rocks and the complexes of
rocks. It is based, at one and the same time, on engineering geological criteria -
structural bonds and the physico-mechanical parameters determined by them,
and on the actual natural environment in individual regions of the country.-

2.4 Geodynamic Processes

The influence of the endogenic geodynamic processes (primarily earthquakes and
contemporary movement of the earth's crust) on the geotechnical conditions for
the safe burial of radioactive wastes is unfavourable and their neglection is
inadmissible. Adverse are likewise the aftereffects of secondary seismogenic
deformations (landslides, rockfalls, collapse of loess, inrush of quicksands, etc.)
most of which are considered as exogenic.

The exogenic geodynamic processes have widespread development in the
country's territory. They feature cases of weathering, intensive erosion, landslides,
rockfalls and screes, flows of rocks and mud, karst, bogging.

The processes of weathering are manifest everywhere, the depth of their •
penetration depending on the type and tectonic disruption of the rocks and the
zonal climatic conditions. In intrusive and metamorphic rocks, weathering
reaches at places to 30 m and more while, for instance, in marie areas it rarely
exceeds 4-5 m. The depth and degree of rock weathering are of importance for

* From the engineering geological point of view, the rock massif comprises a certain
volume of the rock medium in its natural state, homogeneous or non-homogeneous in terms
of petrography and facies, which is in interaction with or in which the influence of the
respective installation, geodynamic process or anthropogenic activities extends. It has dynamic
boundaries changing in time and depending on the type and dynamics of the mechanical,
chemical and physico-chemical processes taking place in it.



the conditions of on-ground and over-ground construction, and the possible
passing of the in-depth installations through the less stable and more permeable
weathering zone.

The intensity of the processes of erosion is associated above all with the
lithological composition of the rocks and with the intensity of neotectonic and
contemporary raising of individual parts ofthe country. The erosion cut of the
river valleys in the Balkan Range structures and the mountains in the southern
part of the country reaches respectively 300 and 350 m (Vaptsarov et al., 1973).
At such depths of the river valleys there is a real danger that the radioactive
contaminationof the rock massif over the erosion base may come out. The
intensive valley (river-caused) and gully erosion more than 100 m deep is
manifest in the sedimentary-volcanogenic rock complexes in the Eastern
Rhodopes; in the sediments of theTertiary which have weak links at the foothills
of the Pirin near Melnik, Gotse Delchev, and from Kresna to Sandanski; along
the southern slopes of the Balkan Range and in the water collection zone of the
Topolnitsa river; in some parts of the Kraishte. The mud-and-rock falls are
related to the processes of erosion and are also typical of the southern Balkan
Range Slopes and the Eastern Rhodopes.

The numerous landslides differing in type are especially characteristic of the
country's territory. They occur primarily along the Danube and the Black Sea
coast, in basins of the Tertiery, along the boundaries of the kettles, plateaus and
volcano-generated canopies in the Rhodopes, in the slopes of the erosion river
valleys. They often cover very large areas and great depth and disrupt big
volumes of rock massifs. Their adverse reflection on the conditions for burial of
radioactive wastes is related to the disruption of the stability of the massifs close
to the cliffs and of the installations that happen to have been built there.

Rockfalls and screes are common in the country's mountanous regions, composed
of rocky and semi-rocky engineering geological types. They have no direct
relevance to the conditions for the burial of radioactive wastes, except for the
hazard they pose to the safety of the surface structures,the entrances to
underground installations and their servicing.

The karst is a hazard owing to its permeability and possibilities of conveying the
radioactive contamination. It occurs in practically all carbonate rocks - limestone,
dolomites, marbles. The strongly karstic rocks identified in Bulgaria have an
overall area of about 7 100 km2 (Kamenov et al., 1963), while in depth then-
spread is even more extensive. Karstic limestones and dolomites are typical of the
northern foothills of the Balkan Range and the Balkan Range proper, the
Kraishte and Strandja, and, in depth, ofthe Moesian Plate, too. Karst in marble
rocks is encountered mostly in the Pirin and the Rhodopes.

Boggjngs are observed mostly in the low river terraces and the kettles. They are
of no importance for the purposes of the investigation unless they are associated
with the outflow of deeper ground waters, which are in contact with the
repository.

J
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3. Prospective Sites for Investigation in View of Building a National
Radioactive Repository

The comparative study of the complex structure of the Bulgaran lands and the
engineering geological criteria for the selection of sites suitable for investigation
for National Repositories for Radioactive Wastes i NRRW) place stringent
limitations to a number of promising varants. They have been classified according
to the structure of the rock massif and the engineering geological properties of
the layers in it. which are promising for the purpose (Appendices ] and II).
Moreover, the base for consideration have been the most stringent requirements
in the burial of highly radioactive wastes. The most favourable areas for
investigation for various considerations are to be additionally delimited in each
one of these sites.

A) Sites in one-type homogeneous rock massifs of high strength and elasticity

These are two sites in North-West Bulgaria and three in the southern part
of the country - in the Rhodopes and the Sakar: the Region of the Balkan Range
granitoid rocks and Petrohan area, and the region of the Sakar, Byala Reka
and Ardino. Three of them are in granitoid rocks and two - in metamorphic
schistose rocks (App. II).

B) Sites in difference of type massifs with a promising layer of rocks with
medium strength and elasticity

Refered to this group are regions in the Lom, Northern Foothills of the Balkan
Range, Eastern Rhodope and Sredna Gora engineering geological districts
(Kamenov, Iliev, 1963). In the Lom district there are two sites of similar
engineering geological conditions: around the villages of Makresh and
Vladimirovo, respectively, where, according to preliminary data, the underground
burial of radioactive wastes at great depth is possible in mostly marie sediments
of the upper Cretaceous Age whose thickness exceeds 500 m (App. II). In the
northern foothills of the Balkan Range there are three promising sites for
investigation: in the western part of the district within the csope of the spread of
Permian and Triassic sandstones, conglomerates and breccia - conglomerates
around the village of Smolyanovtsi and in the middle and eastern part of the
district, in Lower Creteceous sediments over 1 000 m thick, represented by rocky
and semi-rocky engineering geological types - around the village of Ostrets and
the town of Smyadovo. In them the in-depth inten'als of thick marles are suitable
as container medium. Three sites have been chosen hi the Eastern Rhodopes
paleogene depresian, filled by sedimentary-volcanogenic complex of thickness
exceeding 1 000 m; Surnitsa, Momchilgrad and Kroumovgrad. In each one of
them, the promising layers for the buriaJ of radioactive wates are individual
bodies, made up mostly of tuffs and tuff-breccias of the second acid and the first,
second and third medium-acid volcanism with thickness of 200-300 m to 500-600
m. The sites around the village of Kableshkovo, built of 1 000 m thick of the
Upper Cretaceous volcanogenic-sedimentary rock complex seem to be promising
in the Sredna Gora engineering geological region.



compared to the .'.eleciivm o] dinopiilolitc. Tnus a lailored-madc mature of

bentonite and zeolite will act a.s a barn, r yj.ainst -adionuciides in different

oxidation state. The desorption of radionuclides from loaded bentonites is lower

than from loaded vermiculites

Glauconite and celadonite

Glauconites are formed in various marine sediments in their

transformation into sedimentary rocks. The glauconite minerals are widely

distributed in Bulgaria {50,51]. They are obtained in sandstones and siltstones

[glauconite content 37 - 59%]. limestone sands and sandy limestones [10 - 25%],

marls [4 -11%], limestones [below 59f ], clays ]below 5%]. The zeolite rock from

Beli plast deposit contains up to 6cii celadoniic.

Glauconite and celadonite are dioctahedral clay minerals. In the structure

of celadonite up to 0,4 aluminum substitution in the tetrahedral sheet is

allowed [52]. Glauconite is iron rich dioctahedral mineral with tetrahedral

substitutions greater than 0,4 aluminum per S silicones and octahedral

substitutions greater than 2.4 trivalem atoms per four sites [53].

We have studied the sorption properties of glauconite and celadonite in

order to estimate the contribution of the latter to the radionuclide uptake from

the zeolite rock [54]. It was observed that the batch sorption capacities of

celadonite and glauconite are one order of magnitude lower than the capacities of

clinoptilole and are in the range of 0.10 - 0.15 meqv.g"1 for cesium. 0.28 - 0.35

meqv.g-1 for strontium, 0.15 - 0.23 meqv.g"! for cobalt, 0.18 - 0.24 meqv.g-1 for

cerium depending of the cation form of the surbent. The presence of polyvalent

ions - ferric, cerium, yttrium, aluminum, strongly decreases the sorption. It is seen

from the thermodynamic data that selectivity for cesium and cerium over sodium,

potassium, ammonium, calcium and magnesium is obtained, for strontium over

sodium, potassium, ammonium and magnesium, and for cobalt over sodium.lt is

seen that glauconite and celadonite prefer polyvalent cations and within the ions

with equal oxidation state - the less hydrated ion, which can be more strongly

bound to the structure. The selectivity for cerium (III) is higher than the

selectivity for bivalent strontium and monovalent cesium ions. The

thermodynamic constants are 142, 28.30 and 16.7S for cerium - sodium, strontium

- sodium and cesium - sodium exchange. In the same way the presence of

polyvalent ions in the solution strongly decreases the sorption.



The sorpiion of trace amounts of radionuclidcs cesium-134. silver-110m,

sirontium-85. zinc-65. manganese-54 and cobuli-60 is studied. It is described b\

linear isotherms. The calculated distribution coefficients are in the range of 6.10-

-4.1(t4m].g-1.

In spite of the fact that glauconite is the first natural mineral used in the

waste water treatment the data about the sorption of radionuclides is limited.

KoJosova [55], Cimbalnikova [56] and Kuiski [57] reported only sorption

capacities for strontium and calcium, confirming our results. Tarassevich [59]

reported thermodynamic constant close to our value.

We can compare the sorption properties of glauconite and celadonite with

the sorption properties of the natural zeolites (clinoptilolite and mordenite). The

sorption ability of the glauconite and celadonite micas is lower and for this reason

the)1 are not applied in the ion exchange purification technologies. They prefer

polyvalent and bivalent ions. The zeolites possess high selectivity for big weakly

hydrated mono and bivalent ions (cesium, silver, strontium, thallium, lead).

Glauconite will act as a barrier against the migration of cerium-144,

strontium-90, manganese-54 and zinc-65 from repository in merls or other

glauconite host formations, and where the surrounding structures contain

glauconite.

Loess

The sorption properties of loess formation are also studied [59]. as the

Nuclear Power Plant Kozlodui is situated over loess formation and it is a

potential site for low- and intermediate-level waste burial.

The loess consist of the minerals chlorite (11 w.%), micas (15 w.%.), quartz

(33 w.%), feldspars (20 w.%), calcite (5 w.%) and dolomite (16 w.%). About

80% is fine fraction with grain size 0.1 - 0.005 mm.

The sorption of cesium-134, strontium-85; coball-60, cerium-144 and

manganese-54 on the fine fraction loess was studied. The results correspond with

the mineralogical composition of the material. Sorption capacities 0.16 meqv.g"'

for cesium, 0.31 meqv.g"1 for manganese, 0.22 meqv.g" 1 for cobalt and

0.32 meqv.g"! for cesium are determined.

The sorption of trace amounts of cesium-134 and strontium-85 from

different synthetic ground water solutions is studied. One of the solutions



simulates fresh rain water. The second simulates underground waicr which was

prepared by equilibrating a given amount of loess with distilled water for a period

of one month. The sorption ol cesium und strontium radionuclides is described by

linear isotherms and the calculated distribution coefficients arc 9.2.10^ and

6.7.11)2 ml.g'l for cesium-134 and 2.". lu- and 2.0.10- ml.e'l for strontium-85 for

rain and underground water respective)}.

An important factor is the desorption of radionuclides from loaded loess.

23% to 27% of the sorbed strontium is eluted in contact with fresh rain and

underground waters.

Conclusions

The sorption properties of different inorganic natural materials are

estimated. It is shown that zeolites and bentonites could act as effective barriers

against radionuclide migration from radioactive waste repository.
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Table 1
Sorption properties of natural clinoptilolite

1. Ion exchange capacity

i

2. Distribution coefficient

3. Selectivity
- in the presence of sodium,
magnesium and calcium

- in the presence of potassium and
ammonium

- in the presence of citric and
tartaric acids

- in the presence of oxalic acid

- in the presence of EDTA and
' boric acid
4. Optimum pH
5. Thermal stability

6. Radiation stability

>1.0 meqv.g-1; Cs, Rb, K, NH4,
i Sr(II), Ag, T1(I), Pb(II), Hg(II),

0.5-1.0 meqv.g-1; Mn(U), Cu(II),
Zn(II), Cd(II), Ni(II)

<0.5 meqv.g-1: Fe(III), Cr(ril),
Ce(III), Ru(III), Zr(IV),
Nb(IV)Co(II), Ni(II)

lfP-lO^ml.g"1: 137Cs, "OnAg, 2O4T1
102-103 ml.g-1; 9°Sr, 60Co, ^Mn,

56Fe,65zn, nsmcd
<102 ml.g-1: 144Ce, '06R U , 95Zr>

«Nb

high: " 7 C s , " 0 m A g i 204T1> 210 p b >

9°Sr
satisfactor)': 60Co, 54MD, 56Fe> 65Zn,

115mCd
low: 144Ce, 106Ru, 95Zr
low selectivity for all ions studied

high: i"Cs,204Tl
90Srjll0mAg,

high: 137Cs,
satisfactory: 2047]
high: " ' 'Cs , 2 0 4 ^
satisfacton': 90Sr
from 5 to 9
400 - 450°C for calcium variety
700°C for sodium variety
up to total dose of 107 Gy no change

of the sorption is observed



Table 2
Chemical composition of clinoptilolite varieties and inordenite

Deposit
Oxides
SiO?.
TiO2
Al2Ch
I?e2O^
CaO
MgO
Na2O
K2O
I.L.
Total

Beli Plast
wt.%
65.70
0.10
11.01
0.37
3.90
0.65
0.20
2.36
15.34
99.63

Most
wt.%
65.98
0.25
10.71
0.35
3.17
1.07
0.13
4.46
13.40
99.52

Moryantzi
wt.%
66.00
0.05
11.60
traces

1.83
0.51
3.52
2.57
13.77
99.85

Golobradovo
wt.%
66.15
n.d.
11.13
0.84
4.02
1.01
0.67
1.15

14.61
99.58

Kostino
wt.%
64.88
n.d.
11.91
0.12
3.66
0.55
1.95
2.30
14.20
99.57

Beli Bair
wt.%
66.66
0.06
1.09
0.33
2.10
0.48
2.47
3.65
2.76
99.60

Lyaskovetz
wt.%
65.93
0.44
0.80
1.10
3.74
0.48
2.02
1.99

13.37
99.87
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Table 4
Sorption properties of natural vermiculite

1. Ion exchange capacity

1 2. Distribution coefficient

3. Selectivity

- in the presence of sodium,
! magnesium and calcium

- in the presence of potassium and
ammonium

- in the presence of citric, tartaric
and boric acids

- in the presence ofoxalic acid and
EDTA

4. Optimum pH
5. Thermal stability
6. Radiation stability

1.0-0.5 meqv.g-1: Cs, Ag, Tl. Sr(II),
Pb(II), Co(II), Ce(IIi), Ru(III)

i lO^-KP ml.g"1: ri7Cs, ""^Ag, 204Ti
90Sr 60Co, 56Fe, l^Ce, 106RU

high: 137Cs, ^0mAg} 204T1

satisfactory: 90Sr, 60Co, ^Fe,
144Ce,106Ru

low selectivity for all ions studied

satisfactory: ™Cs, "OmAg, 204T];

9»Sr
satisfactory: 137Cs
Iow:9»Sr
from 5 to 9
up to 200°C
up to total dose 10 / Gy no change of

the so* ption is observed



Table 5

Sorption properties of natural glaucinite and celadonites

I 0.1-0.3 meqv.g-1: Cs, Sr(IIj. Co(II),
Ce(III). Fe(Ul)

WMO" ml.g-J: 13?Cs. -S4Mn.

1. ion exchange capacity

2. Distributon coefficient

j 3. Selectivity:
j - in the presence of sodium.
i - in the presence of patassium.

ammonium and magnesium
1 - in the presence of calcium

- in the presence of boric acid
- in the presence of citric and

tartaric acid
- in the presence of EDTA

4. Optimum pH
5. Radiation stability

102-lfj3m].g^: 6UQ), IKJniAg

high: 137Cs, 90Sr, 60Co, !44Ce
high: 137Cs, 144Ce, 90Sr
satisfactory: 60Co
high: 137Cs, 144Ce
low: 60Co, 90Sr
high' HiQs, 1 4 4 C P ^CO. ^ST

high: 1 3 7 Cs :

satisfactory: 144Ce, 60Co, ̂ ST
satisfactory: 137Cs
from 5 to 9
up to total dose 107 Gy no change of

the sorption is observed


